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FOREWORD 
 

Rice is the major cereal grain of India and her average production amounts to 90 to 120 
million tons (MT) every year.  India produces also large quantities of different types of 
pulses too.  The total pulses production in the country is around 15 MT annually.  Rice 
and pulse milling is a major food processing industry in the country.  We have around 
1.37 lakh rice mills and ten thousand pulse milling industries in the country.  The by-
products of rice milling are broken rice, germ, bran and husk.  Barring husk, all other 
three by-products have very good food values. The by-products, with the exception of 
bran which is used for oil extraction, are grossly underutilized.  Due to the 
underutilization, the market values of these by-products are also too low.  For instance a 
kilogram of head rice sells at around Rs. 30 in the retail market, while a kilogram of 
broken rice is sold only at Rs.6. We produce 3.6 MT of germs, 24 MT of broken rice and 
6 MT of bran every year.   
 
Similarly the total quantity of underutilized or unutilized pulse milling by-products is 
about 5 MT.  The total current monetary value of all the rice and pulse milling by-
products are about Rs. 20,000 crore every year. Cauvery delta is an important rice and 
pulse growing area for Tamil Nadu and for the country.  About 5 lakh ha are under rice 
and two crops are cultivated every year.  Nearly 4 lakh ha are under pulses.  The average 
annual production of rice and pulses are 29 Mt and 2.6 Mt, respectively from the delta 
districts (Thanjavur, Tiruchirappalli, Nagapattinam, Pudukkottai, Thiruvarur).  These rice 
and pulses are milled in regional village type or modern rice mills.  The quantities of 
byproducts form the milling industries are: Rice broken 4.6 MT; Rice Bran 1.60 MT; 
Germ 0.45 Mt; Pulse powder 5.2 Mt; and Pulse husk 1.65 Mt. 
 
After extracting the 18 to 21% oil, the deoiled bran is a valuable but underutilized 
byproduct.  These are fed to animals and birds or rarely used for food purposes by the 
economically weaker sections of the area.  If these byproducts are used for producing 
valued added nutritional and functional foods then there will be a vast increase in their 
total market value.  An approximate increase in value could be 3 to 5 times.  The total 
value will increase to Rs. 15,000 to 25,000 crore per year.  This increase in monetary 
value will be shared by the rice and pulse producers, millers, traders, processors and the 
employees of these industries.  Therefore the total economic status of the whole region 
will immensely change due to the results of this project.  Furthermore, we will have an 
increase in supply of value added foods to the tune of 13 Mt every year from the region.  
The food demand can easily be met by this additional availability of foods. 

 
K.ALAGUSUNDARAM 

Thanjavur, TamilNadu 
March, 2013 
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PREFACE 
 
India is one of the countries where the byproducts of milling industries are greatly 
underutilized. In the rice milling industry, for instance, produces by-products like broken 
rice, bran and germ which are sold at low prices and are grossly underutilized. The pulse 
milling industry produces husk, milling powder and broken pulses as low valued by-
products. If suitable technologies are made available to use all these by-products then the 
producers and millers will be benefitted. The total value addition to paddy by-products 
will be around Rs.34000 crore per annum and that of pulse milling by-products will be 
Rs.6000 crore per annum, for a total additional income to farmers, traders, millers and the 
country is Rs.40000 crore. The value added product can easily be exported to long 
distance and overseas markets to multiply this income manifold. Suitable technologies 
have to be made available for the proper utilization of these milling byproducts, to 
produce value added products, through thorough research and value chain creation. 

 
The economic values of rice and pulse are grossly low at the producer levels and are at 
objectionably high at the consumer levels due to low values of by-products of the milling 
industries. Institutionalizing the collection, developing technologies for safe handling like 
primary processing, formulating safe storage guidelines and identifying the methods for 
economic recovery and usage will enhance the marketability and market value of the by-
products of rice and pulse milling industries thus improving the rural livelihood of the 
producers. The value added foods developed based on low valued by-products will have 
very good marketability and profitability. It can be promoted commercially by 
establishing linkages with public, private and user groups. 
 
We will have more food available for our consumption and the value added products will 
fetch huge domestic and international markets. We propose to address all these problems 
through research and value chain creation in this sub-project. In the process of 
development of technologies and creation of pilot plant for producing the products in a 
large scale, we will also have addressed the problems of the economically under 
privileged of rural India. Initially we will create food products from the by-products like 
the brokens, bran, and de-oiled bran of rice milling industry, and broken, husks and 
powders of pulse milling industry. These byproduct incorporated foods will have all the 
possible nutrients for a healthy diet of the nutritionally deprived global consumers. Value 
addition of milling industry by products leads the nutritional security of the consumer. 
 

 
Vincent Hema 

Thanjavur 
March, 2013 
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साराांश 

पोषण सुरक्षा की वृद्धि के द्धिए द्धिद्धििंग उद्योग के  उपउत्पादों के उपयोग से नवीन ख़ाद्य श्ृिंखिा का 

द्धवकास 

 

हमार े देश के आर्थिक सधुार के र्िए, चावि और दाि र्मर्ििंग के उपउत्पादों जैसे र्क ब्रोकें स, ब्रान, वसा रर्हत ब्रान, भूसी एविं अनय  

उपउत्पादों से पोषर्िक ख़ाद्य पदाथों के  उत्पादन की तकनीक का र्वकास आवश्यक है। एक्सटु्रशन और बेर्किं ग तकनीक के उपयोग द्वारा  

र्मर्ििंग के उपउत्पादों से पोषर्िक ख़ाद्य पदाथों को बनाया और उनका परीक्षण र्कया गया । दाि  से बने प्रोबायोर्िक पूरक  को िोर्बया और 

हर ेचने के आिे को, 2% वार्णर्ययक िैर्क्िक एर्सड बैर्सिस (प्रकार-1) और 20% घर के बने दही (प्रकार-2) के बराबर अनपुात का 

उपयोग कर र्वकर्सत र्कया गया । एक बेक उत्पाद अथाित् बन्स को,  प्रोिीन आइसोिेि का 5% और 10%,  मखु्य घिक  में र्मिाकर  

र्वकर्सत र्कया गया और उसे स्वाद के अनरुुप भी पाया गया । दस भारतीय उपमहाद्वीप  के भोजन फामूििे में 25%  र्स्थर चावि की भूसी 

समावेश स्तर को 30 और 35% के समावेश स्तर की तिुना में अर्धक स्वाद पूरण पाया गया । एक्सटु्रडेि उत्पाद जैसे र्क सेवई, वेर्मिर्सिी, 

एनएआइपी कुरकुर,े आर्द और बेकरी उत्पादों जैसे र्क  कुकीज़, बे्रर्फन, फ्िान, फु्रि पाई और िािि   भी र्वकर्सत र्कये गए, र्जससे पोषण की 

कमी को दूर और परुानी बीमाररयों के प्रर्त प्रर्तरोधक क्षमता का र्वकास र्कया जा सकें  ।   

सिंभार्वत उत्पादकों, चावि और दाि र्मिों, खाद्य उद्यर्मयों, सरकारी एजेंर्सयों और दोपहर भोजन योजना कायिक्रमों के साथ नवीन मूल्य 

श्रिंखिा का र्नमािण करने से  कम मूल्य के उपउत्पादों को प्रभावी  रूप से उपयोग र्कया जा सकता है और पोषण और आर्थिक स्तर को भी 

बढाया जा सकता है । र्वकर्सत प्रौद्योर्गर्कयों और प्रर्क्रयाओ िं का प्रदशिन,  सिंभार्वत खाद्य उद्यर्मयों के र्िए प्रर्शक्षण, प्रायोर्गक सिंयिंत्र और 

इिंकुबेशन कें द्र की स्थापना भी एक प्रभावी  कदम रहा ।   किं प्यूिर र्समिेुशन और उपयोगकताि के अनकूुि सॉफ्िवेयर की मदद से  कर र्ष 

उत्पादों और उनके उप उत्पादों  से, उपभोक्ता की  प्राथर्मकता  के आधार पर खाद्य पदाथों को र्वकर्सत र्कया गया ।  इसके अिावा नए 

माकेर्ििंग तरीको से  माकेि र्ििंकेज, दोपहर भोजन योजनाओ िं में बडे पैमाने पर उपभोग, िघ ुउद्योग और केिररिंग इकाइयों के माध्यम से, 

उद्यर्मयों में जागरूकता, स्वयिं सहायता समूहों और ग्रामीण यवुाओ िं को प्रोत्सार्हत कर एविं र्मर्ििंग उप उत्पादो के पोषर्िक िाभ के माध्यम से 

उत्पादन की तकनीक को  प्रसाररत र्कया गया । उत्पाद को बढावा देने के र्िये  कुआिाििंपरु, मिेर्शया में आयोर्जत आर्सयान में भी भाग  

र्िया जहािं सभी चावि उत्पादक दर्क्षण एर्शयाई राष्ट्ट्रों  ने भाग र्िया था ।  तर्मिनाडु और महाराष्ट्ट्र के चावि र्मर्ििंग सिंघों के माध्यम से 

कई उद्यमी र्वकास कायिक्रम पूर ेतर्मिनाडु में आयोर्जत र्कये गए र्जससे नवीन प्रौद्योर्गकी, जागरूकता और  उत्पादों को बढावा  और 

िोकर्प्रय बनाया जा सका ।   
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Executive Summary 
 
The production technology development for grossly underutilized and disposed rice and 
pulse milling byproducts like brokens, bran, de-oiled bran, pulse powder and husk is 
essential for economic recovery in our country. Utilization of hitherto underutilized 
byproducts of milling industry and enhance byproduct consumption through value-added 
nutritional and functional food products like, RTE direct expanded extruded products 
(NAIPkure), RTC unexpanded pasta products, bakery products (braffin), RTD rice milk, 
etc. 
 
Application of extrusion and baking techniques for the development of functional food 
products based on the combination of milling by-products were developed and tested. A 
pulse based probiotic supplement was developed using equal proportions of the cow pea 
flour and green gram flour and 2% commercial lactic acid bacillus and 20% homemade 
curd. A baked product namely buns were developed by incorporating protein isolate as 
the main ingredient at 5% and 10% and were found to be organoleptically acceptable. Ten 
Indian subcontinent food formulas namely chapatti, mixed vegetable chapati, wheat dosa, 
wheat rava idly, adai, rava adai, ragi adai, rice vermicelli, ragi vermicelli and kolukattai at 
the incorporation level of 25 per cent of stabilized rice bran received high acceptability 
score when compared with 30 and 35 per cent and extruded products like macaroni, 
stortini, rigatoni, rotini, stortini, vermicelli, NAIPkure and bakery products such as 
cookies, braffin, flan, fruit pie and tart were developed to cater the people nutritionally 
deprived and the affluent customers with chronic disorders. 
 
Improve the effective utilization of low valued milling by-products through creation of 
novel value chain with potential producers, rice and pulse millers, industrialist, 
government agencies and noon meal scheme programs for enhancing nutritional and 
economic securities. Establishment of a demonstration pilot plant for training and 
incubation to potential stake holders on the technologies and processes developed. 
Market linkages were formed for value added food products through novel marketing 
methods, mass feeding in noon meal schemes, small scale industry and catering units. 
Awareness creation on the benefits of milling industry by products based functional 
foods, commercialization of products by encouraging new and existing entrepreneurs, 
SHGs and rural youth. Product promotion was carried out ASEAN Meet organized in 
Kuala Lumpur, Malaysia. It was also popularized and promoted through the rice milling 
associations of Tamil Nadu and Maharashtra. Numerous entrepreneur development 
programs were conducted throughout Tamil Nadu to create awareness, promote the 
products and popularize the innovative technologies.  
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Part-I: General Information of Sub-project 
 

1. 
 

Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security  
 

2. Sub-project code : 5142 
 

3. Component : II 
 

4. Date of sanction of sub-
project 
 

: 01.04.2009 

5. Date of completion : 31.3.2014 
(Originally sanctioned up to 30.6.2012) 
 

6. Extension if granted, from  : 1.7.2012 to 31.03.2014 
 

7. Duration of the sub project : 5 years 
 

8. Total sanctioned amount 
for the sub-project 

: 311.18 lakhs (For the consortium as a whole) 
233.9418 lakhs (For IICPT consortium leader) 
47.38682 lakhs (For CCPI-TNAU)  
37.9398 lakhs (For CCPI ADU, Coimbatore) 
  

9. Total expenditure of the 
sub-project 

: 29.26266 lakhs (For CCPI-TNAU) as on 
31.12.2013 
10.38 lakhs (For AEC&RI, Kumulur) as on 
31.4.2014 
21.17875 lakhs (For CCPI-ADU) as on 
31.12.2013 (For IICPT) as on 31.4.2014 
 

10. Consortium leader 
 

: Dr.K.Alagusundaram 
Director (Food and Process Engineering ) 
Indian Institute of Crop processing Technology,  
Ministry of Food Processing Industries,  
Pudukkottai Road, Thanjavur-613 005. 
Phone : 04362 226676,  Fax :04362 227971 
Email:director@iicpt.edu.in 
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11. List of consortium partner: 

 
 Name of CPI/CCPI with 

designation 
Name of organization and address, phone & fax, 

email 
Duration

(From-To) 
Budget

(` Lakhs) 
CPI Dr.R.JaganMohan  

Associate Professor 
 
Dr. V. Hema 
Assistant Professor 

Indian Institute of Crop processing Technology (IICPT) 
MoFPI (Govt. of India), Pudukkottai Road 
Thanjavur – 613 005, TamilNadu, India 
Mobile: +91 9750968414, Phone : 04362 226676 
Fax :04362 227971 

1.4.2009 to  
30.6.2013 
 
1.7.2013 to 
31.03.2014 

233.9418

CCPI-1 Dr.SP.Ramanathan 
Professor  

Water Technology Centre (WTC)
Tamil Nadu Agricultural University 
Coimbatore-641 003, TamilNadu 
Phone : 0422-6611278, Tele Fax : 0422 - 6611478 

1.4.2009 to 
31.3.2014 

47.38682
Dr.P.Masilamani 
Assoc.Professor 
 
Dr.P.Yasodha 
Assistant Professor 

Agricultural Engineering College and Research Institute 
(AEC&RI), Tamil Nadu Agricultural University, 
Kumulur, Trichy 

1.4.2009 to
30.9.2012 
 
1.10.2012 to 
31.3.2014 

CCPI -2 Dr.S.Premakumari 
Professor  

Avinashilingam Deemed University (ADU) 
Coimbatore-641 043, Tamil Nadu 

1.4.2009  
31.3.2014 

37.939

CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 
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12. Statement of budget released and utilization partner-wise (` in Lakhs)( As on 31.12.2013) 
 

 CPI/ CCPI Name, designation & address) Total budget 
sanctioned 

Fund released
(up to closing date) 

Fund utilized
(up to closing date) 

CPI Dr. V. Hema 
Assistant Professor 
Indian Institute of Crop processing Technology (IICPT) 
MoFPI (Govt. of India), Pudukkottai Road 
Thanjavur - 613 005, TamilNadu, India 

233.9418 219.64 203.42518

CCPI1 Dr.SP.Ramanathan 
Professor 
Water Technology Centre (WTC) 
Tamil Nadu Agricultural University 
Coimbatore-641 003, TamilNadu 

47.38682 30.91896 29.26266
(As on 31.12.2013) 

CCPI2 Dr.P.Yasodha 
Assistant Professor 
Agricultural Engineering College and Research Institute 
(AEC&RI), Tamil Nadu Agricultural University, Trichy 

21.50 10.38 10.38 
(As on 31.3.2014) 

CCPI 3 Dr.S.Premakumari 
Professor  
Avinashilingam Deemed University, Coimbatore, TN 

37.939 23.581 -

 CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 
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Part-II: Technical Details 
  

1. Introduction  

The sub-project proposed addresses one of the important contemporary challenges faced by 
our country.  The people in rural India, particularly the economically underprivileged are 
affected by malnourishment while the upper strata of the society are affected by chronic 
disorders due to obesity and over intake of foods.  The economically weaker section needs 
nutritious food at affordable cost while the upper strata of the society require functional foods 
that will alleviate the problem of chronic disorders like diabetes and hypertension.  Two of 
the major problems faced by the people in urban are the lifestyle disorders viz. diabetes and 
obesity.  In fact the number of people suffering from coronary diseases and diabetes is on an 
alarming rise. On the other hand, economically underprivileged members of the society, both 
in urban and rural areas, still have to overcome challenges like malnourishment due to the 
unavailability of healthy food. One of the goals of this project is to address both these 
extreme problems. The results of this study will address this double disease burden.   
 
A different problems in the milling industries face is the under utilization of their by-
products.  In the rice milling industry, for instance, produces by-products like broken rice, 
bran and germ which are sold at low prices and are grossly underutilized.  The pulse milling 
industry produces husk, milling powder and broken pulses as low valued by-products.  If 
suitable technologies are made available to use all these by-products then the producers and 
millers will be benefitted.  We will have more food available for our consumption and the 
value added products will fetch huge domestic and international markets. 
  
We propose to address all these problems through research and value chain creation in this 
sub-project.  In the process of development of technologies and creation of pilot plant for 
producing the products in a large scale, we will also have addressed the problems of poor 
economic status of rural India. The value added product can easily be exported to long 
distance and overseas markets to multiply this income manifold. 
 

2. Overall Sub-project Objectives 

i) Production: To improve the marketability and market value of paddy and pulse milling 
by-products by identifying suitable technologies for safe handling, classification and by 
establishing the functional and photo chemical qualities for further processing. 
 

ii) Processing and Value Addition: To develop products with two layers of product 
portfolios, one for the resource poor community for nutrition uptake and the other for the 
affordable consumer to gain access to balanced food and too identify technologies and 
equipments for making, handling and packaging of these products. 
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iii) Specific to Value Chain: To determine the performance of the developed products by 
nutrition intervention studies with the target group for certification and popularisation. 
 

iv) Market: To create linkages with public, business and user groups for commercializing 
the products in the market thro’ training, incubation, systematic licensing to promising 
entrepreneurs, promoting in government sponsored schemes and voluntary organisations. 

 
3. Sub-project Technical Profile 

Improved values of the rice and pulse milling byproducts namely, hulls 20%; bran 10%; 
polishing 3%; broken rice 1-17%; polished rice 50-66%. Utilization of hitherto underutilized 
byproducts of milling industry for nutritional and functional food development like ready to 
eat, ready to cook, bakery products, ready to drink, etc. A pilot plant for training and 
incubation of the value added products from rice and pulse milling byproducts is to be set up 
at IICPT, Thanjavur. Ascertain sharing of innovative technologies between consortium 
partners. Ensure availability of healthy foods for consumers at public distribution points. 
Nutritional food supplements for noon meal scheme children and shifting of undernourished 
children. Awareness of utility of rice and pulse milling byproducts for economic reasons and 
to improve nutritional status of children. Enhance byproduct consumption through value-
added nutritional and functional foods like NAIPkure, rice milk, braffins, etc. Continuous 
supply-chain management model for rice and pulse mill byproducts enabled.  Stakeholders’ 
empowerment through increased incomes & employment generation through post harvest 
activity clusters. Empowerment of rural youth and SHGs and increase in family income 
through employment generation as envisaged through post harvest activity clusters. Improve 
income for farmers, rice and pulse millers, traders, and rural youth and health food 
manufacturers. Increase interaction between private & public sector for innovative purpose. 
New entrepreneurs for rural industries empowered rice and pulse milling byproducts 
utilization. Technology transfer through outreach programs to potential groups identified 
through state agricultural departments. This will ensure that there is nutritional security in 
both the population, namely, one below the poverty line and the rich.  
 

Sl. Activity Deliverables Major Output Major Outcome 
1.  Establishing market 

linkages between the 
producers, millers and 
processors, and 
institutionalizing the 
collection, procurement 
and supply of by-
products of rice and 
pulse mills 

Linkages with 
stake holders for 
collecting raw 
materials 

Collection of 
underutilized 
byproducts from 
milling industry in 
poor quality 

Developed quality 
functional 
ingredients out of 
milling industry 
byproducts for 
processing 
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2.  Classification of the by-
products of rice and 
pulse milling industries 
for enhancing the 
recovery of economically 
useful products and 
Documenting the 
nutritional and phyto-
chemical qualities of 
these byproducts 

To ensure the 
nutritional and 
biochemical  
quality of the 
processed 
functional 
ingredients based 
on the milling 
industry 
byproducts 

Identification of 
allergens in 
unstabilized 
byproducts, 
improve the shelf 
life stability by 
processing 
techniques 

Development of 
composite flour 
through the 
functional 
ingredients out of 
milling industry 
byproducts 

3.  Development of 
guidelines for safe 
storage and enhancing 
shelf life and pre-
processing of the by-
products for avoiding 
losses and increasing 
economic returns 

Preservation 
technologies for 
storage of 
unstable 
byproducts 

Safe functional 
ingredients 
availability for 
processing of value 
added products 

Improved waste 
utilization of 
milling industry 
byproducts 
especially bran and 
husk.  

4.  Formulation of suitable 
functional components 
from these byproducts 
for development of rice 
analogs, rice milk, rice 
and pulse specialty low 
glycemic flour, RTE and 
RTC extended products 
and non-milk based 
probiotic foods 

Developed novel 
food products 

Increased 
availability of 
processed foods 

Availability of 
milling industry 
based functional 
foods 

5.  Development of 
suitable packaging 
systems for the 
selected developed 
products for safe 
extension of shelf life 
in the marketing chain 

Suitable 
packaging 
technologies 

Products with long 
shelf life for 
marketing 

Reduced losses in 
the marketing chain 

6.  Cost analysis, consumer 
preference evaluation 
and market testing of 
value added foods 
 

Cost effective 
development of 
products  

Consumer 
acceptable 
affordable products 

Improved market 
acceptance 

10



 
 

7.  Determination of 
efficacy and safety levels 
of classified and 
processed raw materials 

Identified 
phytonutrients 

Acceptable levels of 
nutrients 

Health promoting 
food products 

8.  Incorporation  of  
bioactive component rich 
source of in different 
products 

Specific 
functional foods 

Products for 
specific chronic 
disorders 

Certified foods with 
health promotion 

9.  Feeding trial in mid day 
meal programme in 
selected centres and 
selected subject with 
chronic disorder 

Nutritional 
assessment of 
noon meal 
scheme children 
after feeding 

Recommendation 
for byproducts 
based noon meal 

Reduce the 
prevalence of 
malnourishment in 
school going 
children 

10.  Assessment of nutritional 
status of rural consumer 
and the needs of urban 
consumers for access to 
functional foods. 

Information on 
nutritional needs 
of different 
consumers 
 

Nutritional status of 
target consumers 

Requirements for 
foods with different 
nutritional and 
functional qualities 

11.  Development of 
marketing information 
system and marketing 
strategies for the value 
added products from rice 
and pulse milling by-
products 

Information on 
domestic markets 
for the products 

Strategies for 
marketing of the 
developed food 
products 

Knowledge on 
market needs 

12.  Assessment of socio-
economic and 
environmental impact of 
the interventions for 
commercial exploitation 
by stakeholders and 
bringing synergies 
between partner and 
associates 

Demand for 
quality raw 
material 

Improve the 
economic status of 
farmers and 
stakeholders 

Availability of 
technologies for 
commercial 
exploitation 

13.  Commercial production 
and marketing of value 
added  foods 

Mass production 
of products 
 

Pilot plant for mass 
production 

New 
entrepreneurship 
development 

14.  To create a Pilot Plant 
Centre as a Training cum 
Incubation Centre for 

Creation of Food 
Processing 
Business 

Utilizing the 
infrastructure 
facility and 

Skilling of 
knowledge in 
production and 
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developing the proposed 
final products 

Incubation 
Centre 

technical guidelines processing 
techniques  

15.  To offer training for the 
product development to 
stakeholders like Prime 
Health, Food 
Entrepreneurs, Self Help 
Groups, Rural Youth and 
Government 
Representatives 

Training 
opportunity for 
stakeholders 

Skilled persons for 
Entrepreneurship 
development 

Human resource 
capacity building 

16.  Promoting and 
popularizing the product 
in the domestic market 
by systematic licensing 
to promising new or 
already existing 
entrepreneurs. 

Popularization of 
healthy food 

Developing 
domestic market for 
the proposed 
product 

Market for 
Indigenous healthy 
food  

 
4. Baseline Analysis  

This project aims at the development of technologies for the economic recovery and utilization 
of rice and pulse milling byproducts like broken, bran, de-oiled bran, pulse powder and pulse 
husk, application of novel processing techniques, safe extrusion and baking of the combination 
of these byproducts into useful final products. Development of novel food production techniques 
such as rice analogs, ready-to-eat, ready-to-drink, ready-to-cook, specialty powders with 
therapeutic values, energy dense bakery products to cater two categories of people, the 
nutritionally deprived and the affluent customers with lifestyle disorders. 
 
This can result in the creation of a novel value chain to benefit potential producers, rice and pulse 
millers, industrialist, government agencies and an improved noon meal scheme for effective 
utilization of the low valued by-products and for enhancing nutritional and economic securities.  
 
It strives for the establishment of a demonstration pilot plant for the training and the provision of 
incubation services to potential stake holders on the technologies and processes developed, the 
identification of novel packaging techniques for the novel products, development of computer 
simulation model and user friendly software for designing foods to satisfy consumer preferences, 
creation of market linkages of developed value added foods through novel marketing methods, 
mass feeding in noon meal schemes, small scale industries and catering units, awareness creation 
on the benefits of nutritional foods and functional foods, commercialization of products by 
encouraging new and existing entrepreneurs, SHGs and rural youth. 
 

12



 
 

Development and testing of the following novel and functional foods from rice and pulse by-
products, i) Stabilized rice bran; ii) Chinese Noodles or Pastas such as a. Macaroni, b. Stortini, c. 
Rigatoni, d. Rotini, e. Stortini and f. Vermicelli; iii) Cookies such as a. Choco-nut, b. Ginger-
garlic, c. Raisin, d. Honey-nut, e. Milk, f. Coconut, g. Salty caraway, h. Spicy, i. Sweet vanilla 
and j. Cardamom; iv) Braffin such as a. Vanilla, b. Fruits, c. Chocolate and d. Nuts; v) Puff and 
Pie pastry such as a. Flan, b. Fruit pie and c. Tart; vi) Ready-to-eat snack such as a. NAIPkure 
sweet and b. hot and vii) Ready-to-Serve energy drinks. 
 
A pulse based probiotic supplement was prepared using equal proportions of the cow pea flour 
and green gram flour using i)  2% commercial lactic acid bacillus (Type I) and ii) 20% 
homemade curd (Type II). A baked product bun was prepared by incorporating protein isolate as 
the main ingredient at 5% and 10% and was found to be organoleptically acceptable. Ten Indian 
subcontinent food formulas were developed namely nutria chapatti, mixed vegetable chapati, 
wheat dosa, wheat rava idly, adai, rava adai, ragi adai, rice vermicelli, ragi vermicelli and 
kolukattai at the incorporation level of 25 per cent of stabilized rice bran were found to be more 
palatable than the products with 30 and 35 per cent incorporation. 
 
The developed production technologies were promoted during “The 66th meeting of ASEAN 
Committee on Science and Technology (66th ASEAN-COST)” and related meetings and the 15th 

ASEAN Ministerial Meeting on Science and Technology (15th AMMST) were held at Kuala 
Lumpur, Malaysia from 6th to 13th November, 2013 organized by DST and Ministry of External 
Affairs, Govt. of India. 10 ASEAN Member States namely Brunei Darussalam, Combodia, 
Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, Thailand, Viet Nam and 5 
Dialogue Partners likely China, India, Japan, Republic of Korea and Russia also participated in 
this event. 
 
It was also popularized and promoted through the Rice Millers Associations of Tamil Nadu and 
Maharashtra. Numerous entrepreneur development programs were conducted throughout Tamil 
Nadu to create awareness, promote the products and popularize the innovative technologies.  
 
4.1. Baseline analysis on status of farmers and milling industries 
 
Sample size : (Total no. of household considered for baseline survey) 
The baseline survey at farm being the vital one was undertaken by selecting 150 rice and pulses 
which were predominant crops. For the purpose of collecting desired information from 
respondents, a set of questionnaire was used. Information at village and farmers levels was 
collected through personal interview of each and every respondent. Similarly, wherever required, 
the statistical data (2005-06) available in the Department of Economics and Statistics Govt. of 
Tamil Nadu were also used particularly for obtaining information at village level. 
 

13



 
 

Focus Commodity: Paddy, green gram and black gram milling by-products. 
 
Household Income (Rs/Annum/Household) (Table 1. Annexure 1)  
 
Average land Holding Size (ha): Land use pattern at the selected villages revealed that the 
cropped area was more than 50 per cent of total geographical area (TGA). In the Cauvery Ayacut 
where rice is the dominant crop, canal irrigation is the main source in majority of the areas and 
ground water was used in as supplementary irrigation in few areas.  In districts of Madurai and 
Virudhunagar, where the pulses are grown in larger extent, well irrigation is the major source 
and in some of the areas the Vaigai river command fulfils the irrigation requirement and the 
extent is limited.  Irrigated area varied considerably with villages. The selected villages in Trichy 
, Thanjavur, Tiruvarur and  Nagapattinam districts have irrigated area more than 65 per cent and 
most of the villages in Madurai and Virudhunagar districts have lesser NIA (<40%). Major crops 
being cultivated are Rice, Banana and sugarcane in the districts comprised under CDZ and Rice 
and pulses viz., black gram, green gram, red gram in Madurai and Virudhunagar districts. 
However, in part of the districts where groundwater is the only source, ie in non ayacuts, the 
alternate crops like Maize and Sunflower are gaining momentum among farmers. The no. of 
farmers who raise the pulses in rice fallows have come down in Trichy and Thnajavur districts 
whereas in Tiryvarur and Nagapattinam districts still the farmers grow rice fallows in larger 
areas. It was stated that delayed release of canal water in Cauvery and inadequate quantity 
released under turn system of irrigation resulting in delayed cropping resulted in skipping the 
optional rice fallow crops like pulses in most part of the delta. 
 
Cropping Intensity (%): The cropping patterns followed in the project areas are furnished 
below: 

a) Cauvery Delta Zone :  
i) Rice (Kharif )-Rice (Rabi) – Pulses (Rice fallow )/Cotton / Saesame (Feb-Apr) in 

majority of the ayacut, single rice crop is raised during rabi season followed by 
rice fallow crop. 

ii) Banana – Rice – Banana in majority of Trichy district. 
iii) Sugarcane – Sugarcane 2 ratoons 
iv) Ground nut – Rice – Vegetables in rainfed areas with limited ground water 

potential 
v) Rice-sunflower/Maize 
vi) Sunflower – Rice-Pulses /Groundnut 

b) Crop wise distribution of villages (Table 2. Annexure 1) 
c) Sources of Irrigation (Table 3. Annexure 1) 
d) Yield of Focus Commodity: Total Paddy Productivity and out turn of Cauvery Delta 

Zone (Table 4. Annexure 1) 
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e) Pulses Productivity and out turn of Madurai, Virudhunagar and CDZ regions (Table 5. 
Annexure 1) Migration : 

i) Migratory household (% of total no.of households ): Nil 
ii) Male (Male % of total no.of migrated population ): Nil 
iii) Female (Female % of total no.of migrated population ): Nil 

f) Pertage Disposal of Product : Average out turn by-products of paddy after milling is 
presented in Table 6. (Annexure 1) 

g) Total Paddy productivity at Tiruchirappali District (Table 7. nnexure 1) 
h) Total Paddy productivity at Thanjavur District (Table 8. Annexure 1) 
i) Total Paddy productivity at Thiruvarur District (Table 9. Annexure 1) 
j) Total Paddy productivity at Nagapattinam District (Table 10. Annexure 1) 
k) Total milling out turn by-products from CDZ (Table 11. Annexure 1) 
l) Average out turn by-products of green gram after milling (Table 12. Annexure 1) 
m) Average out turn by-products of Black gram after milling (Table 13. Annexure 1) 
n) Green gram and Black gram  total out turn by-products at Tiruchirappali District (Table 

14. Annexure 1) 
o) Green gram and Black gram  total out turn by-products at Thanjavur District (Table 15. 

Annexure 1) 
p) Green gram and Black gram  total out turn by-products at Thiruvarur District (Table 16. 

Annexure 1) 
q) Green gram and Black gram  total out turn by-products at Nagapattinam District (Table 

17. Annexure 1) 
r) Green gram and Black gram total out turn by-products at Madurai District (Table 18. 

Annexure 1) 
s) Green gram and Black gram  total out turn by-products at Virudhunagar District (Table 

19. Annexure 1) 
i) Extent of process of Food Commodity : IICPT 
ii) Status of Existing value chain : IICPT 
iii) Status of Value added products from the Focus commodity : IICPT 

 
Impact Studies: An evaluating agency from NAIP visited the project site on 18.9.2012 and 
studied the impact thro’ a survey.  
 
4.2. Baseline analysis on nutritional status  
Childhood is a period of rapid physical and mental growth and development. Good food, 
adequate in quality and quantity is essential to stimulate and maintain their growth, regulate their 
body functions, repair the tissues already formed and supply energy for work. If children do not 
receive the nourishment they need, under nutrition and malnutrition of one type or other will 
inevitably result, the type and extent depending on the type and quantity of nutrients lacking in 
the diet. In India about 85 per cent of school children show evidence of mild to moderate 
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malnutrition. Fifty three per cent of Indian children are underweight, 52 per cent are stunted and 
18 per cent are wasted in moderate and severe categories (Goyle, 2001). The tenth five-year plan 
(2002-2007) of government of India has identified chronic protein energy deficiency especially 
in children and micronutrient deficiencies of iron, iodine and vitamin ‘A ’ as major nutritional 
problems of public health importance.  
 
The Indian Council of Medical Research (ICMR, 2001) reports that the malnourished children 
fail to catch up and when they grow up, remain malnourished and disabled adults leading to low 
productivity, and add to the burden of the nation. Further the Ministry of Human Resource 
Development (2005) reports that nutritional deficiencies are mostly prevalent among the low 
economic group. Recent evidences suggest that even mild vitamin A deficiency with no clinical 
signs increases morbidity and mortality in children emphasizing the need to consume adequate 
quantity of vitamin A rich foods. Vitamin A deficiency is preponderant in school going children 
and progressive increase is seen in the age of 12-13 years while it is rare in infancy and 
preschool children. Inadequate nutrition in childhood, may lead to malnutrition, growth 
retardation, reduced work capacity, poor mental and social development (Swaminathan,et al 
2001). Malnourished children have more severe illnesses from which they take large time to 
recover. The problem of malnutrition affects not only the health of children, but also their 
attendance and performance in schools. It is the custom for the children to have a meal before 
they leave for the school and have no food until they return home in the late afternoon. Even 
more serious is the condition of children of whom there are doubtless many, who come to school 
on empty stomachs. Therefore, many who attend schools are not able to study their lessons with 
interest and enthusiasm. As one of the strategies to combat malnutrition among school children, 
the Government of Tamil Nadu adopted the noon meal programme.On 1st July 1982, the late 
Chief Minister of Tamil Nadu, Dr. M.G.Ramachandran introduced the Chief Minister’s 
Nutritious Noon Meal Programme for the children and for the first time all the different kinds of 
feeding programmes for children were brought  under one umbrella. Under the Tamil Nadu 
government’s Nutritious Meal Programme (NMP),  120million children in two age categories  
(5-9 yrs and 10-15 yrs) are so far covered, which is the largest school lunch programme in the 
world. The state government budgetary provision for NMP for this programme has been 
enhanced from Rs 3010 crore to Rs 4813 crore (Rs 48 billion / $ 1.2 billion) in 2006-2007 
(www.tn.gov.in). An evaluation of this programmes in terms of nutritional benefits adequacy of 
the meal and problems faced will help to highlight the outcomes and also to take up any 
corrective measures towards the further improvement in the operation of the programme. With 
this view an effort was undertaken to evaluate the Midday Meal programmes in Tiruchirappalli, 
Thanjavur and Coimbatore districts of TamilNadu 
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Methodology 
The methodology involved in this study is under the following heads: 

A. Selection of schools 
B. Collection and processing of data 
 

A. Selection of schools 
Following is the list of schools selected from the three districts: 
Coimbatore 

1. Solavampalayam Panchayat Union Elementary School, Kinathukadavu (U:Urban) 
2. Sikkalampalayam Panchayat Union Middle School, Vadapudur Panchayat (U) 
3. Mettupalayam Boys Higher Secondary School (U) 
4. Karamadai Panchayat Union Middle School (TP:Town Panchayat) 
5. Government Aided Middle School, Singarampalayam, Kinathukadavu (U) 
6. Corporation Elementary School, Rangaswamy Nagar, Kowdampalayam (U) 

Thanjavur                                            
1. Kumbakonam Municipality ARR Corporation School (U) 
2. Corporation Elementary School Near Burma Colony (U) 
3. Panchayat Union Middle School, Thiruppalathurai (U) 
4. Pandaravadai School (West), Pabanasam Block, Kumbakonam (TP) 
5. Government High School, Sundaperumal Kovil (TP) 
6. Panchayat Union Middle School, Solan Maligai (R) 

Tiruchirappalli 
1. Kambarasanpettai Panchayat Union Elementary School ( R) 
2. R C Kuriviangkulam Elementary School (TP) 
3. Manachanallur Panchayat Union Elementary School (R) 
4. Government Girls High School, Manachanallur (TP) 
5. Thanjammal Memorial School, Trichy (U) 
6. Corporation High School, EB Road, Trichy (U) 

A total of 16 schools covering rural, urban and town panchayat wereas ere seleceted for the 
study. 
 
B. Collection and processing of data 
In the 16 schools selected all the beneficiaries of noon meal programme (male and female 
children in the age range of 5 to 15 yrs) were selected for the collection of data. Around 50% 
non-beneficiaries of nutritious meal programme were included for comparison purposes. The 
number of children studied in each age group is given in Table 20 (Annexure1). A total of 3479 
beneficiaries and 1634 non-beneficiaries of the school meal programme were selected for the 
study. Height and weight were recorded for all the children. Details on the quantity of food 
served through the school meal programme were collected and the nutrient content of the meal 
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was calculated. Opinion of the parents (N:160) about the programme was collected by 
interviewing them. The data was processed to draw conclusions. 
 
Results and Discussion 
Tables 21 and 22 present the food supplied per child per day and the nutrient content of the meal 
supplied to elementary school children. The quantity of cereals and pulses included in the meal 
was found to be satisfactory. It was encouraging that egg was also included thrice a week, which 
improved the quality of the diet. However the quantity of the vegetables was not satisfactory, as 
they had to purchase the vegetables within the allotment, i.e. 20ps/day. This allotment is not 
sufficient to include adequate quantity of vegetables as the cost of vegetables is increasing day 
by day. As far as the nutrient content of meal is consumed, the calorie content of the meal was 
484 and protein content was 14.5g.The addition of egg improved the calcium content to 53 mg 
and β carotene content to 474 mcg. Iron content of the meal was only around 2.3 mg. Though the 
energy and protein content was meeting the 1/3 requirement of the day, the micronutrient supply 
was far from satisfactory because of the lack of fruits and vegetables in the meal. 
 
Nutritional Status of the Children 
Tables 23 to 30 presents the mean height and weight of boys and girls studied. It is clear from the 
Tables that the mean height and weight of almost all the beneficiary and non-beneficiary male 
and female children was less than that of NCHS standards. However the mean height of children 
was found to be comparable with NNMB (2002) data for Tamil Nadu. In most of the groups the 
mean weight of the children exceeded NNMB data. Since the beneficiary children belonged to 
below poverty line families, the school meal substituted the home food rather than 
supplementing the home food. 
 
Opinion of the parents 
Around 50 per cent of the parents expressed that the quality of rice used in the meal was poor 
with minimum content of dhal and trace quantity of vegetables. Since the rice supplied took a 
long time to cook, the0 fuel consumption was reported to be very higher. The cooks expressed 
that the provision of funds allotted in this programme is inadequate to meet all the expenses 
envisaged. Hence efforts are needed to fill the lacunae identified and also to make this a peoples 
programme. 
 
Recommendations 

1. It should be ensured that the rice supplied to the centers is of good quality. 
2. The funds allotted for fuel and vegetables need to be increased.  Unless more funds are 

made available and the inclusion of more vegetables and greens is achieved, the school 
meal will be grossly deficient in the supply of micronutrients. Wherever possible raising 
school gardens and utilization of garden produce for noon meal must be encouraged. 
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3. Currently the children and parents are happy with the inclusion of the eggs for three days.  
However the freshness of the egg and the weight of the egg should be monitored 

4. Possibilities of tapping solar energy for water heating and use of hot water for cooking 
and drinking needs to be explored. 

5. Research need to be undertaken to explore the possibilities of using the precooked 
fortified rice as a measure to save fuel and labour and at the same time make the meal 
more nutritious. Also efforts need to be undertaken to evolve enriched value added 
cereals using the by products of milling industries. Inclusion of such products in the noon 
meal programme will be a boon to fight the longstanding problems of micronutrient 
deficiencies among growing children.Through children, it is possible to carry the 
message to families and change their food habits through proper choice of foods. 

 
Baseline survey on school children, feeding programmes and school meal in Coimbatore, 
Thanjavur and Thiruchirapalli Districts of Tamil Nadu 
 
Study on nutritional status of children: A study was conducted to identify the nutritional 
benefits, adequacy of the meal and problems faced to make improvements in the noon meal 
programme as needed. A total of 16 schools covering rural, urban and town panchayats were 
selected for the study. In the 16 schools selected all the beneficiaries of noon meal programme 
were male and female children in the age range of 5 to 15 yrs. A total of 3479 beneficiaries and 
1634 non-beneficiaries of the school meal programme were selected for the study. Around 50% 
non-beneficiaries of nutritious meal programme were included for comparison purposes. Height 
and weight were recorded for all the children. 
 
Evaluation of the study to identify areas of improvement: Details on the quantity of food 
served through the school meal programme were collected and the nutrient content of the meal 
was calculated. Opinion of the parents (N: 160) about the programme was collected by 
interviewing them.  
 
Recommendations to include rice bran in the noon meal programme: Though the energy and 
protein content was meeting the 1/3 requirement of the day, the micronutrient supply was far 
from satisfactory because of the lack of fruits and vegetables in the meal. Since the beneficiary 
children belonged to below poverty line families, the school meal substituted the home food 
rather than supplementing the home food. Around 50 per cent of the parents expressed that the 
quality of rice used in the meal was poor with minimum content of dhal and trace quantity of 
vegetables.  
 
Hence, research need to be undertaken to explore the possibilities of using the precooked 
fortified rice as a measure to save fuel and labour and at the same time make the meal more 
nutritious. Also efforts need to be undertaken to evolve enriched value added cereals using the 
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byproducts of milling industries. Inclusion of such products in the noon meal programme will be 
a boon to fight the longstanding problems of micronutrient deficiencies among growing children.  

 
5. Objectivewise Research Achievements  

 
Objective 1 
Establishing market linkages between the producers, millers and processors, and 
institutionalizing the collection, procurement and supply of by-products of rice and pulse mills.  
 
India produces also large quantities of different types of pulses too.  The by-products of rice 
milling are broken rice, germ, bran and husk.  Barring husk, all other three by-products have very 
good food values.Cauvery delta is an important rice and pulse growing area for Tamil Nadu and 
for the country.  The quantities of by products from the milling industries are: Rice broken – 4.6 
MT; Rice Bran – 1.60 MT; Germ – 0.45 MT; Pulse powder -  5.2 MT; and Pulse husk – 1.65 
MT. Sensitizing on the values of by-products of milling industry, procurement of the by-
products, classification, safe storage guidelines, training to stake holders including farmers, 
SHGs and rural youth was given. 
 
The Lack of awareness and technical know-how on scientific processing, preserving and value 
adding methods are the major causes for the phenomenally high levels of losses prevailing in 
India Both the raw material and the produce are highly perishable and need to be handled 
carefully. The physico-chemical and quality parameters of the rice and pulse milling industry by-
products will be quantified and Knowledge for suitable methods for preserving the by-products 
was given through trainings and farmers and millers meet. 
 
Objective 2  
Development of value added products 
To develop six different final products with two layers of product portfolios, one for the resource 
poor community for nutrition uptake and the other for the affordable consumer to gain access to 
balanced food, and to identify technologies and equipments for making, handling and packaging 
of these products. Classification of the by-products of rice and pulse milling industries for 
enhancing the recovery of economically useful products and Documenting the nutritional and 
phyto-chemical qualities of these byproducts. Number and quantities of useful products from the 
by-products were standardized.  Knowledge based on nutritional and phyto-chemical qualities of 
the by-products were analysed.  Cost analysis, consumer preference evaluation and market 
testing of value added foods. 
 
Objective 3 
Nutritional security 
The stabilized parboiled rice bran could be an excellent by-product in lowering blood glucose 
and lipid parameters in type II diabetic and hyperlipidemic subjects.  Inclusion of cereals 
containing rice bran thus illustrated a significant reduction in both the blood glucose and lipid 
fraction. This indicates the potentials to utilize these rice bran products in modulating the 
glycemic and lipidemic impact to cereals and hence to produce reduced glycemic cereal 
products.  
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Objective 4 
Ascertaining the availability of rice and pulse milling industry by-products from the 
project area: The availability of rice and pulse milling industry by-products in the project area 
was ascertained thro’ a base line survey. In view of knowing the practices that were followed for 
by-products utilisation by the rice and pulse millers of the project area, a systematic survey was 
conducted among the stake holders viz., farmers, rice and pulse millers as per NAIP guidelines. 
A standard questionnaire was designed and each respondent was interviewed personally. In all, 
50 farmers from 35 villages were interviewed. Rice grown in an area of 8.21 lakh ha in the 
composite (undivided) Thanjavur district,the Rice Bowl of South India, the head reach of 
Cauvery ayacut i.e in Trichy Dt.4.73 lakh ha accounting to a total area of 12.94 lakh ha out of 
14.47 lakh ha designated as Cauvery Delta Zone was mainly taken as the potential area for the 
availability of rice by-products. The average productivity of rice ranged from 5.0-6.0 t/ha and 
750-800 kg/ha in Black gram, 600-650kg/ha in green gram and 800-900kg/ha in red gram in the 
project area. Regarding the byproduct utilisation, 50 percent of the farmers use their own paddy 
for domestic consumption and the remaining quantity is sold to the traders. In pulses, 90 percent 
of the products are sold and only 10 percent is retained for consumption. With regard to milled 
by-products of rice, whole rice is 60 percent, broken rice 5 percent, small granules 3 percent, hull 
and husk 25 percent and foreign matter 2 percent. The quantity of rice and pulse milling industry 
by-products available were collected district wise. 
 
Sensitizing the stake holders on the values of by-products: The stake holders in the project 
area were sensitized so that the marketability of rice and pulses could be improved. During the 
base line survey also, the producers were apprised of the values of these by-products and the 
value added products. 

 
Formation of stake holders clusters for ensuring the availability of by-products: The 
producer clusters were formed in the project areas. The Farmers Technology Transfer Clubs 
(FTTF) of NABARD were sensitized about the values of by-products. The Farmers’ Discussion 
Group (FDG) members, Water User Group members, members of Paddy Producers’ 
Associations were also involved in the sensitization programmes. 
 
6. Innovations 
 
Storage Guidelines for milling industry by-products 
Milled products like rice flour, green gram flour, Bengal gram flour, red gram flour and 
groundnut flour were stored at different temperatures -20°C, -10°C, 0°C, 10°C, 20°C and 30°C 
respectively. During the storage period, the allergy causing insect namely, red flour beetle was 
identified after 240 days of storage for grains at -20°C, 192 days at -10°C, 160 days at 0°C, 150 
days at 10°C, 150 days at 20°C and 96 days at 30°C. It was concluded that the milled grains and 
grams stored at room temperature for maximum 96 days without any insect infestation. The long 
period of storage can be extended at the temperature of -20°C. 
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Development of stabilized rice bran: Milled rice bran obtained from a local milling factory was 
immediately stabilized using oven heating (110°C for 10 minutes). Subsequent to heating, the 
sample was removed from the oven, cooled to room Temperature (25°C). The stabilized rice 
bran was milled into flour. The flours were screened through a 30 mesh sieve. Parboiled rice 
bran was collected from M/s. Karthick rice mill, Thanjavur. The bran was sieved using 52 BSS 
sieve. The moisture content of the bran was found to be 14 % which was adjusted to 7 and 12 % 
moisture. The rice bran was stored with and without nitrogen gas at 4, 20 and 35oC. 
Experimental design was performed using Design Expert and general composite design. The 
initial moisture, colour, FFA and peroxide value were analysed. The rice bran was stored in air 
tight bottles at different temperatures maintained at Environmental chamber.  The change in the 
quality of the rice bran was analysed once in each week. The initial moisture was found to be 
13.96 %. The luminosity of the rice bran was found to be  L’ 66.56,  a* 5.09 and b* 19.50. The 
free fatty acid was found to be 0.15 g oleic acid and the peroxide value of 6.67 meq peroxide/100 
g of sample. During storage, the moisture content of the rice bran was found to be equal in all 
samples, 8 to 10 %, except T11 treatment which was found to be contain high moisture content 
when compared to other treatments.  T11 got spoiled after 4th week of storage. The colour of the 
rice bran remained the same as fresh bran. It was found that there was only slight increase in free 
fatty acid content of the rice bran during storage irrespective of the moisture content, temperature 
and nitrogen.  The peroxide value was found increase at a faster rate. Rice bran stored at 28oC 
had higher peroxide value than rice bran stored at other temperatures. From the study, it can be 
concluded that the parboiled rice bran can be stored best at 20oC with or without nitrogen at a 
moisture content of 7 to 12%.  
 
Allergen Detection in milling industry byproducts during storage 
Identification of allergens due to pathogens is already available. But, with respect to insects, 
characterization of the allergens due to storage pests is an innovative idea to explore express 
strips for determining insect specific allergens. In order, to characterize the allergens due to 
insects, Sodium Dodecyl Sulphate - Poly Acrylamide Gel Electrophoresis (SDS-PAGE) was 
carried out. Totally, three different proteins were found to be suspected for causing allergenicity.  
These proteins have to be sequenced and compared for studying the homology of already 
reported allergic protein available in NCBI (National Centre for Biotechnological Information) 
site. 
 
Pulse based probiotic food: A pulse based probitic food was developed using green gram and 
cowpea and green gram flour using i)  2% commercial lactic acid bacillus (Type I) and ii) 20% 
homemade curd (Type II). A baked product namely buns were prepared by incorporating protein 
isolate as the main ingredient at 5% and 10% and were found to be organoleptically acceptable. 
In the developed probiotic food, total microbial count ,viability of lactobacilli at different 
pH,bile acid resistance of the lactobacilli and activity of lactobacilli on the common entero 
pathogens were determined .Shelf life of the probiotic food was found to be acceptable for 15 
days. This food can be mainly prepared and used by the mothers at household level for 
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conditions such as digestive disorders, autism and the like. The newly developed probiotic food 
was standardized three times and tested for safety by testing for micro organisms in the 
laboratory. 
 
Extraction of protein isolate from rice bran: The rice bran obtained from Thanjavur rice mills 
were sieved, stabilized using microwave, autoclave and alcohol and defatted. The protein present 
in the bran can serve as a high quality human protein supplement, so, it was isolated using alkali 
extraction process.  
 
Development of composite flour: The proximate analysis shows it contains high amount of 
protein and minerals along with considerable amount of siliceous fractions. Proper purification 
and recovery of edible cotyledons will enhance the protein availability. Cereal and legume flours 
obtained from milling by-products were formulated into 6 flour blends and tested for nutritional 
properties. It varied from protein (14.7-18.8%), carbohydrate (67.3-71.4%), Fat (0.8-1.0%), 
Dietary Fibre (0.6-0.9%) and Ash (3.9-4.0%). Physiochemical and functional properties of flours 
and flour blends was evaluated in order to know functionality of different ingredients such as 
protein and carbohydrates, whose behavior changes with change in composition and processing. 
Pasting temperature for red gram, green gram, black gram and rice flour was 84.65, 81.55, 79.85 

and 79.1
o
C respectively. Water absorption capacity (0.79-1.47 ml/gm), Oil absorption capacity 

(0.99-1.73 ml/gm) and bulk density (0.74 -0.812 gm/ml) were also determined. Blends 
mentioned above were used in preparation of deep fried snacks and their nutritional properties 
were studied. Products were well-accepted upon sensory evaluation. This study shows that there 
is potential for recovery and use of legume milling by-products for the human food to enhance 
the protein availability.  
 
7. Process/Product/Technology/Value Chain/Rural Industry Developed 
 
7.1. Process and Products developed 
The commercial food products were developed by utilization of milling industry byproducts such 
as bran, broken rice, dhal powder and broken dhal. The commercial food products were 
developed to improve the market value of rice and pulse milling industries by-products. The 
developed value added products are namely: (Annexure 2) 

i) Stabilized rice bran  
ii) Ready-to-cook unexpanded extruded products (Chinese Noodle or Pasta)  

a. Macaroni, b. Stortini, c. Rigatoni, d. Rotini, e. Stortini and f. Vermicelli 
iii) Ready-to-eat directly expanded extruded products 

a. NAIPkure sweet and hot, b. Breakfast cereals and c. Curls 
iv) Cookies 

a. Choco-nut, b. Ginger-garlic, c. Raisin, d. Honey-nut, e. Milk, f. Coconut, g. Salty 
caraway, h. Spicy, i. Sweet vanilla and j. Cardamom 

v) Braffin 
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a. Vanilla, b. Fruits, c. Chocolate and d. Nut  
vi) Puff and Pie pastry  

a. Flan, b. Fruit pie and c. Tart;  
vii) Ready-to-Serve energy drinks  

a. Rice milk 
 

Braffins / Muffins: Rice bran was collected in the milling steam at particular point to avoid 
silica and excess starch. This aluerone layer which is unstable in ambient conditions, so specific 
treatment to increase the shelf life of the by-products was adopted. This product was utilized for 
the preparation of muffins by replacing the regular raw material from wheat.  In all the recipes 
the cereals and pulses were replaced by the by products of the milling industry namely broken 
rice and broken pulses wherever applicable. In bakery products for braffins 10, 20, 30, 40 and 50 
percent Level of cereal flour was replaced by rice bran to increase the fibre content of the bakery 
products. In the acceptability trials carried out in the laboratory, braffins with the incorporation 
of rice bran at 50 per cent level was found to be very acceptable.  Assessment of nutritive value 
of the ready mixes is being carrying out. The economic feasibility and viability of the products 
were assessed. Further beneficial effects of the developed products will be established through 
feeding trials 
 
Brankies / Cookies: For Cookies 5, 10, 15 and 20 percent level of cereal flour was replaced by 
stabilized rice bran to increase the fire content of the bakery products. An acceptability trial was 
carried out in the laboratory, 15 per cent level rice bran incorporation was found to be more 
acceptable.   
 
NAIPkurae (RTE Extruded products): Ready to eat products were developed by single screw 
extruder. For this, we have tried 5 percent to 30 percent level of incorporation of fried gram 
flour. Out of this 20 percent was found to be acceptable. Rice broken flour 80 percent and 20 per 
cent of Fried gram broken flour was used for the preparation of extruded products.  
 
Rice Bran Fryams (traditional food: vadagam, Idiyappam): Fryams was prepared using rice 
brokens with rice bran and pulse husk and brokens powder. Incorporation level of 20% of rice 
bran and pulse husk and broken powder was found to be acceptable. The prepared Fryams 
contain high fibre and protein.  
 
Rice Milk: The rice brokens were used for the preparation of rice drink. The rice brokens were 
cooked and the rice water was removed by straining. Sugar, essence and stabilizers were added 
and filled in sterilized bottled and pasteurized.  
 
Pulse Masala Mix: Our interest of choice to incorporate green gram by-products as a ingredient 
in Masala mix is to enhance the nutritive value of the desired product, lower price edition and 
strictly keeping in aim the acceptability of the product to consumer. 
 
Instant Breakfast Mixes: Five ready mixes suitable for breakfast / dinner dishes were 
formulated and standardized in the laboratory. They are 1.Rice vermicelli, 2.Ragi vermicelli, 
3.Adai, 4.Chappathi, 5.Wheat rava adai. In all the recipes the cereals and pulses were replaced by 
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the by products of the milling industry namely broken rice and broken pulses wherever 
applicable. In all the five mixes rice bran was added at 20, 25 and 30 per cent levels replacing the 
cereal to increase the fibre content of the recipes and at the same time lower the glycemic index 
of the mixes. In the acceptability trials carried out in the lobaratory, recipes with the 
incorporation of rice bran at 25 per cent level were found to be very acceptable.  Assessment of 
nutritive value of the ready mixes is being carrying out. Once the beneficial effects of the mixes 
are established through feeding trials further economic feasibility and viability will be assessed. 
 
Rice bran incorporated Indian subcontinent foods: Ten Indian subcontinent food formulas 
were developed namely chapati, mixed vegetable chapatti, wheat dosa, wheat rava idly, adai, 
rava adai, ragi adai, rice vermicelli, ragi vermicelli and kolukattai at the incorporation level of 25 
per cent of stabilized rice bran received high acceptability. Adai mix had a maximum energy 
content of 414.34 kcal followed by chapathi (389.31) and idli (379.79) mix. The carbohydrate 
content of the chapathi mix, idli mix and adai mix are 79 g, 75 g and 81.03 g respectively. Adai 
mix and idli mix had a higher fat content of 4.11 and 3.19 g.  The protein and fibre content was 
high in chapathi mix with a value of 10.8 g and 11 g respectively.  The moisture content was 9, 
7.5 and 4.5 % in idli mix, chapathi mix and adai mix respectively. 
 
7.2. Consumer Acceptability of the developed products: As a preliminary, a survey was 

conducted to know the consumer preference of the value added products. Among the farmer-
consumers and general public, feedback was collected to improve the value added products. 

 
The sensory evaluation of the value added products was done among the students, staff, public 
and senior citizen as per standard procedures. The feedback was given to the consortium for 
further product development. 
 
Acceptability of protein isolate incorporated buns: A baked product namely buns was 
prepared by incorporating protein isolate as the main ingredient at 5% and 10% and were found 
to be organoleptically acceptable.  The protein content of rice bran protein isolate incorporated 
bun at 5 per cent level was found to be in the range of 10.0 to 10.5 g / 100 g and the bun 
incorporated at 10 per cent level was found to range from 10.5 to 11.5 g / 100 g. The protein 
content of the control bun was only 9.1 per cent which was very much lower than the buns 
incorporated with the protein isolate. 
 
Acceptability of pulse based probiotic supplement: During the household preparation of the 
probiotic mixture, Type II does not appear to be safe because during the drying process in the 
preparation procedure which could result in possible contamination with other unwanted 
microorganisms. Also, the mixture has to be prepared fresh every time for consumption. Hence, 
Type I preparation is found to be safe and more suitable for feeding the children. The 
Lactobacillus culture used in the products exhibited resistance to gastric acidity, bile acid and 
antimicrobial activity against potentially pathogenic bacteria. So, this food could be claimed to 
have a probiotic effect as per Joint FAO/WHO guidelines. 
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Acceptability of value added food products developed from milling industry byproducts: 
The acceptability study was conducted for the developed food products which were developed 
by using rice bran, broken rice flour, broken maize powder and broken dhal flour. In all varieties 
of cookies and pastries, rice bran was incorporated in the range of 5, 10 and 15 per cent and upto 
50 per cent in a muffin based product called Braffin. Based on the subjective and objective 
evaluation studies, it was concluded that braffin was made with 50 per cent incorporation of rice 
bran and the rest of the products namely; cookies and pastries varieties were made with 15 per 
cent rice bran were successful for cookies. Various ready-to-cook products in terms of Chinese 
noodles were developed, namely, macaroni (made with 30% broken urad dhal flour, 70 per cent 
broken rice flour), stortini (made with 30 per cent broken rice flour, 10 per cent wheat flour, 60 
per cent broken maize flour), rigatoni (made with 30 per cent rice bran, 40 per cent wheat flour, 
30 per cent ragi flour), Rotini (made with 30 per cent broken rice flour, 70 per cent broken maize 
flour), stortini (made with 30 per cent rice bran, 70 per cent broken maize flour) and vermicelli 
(70 per cent broken rice flour, 30 per cent wheat flour). Two different RTE snack were also 
developed, namely, NAIPKure (made with broken pulse flour, broken rice flour, corn grits) and 
NAIPKure (made with 70% maize flour, 30% broken rice flour). 
 
Sensory evaluation was carried out with the cereal pulse pasta developed at IICPT, Thanjavur. 
Ten recipes were standardized and the sensory evaluation was carried out using 9 point hedonic 
scale and food action rating scale. Two variations in each of the 10 recipes were used for 
evaluation. The school going children, adolescents and adults (each 15) were asked to evaluate 
the food products and the results were interpreted. All the products were received high 
acceptability score. 
 
Acceptability of rice bran incorporated Indian subcontinent foods: The developed Indian 
subcontinent food formula namely chapati, mixed vegetable chapati, wheat dosa, wheat rava 
idly, adai, rava adai, ragi adai, rice vermicelli, ragi vermicelli and kolukattai at the incorporation 
level of 25 per cent received high acceptability score compare with 30 and 35 per cent.  

 
7.3.Therapeutic value of the developed products 

 
Effect of rice bran incorporated Indian subcontinent food products on glycemic index: The 
glycemic index was estimated for developed Indian subcontinent food formulas. Food products 
like wheat chapatti (52.40), mixed vegetable chapati (52.40), wheat dosa (52.81), wheat rava 
dosa (46.60), kolukattai (67.68), rice vermicelli (63.70) and ragi vermicelli (59.74) respectively. 
rice namely chapati, mixed vegetable chapati, wheat dosa, wheat rava idly, adai, rava adai, ragi 
adai, rice vermicelli, ragi vermicelli and kolukattai bran incorporated at 25 per cent level showed 
low and medium glycemic index compared to the standard formula.  
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Effect of rice bran incorporated Indian subcontinent food products on lipid profile in 
diabetic and hyperlipidemic Subject: Based on the results of organoleptic properties 25% level 
incorporated ready mixes (100g/day) in the form of Indian subcontinent food formulae were used 
for a clinical trial on diabetic (20) and hyperlipidemic (20)  individuals. Supplementation of rice 
bran incorporated food formulae for a period of 90 days brought about significant reduction 
(p<0.01) in fasting and post prandial blood glucose levels in type II diabetes mellitus subjects. 
Glycosylated haemoglobin, an effective indicator of the blood glucose levels over the preceeding 
three months decreased from 9.17 to 7.35 per cent and was significant at one per cent level. The 
impact of rice bran containing food formulae among hyperlipidemics in experimental group 
showed a significant reduction in total cholesterol from 237 to 196 mg/dl, triglycerides from 232 
to 165 mg/dl, LDL cholesterol from 153 to 120 mg/dl (p<0.01) and VLDL from 47 to 35 mg/dl 
(p<0.05) and a minor increase in the HDL cholesterol level from 44.84 to 45 mg/dl which was 
not statistically significant. 
 
Effect of rice bran incorporated pasta on body composition, anthropometry and 
biochemical profile of obese and overweight adult subject: A feeding trial with rice bran 
incorporated pasta on overweight / obese female adults with BMI 25 to 29.9 kg/m2 (overweight) 
and > 30 kg/m2 (obese) was conducted. The present study has revealed that pasta incorporated 
with rice bran at 15 % level could be one of the safe and acceptable cereal substitutes for rice for 
feeding the overweight and obese subjects. A feeding trial was carried out to evaluate the effect 
of rice bran incorporated ready-to-cook pasta products. Every day 75 g of uncooked rice bran 
incorporated pasta samples were fed to the 40 obese and overweight individuals and the impact 
was studied in terms of changes in body composition, anthropometry and biochemical profile of 
the adults. At the end of feeding trial, the mean body protein increased from 7.04 to 7.09 kg 
among the overweight and from 7.41 to 7.48 kg among the obese adults. Soft lean mass had 
increased from 33.9 to 34.05 kg in overweight adults and from 35.74 to 36.04 kg in obese adults. 
Body fat mass among the overweight adults reduced to 29.09 kg after the feeding trial. A high 
degree of positive correlation (P<0.01) was observed between fat free mass and protein, total 
body water, soft muscle mass and mineral among overweight and obese adults. However, long 
term feeding trials alone could result in significant reduction in the body weight and fat 
components.  The present investigation has proved an encouraging trend in weight reduction of 
the overweight / obese subjects through value added pasta feeding trial.  Efforts are further 
needed to introduce this product as a health food in the market. 
 
Glycemice Index on Stabilized Rice Bran: The stabilized parboiled rice bran could be an 
excellent by-product in lowering blood glucose and lipid parameters in type II diabetic and 
hyperlipidemic subjects.  Inclusion of cereals containing rice bran thus illustrated a significant 
reduction in both the blood glucose and lipid fraction. This indicates the potentials to utilize 
these rice bran products in modulating the glycemic and lipidemic impact to cereals and hence to 
produce reduced glycemic cereal products.  
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7.4. Product Launch, Promotion and Popularization of the value added products: 
Three value added products such as Braffins, Cookies and Fryums called NAIPKURE were 
developed from the rice and pulses by-products. The products were launched on 13.12.2010 in 
the presence of the National Co-oridnator, Dr.R.K.Goyal at IICPT, Thanjavur. The product 
popularization workshop was held at IICPT on 14.12.2010 in which 165 SHG women were 
sensitized on the production aspects of value added products.  
 
7.5 Creation of value chains for the promotion of developed technology and products 
Promote the milling industry clusters, farmers, women Self Help Groups, industrialists and new 
entrepreneurs for implementation of production lines by Incubation Service through utilization of 
infrastructure facility for test market trial and production. Establishment of continuous extruded 
product process lines for the production of milling industry by-products based developed value 
added products. 
 
7.6.Rural Industry Developed 

The following list of rural industries developed by technical guideline service for processing 
of milling industry byproducts based products 
 

Utilized byproducts Title of the Technology / 
Products

Name of the food industries

Stabilized rice bran Masala Processing techniques Virgin Coconut Oil, Kochi, Kerala
Stabilized rice bran Masala paste and Soup mix Comorin India Products, Kanyakumari Dist.
Stabilized rice bran Curry masala powder Hiba Exports & Imports, Chennai, Tamil 

Nadu
Broken rice and dhal 
powder 

Convenience foods Om Vijay Foods India Pvt. Ltd, Erode, 
TamilNadu

Dhal powder Masala gravy Allen Exports, Kanyakumari, Tamil Nadu
Broken rice Ready to drink G & G dessert products SDN BHD, Johar
Rice bran and broken Cookies  Ramchand Cashew, Thiruvarur, Tamil Nadu
Rice bran and broken Herbal biscuits & chocolates Research Institute of Herbal Medicines, 

Namakkal, Tamil Nadu 
Rice broken RTE Idiyappam Taj Al Madeena Food Stuff Filling, Sharjah, 

U.A.E
Rice broken RTE Idiyappam Mallihai Food, Pudukkottai, TamilNadu
Broken dhal and rice Rice Crispy Srivijaya Ganapathy, Pondicherry
Broken dhal and 
powder 

Protein Enriched Health drink Bioelizer, Thanjavur 

Rice bran Diabetes Food Mix Arokia Mary Malarm, Tirupattur 
Stabilized rice bran Shelf life enhancement of 

Chapati &parota
Aradhana Foods, Korur 

Stabilized rice bran Ready to eat chappathi Mint Caterings, Trichy 
Stabilized rice bran Blending of Olive oil & rice bran 

oil 
Wellkraft consulting pvt ltd, Chennai

Stabilized rice bran Adjuct Kollu mix powder Amaze Multifoods, Pondy 
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Broken dhal and rice Millet rusk Amaze Multifoods, Pondy 
Broken dhal and rice Ready mix Health Porridge Isha foods, Coimbatore 
Broken dhal and rice RTE & RTC extruded products JVS Foods Private Limited, Jaipur
Broken dhal and rice Health mix for adolescent, 

cookie forschool going children, 
puffed millets

Flora-O-Foods, Jaipur 

Broken rice Baby food Products Appolo Baby foods, Chennai 
Rice bran,broken 
maize  

Cookies & muffins Aswin Sweets & Bakery Perambalur

Stabilized rice bran Whole wheat fibre rich atta with 
added vegetables

Ebenezer Food Products, Dharamapuram

Stabilized rice bran Technical processing of spices Anni Food Products, Bangalore 
Broken dhal and 
powder 

Value addition of agri produce Team Agro food, Kallkurchi 

Stabilized rice bran Germinated rice based cakes & 
sponges 

South Indian rice trading company, Nagercoil

Stabilized rice bran Processing techniques on masala Rajalakshmi flour mill, chengalpattu
Stabilized rice bran Processing techniques on masala Asean exports and imports, Thanjavur 
Broken dhal and 
powder 

Value addition of cereal millets 
and pulses 

Chitrambalam hotel, Annamalai 

Bran and brokens Bakery and confectionery Asian exports and imports, Thanjavur
Bran and brokens Instant food mixes Lakshmi food products, Madurai 
Bran and brokens Instant food mixes ASVE Exports, Thanjvaur 
Broken dhal and 
powder 

Health mix SKM egg products export Ltd., Erode

Bran and brokens Value addition of grain and gram Crystal  foods and spices, Salem 
Protein isolate Home made chocolate Chemical engineering co pvt. Ltd,  Thiruttani
Protein isolate Production of breakfast roll Kumar bakery, Thanjavur    
Protein isolate Production of breakfast roll Mains Baker, Thanjavur    
Broken rice Pasta and vermicelli processing Thirumaruthoor agro developer india ltd, 

Madurai
Probiotics from dhal  Value addition  of grain and 

gram 
Aswin sweets and snacks, Perambalur

Stabilized rice bran Pickling preservation techniques Noufal bava TC eastern condiments pvt. Ltd, 
Cochin

Stabilized rice bran Pickling preservation techniques Varun food products, Chennai  
Stabilized rice bran Masala powder processing Kamakshi rice mill, Nagai  
Stabilized rice bran Masala powder processing Dharsa Flour Mill, Tirupur 
Protein isolate Science and technology of 

chocolate manufacturing
Vaagai enterprises, Maduarai 

Protein isolate Home made Chocolates Dream Big Cyber Space, Thanjavur
Rice bran Processing of Masala powders Sekar Industries, Dharmapuri 
Bran brokens Production of Cookies, Crackers 

& biscuits 
Aadhimalai Pazhangudiyinar 
Producer.Co.ltd, Kotagiri 

Bran and brokens Healthy rusk & variety of 
Cookies 

Lucky Food Products, Mannargudi

 
8. Patent -  
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9. Linkages and Collaboration 
 

S. 
No. 

Linkages developed 
(Name & Address of Organization) 

Date/Period 
From-To 

Responsible 
Partner 

1. PSG Hospitals, Peelamedu, Coimbatore 
Anbu Diabetes Centre, R S Puram, Coimbatore 
Aara Foods, Business Planning & Development Unit, Directorate of Agri 
Business Development, TNAU, Coimbatore 
Coronet foods –A food industry for conducting shelf life studies 

2010 - 2011 ADU 

2. Diabetic clinics- Government, private hospital in Coimbatore for 
conducting feeding trials 

2011 - 2012 ADU 

3. NABARD supported Farmers Clubs 2010 - 2013 TNAU 
4. Farmers Groups promoted under ATMA 2010 - 2013 TNAU 

5. SHGs sponsored by NGO “ Gramalaya) 2010 - 2013 TNAU 

6. Rural Entrepreneurs promoted by KVKs 2010 - 2013 TNAU 

7. MFPI supported  women Self Help Group  2010 - 2013 AEC&RI, 
TNAU 

8. Farmers Groups under ATMA scheme 2010 - 2013 AEC&RI, 
TNAU 

9. Rural Entrepreneurs promoted by KVKs, TNAU 2010 - 2013 AEC&RI, 
TNAU 

10. Cornell University, USA  2010-2014 IICPT 

11. University of Nebraska-Lincoln 2010-2014 IICPT 

12. Paddy producers association 2010-2014 IICPT 

13. Department of Agricultural, TamilNadu 2010-2014 IICPT 

14. Department of Agricultural Marketing and Agri Business, TamilNadu 
and Maharastra 

2010-2014 IICPT 

15. National Institute of Nutrition 2010-2014 IICPT 

16. Avinashilingam Jan Shikshan Sansthan, Coimbatore where 1000’s of 
Self Help Group women and women entrepreneurs from urban and semi-
urban areas get trained throughout the year 

2012 - 2013 ADU 

17. Rice milling industries clusters at Thanjavur and Nagpur 2013 - 2014 IICPT 

18. NABARD 2013 - 2014 IICPT 

19. District Puthuvalvu Thittam office, TamilNadu 2013 - 2014 IICPT 

20. District Watershed Development Agencies, TamilNadu 2013 - 2014 IICPT 

21. NGO RCT, Coimbatore 2013 - 2014 IICPT 

22. Self Help Groups at Thiruvarur 2013 - 2014 IICPT 

23. TamilNadu Agricultural Universities 2013 - 2014 IICPT 

 
10. Status on Environmental and Social Safeguard Aspects 

 
Environmental issues: Wastewaters coming from rice mill operations contain high 
concentration of organic and inorganic substances causing significant polluting phenomena. In 
order to sustain our global water supply, many environmental operation programs should be 
established to address pollution issues. 
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Waste utilization: One of the main byproducts of the rice milling industry is rice bran. It 
undergoes rancidity and spoils soon because of the oil present in it. In this project, it has been 
stabilized and used in the fortification of wheat flour (atta) whereby oats is sometimes used to 
supplement the flour. 
 
11. Constraints, if any  and Remedial Measures Taken 

Since, a huge investment is required for establishing a bakery and extrusion unit, the number 
of farmers, shelf help women and unemployed youth adopting this successful technology is 
minimum. 
 

12. Publications 
Thesis   - 1 
Research article  - 10 
Other journals  - 13 
Book chapter  - 3 
Popular article   - 5 
Newspaper article  - 2 
Seminar presented papers - 20 
Seminar proceedings - 15 
Manual   - 5 
CDs/Videos  - 8 
Leaflet/Handouts  - 11 

 
A. Research papers in peer reviewed journals. Details as per the guidelines for citation of 

publications 
 
S. 

No. 
Authors, Title of the paper,   

Name of Journal, Year, Vol. & Page No. 
NAAS Ratings  Responsible 

Partner 
1 Alli, M.V., Premakumari, S., Alagusundaram, K. 

and Jaganmohan, R.,Development and evaluation 
of a pulse based probiotic food for autism, Indian 
Journal of Nutrition and Dietetics, 2011, Vol 48 , 
Pp 1-7. 

 Avinashilingam 
Deemed 
University, 
Coimbatore 

2 Premakumari,S., Balasasirekha,R., Gomathi,K., 
Supriya,S., Jagan Mohan, R., and 
Alagusundram,K., Development and acceptability 
of fibre enriched ready mixes, International 
Journal of Pure and Applied Sciences and 
Technology, (April 2012), vol.9(2), pp.74-83, 
ISSN: 2229- 6107 

Global Impact 
Factor: 0.367; 
Index Copernicus 
Value: 5.76 
(2011) 

Avinashilingam 
Deemed 
University, 
Coimbatore 
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3 Premakumari, S., Gomathi, K., Balasasirekha, R., 
Supriya, S., Alagusundram, K. and Jagan Mohan, 
R., Impact Of Supplementing Value Added Rice 
Bran Incorporated Ready To Eat Mixes On 
Diabetics And Hyperlipidemics, Indian Journal of 
Nutrition and Dietetics, (2013), 2013, 50, 141-149 

 Avinashilingam 
Deemed 
University, 
Coimbatore 

4 Premakumari, S., Balasasirekha, R., Gomathi,K., 
Supriya,S., Alagusundram, K. and Jagan Mohan, 
R., Evaluation Of Organoleptic Properties And 
Glycemic Index Of Recipes With Rice 
Bran,International Journal of Current Research 
and Reviews, (2013),  Apr 2013/ Vol 05 (07), 
pp.1-8 

IC value 4.18 Avinashilingam 
Deemed 
University, 
Coimbatore 

5 Body compositional changes of overweight / 
obese adults with rice bran incorporated pasta – a 
feeding trial, Premakumari,S, Balasasirekha,R 
Jagan Mohan, R and Alagusundaram,K, Elixir 
Food Science 60 (2013) 16350-16355 

IC value 5.09 Avinashilingam 
Deemed 
University, 
Coimbatore 

 
B. Books/ Book chapters/ Abstracts/ Popular articles, Brochures, etc. 

 
S. 

No. 
Authors, Title of the papers   

Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, 
Page No. 

Responsible 
Partner 

1. Masilamani, P., Ramanathan, SP., Jaganmohan, R., Saravanan, P 
and Alagusundaram, K. 2010. Scope for minimizing demand and 
supply gap of protein through by-product utilization  

TNAU 

2. International conference on Food Technology held at IICPT, 
Thanjavur during Oct 30-31, 2010 (INCOFTEC-2010) pp 52. 

TNAU 

3. Ramanathan, SP., Masilamani, P., Jaganmohan, R., Saravanan, P 
and Alagusundaram, K. 2010. Improving supply of cereals through 
by-product utilization of rice in Tamil Nadu. Pare presented and 
published in the proceedings (Edition II) of the International 
conference on Food Technology held at IICPT, Thanjavur during 
oct 30-31, 2010 (INCOFTEC-2010) pp 81. 

TNAU 

4. Ramanathan, SP and Jaganmohan, R. 2011. Traditional food- 
Enhancing the availability of micronutrients thro’ processing and 
preparation methods. A review paper published during 24-25. June 
2011 (INCOFTEC-2011) pp : 25-27. 

TNAU 

5. A Popular article about “ Nel mattrum payaru vagai aravai TNAU 
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porutgalin moolam palveruvagai mathiiputapatta unavu porutgal 
thayarithal”  in Valarum Velaanmai published on Dec-2010, pg  : 
13-15. 

6. A Popular article about “  Nel mattrum payaru vagai aravai thozhil 
koodathilirunthu perappadum aravai ubari porutkalai kondu 
mathiiputapatta porutgal thayarithal”  published in Nila Valam . 

TNAU 

7. Dr.S.Premakumari, Poster on “An Appraisal Of Noon Meal 
Programme In Tamilnadu” in the 28th Bienniel Conference of 
HSAI, JD Birla Institute, Kolkata, 7th to 9th January 2010 

Avinashilingam 
Deemed University, 
Coimbatore 

8. Mrs.K.Gomathi, SRF, National Conference on Career and Research 
Trends in Food Processing, NCOFTECH – 2011, Indian Institute of 
Crop Processing Technology, Ministry of Food Processing 
Industries, Government of India, Thanjavur, 24th and 25th June, 
2011 

Avinashilingam 
Deemed University, 
Coimbatore 

9. Dr.R.Balasasirekha, SRF, XXIX Biennial National Conference of 
Home Science Association of India, Babasaheb Bhimrao 
Ambedkar University, Lucknow, presented a poster on 
“Development of Rice Bran Added Pasta Recipes for Overweight / 
Obese Adults”, 4th to 6th November 2011 

Avinashilingam 
Deemed University, 
Coimbatore 

10. Dr.R.Balasasirekha, SRF, Paper presentation on “Arisi aalaigalin 
ubarip porutkalai kondu padhugappana unavu thayarithalum 
mathipiduthalum” in the 12th Tamil Nadu Science Congress, 
Periyar University, Salem, 23rd to 25th August 2012 

Avinashilingam 
Deemed University, 
Coimbatore 

11. Dr.R.Balasasirekha, SRF, Paper presentation on “Impact Of 
Supplementing Value Added Ready To Eat Mixes On Diabetics 
And Hyperlipidemics” in the in the 44th Annual National 
Conference of Nutrition Society of India, Sri Venkateswara 
University, Tirupati, 16th & 17th November 2012 

Avinashilingam 
Deemed University, 
Coimbatore 

12. Dr.R.Balasasirekha, SRF, Awarded NSI Prize (Best Poster Award 
– Clinical Nutrition) for the paper presented during the 45th 
Annual Meetings of the Nutrition Society of India held during 
21st and 22nd November 2013 at National Institute of Nutrition, 
Hyderabad – 500 007. 

Avinashilingam 
Deemed University, 
Coimbatore 

13. Dr.S.Premakumari, CoPI, Paper presented during the 46th Indian 
Dietetic Association held at Maharashtra Institute of Technology, 
Pune from 12th to 14th December 2013 

Avinashilingam 
Deemed University, 
Coimbatore 

 
13. Media Products Developed/Disseminated 
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S. 
No. 

CD, Bulletins, Brochures, etc. 
(Year wise) 

No. of 
Copies 

Distribution Responsible Partner 

1. One short film on value added 
products was produced 

  TNAU 

2. Booklet on Rice Bran Pasta 
Recipes, January 2012 

200  Avinashilingam 
Deemed University, 
Coimbatore 

3. Booklet on Obesity Management in 
Adults, January 2012 

200  Avinashilingam 
Deemed University, 
Coimbatore 

4. Brochure on NAIP component II 1000 1000 IICPT 

5. Brochure on 

 Rice milk 

 Rice pulse laddu 

 Braffins  

 Pulse masala mix 

 Rice bran fryums  

 Ready to Eat Extruded 
products 

 
1000 
1000 
1000 
1000 
1000 
1000 

 
900 
900 
900 
900 
900 
900 

 

 
IICPT 

6. Flyer on utilization of Rice and 
Pulse Mill By-Products 

1000 
 

900 
 

IICPT 

7. Tamil Brochure on  
Rice milling by products and uses 
Bakery products developed using 
rice bran 

 
1000 
1000 

 
1000 
1000 

 
IICPT 

 
14. Meetings/Seminars/Trainings/Kisan Mela, etc. organized 
 
Dissemination of developed products and techniques during ASEAN-India Science and 
Technology working groups meet at Malaysia 
Developed milling industry by-products based functional food products and its technology 
disseminated during The 66th meeting of ASEAN Committee on Science and Technology (66th 
ASEAN-COST) and related meetings and the 15th ASEAN Ministerial Meeting on Science and 
Technology (15th AMMST) were held at Renaissance Hotel, Kuala Lumpur, Malaysia from 6th to 
13th November, 2013.  
 
The delegates like Deputy Ministers, Deputy Director and Secretariats belonging to the Ministry 
of Science and Technology, Food Technology Research Centre, Agricultural Research and 
Development Institute, High Commission from 10 ASEAN Member States namely Brunei 
Darussalam, Combodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, 
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Thailand, Viet Nam and 5 Dialogue Partners likely China, India, Japan, Republic of Korea and 
Russia also participated in this event. 
 

Details of 
Meetings/Seminars/Trainings, etc. 

Duration 
(From-To) 

No. of 
Personnel 
Trained 

Organizer  
 

Popularization Workshop  14.12.2010 85 WTC, TNAU 
Popularization Workshop  20.12.2010 32 WTC, TNAU 
Sensory Evaluation  03.02.2011  150 WTC, TNAU 
Awareness Program  01-04 .11. 2011  40 WTC, TNAU 
Awareness Program  7-9 .11. 2011  45 WTC, TNAU 
Awareness Program  10-11.11. 2011  38 WTC, TNAU 
Awareness Program  10-11.11. 2011  40 WTC, TNAU 
Awareness Program  16-17 .11. 2011  45 WTC, TNAU 
Awareness Program  18-19. 11. 2011  48 WTC, TNAU 
Awareness Program  21-22 .11.2011  35 WTC, TNAU 
EDP Workshop on value added products  22.12.2011  45 WTC, TNAU 
EDP Workshop  27.12.2011  40 WTC, TNAU 
EDP Workshop  5.3.2012  32 WTC, TNAU 
EDP Workshop  21.3.2013  40 WTC, TNAU 
EDP Workshop  22.3.2013  38 WTC, TNAU 
EDP Workshop  22.3.2013  40 WTC, TNAU 
EDP Workshop 25.3.2013  35 WTC, TNAU 
EDP Workshop 26.3.2013  40 WTC, TNAU 
EDP Workshop 27.3.2013  40 WTC, TNAU 
EDP Workshop 26.8.2013  34 WTC, TNAU 
EDP Workshop 27.8.2013  51 WTC, TNAU 
EDP Workshop 30.8.2013  35 WTC, TNAU 
EDP Workshop 31.8.2013  38 WTC, TNAU 
EDP Workshop 3.9.2013  33 WTC, TNAU 
EDP Workshop 12.11.2013 32 WTC, TNAU 
EDP Workshop 13.11.2013 33 WTC, TNAU 
EDP Workshop 25.11.2013 34 WTC, TNAU 
EDP Workshop 26.11.2013 35 WTC, TNAU 
Product promotion workshop SHG 28.03.2013 35 AEC&RI, TNAU 
Product promotion workshop (rural youth) 29-30.3.13 50 AEC&RI, TNAU 
Product promotion Workshop for rural 
youth 

30-31.03.13 50 AEC&RI, TNAU 

Bakery training  24th May 2011 50  ADU  
One day Workshop on “Good nutrition 
and health through fibre rich milling by 
products”  

28th February 
2012 

50  ADU, 
Coimbatore  
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One day Workshop on “Good nutrition 
and health through fibre rich milling by 
products” 

29th February 
2012 

50  ADU, 
Coimbatore  

One day training on the recipe preparation 
using by-products of milling industry 

4.10.2013 
 

42  ADU, 
Coimbatore  

One day training on the recipe preparation 
using by-products of milling industry 

8.10.2013 
 

42  ADU, 
Coimbatore  

One day training on the recipe preparation 
using by-products of milling industry in 
Barali forest 

12.11.2013 
 

71  ADU, 
Coimbatore  

One day training on the recipe preparation 
using by -products of milling industry in 
Barali forest 

5.12.2013 
 

49  ADU, 
Coimbatore  

One day training on the recipe preparation 
using by-products of milling industry in 
Barali forest 

6.12.2013 
 

26  ADU, 
Coimbatore  

Value added products from milling 
industry byproducts 

2013-2014 
250 programs 

4230 IICPT 

Total        5978 
 
14.1.Trainings organized : Popularization of the developed products by conference, workshop 
and stakeholder meeting conducted at different targeted locality. The entrepreneur development 
program and skill development programs will be conducted regularly to the target groups to 
improve the demand of the milling industry by-products. Previously, the developed products 
have been commercialized through our IICPT outlet and around 8 industries have taken those 
technologies. Milling industries clusters group belonging to Tamil Nadu and Maharashtra state 
have benefited from those production techniques. Further IICPT will promote the SHG’s, women 
and stakeholder, industrialist through IICPT Food Processing Business Incubation Centre 
services via. Renting facilities for the test market trials and products, guidelines for the 
implementation of milling industry by-products (gram and grains bran and brokens) processing 
and value addition industry.  
 
Training were conducted technology transfer program for the field staffs of Department of 
Agricultural Marketing and Agricultural Business of Tamil Nadu. Totally 14 batches of the field 
staffs will be attended from 31 districts of TamilNadu in this program. The field staffs 
designation as follows: 
 

i) Deputy Agricultural Officers 
ii) Agricultural Officers and  
iii) Assistant Agricultural Officers 
iv) Deputy Director 
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The districts of TamilNadu covered during developed technology transfer programs 
The following various districts of TamilNadu will be covered in this program:  
 
S.No. Name of the District S.No. Name of the District 

1 Vellore 17 Thiruvannamalai 
2 Thiruvarur  18 Nagai 
3 Pudukkottai 19 Thanjavur 
4 Trichy 20 Ariyalur 
5 Perambalur 21 Karur 
6 Thiruvallur 22 Kancheepuram 
7 Cuddalore 23 Villupuram 
8 Namakkal 24 Salem 
9 Dharmapuri  25 Krishnagiri 
10 Coimbatore 26 Nilgris 
11 Tirupur 27 Erode 
12 Dindigul 28 Theni 
13 Madurai 29 Sivagangai 
14 Tirunelveli 30 Tuticorin 
15 Kanyakumari 31 Ramnad 
16 Virudhunagar  

 
We were also conducted Skill Development Training program for the Agri-business Advisory 
departmental staff of Vasantrao Naik State Agricultural Extension Management Training 
Institute (VANAMATI), Nagpur, Maharashtra. The training programs will be conducted for two 
batches of agri-business staffs from VANAMATI from 32 different districts. The agri-business 
staffs designations are as follows: 

i) Project Director(IAS) 
ii)Project Deputy Director 
iii) Agri-business specialists 
iv) Agri-business officers 
 

Documentation of Success Stories:  To study the impact of the training programmes/ extension 
activities carried out, a survey was made to document the success stories. A group of SHG 
members under the brand name Gramalaya at Kolakkudi village of Thottiam block of Trichy 
District are producing the value added products and marketing the products successfully. An 
entrepreneur Mr.Sathish of Thuraiyur is involved in producing the value added products namely 
Braffins and cookies and making local supply. The extruded products were not manufactured 
because of financial implications. The documentation of other successful entrepreneurs is 
continued. 
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The districts of Maharashtra covered during developed technology transfer programs 
 
S.No. Name of the District S.No. Name of the District 

1 Pune 17 Chandrapur 
2 Ahmadnagar  18 Bhandara 
3 Aurangabad 19 Gondia 
4 Nagpur 20 Amravati 
5 Jalna 21 Ratnagiri 
6 Hingoli 22 Jalgaon 
7 Parbhani 23 Villupuram 
8 Satara 24 Nandurbar 
9 Sangali 25 Solapur 
10 Nanded 26 Nashik 
11 Beed 27 Dhule 
12 Latur 28 Sindudurg 
13 Osmanabad 29 Kolhapur 
14 Akola 30 Wardha 
15 Washim 31 Gadchiroli 
16 Buldana 32 Yavatmal 
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15. Participation in Conference/ Meetings/ Trainings/ Radio talks, etc 
 

Radio talk: Popularization of the developed technology through radio talk via. Doordarsan, 
Chennai; ISRAMAX , Karnal, Haryana; AllIndia Radio, Trichy  on Value addition of Milling 
Industry By-Products and its Therapeutic and Nutritional Importance. 
 
Meetings at National Skill Development Agency and Ministry of Labour and 
Employment: Introduced skill development courses on “Value addition of milling industry 
byproducts” to motivate the unemployed youth on food processing sector through Food 
Processing courses e conducted by ITI, R&D institutes, State Agricultural Universities and 
all national training centres 

16. Trainings/ Undertaken (National/ International) 
 
International training organized by AIB International India Liaison, US  
Attended workshop on “Good Manufacturing Practices and Food Safety and Food Manufacture” at Hilton 
Mumbai on 22 to 23rd August, 2013 organized by AIB International India Liaison, US with support of 
Assocom-India Pvt. Ltd for designed to update professionals in food processing. The workshop provides 
essential information needed to develop and maintain effective prerequisite programs to help meet the 
challenges of maintaining the proper environment for the production of quality, safe and legal food 
products. 

 
17. Performance Indicators (from inception to completion) 

 
Sl. 
No 

Indicator Total No. 

1. No. of production technologies released and/or adopted  28 
2. No. of processing technologies released and/or adopted  6 
3. Number of technologies/products commercialized based on NAIP research  28 
4. No. of new rural industries established  5 
5. No. of product groups for which national or regional quality grades have 

been agreed on through NAIP consortia 
7 

6. Total no. of private sector organizations participating in consortium  44 
7. No. of farmers involved in consortia activities  3250 
8. Incremental employment generated (person days/year/HH) 130 
9. Number of patent/intellectual property protection applications filed   
10. Number of patents / intellectual property protections granted / published   
11. Number of scientists trained overseas in consortium-based subject areas  2 
12. Number of scientists trained overseas in the frontier areas of science   2 
13. No. of scientists participated in conference/seminar etc. abroad 1 
14. No. of training organized/farmers trained  

Training No.  
Farmers No. 

 
217 
3725 

15. Success stores 47 
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Sl. 
No 

Indicator Total No. 

16. Incremental employment generated (person days/year/HH)  
17. Increase in income of participating households (` per annum) 1.20 lakh 
18. Number of novel tools/protocols/methodologies developed 6 
19. Publications   

 Number of peer-reviewed research papers published in high impact 
International journals based on NAIP research  

10 

 Other journals 13 
 Book  
 Book Chapter 3 
 Thesis  
 Popular Article (English)  5 
 Popular article in other Language  
 Newspaper Article 2 
 Seminar/Symposium/Conference/ 

Workshop Presentation 
20 

 Seminar/Symposium/Conference/ 
Workshop Proceedings 

15 

 Technical Bulletin  
 Manual 5 
 CDs/Videos 8 
 Folder/Leaflet/Handout 11 

 
18. Employment Generation (man-days/year) 

 
S. 

No. 
Type of Employment 

Generation 
Employment 

Generation up to End 
of Sub-project 

Responsible Partner 

1. Self employment through 
establishment of processing unit 

200 SHGs 

2. Researchers 10 TNAU, AEC&RI, 
ADU 

3. R&D persons and technicians 470 Rural industries (10 
persons in each 47 rural 
industries) 

 
A group of SHG members consist of 200 members under the brand name Gramalaya at 
Kolakkudi village of Thottiam block, Trichy District and Tamilosai and Sri Annan Vazhvadhara 
kuzhu from Thandalai Panchayat and Vadayapuram, Thiruvarur district are producing the value 
added products and marketing the products successfully.  
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19.  Assets Generated 
(Details to be given on equipments and works undertaken in the sub-project, costing more 
than ` 10,000/- in each case) 
 
(i) Equipment/ Vehicles/ Research Facilities 

 
S.No. Name of the equipments with 

manufacturers name, model & Sr. No. 
Year of 

purchase
Quantity 

(Nos.) 
Total 

cost (Rs. 
in lakhs) 

Responsible 
consortium 

1. Ball Mill 
M/s. Pilot Smith (India ) Pvt. Ltd 
Near Irinjalakuda Railway station,  
Kallettumkara, Thrissur, Kerala- 680683 

2011 1 1.29 IICPT

 

2. Ribbon Blender 
M/s. Ankon Engineering,  518/ B, 
Bilekahalli, Iim Po, B. G. Road, 
Bengaluru 560 076, Karnataka, 

2011 1 1.60 IICPT

 

3. Hot air dryer 
M/s. Industrial Laboratory Tools, 
PB No.6063, No.38, I floor, 2nd Street, 
Anjugam Nagar, Jafferkhanpet 
Chennai – 600 083. 

2009 1 1.60 IICPT

 

4. Form fill and seal machine for powders
Pearl Packaging machines 
652/1, Sri CV Raman Industrial Estate, 
Eachanari PO, Coimbatore – 21 

2011 1 4.75 IICPT

 

5. Super critical fluid extruder - -   
6. Nitrogen flushing and packing unit

M/s. Advance Machinery Corporation, 
194-A, Ranga Konar, Katoor, Coimbatore 
-641 009 

2010 1 0.64 IICPT

 

7. Modified atmosphere packaging unit
M/s.Bharat Logistic Solutions 
Plot No. 20 VGP Murphy Square 
Ist Street, Thomous Mount 
Chennai – 600016 

2010 1 8.54 IICPT

 

8. CA storage unit for primary products
M/s. Industrial Laboratory Tools 
PB 6063, No. 38 I floor, 2nd street 
Anjugam Nagar 

2010 1 3.16 IICPT

 

9. Miscellaneous equipments  
Papad making machine 
M/S.A.M.I Engineering 

 
2011 

 

 
1 
 

 
0.08 

 

 
IICPT 
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Station Road, Opp. Veena Cinema, Patna 
– 800 001, 
Refractometers 
Everflow Scientific instruments 
Old No. 298, New No. 231, Kilpauk 
Garden Road, Kilpauk 
Chennai -641 010 
Planetary Mixer 
M/s. EssEmm Corporation 
112 A, Dr. Nanjappa Road,  
Opp.United Shopping Complex 
Coimbatore – 641 018 
Weighing balance 
Sri. Nagappa Agencies, Trichy 

 
 
 

2010 
 
 
 
 

2011 
 
 
 

2010 

 
 

1 
 
 
 
 

1 
 
 
 

2 
 

 
 

0.35 
 
 
 
 

0.39 
 
 
 

0.20 
 

10. Phase Transition analyser 
Bharat Logistic Solutions Pvt Ltd., No.20, 
VGP Murphy Square, First Cross Street, 
Saint Mount, Chennai- 600016 

2010 1

 
30.53 IICPT

 

11. Biochemical Analyser 2010 1 4.53 TNAU
12. Pre & post operative extruder accessories 2013 - 7.40 IICPT
13. Precondition chamber 2013 1 10.00 IICPT
14. Volumetric feeder 2013 1 0.15 IICPT
15. Peristaltic pump for coating fortificant 2013 1 0.75 IICPT
16. Post extrusion dryer 2013 1 14.00 IICPT
17. Extruder screws with different 

configurations 
2013 1 16.50 IICPT

18. Roller flaker/film former 2013 1 13.50 IICPT
19. Biochemical analyser, Labomed Inc.  

Model: UVS 2800 
2011 1 5 lakh TNAU

 
20. Awards and Recognitions 

 
S. 

No. 
Name, 

Designation, 
Address of 
the Person 

Award/ 
Recognition 
(with Date) 

Institution/ Society Facilitating 
(Name & Address) 

Responsible 
Partner 

1. Mrs.K.Gomathi, 
SRF 

Best Poster 
Award - III 
Prize 

National Conference on Career and 
Research Trends in Food 
Processing, NCOFTECH – 2011, 
Indian Institute of Crop Processing 
Technology, Ministry of Food 
Processing Industries, Government 
of India, Thanjavur, 24th and 25th 
June, 2011

Avinashilingam 
Deemed 
University, 
Coimbatore 
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2. Dr.R.Balasasirekha, 
SRF 

 NSI Prize (Best 
Poster Award – 
Clinical 
Nutrition)  

45th Annual Meetings of the 
Nutrition Society of India held 
during 21st and 22nd November 
2013 at National Institute of 
Nutrition, Hyderabad – 500 007.

Avinashilingam 
Deemed 
University, 
Coimbatore 

3. Ms. Vidhya.R 
SRF 

First prize for 
Oral 
presentation

INCOFTECH III 4th and 5th January 
2013 

 

 
21. Steps Undertaken for Post NAIP Sustainability 

The developed technologies were popularized and commercialized by conducting trainings at 
different places. An incubation centre is established in the institute for conducting training 
and product development. The interested farmers and small business entrepreneurs are 
trained on cost basis and assisted in setting up small scale business. Lab facilities and 
business out let is set-up on institutional cost to give confidence to the farmers and self help 
group. 
 
Women empowerment 
Numerous women SHG and NGO’s e.g. Pudhu Vaazhvu Thittam have participated in 
training programs organized at the FPBIC, IICPT, Thanjavur on milling industry byproducts 
utilization and have developed innovative products which have been locally sold and 
displayed at various product exhibitions throughout the state.  

 
22. Possible Future Line of Work  

a) The glycemic index and glycemic response of the developed value added milling by-
products can be determined to identify their suitability for life style disease persons 
like diabetes 

b) The milling by-products based expanded and unexpanded extruded products can be 
introduced in the Noon-meal programme of State Government can be explored  
 

23. Personnel 
 

S.No. Designation/Position From to To 
(DD/MM/YYYY) 

 Research Management (CL)  
1. Dr.K.Alagusundaram 

Director, IICPT, Thanjavur 
01.04.2009 to 31.03.2014 

 Scientific (CPI, CCPI, Others)  
2. Dr.R.JaganMohan  

Associate Professor, IICPT, Thanjavur 
01.04.2009 to  30.06.2013 
 

3. Dr. V. Hema 
Assistant Professor, IICPT, Thanjavur 

01.07.2013 to 31.03.2014 

4. Dr.SP.Ramanathan 01.04.2009 to 31.03.2014 
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Professor (Agronomy), TNAU, CBE 
5. Dr.P.Masilamani 

Assoc.Prof. (SS & T), TNAU, CBE 
01.04.2009 to 30.09.2012 

6. Dr.P.Yasodha 
Assistant Professor (Ento.), TNAU, CBE 

01.10.2012 to 31.03.2014 

7. Dr.S.Premakumari 
Professor (FSN), ADI. CBE 

01.04.2009 to 31.03.2014 

 Technical/Contractual (CPI, CCPI, others) - 
8. Dr.D.J.Nithya 

RA, IICPT, Thanjavur 
01.05.2009 to 31.01.2013 

9. Dr.G.Sangeetha 
RA, IICPT, Thanjavur 

01.05.2009 to 30.06.2011 

10. Ms.B.Kavitha 
SRF, IICPT, Thanjavur 

01.05.2009 to 22.05.2010 

11. Mr.John Diamond Raj 
SRF, IICPT, Thanjavur 

01.05.2009 to 30.09.2009 

12. Mr.M.Saravanan 
SRF, IICPT, Thanjavur 

01.09.2010 to 30.06.2011 

13. Mr. KAS. Bosco 
SRF, IICPT, Thanjavur 

01.09.2010 to 31.10.2011 

14. Mr.Selvamuthukumaran 
SRF, IICPT, Thanjavur 

19.10.2011 to 31.03.2011 

15. M.Rajeswari 
SRF, WTC, TNAU, CBE 

31.09.2013 to 31.03.2014 

16. Dr.R.Balasasirekha 
SRF, ADU, Coimbatore 

09.04.2010 to 28.10.2010 & 
02.08.2011 to 31.03.2014 

17. Mrs.K.Gomathi 
SRF, ADU, Coimbatore 

01.10.2009 to 07.04.2010 
29.10.2010 to 01.08.2011 

18. Ms.R.Vidhya 
SRF, ADU, Coimbatore 

01.11.2011 to 31.01.2013 

 
Number of PhDs produced 
 

S. 
No. 

Name of the SRF/RA Title of the thesis Year of 
award 

Name of University 
which awarded the 

degree
1. Jeyan Arthur Moses, 

Ph.D 
Simulation and validation of 
three-dimensional airflow 
pressure patterns in grain beds. 

2014 IICPT, Thanjavur 

2. Nanje Gowda Ph.D Studies on thin layer drying 
characteristics of red gram 

2014 IICPT, Thanjavur 
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(cajanus cajan) and black gram 
(vigna mungo.L) 

3. Mr.Vineeth, M.Tech 
 

Study the effect of mixing 
methods, temperature and friction 
factors on milling industry by-
products based cookies and hot 
extruded product  

2014 MSc, University of 
Calicut 

4. Payel Ghosh, M.Tech - 2014 IICPT, Thanjavur 
 
 

24. Governance, Management, Implementation and Coordination 
 

A. Composition of the CAC committees  

Chairman (From 2009 - 2013) 

i)   Dr.V.V.Sreenarayanan 
Former Dean, Agriculture Engineering College and Research Institute, TNAU, 
Coimbatore 

 
Members (From 2009 - 2013) 

a) Dr.R.K.Goyal 
National Coordiantor (NAIP), ICAR, Room No.515, KAB/II, Pusa Campus, Delhi 
 

b) Dr. R. Ezekiel 
National Coordinator, NAIP, ICAR, Room No. 515, KAB/II, Pusa Campus, Delhi 
 

c) Dr.K.Alagusundaram 
Director (Food and Process Engineering ), IICPT, TNJ 
 

d) Dr.G.Manimegalai  
Former Dean, Home Science College and Research Institute, TNAU, Coimbatore 
 

e) R.Vetriselvan  
Member, Secretary Dhall mill association, 115/11, TVS Lane, Keelamasiveedi,  
Madurai-625 001 
 

f) Sh.I.S.A.K.Nazar  
No,22/4 A Block, 7th Floor, 11th mail road, Anna Nagar, Chennai 
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B. List of Meetings organized 
 

S. 
No. 

Details of the meeting Date Place & Address 
(Where meeting was organized) 

1. Consortium Advisory 
Committee meeting (CAC) 

23.06.2009 Indian Institute of Crop Processing 
Technology, Thanjavur 

2. Consortium Advisory 
Committee meeting  

10.10.2009 Indian Institute of Crop Processing 
Technology, Thanjavur 

3. Consortium Advisory 
Committee meeting  

21.07.2010 Indian Institute of Crop Processing 
Technology, Thanjavur 

4. Consortium Advisory 
Committee meeting  

13.12.2010 Indian Institute of Crop Processing 
Technology, Thanjavur 

5. Consortium Advisory 
Committee meeting  

20.06.2011 Directorate of Extension Education, 
TNAU, Coimbatore 

6. Consortium Advisory 
Committee meeting  

24.10.2011 Avinashilingam Deemed University, 
Coimbatore 

7. Consortium Advisory 
Committee meeting  

27.07.2012 TNAU, Coimbatore 

8. Consortium Advisory 
Committee meeting  

26.04.2014 Indian Institute of Crop Processing 
Technology, Thanjavur 
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MOBILE PROCESSING UNIT KRISHIPARIVARTANYATRA 

 

The MPU of our institute, as part of the „KrishiParivartanYatra‟ conducted by the ICAR, 

travelled to the ICAR institutes in many prominent cities and displayed our innovations to the 

public.  The MPU travelled around 6000km across the country during the period of 11th to 28th 

May 2014.  The institutes involved were Directorate of Sorghum Research, Hyderabad; Central 

Institute of Agricultural Engineering and Indian Institute of Soil Science, Bhopal; Central 

Institute for Research on Goats, Mathura and the yatra culminated at the Agri Innovation 

Conclave held at National Agricultural Science Centre, New Delhi. Road shows were conducted 

at Indian Grassland and Fodder Research Institute, Jhansi; Central Institute of Agricultural 

Engineering, Bhopal and National Bureau of Soil Survey and Land Use Planning, Nagpur.  

 

An exposition and workshop was arranged during KrishiParivartanYatra to exhibit the agri 

innovations and technologies and this was the occasion to IICPT to shown the MPU to the 

farmers and public.  The IICPT Mobile Processing Unit was exhibited in the following ICAR 

institutes and the important connective points of cities in our country during this event.  

 

Table : Mobile Processing Unit KrishiParivartanYatra 

 

S.No. Name of 

the City 

Name of the ICAR Institutes No. of 

Beneficiaries 

1.  Hyderabad Directorate of Sorghum Research 100 

2.  Bhopal Central Institute of Agricultural Engineering 100 

3.  Mathura Central Institute for Research on Goats 250 

4.  New Delhi National Agricultural Science Centre 300 

5.  Jhansi Indian Grassland and Fodder Research 

Institute 

100 

6.  Bhopal Indian Institute of Soil Science 100 

7.  Nagpur National Bureau of Soil Survey and Land 

Use Planning 

50 

Total 1000 

 

Impact of National Scientist and Experts  

Agri Innovation Conclave concluded the KrishiParivartanYatra at the NASC Complex. Farmers, 

entrepreneurs, scientist, researchers, students, national directors from various state institutes were 

participated in the event.  During the event Dr.D.RamaRao, National Director, NAIP; 

Dr.S.Ayyappan, Secretary, DARE & Director General, ICAR; Dr. Kiran Sharma, CEO, AIP-

ICRISAT and Dr.P.S.Pandy, National Coordinator, NAIP were highly impressed about MPU and 

its on-farm processing.  Mr.OnnoRuhl, Country Director for India, World Bank; Dr.Peter 

Kenmore, FAO Representative India, Dr.William D Dar, DG, ICRISAT graced the occasion 



with their presence. All the scientists and experts stressed on the fact that India is transforming 

fast in the agricultural sector and emphasized that more and more farmers taking up on-farm and 

off- farm enterprises to become entrepreneurs. The scientist and expressed their interest to 

implementation of MPU near the door steps of farm for helping farmers to gain profitability.  

 

 Step 1: Central Institute of Agricultural Engineering 

DrPitam Chandra, Director of the Central Institute of Agricultural Engineering (CIAE), opened 

the program welcoming the present farmers, entrepreneurs and researchers. He stressed in the 

importance of innovation in agriculture and growing potential in agri-business field. Then Dr. P. 

J. Sudhakar, additional director general, Press Information Bureau, Bhopal took the speak telling 

the contibution of ICAR in promoting entrepreneurship. At the end of the morning, the 

participants could exchange about their experiences or forward some enquiries being answered 

by Dr. Avinash Chandra Saxena, Principal Scientist, CIAE.  

Our Mobile processing unit and the products developed as part of our NAIP II project were 

displayed in front of the auditorium. The participants of the programme were benefitted by our 

exhibition. 

 

 

 

 

 

 

 

 

 

 

 

 Step 2: Central Institute for Research on Goats 

At this occasion, Dr. A.C. Varshney, vice Chancellor, Uttar Pradesh PanditDeenDayalUpadyay 

Veterinary University graced the occasion as chief guest. Dr. S.K. Dubey, In-Charge, Water and 

Soil Conservation Centre, Chaleswar , Agra , Dr. S.K. Aggarwal, Director, CIRG, Dr. R. P. 

Mishra, Training Coordinator, NAIP, New Delhi, Dr. S.K. Warik, Principal Scientist, Indian 

Veterinary Research Institute, Izatnagar were also present. They spoke about new concept of 

marketing, the necessity of soil conservation in flood prone areas and the research carried out 

which has boosted the agriculture production in India. 

 

Dr. S.K. Aggarwal, SIRG Director, stressed on the KrishiParivartanYatraaction of sensitization 

of farmers about technological innovations carried out by NAIP to enable the country to achieve 

food security.Dr. S.K. Warik, Principal Scientist, IVRI, said that 34 farmers form different food 

activities have been selected by ICAR for their innovative contribution.  



 
 

In the second session, there were deliberations about success stories of NAIP and interactions 

between farmers and scientists. The afternoon session began with the exposition of the 

innovation of our institute i.e. the mobile processing unit and the day to day products developed 

with the incorporation of the by-products of the milling industry.  

 
 

 Step 3: National Agricultural Science Centre 

The 18th and the 19th May Ari Innovation 

Conclave concluded the 

KrishiParivartanYatra at the NASC 

Complex. Farmers, entrepreneurs and 

agri-students in large number assisted to 

that conclave. 

 

The first day, Dr. D. Rama Rao, National 

Director, NAIP welcomed the gathering 

and gave an overview of the programme. 

Dr. S. Ayyappan, Secretary, DARE & 



Director General, ICAR, Dr. D. Ram Rao, National Director, NAIP, Dr. Kiran Sharma, CEO, 

AIP-ICRISAT and Dr. P.s. Pandy, National 

Coordinator, NAIP were present on the 

occasion.10 best business ideas of the agri 

business idol camps were presented: the business 

idea “Bacteriophages based technology for 

preventing vegetables from post harvest losses” 

by V. PonvizhiRamya& R. Selastin Antony from 

Tamil Nadu Agricultural University (TNAU), 

Coimbatore and the business idea “FishPaneer – 

Surimi based value added fish products” by Mr. 

Joshi Kumar Khangembam from CIFE, were 

adjudged as the first and second best innovative ideas.  

 

The second day, MrOnnoRuhl, Country Director for India, World Bank inaugurated the conclave 

and Dr S. Ayyappan, Secretary, DARE & Director General, ICAR, Dr. Peter Kenmore, FAO 

Representative India, Dr William D Dar, DG, ICRISAT graced the occasion with their presence.  

 

MrOnnoRuhl stressed on the fact that India is transforming fast in the agricultural sector and 

emphasized that more and more farmers taking up on-farm and off- farm enterprises to become 

entrepreneurs. 

 

A lot of the speakers expressed thanks to NAIP-ICAR for the various innovations and 

technologies that helped farmers to gain profitability. An exposition was arranged on the 

occasion to exhibit the NAIP innovations and technologies and this was the occasion to some 

institutes as the IICPT to show their products. 

 

The IICPT Mobile Processing Unit was displayed in front of the National Agricultural Science 

Complex. It was visited by the Chief Guest and other dignitaries.  

 
 

 



 

 Step 4: Indian Grassland and Fodder Research Institute  

As part of the Roadshow, after the conclusion of Krishiparivartanyatra, our mobile 

processing unit visited the Indian Grassland and fodder research institute, Jhansi. The bus 

was displayed to the visitors and all the staffs.  

 
 

 Step 5: Central institute of Agricultural Engineering 

Our mobile processing unit was displayed at the CIAE, Bhopal as part of a road show. It 

was organized with Dr. Bargale of the technology transfer division and Dr. S.D. Kulkarni 

of the Agro Produce Processing division, CIAE.  

 

 Step 6: National bureau of Soil survey and Land use planning 

During the last leg of the roadshow, the MPU visited the National bureau of Soil survey 

and Land use planning, Nagpur and displayed our bus to the visitors.  

 

The mobile processing was piqued the curiosity of people all across the country. The purpose of 

the bus was explained to all the enquiries.  

 

Effect of MPU On-farm processing 

The Mobile Processing was piqued the curiosity of people all across the country. MPU on-farm 

workshop was to provide an opportunity for the participants to interact with the scientists from 

IICPT, to train them on post-harvest processing and to inculcate entrepreneurship skills. The 

participants were mostly potential farmers, women from self-help groups. The participants 

showed great interest in processing they are still wary of the problems in marketing the 

processed food products and need assistance in that area. The programme made a profound 

impact on the minds of all the participants, farmers, women self-help groups, state departments 

officials and researchers belongs to the ICAR institutes. Aspiring entrepreneurs found the unit to 

be simple and user friendly and expressed their gratitude to the institute. The District Collectors 

was keen on setting up a food processing centre and requested IICPT‟s technical assistance in 



doing the same. The farmers were overwhelmed and interested in setting up a processing centre 

on a private-public partnership basis for a cluster of villages to improve on farm value addition. 

 

Figure: Mobile Processing Unit On-Farm processing and KrishiParivartanYatra  

 

 

 

  

 

 

 

 



 

 

 



PERFORMANCE INDICATORS  
NAIP Component 2 

(Status as on 31.03.2010) 
 

Name of Sub-project 
A Novel Food Chain Using Byproducts of Milling Industry for Enhancing Nutritional 
Security 
 

Sl. No. Indicator Base value Performance as 
on March 2010 

1. No. of production technologies 
released and/or adopted 

2 - 

2. No. of processing technologies 
released and/or adopted 

2 - 

3. No. of new rural 
industries/entreprises 
established/upgraded 

4 4 

4. No. of product groups for which 
quality grades developed and agreed 

5 5 

5. Total no. of private sector 
organizations (including  NGOs) 
participating in consortia 

1 1 

6. No. of farmers involved in consortia 
activities  

50 100 

7. Total number of group farmers for 
marketing and processing 

2 - 

8. Publications   
8 a. International journals    
8 b. National refereed journals 1  
8 c. Popular articles 1  
8 d. Technical manuals/bulletins etc. 9  

8 e. Success stories 2  

8 f. News paper items/clippings  2  

8 g. CDs / videos  1  
9. Additional accrued in value chain   

9 a. Enhancement in product quality   

9 b. Cost reduction   

9 c. Export enhancement   

9 d. Additional return to 
farmer/processor/traders 

  

 
 



 
PERFORMANCE INDICATORS 

 
1. Name of Production Technology Released and Adopted 
 
Production technology  
The production technology for Braffin, NAIPKurae and Rice bran cookies using the by-
products of milling industry where released during the launch workshop. Training was 
imparted for the farmers and demonstration was given to the existing bakery and 
confectionary producer. The traditional product like “iddiyyam” vermicelli mainly based 
on rice broken was standardised for the industrial production. 
 
Economic viability 
The cost analysis of product that where develop utilising the byproduct of milling 
industry show a high returns and effective utilisation of the low value by-products. 
 
Technical feasibility 
The major technology involved was to classify the by-products and increase the shelf life 
of the low value by product. Minor changes in the technology adopted for the existing 
industry that can be setup in minimum investment or easily adopted by the small product 
units without affecting the livelihood of the small farmers and enhance the value of the 
by products 
 
Stage of technology 
 
New developed    
 Braffins – Modified (Usually bakery products are preparing from refined wheat 

flour, here we have replaced 50 percent of refined flour with stabilized rice bran) 
 Extruded Products (20 per cent of brokens from Roasted fried gram  and 80 per 

cent of broken rice flour) 
 Cookies – Modified (Usually bakery products are preparing from refined wheat 

flour, here we have replaced 15 percent of refined flour with stabilized rice bran) 
 Rice Drink – Modified (Usually available in abroad, we have prepared  from rice 

broken flour) 
 Rice bran Fryams (Fryams are available made with rice flour, potato flour, Sago 

starch., but here we made with 10 percent incorporated rice bran and 90 per cent 
of broken rice flour) 

 Pulse Masala Mix (green gram broken flour was incorporated into masala mix) 
Tested – Yes 
Validated – Yes 
Released – Nos. of farmers and area covered – 150 
Adopted – Nos. of farmers and area covered for second and subsequent seasons-25 

 
 
 
 



 
Proforma -1 

 
1. Name of Processing Technology Released and Adopted 

Production technologies for following products has been released on 13th and 14th 
December 2010 during Product Promotion Workshop 
 
a) Braffins  

In bakery products 10, 20, 30, 40 and 50 percent Level of cereal flour 
was replaced by rice bran to increase the fibre content of the bakery 
products. Rice bran incorporated at a level of 50 percentage got 
higher acceptability. The economic feasibility and viability of the 
products were assessed.  

 
Braffins – Fixed Costs 
 

Sl.No Particulars Cost in Rs 

1. Rental Advance Deposit for (60' x 80') Industrial shed  100,000 

2. Fan, lighting, office furniture and miscellaneous interiors  25,000 

3. Printing & Stationeries (DC, invoices etc)  5,000 

4. Name Board & Signage  10,000 

5. Telephone & Mobile  5,000 

6. Bran shifter  50,000 

7. Kneader  50,000 

8. Baking Oven (Rack type)  500,000 

9. Trays (20 Nos)  10,000 

10. Packing Machine (2 Nos) @ 20,000 each  40,000 

11. Miscellaneous machinery  10,000 

12. Erection cost of equipments  10,000 

13. Pallets for staking raw materials  20,000 

14. Steel rodent proof racks to store finished packed products  50,000 

18. Misc & unforeseen costs  15,000 

Total 900,000 

 
 



 
 
 

Braffins – Variable Costs 
 

Sl. 
No. 

Particulars Per month I Year 

1 Production Unit Rent (5% annual increase)  5,000  60,000  

2 Energy consumption charges (Electricity)  7,500  90,000  

3 Staff Salary @ Rs.10000/person for two  20,000  240,000  

4 Maida  24,444  293,333  

5 Rice bran  6,667  80,000  

6 Sugar  80,000  960,000  

7 Eggs  133,333  1,600,000  

8 Vanaspathi  155,556  1,866,667  

9 Dry fruits  37,333  448,000  

10 Essence  71,111  853,333  

10 Packing materials (Raw)  17,500  210,000  

11 Maintenance costs for Machineries  5,125  61500  

 Working Cost  563,569  6,762,833  

 
Braffins – BC Ratio 
 

Particulars I Year 

Braffins sale to Distributors (50g ) for an operation scale of 10 
tonnes/month sold at Rs.2/unit against market price of Rs.5/unit) - 10% 
increase in product cost at point of production once every 5 years  

4,800,000  

 

Discount rate 
%  12%  40% 

BCR  3.26  1.50 

 
 
 
 
 



Proforma -2 

 
 
b) Cookies 
 
Cookies were developed by using 5, 10, 15 and 20 percent level of cereal 
flour was replaced by stabilized rice bran to increase the fibre content of the 
bakery products. An acceptability trial was carried out in the laboratory, 15 
per cent level rice bran incorporation was found to be more acceptable.   

 
The economic feasibility and viability of the products were assessed.  
 
Cookies – Fixed Costs 
 

Sl.No Particulars Cost in Rs. 

1. Rental Advance Deposit for (60' x 80') Industrial shed  100,000

2. Fan, lighting, office furniture and miscellaneous interiors  25,000

3. Printing & Stationaries (DC, invoices etc)  5,000

4. Name Board & Signage  10,000

5. Telephone & Mobile  5,000

6. Bran shifter  50,000

7. Kneader  50,000

8. Baking Oven (Rack type)  500,000

9. Trays (20 Nos)  10,000

10. Packing Machine (2 Nos) @ 20,000 each  20,000

11. Miscellaneous machinery  10,000

12. Erection cost of equipments  10,000

13. Pallets for Staking Raw Materials  20,000

14. Steel rodent proof racks to store finished packed products  50,000

18. Misc & unforeseen costs  10,000

Total 875,000 

 
 
 
 
 



 
 
 
Cookies – Variable Costs 
 

Sl. 
No. 

Particulars Per month I Year 

1. Production Unit Rent (5% annual increase)  5,000  60,000

2. Energy consumption charges (Electricity)  7,500  90,000

3. Staff Salary @ Rs.10000/person for two  20,000  240,000

4. Maida  75,862  910,345

5. Rice bran  4,138  49,655

6. Sugar  127,685  1,532,217

7. Eggs  29,557  354,680

8. Vanaspathi  124,138  1,489,655

9. Essence  15,764  189,163

10. Packing materials (Raw)  9,000  108,000

11. Maintenance costs for Machineries  5,333  64000

 Working Cost 423,976  5,087,714

 
Cookies – BC Ratio 
 

Sl. 
No. 

Particulars I Year 

1. Cookies sale to Distributors (6 cookies/pack) 10 packs/kg 
for an operation scale of 10 tonnes/month sold at Rs.5/unit 
against market price of Rs.10/unit) - 10% increase in 
product cost at point of production once every 5 years  

6,000,000

 Total Income 6,000,000 

 

Discount rate 
%  

12%  40%  

BCR  5.52  2.45  

 
 



Proforma -3 
c) NAIPkure  
 
Ready to eat products were developed by single screw extruder. For this, 
we have tried 5 percent to 30 percent level of incorporation of fried gram 
flour. Out of this 20 percent was found to be acceptable. Rice broken 
flour 80 percent and 20 per cent of Fried gram broken flour was used for 
the preparation of extruded products.  

 
The economic feasibility and viability of the products were assessed.  
 
NAIP KURE (Extruded Products) – Fixed Costs 
 

Sl. 
No 

Particulars Cost in Rs. 

1. Rental Advance Deposit for (60' x 80') Industrial shed  100,000 

2. Fan, lighting, office furniture and miscellaneous interiors  25,000 

3. Printing & Stationaries (DC, invoices etc)  5,000 

4. Name Board & Signage  10,000 

5. Telephone & Mobile  5,000 

6. Bran shifter  100,000 

7. Pre Conditioning Mixer  100,000 

8. Extruder (100kg)  2,000,000 

9. Dryer  100,000 

10. Seasoning  50,000 

11. Packing Machine  20,000 

12. Miscellaneous machinery  30,000 

13. Erection cost of equipments  20,000 

14. Pallets for Staking Raw Materials  20,000 

15. Rodent proof Steel racks to store finished packed products  100,000 

16. Misc & unforeseen costs  15,000 

Total 2,700,000 

 
 
 
 



 
Extruded Products – Variable Costs 

 

Sl. 
No. 

Particulars Per month I Year 

1. Production Unit Rent (5% annual increase)  5,000  60,000

2. Energy consumption charges (Electricity) (10% 
increase every 5 yrs)  

10,000  120,000

3. Staff Salary-Technical @ Rs.20000/person for 
two (5% annual increase) or akin to DA 

40,000  480,000

4. Staff Salary @ Rs.10000/person for two (5% 
annual increase) or akin DA  

20,000  240,000

5. Rice brokens  169,254  2,031,053

6. Pulse brokens  56,418  677,018

7. Masala & Salt  59,388  712,650

11. Packing materials (Raw)  250,000  3,000,000

12 Maintenance costs for Machineries (5% annual 
increase)  

28,333  340,000

 Working Cost 638,393  7,660,720

 
Extruded Products – BC Ratio 

 

Sl. 
No. 

Particulars I Year 

1. Extruded product (RTE) sale to Distributors (50g N
2
 flushed in 

silver inner poly pack) for an operation scale of 10 
tonnes/month sold at Rs.5/unit against market price of 
Rs.10/unit) - 10% increase in product cost at point of 
production once every 5 years  

15,000,000 

 

Discount rate %  12% 40% 

BCR  1.68 1.8 

 
 

 
 
 



 
2. Name of New Rural Industry Established  

 Type : small scale  
 Location: Meenatchi Industries, Karaikudi 
 Name of produce being processed: Idiyappam mix, adai mix 
 Capacity of produce handled: 100kg capacity/day 
 How the farmers are using the industry :  

They just bring their raw materials to our incubation centre and develop the 
products and test market their developed products.  

 No. of farmers using the facility: 20 farmers 
  
3. Name of Product Group for Which Quality Grades Have Been  
 
The developed products are within the standards and quality parameters. Since the rice 
bran has no toxicological effect we directly stabilized the rice bran and incorporated into 
product formulation.  

 
4. List the Name of Private Sector Organizations (including NGOs) Participating 
and Benefitting in Consortium 

 
NABARD, Thanjavur  - Mr. Ravi, Manager, NABARD   
Fifteen farmers selected by NABARD group will be sent for training every week for next 
one year. They will be trained by different aspects like safe storage of by products for 
food use collected from milling units, value addition and marketing of the products 
developed through self help linkages  

 
Friday Solutions, Chennai - Mr. Ram Prasad Reddy, Technical Manager 
Cluster formation for rice milling Industry in different districts of project area and out of 
the project implementation area.  

 
5. No. of farmers involved in consortium activities 

 
No. of farmers involved 

2008-2009 April 2009 – 
Sept.  2009 

October 2009 
– 
March   2010 

April 2010 – 
Sept. 2010 

October 2010 –
March 
2011(Dec.) 

Project 
sanctioned on 
May 2009 

125 130 120 182 

 
6. Total Number of Group Farmers for Marketing and Processing 
 
Twenty five farmers are involved in marketing and processing of the developed products. 
The training and capacity building of SHGs/women groups and small processors on 
processing and value addition of by-products attracted the attention of different agencies 



including financial institutions. The processed food products from by-products of rice and 
pulse milling industries are accepted by the urban population.  

 
7. Status of Patents/Copyright/Trademark (if any) 
 

Complete title of applied 
patent/copyright/trademark 

Reference no. of 
Patent/Copyright/ Trademark 

Office 

Current 
status 

Bakery products  
“Rice Bran Muffins”  

The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 

Initiated  

Extruded products“NAIPkure” “  -DO- Initiated 
 

8. Status of Commercialized Product 
The steps has been taken to commercialize the developed products to Manna Foods, 
Chennai 
 

 
9. List of Publications  

a) International journals - Nil 
b) National refereed journals - 1 
c) Popular articles - 1 
d) Technical manuals/bulletins etc. - 9 
e) Success stories - 2 News paper items/clippings - 2 
f)  CDs / Videos - 1 

 
 

Name of Product 
Commercialized 

Brand Name Annual sale (`) 

Muffins (Braffins ) Braffins Steps has been taken to commercialize the 
developed products to Manna Foods, 
Chennai 

Cookies (Brupulse) Brupulse 
Extruded Products 
(NAIPkure - sweet, spicy) 

NAIPkure 



PERFORMANCE INDICATORS 
NAIP Component 2 

(Status as on 31.03.2011) 
 

Name of Sub-project 
A Novel Food Chain Using Byproducts of Milling Industry for Enhancing Nutritional 
Security 
 
1. Name of Production Technology Released and Adopted 
 
Please write one paragraph about the production technology, its economic viability and 
technical feasibility. 
 
Production technology  
The production technology for Braffin, NAIPKurae and Rice bran cookies using the by-
products of milling industry where released during the launch workshop. Training was 
imparted for the farmers and demonstration was given to the existing bakery and 
confectionary producer.  
 
The traditional product like “iddiyyam” vermicelli mainly based on rice broken was 
standardised for the industrial production.   
 
Economic viability 
The cost analysis of product that where develop utilising the byproduct of milling 
industry show a high returns and effective utilisation of the low value by-products. 
 
Technical feasibility 
The major technology involved was to classify the by-products and increase the shelf life 
of the low value by product. Minor changes in the technology adopted for the existing 
industry that can be setup in minimum investment or easily adopted by the small product 
units without affecting the livelihood of the small farmers and enhance the value of the 
by products 
 
Stage of technology 
New developed    

 Braffins – Modified (Usually bakery products are preparing from refined 
wheat flour, here we have replaced 50 percent of refined flour with stabilized 
rice bran) 



 Cookies – Modified (Usually bakery products are preparing from refined 
wheat flour, here we have replaced 15 percent of refined flour with stabilized 
rice bran) 

 Rice Drink – Modified (Usually available in abroad, we have prepared  from 
rice broken flour) 

 Rice bran Fryams (Fryams are available made with rice flour, potato flour, 
Sago starch., but here we made with 10 percent incorporated rice bran and 90 
per cent of broken rice flour) 

 Extruded Products (we made with 20 per cent of brokens from Roasted fried 
gram  and 80 per cent of broken rice flour) 

 Pulse Masala Mix (green gram broken flour was incorporated into masala 
mix) 

Tested - Yes 
Validated -Yes 
Released - Nos. of farmers and area covered – 150 
Adopted - Nos. of farmers and area covered for second and subsequent seasons 25 

 
Likely Benefit  
Commercial benefits 

Low value by products are converted into high value products, SHG groups are using this 
technology for cottage scale masala mix preparation which reduces the cost of raw 
materials.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Proforma -1 

1. Name of Processing Technology Released and Adopted 
Production technologies for following products has been released on 13th and 14th 
December 2010 during Product Promotion Workshop. 

Two bakery products, three ready to eat products, one ready mix and one dehydrated 
product were formulated and standardized in the laboratory. They are:  
 

Different products developed using Rice and pulse milling byproducts 

Bakery Products 
 

Ready to eat products Ready mix Dehydrated 
Product

Braffins Sweet NAIP kure Pulse Masala Mix Rice bran 
Fryums Brupulse  Spicy NAIP kure 

Rice Drink 
 

Rice bran was collected in the milling steam at particular point to avoid silica and excess 
starch. This aluerone layer which is unstable in ambient conditions. Specific treatment 
through time control microwave system was adopted to arrest the breakdown of fatty 
acids and increase the shelf life of aluerone layer. This product was utilized for the 
preparation of muffins by replacing the regular raw material from wheat.  In all the 
recipes the cereals and pulses were replaced by the by products of the milling industry 
namely broken rice and broken pulses wherever applicable. In bakery products for 
braffins 10, 20, 30, 40 and 50 percent Level of cereal flour was replaced by rice bran to 
increase the fibre content of the bakery products. In the acceptability trials carried out in 
the laboratory, braffins with the incorporation of rice bran at 50 per cent level was found 
to be very acceptable.  Assessment of nutritive value of the ready mixes is being carrying 
out. The economic feasibility and viability of the products were assessed. Further 
beneficial effects of the developed products will be established through feeding trials. For 
Cookies 5, 10, 15 and 20 percent level of cereal flour was replaced by stabilized rice bran 
to increase the fire content of the bakery products. An acceptability trial was carried out 
in the laboratory, 15 per cent level rice bran incorporation was found to be more 
acceptable.   
 
Ready to eat products were developed by single screw extruder. For this, we have tried 5 
percent to 30 percent level of incorporation of fried gram flour. Out of this 20 percent 
was found to be acceptable. Rice broken flour 80 percent and 20 per cent of Fried gram 
broken flour was used for the preparation of extruded products.  
 
 
 



 
 
a) Rice bran fryums  
Fryums was prepared using rice brokens with rice bran and pulse husk and brokens 
powder. Incorporation level of 20% of rice bran and pulse husk and broken powder was 
found to be acceptable. The prepared Fryums contain high fibre and protein. The Fryums 
is prepared as per the following flow chart.    

b) Rice drink  
The rice brokens were used for the preparation of rice drink. The rice brokens were 
cooked and the rice water was removed by straining. Sugar, essence and stabilizers were 
added and filled in sterilized bottled and pasteurized.  
 
c) Pulse masala mix 
Our interest of choice to incorporate green gram by-products as a ingredient in Masala 
mix is to enhance the nutritive value of the desired product, lower price edition and 
strictly keeping in aim the acceptability of the product to consumer. 
  
Stage of technology  

 Newly developed/Modified –Modified, the raw materials like bran and pulse 
milling byproducts where incorporated without effecting the baking functionality 
and improving its nutritional value and health benefits. The extruded products 
developed using the by products from pulse milling  

 Tested – 15 Demonstrations were undertaken for testing 

 Validated – the Products were given for testing in a NABL accredited lab and 
quality tests were done. The samples were given for sensory evaluation to 
different levels of people and the overall acceptable was found to be good. 

 Released – Nos. of farmers and area covered 

 Adopted – 200 farmers and 4 districts 

 How the gap in the existing value chain has been taken care off? 

 Before the value chain the farmers gave away the by –products to millers as a part 
of milling cost. Now the farmers are taking back the by products from the millers 
and storing them in proper condition as per the knowledge imparted to them 
regarding the by-products storage. These by-products are immediately used by the 
women self help groups for different products like masala mix, bakery products, 
traditional products (vadagam, Idiyappam). So they are 
utilizing the by-products for different food uses.  

 
 
 



Likely Benefit  
The product development in our institute is the Modification of 
bran to suitability of bakery products “Rice bran muffins” Rice 
bran is not generally used in bakery products.  Generally bakery 
products are made with refined wheat flour and it causes irritable 
bowel syndrome, whereas the muffins made with rice bran 
incorporation. The total current values of these byproducts are Rs. 
2900 Crores. If these byproducts are used for producing valued 
added nutritional and functional foods then their total market value 
will be increased manifold.  An approximate increase in value 
could be 3 to 5 times.  The total value will increase to Rs. 15,000 
to 25,000 crores per year.  This increase in monetary value will be 
shared by the rice and pulse producers, rice and pulse millers, 
traders, processors and the employees of these organizations.   
 
d) Ready to eat extruded Products 
To meet the needs of the increasing health conscious population extruded products 
provides an answer of considerable food value is, Rich in dietary fibres, minerals, low in 
fat, free of synthetic food additives, high in protein value, have good mouth feel and easy 
to digest.   
 
Techno-economic viability of extruded products  

Material Cost Rate (`)/ ton Total 

Raw material + Packaging 29,000  
Raw material collection cost 700  
Cleaning and powdering charges 1400  
Extrusion  6000  
Down streaming 2000  
Fortification  3000  
Packaging and nitrogen filling  1300  
Total  43,400 
Overhead (15%) 6,510 
Labour cost (25%) 10,850 
Total 60,760 

 
Total cost of one tonnes of extruded food made from byproducts of rice and pulse milling 
industries is ` 60,760.00/- (for 1 kg of extruded product cost    `60.76/-), whereas 
commercial product available in the market is `333.00 /kg.  

 
 
 



Techno-economic viability of cookies  
Material Cost Rate (`)/ ton Total 

Raw material      +    Packaging 50,000  
Raw material collection cost 700  
Cleaning charges 700  
Baking  1200  
Down streaming 2000  
Total 54,600 
Overhead (15%) 8,190 
Labour cost (25%) 13,650 
Total 76,440 

 
Total cost of one tonnes of cookies made from using rice bran and pulse byproducts is ` 
76,440.00/- (for 1 kg of cookies cost ` 76/-), whereas commercial product available in the 
market is ` 60.00 /1 kg.  

 
2. Name of new rural industry established  

 Type : small scale  

 Location: Meenatchi Industries, Karaikudi 

 Name of produce being processed: Idiyappam mix, adai mix 

 Capacity of produce handled: 100kg capacity/day 

 How the farmers are using the industry : They just bring their raw materials to our 
incubation centre and develop the products and test market their developed 
products.  

 No. of farmers using the facility: 20 farmers 

 Employment generation (man-days) :  
 
3. Name of product group for which quality grades have been agreed (applicable to 
those consortia who agreed to develop quality grades) 

The developed products are within the standards and quality parameters. Since the rice 
bran has no toxicological effect we directly stabilized the rice bran and incorporated into 
product formulation.  

 
4. List the name of private sector organizations (including NGOs) participating and 
benefitting in consortium 
 

 NGOs Name  
 
 



NABARD, Thanjavur  - Mr. Ravi, Manager, NABARD   
Fifteen farmers selected by NABARD group will be sent for training every week for next 
one year. 
 
They will be trained by different aspects like safe storage of by products for food use 
collected from milling units, value addition and marketing of the products developed 
through self help linkages  

 
Friday Solutions, Chennai – Mr. Ram Prasad Reddy, Technical Manager 
Cluster formation for rice milling Industry in different districts of project area and out of 
the project implementation area.  
 
5. No. of farmers involved in consortium activities- 

No. of farmers involved 

2008-2009 April 09 –
Sept. 09 

October 09 –
March 10 

April 10 – 
Sept 10 

October 10 –
March 11 

(December) 
Project 
sanctioned on 
MAY 2009 

125 130 120 182 

 

6. Total number of group farmers for marketing and processing 

Twenty five farmers are involved in marketing and processing of the developed products. 
The training and capacity building of SHGs/women groups and small processors on 
processing and value addition of by-products attracted the attention of different agencies 
including financial institutions. The processed food products from by-products of rice and 
pulse milling industries are accepted by the urban population.  
 
7. Status of Patents/Copyright/Trademark  

Complete title of applied 
patent/copyright/trademark 

Reference no. of 
Patent/Copyright/ 
Trademark Office 

Current status 

Bakery products Applied - 
Extruded products  Applied - 

 
8. Status of Commercialized Product (if any) – steps has been taken to commercialize 
the developed products to Manna Foods, Chennai. 



9. List of Publications (Note: The standard bibliographic information should be given; 
for accepted papers reference No. from editor/publisher be given) 

a) International journals  - 
b) National refereed journals - 1 
c) Popular articles - 1 
d) Technical manuals/bulletins etc. - 9 
e) Success stories - 2 
f) News paper items/clippings - 1 
g) CDs / videos – 1 

 
 
  

Name of product 
commercialized 

Brand Name Annual sale (`) 

Muffins (Braffins ) Braffins steps has been taken to 
commercialize the developed 
products to Manna Foods, 
Chennai 

Cookies (Brupulse) Brupulse 
Extruded Products (NAIPkure 
(Sweet, spicy) 

NAIPkure 



ANNEXURE I 
 

Cost Economics for the Braffins 
Plant having capacity of 400 kg/day, 120 tonnes/year, Working days – 25 days/month, 
300 days/annum 
 
Fixed Cost 
Land and building cost (Rent basis)   = Rs.5000/Month  
         = Rs.60000/annum 
Machinery and Equipment 
Bran shifter      = Rs.50000 
Kneader      = Rs.50000 
Baking Oven (Rack Oven)    = Rs.500000 
Trays (20 Trays)     = Rs.10000 
Packaging Machine     = Rs.20000 
Equipment extra     = Rs.10000 
Erection cost      = Rs.10000 
Total       = Rs.6.50 lakhs 
 
Pre-operative expenses     = Rs.10000 
Machinery having life span of 10 years  = Rs.65000 
Total Fixed cost     =Rs.7.20 lakhs 
 
Fixed cost per annum    = Rs.1.22lakhs/annum  
       = Rs. 10200/month 
Variable Cost 
Workers (2 x 200) x (25 working days)  =Rs.10000/ Month  
       =Rs.120000/annum 
Raw Materials  
S.No. Materials Quantity Unit rate (Rs.) Total rate(Rs.) 

1. Maida 25 kg 22 0550 
2. Rice bran 25 kg 6 0150 
3. Sugar 50 kg 36 1800 
4. Eggs 1000 Nos (50 kg) 3 3000 
5. Vanaspathi 50 kg 70 3500 
6. Dry fruits, Essence   1000 
7. Packaging cost   0250 
 Total 200 Kg  10500 
 Total 1000 kg  52500 

 



Total raw material cost     =Rs.52500 for 1000 kg 
       =Rs.63.00 lakhs for 120 tonnes 
Electricity 
Bran shifter (Capacity - 25 kg/time, Operation time - 0.2 h) 
      =40 times/tonne x 0.2 h x 1 kwh x 120 
      = 960 kwh 
Kneader (Capacity-25 kg/time, operation time-0.35h) 
      = 40 times/tonne x 0.35 h x 2.5 kwh x 120 
      = 4200 kwh 
Baking Oven (Capacity- 25kg/time, operation time-0.35 h) 
      = 40 times/tonne x 0.35 h x 5 kwh x 120 
      = 8400 kwh 
Packaging Machine     = 5 kwh/tonne x120 
      = 600 kwh 
Lighting                                     =240 kwh 
Total Electricity cost    = (960 +4200+8400 + 600 +240)kwh x Rs.5 
      =Rs. 72000/annum 
Other Contingent Expenses 
Repair and maintenance @ 10%   =Rs.65000 
Transport, Travel, publicity, Insurance =Rs.30000 
Total      =Rs.95000/annum 
 
Total Variable cost    = Rs. (120000 + 6300000 + 78000 + 95000) 

= Rs. 68.42 lakhs/annum 
 
Working capital     = Rs. (68.42 +0.60) 

= Rs. 69.02 lakhs/ annum 
 
Total cost     = Fixed cost + Variable cost 

= Rs. (6.90 + 68.42)  
= 75.32/annum 

Cost of Production/annum 
Recurring cost     = Rs. 608000 
Depreciation on building @ 5%  = Rs. 000000 
Depreciation on machinery @ 10%   = Rs. 063000 
Interest on Capital investment @12 % = Rs. 087500 
Total      = Rs. 7.59 lakhs 
 
 
 



Sales /Annual Turnover 
 

Item Quantity (Kg) Nos. Unit Price(Rs.) Total 

Braffins 108000 21.60 lakhs 5 108 lakhs 
 
Net Profit per year 

=Sales – Cost of Production   
=Rs. (108.00-68.42) lakhs 
=Rs. 39.58 lakhs/annum 

Net Profit Ratio 
= (Net Profit/ Sales) x 100 
= (39.58/108.0) x 100 
= 36.70 % 

Rate of Return on Investment 
= (Net profit/ Capital Investment) x 100 
= (39.58/75.32) x 100 
= 52.55 % 

Annual Fixed cost 
All depreciation   = Rs.063000 
Interest @ 12%   = Rs. 867000 
40 % of salary, utility, contingency = Rs. 115000 
Insurance    = Rs. 017250 
Total     =Rs.10.62 lakhs 
 
Break Even point 

= (annual fixed cost / (Annual fixed cost + Profit)) x 100 
= (10.62/ (10.62 + 39.58) x 100 = (10.62/ (50.20) x 100 
= 21.15 % 

 
 
 
 
  



ANNEXURE – II 

Flow Chart for Preparation of Rice Fryums 

Parboiled Rice brokens 

Washing 

Cooking with three times of water 

Addition of stabilized rice bran (5%) 

Allowing the cooked rice to cool 

Addition of green chillies, cumin seeds and salt 

Grinding to a very fine paste 

Extruding the rice paste on a greased tray or a cloth or polythene cover 

Drying and packing 

 
ANNEXURE III 

Flow chart for the preparation of Pulse Masala Mix 

Broken green gram 

Sieving (20) 

Soak in water for 10 minutes 

Drying 80°C 2hrs 

Roasting of ingredients 

Pulverizing 

Blending 

Pulse Masala product 

Packing 

 Sealing 

Labeling & Storing (Room Temperature) 



 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Workshop on Value addition of 
Milling Industry By-Products

Developed Production Technology 
Launch cum Promotion Workshop 
Dr. R. K. Goyal , NAIP Co-ordinator 

Industrialization of Developed 
Products Through Industries 

Hands-on Training for Commercial 
Prodution of Braffin, NAIP Kurae & Cookie 

Popularization of Developed Production 
Technology through Media  



 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

NAIP Coordinator, CAC members and COPIs Review the Developed 

Production Technology 

NAIP Coordinator, COPI’s, CAC Members Interact with  
Women SHGs and Entrepreneurs  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

PERFORMANCE INDICATORS 
NAIP Component 2 

(Status as on 14.02.2012) 
Name of sub-project 
A Novel Food Chain Using Byproducts of Milling Industry for Enhancing  Nutritional 
Security 
 
Sl.No. Indicator Performance 

as on 
31.08.2011 

Performance 
as on 

14.02.2012 
1. No. of production technologies released 

and/or adopted 
(Please fill separate proforma#1 for 
each technology) 

4 4 

2. No. of processing technologies released 
and/or adopted 
(Please fill separate proforma#2 for 
each technology) 

4 4 

3. Number of technologies/products 
commercialized based on NAIP research 
(Please fill separate proforma#3 for 
each technology) 

4 4 

4. No. of new rural industries/entreprises 
established/ upgraded 
(Please fill separate proforma#4 for 
each rural industry)

1 1 

5. No. of product groups for which quality 
grades developed and agreed 
(Please fill separate proforma#5 for 
each product group)

5 5 

6. Total no. of private sector organizations 
(including  NGOs) participating in 
consortium 
(List of private sector organizations – 
Annexure II) 

4 4 

7. No. of farmers involved in consortia 
activities 

200 250 

8. Total number of farmers’ group for 
marketing and processing 
(Annexure III) 

25 30 

9. Number of patent/intellectual property 
protection applications filed based on 
NAIP research 
(Please fill separate proforma#6 for 
each tchnology) 

3 3 

10. Number of patents/intellectual property 
protections granted/published based on 
NAIP research 
(Please fill separate proforma#7 for 

  



 

 
 

Sl.No. Indicator Performance 
as on 

31.08.2011 

Performance 
as on 

14.02.2012 
each technology) 

11. Number of scientists trained overseas in 
consortium-based subject areas (Please 
fill separate proforma#8)

  

12. Success stories 
 

 1 

13. Incremental employment generated 
(person days/year/HH) 

  

14. Increase in income of participating 
households (Rs. per annum) 

  

15. Publications 
(Please fill information as per 
guideline given in proforma#9) 

  

 NAAS rated journals  1 
 Other journals 1 3 
 Book   
 Book Chapter 1 2 
 Thesis   
 Popular Article (English) 2  
 Newspaper Article 1  
 Seminar/Symposium/Conference/ 

Workshop Proceedings 
10 4 

 Technical Bulletin   
 Manual   
 Seminar/Symposium/Conference/ 

Workshop Presentation 
1 5 

 CDs/Videos 1 1 
 Popular article in other Language   
 Folder/Leaflet/Handout 9 2 
 Report   

16.  Additional accrued in value chain   

16 a. Enhancement in product quality   

16 b. Cost reduction   

16 c. Export enhancement   

16 d. Additional return to 
farmer/processor/traders 

  

  



 

 
 

Proforma -1 
 

Validation of Developed/ Released/ Adopted Production Technologies/ 
Innovations 

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : Braffins 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area:  

 Rice is the major cereal grain of India and her average production amounts to 90 
to 120 million tons (MT) every year.  India produces also large quantities of 
different types of pulses too.  The total pulses production in the country is 
around 15 MT annually.  Rice and pulse milling is a major food processing 
industry in the country.  We have around 1.37 lakh rice mills and and ten 
thousand pulse mills industries in the country.  The by-products of rice milling 
are broken rice, germ, bran and husk.  Barring husk, all other three by-products- 
have very good food values.  Except bran, which is used for extracting oil, the 
other by-products are grossly underutilized.  Due to the underutilization, the 
market values of these by-products are also too low.  For instance a kilogram of 
head rice sells at around Rs. 30 in the retail market, while a kilogram of broken 
rice is sold only at Rs. 6.  We produce 3.6 MT of germs, 24 MT of broken rice 
and  6 MT of bran every year.  Similarly the total quantity of underutilized or 
unutilized pulse milling by-products is about 5 MT.  The total current monetary 
value of all the rice and pulse milling by-products are about Rs. 20,000 crores 
every year. 
 
Except for the rice bran, which is used for oil extraction, all other byproducts 
are grossly underutilized and sold at very low prices.  After extracting the 18 to 
21% oil, the deoiled bran is a valuable but underutilized byproduct.  These are 
fed to animals and birds or rarely used for food purposes by the economically 
weaker sections of the area.  The total current values of these byproducts are Rs. 
2900 crores. If these byproducts are used for producing valued added nutritional 
and functional foods then their total market value will be increased manifold.  
An approximate increase in value could be 3 to 5 times.  The total value will 
increase to Rs. 15,000 to 25,000 crores per year.  This increase in monetary 
value will be shared by the rice and pulse producers, rice and pulse millers, 
traders, processors and the employees of these organizations.  Therefore the 
total economic status of the whole region will increase due to the results of this 
project.  Furthermore, we will have an increase in supply of value added foods 
to the tune of 13  Mt every year from the region.  The food demand can easily 
be met by this additional availability of foods. 
 
Currently, due to lack of contemporary process technologies, available nutrition 
from these grain milling by-products is not fully captured. We deprive most 
Indians, particularly the economically backward people and rural India of 
nutritionally sound food.   



 

 
 

4. Key Intervention(s) 
Introduced 

: 
 

Using by-products of rice milling 
industries for product development.  

5. Results  

Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables and 
Photographs as Annexure): 
 

 The developed products were commercialized through various workshops and 
exhibiting the products in expos and conferences. The details are given as 
Annexure I. 
 

6. Brief Description of Technology for Release  
The technology for the development of Braffins is as follows :  
The by-products of rice mill like rice bran was obtained from the rice mills 
during polishing. This rice bran was sieved through 52 BSS sieve to separate the 
rice brokens and rice husk, if present. This rice bran is tested for the oil content 
and stabilized by steaming it for 20 to 30 minutes.  This rice bran used for the 
production of braffins.   
 
Braffins – Maida which is normally 
used for the prepared of muffins was 
replaced by 50 percent of stabilized rice 
bran. Sugar and Shortening are creamed 
together with addition of egg. Rice bran 
and maida were sieved together with 
baking powder and essence was added. 
This mixture is then baked, cooled and 
packed. 
 

7. Expected Outcome/Impact of the Technology
 1. Reduced losses to byproducts and increased 

2. Quality improvement in byproducts for processing 
3. Availability of new health food products 
4. Developing trained persons for the preparation of proposed products 
5. Market for Indigenous healthy food 

 
 Expected Increase in Area, Production and Net Income
 Braffins can be sold to distributors in 50g (weight of single braffins) for an 

operation scale of 10 tonnes/month sold at Rs.2/unit against market price of 
Rs.5/unit. 
  

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
Sangeetha.A, K. Alagusundaram and R. Jagan Mohan. 2011. Rice bran 

Incorporated Muffins and its Economic Feasibility. In: National 
Conference on Career and Research Trends in Food Processing held at 
Indian Institute of Crop Processing Technology, Ministry of Food 
Processing Industries, Thanjavur. 24-25 June. P: 209 

 



 

 
 

9. Any other information  
 The major technology involved was to classify the by-products and increase the 

shelf life of the low value by product. Minor changes in the technology adopted 
for the existing industry that can be setup in minimum investment or easily 
adopted by the small product units without affecting the livelihood of the small 
farmers and enhance the value of the by products. 

 



 

 
 

Proforma -1 
 

Validation of Developed/ Released/ Adopted Production Technologies/ 
Innovations 

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : Rice bran cookies  
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area:  

 Rice bran is rich in antioxidant activity and nutrient rich. But currently rice 
bran is used for extraction of oil and as animal feed. So, this rice bran can be 
substitute in available products like bakery products in place of maida. This 
will make the product fibre and antioxidant rich.  
 

4. Key Intervention(s) 
Introduced 

: 
 

Using by-products of rice milling 
industries for product development.  

5. Results  
 
Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables and 
Photographs as Annexure):

 The developed products were commercialized through various workshops and 
exhibiting the products in expos and conferences. The details are given as 
Annexure I. 
 

6. Brief Description of Technology for Release 
 The technology for the development of Rice bran cookies is as follows :  

 
The by-products of rice mill like rice bran was obtained from the rice mills 
during polishing. This rice bran was sieved through 52 BSS sieve to separate the 
rice brokens and rice husk, if present. This rice bran is tested for the oil content 
and stabilized by steaming it for 20 to 30 minutes.  This rice bran used for the 
production of rice bran cookies.   
 
Cookies – Similar to braffins, maida which is 
normally used for production of cookies was be 
replaced by 15 percent of the stabilized rice bran. 
Sugar and Shortening are creamed together. Rice  
bran and maida were sieved together with baking 
powder and essence was added. This mixture is 
then baked, cooled and packed.  
 
 
 
 



 

 
 

7. Expected Outcome/Impact of the Technology
 1. Reduced losses to byproducts and increased 

2. Quality improvement in byproducts for processing 
3. Availability of new health food products 
4. Developing trained persons for the preparation of proposed products 
5. Market for Indigenous healthy food 
 

 Expected Increase in Area, Production and Net Income 

 Cookies can be sold to distributors in 6 cookies/pack, 10 packs/kg for an 
operation scale of 10 tonnes/month sold at Rs.5/unit against market price of 
Rs.10/unit. 
 

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
Sangeetha.A, K. Alagusundaram and R. Jagan Mohan. 2011. Fibre enriched 

cookies and its Economic Feasibility. In: National Conference on Career and 
Research Trends in Food Processing held at Indian Institute of Crop 
Processing Technology, Ministry of Food Processing Industries, Thanjavur. 
24-25 June. P: 210 

 
9. Any other information  
 The major technology involved was to classify the by-products and increase the 

shelf life of the low value by product. Minor changes in the technology adopted 
for the existing industry that can be setup in minimum investment or easily 
adopted by the small product units without affecting the livelihood of the small 
farmers and enhance the value of the by products 
 

  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 

 
 

 
Proforma -1 

 
Validation of Developed/ Released/ Adopted Production Technologies/ 

Innovations 
 

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : NAIP kure 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area:  

 Ready to eat extruded products that already exist in the market are made out of 
corn and potato starch. This RTE extruded products can be prepared by 
replacing the starch with rice broken flour and pulse broken flour. 
 

4. Key Intervention(s) 
Introduced 

: 
 

Using by-products of rice and pulse 
milling industries for product 
development.  

5. Results  
 
Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables and 
Photographs as Annexure):

 The developed products were commercialized through various workshops and 
exhibiting the products in expos and conferences. The details are given as 
Annexure I. 
  

6. Brief Description of Technology for Release 
 The technology for the development of NAIP kure is as follows :  

 
The by-products of rice mill like rice bran was 
obtained from the rice mills during polishing. 
This rice bran was sieved through 52 BSS sieve 
to separate the rice brokens and rice husk, if 
present. This rice bran is tested for the oil content 
and stabilized by steaming it for 20 to 30 
minutes.  This rice bran used for the production 
of braffins and rice bran cookies.  Pulse by-
products from rice mill like rice brokens and 
pulse mill by-products from Bengal gram 
processing industry i.e roasted Bengal gram 
brokens were collected from milling industries 
and milled into fine flour. This flour was used for 
the development of NAIP kure. 
 
NAIP Kure – Rice brokens flour and roasted Bengal gram broken flour are 
milled and mixed together at the ration of 8:2. Both the flour was mixed 



 

 
 

together and the moisture of flour is adjusted. The conditioned flour was 
extruded in sinlge screw extruder. The extruded NAIP kure was dried in tray 
drier for half an hour. It was seasoned with masala powder with addition of little 
oil and packed in aluminium foils cover.  
 

7. Expected Outcome/Impact of the Technology
1. Reduced losses to byproducts and increased 
2. Quality improvement in byproducts for processing 
3. Availability of new health food products 
4. Developing trained persons for the preparation of proposed products 
5. Market for Indigenous healthy food 
 

 Expected Increase in Area, Production and Net Income 
Extruded product (RTE) can be sold to distributors in 33g N2 flushed in silver 
inner poly pack for an operation scale of 30 tonnes/year sold at Rs.5/unit 
against market price of Rs.10/unit. 
 

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
Saravanan, M., Sangeetha, A., Jagan Mohan, R. and Alagusundaram, K. 2010. 

Textural and Viscous properties of extruded products prepared from the by-
products of grain milling industry. In: International Conference on Food 
Technology Edition II held at Indian Institute of Crop Processing 
Technology, Ministry of Food Processing Industries, Thanjavur on 30 & 31st 
October. P:212 

 
9. Any other information  
 The major technology involved was to classify the by-products and increase the 

shelf life of the low value by product. Minor changes in the technology adopted 
for the existing industry that can be setup in minimum investment or easily 
adopted by the small product units without affecting the livelihood of the small 
farmers and enhance the value of the by products 
 

  
 
 



 

 
 

Proforma – 2 
 

Validation of Developed/Released/Adopted Processing Technologies/Innovations 
 

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : Braffins 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area: 

 Rice is the major cereal grain of India and her average production amounts to 90 
to 120 million tons (MT) every year.  India produces also large quantities of 
different types of pulses too.  The total pulses production in the country is 
around 15 MT annually.  Rice and pulse milling is a major food processing 
industry in the country.  We have around 1.37 lakh rice mills and and ten 
thousand pulse mills industries in the country.  The by-products of rice milling 
are broken rice, germ, bran and husk.  Barring husk, all other three by-products 
have very good food values.  Except bran, which is used for extracting oil, the 
other by-products are grossly underutilized.  Due to the underutilization, the 
market values of these by-products are also too low.  For instance a kilogram of 
head rice sells at around Rs. 30 in the retail market, while a kilogram of broken 
rice is sold only at Rs. 6.  We produce 3.6 MT of germs, 24 MT of broken rice 
and  6 MT of bran every year.  Similarly the total quantity of underutilized or 
unutilized pulse milling by-products is about 5 MT.  The total current monetary 
value of all the rice and pulse milling by-products are about Rs. 20,000 crores 
every year. 
 
Except for the rice bran, which is used for oil extraction, all other byproducts 
are grossly underutilized and sold at very low prices.  After extracting the 18 to 
21% oil, the deoiled bran is a valuable but underutilized byproduct.  These are 
fed to animals and birds or rarely used for food purposes by the economically 
weaker sections of the area.  The total current values of these byproducts are Rs. 
2900 crores. If these byproducts are used for producing valued added nutritional 
and functional foods then their total market value will be increased manifold.  
An approximate increase in value could be 3 to 5 times.  The total value will 
increase to Rs. 15,000 to 25,000 crores per year.  This increase in monetary 
value will be shared by the rice and pulse producers, rice and pulse millers, 
traders, processors and the employees of these organizations.  Therefore the 
total economic status of the whole region will increase due to the results of this 
project.  Furthermore, we will have an increase in supply of value added foods 
to the tune of 13  Mt every year from the region.  The food demand can easily 
be met by this additional availability of foods. Currently, due to lack of 
contemporary process technologies, available nutrition from these grain milling 
by-products is not fully captured. We deprive most Indians, particularly the 
economically backward people and rural India of nutritionally sound food.   
 

4. Key Intervention(s) 
Introduced 

: 
 

Using by-products of rice milling 
industries for product development.  



 

 
 

 
5. Results  

Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables and 
Photographs as Annexure): 
The developed products were commercialized through various workshops and 
exhibiting the products in expos and conferences. The details are given as 
Annexure I. 
 

6. Brief Description of Technology for Release 

 Maida which is normally used for the prepared of muffins was replaced by 50 
percent of stabilized rice bran. Sugar and Shortening are creamed together with 
addition of egg. Rice bran and maida were sieved together with baking powder 
and essence was added. This mixture is then baked, cooled and packed. Braffins 
are prepared by using the following ingredients :  
 
      Braffins (5kg) 

Maida : 1500gm (Rice Bran 750+Maida 750gm) 
Shortening : 1500 gm 
Sugar   : 1500gm 
Eggs : 38 Nos 
Baking powder  : 15 gm 
Essence Orange/Pineapple : 30 ml 
Dry fruits : 250gm 

 
 

7. Expected Outcome/Impact of the Technology
 1. Reduced losses to byproducts and increased 

2. Quality improvement in byproducts for processing 
3. Availability of new health food products 
4. Developing trained persons for the preparation of proposed products 
5. Market for Indigenous healthy food 
 

  Expected Increase in Area, Production and Net Income 
 Braffins can be sold to distributors in 50g (weight of single braffins) for an 

operation scale of 10 tonnes/month sold at Rs.2/unit against market price of 
Rs.5/unit. 
 

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
Sangeetha.A, K. Alagusundaram and R. Jagan Mohan. 2011. Rice bran 

Incorporated Muffins and its Economic Feasibility. In: National Conference 
on Career and Research Trends in Food Processing held at Indian Institute of 
Crop Processing Technology, Ministry of Food Processing Industries, 
Thanjavur. 24-25 June. P: 209 

 
 



 

 
 

 Proforma -2 
 

 Validation of Developed/Released/Adopted Processing Technologies/Innovations 
 

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : Rice bran cookies  
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area: 

 Rice bran is rich in antioxidant activity and nutrient rich. But currently rice 
bran is used for extraction of oil and as animal feed. So, this rice bran can be 
substitute in available products like bakery products in place of maida. This 
will make the product fibre and antioxidant rich.  

 
4. Key Intervention(s) 

Introduced 
: 
 

Using by-products of rice milling 
industries for product development.  
 

5. Results  
Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables and 
Photographs as Annexure): 
The developed products were commercialized through various workshops and 
exhibiting the products in expos and conferences. The details are given as 
Annexure I. 
 

6. Brief Description of Technology for Release 
 Similar to braffins, maida which is normally used for production of cookies was 

be replaced by 15 percent of the stabilized rice bran. Sugar and Shortening are 
creamed together. Rice bran and maida were sieved together with baking 
powder and essence was added. This mixture is then baked, cooled and packed.  
             Rice Bran Cookies (5 kg) 

Maida : 3400 gm (510 gm Rice bran+2890 Maida) 
Shortening : 1600gm 
Icing Sugar : 1600gm 
Egg : 8 Nos 
Vanilla powder : 30gm 
Baking powder : 20gm 
Water : 200 ml 

 

 
7. 

 
Expected Outcome/Impact of the Technology

 1. Reduced losses to byproducts and increased 
2. Quality improvement in byproducts for processing 
3. Availability of new health food products 
4. Developing trained persons for the preparation of proposed products 
5. Market for Indigenous healthy food 

 Expected Increase in Area, Production and Net Income



 

 
 

 Cookies can be sold to distributors in 6 cookies/pack, 10 packs/kg for an 
operation scale of 10 tonnes/month sold at Rs.5/unit against market price of 
Rs.10/unit. 
 

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
 
Sangeetha.A, K. Alagusundaram and R. Jagan Mohan. 2011. Fibre enriched 

cookies and its Economic Feasibility. In: National Conference on Career 
and Research Trends in Food Processing held at Indian Institute of Crop 
Processing Technology, Ministry of Food Processing Industries, 
Thanjavur. 24-25 June. P: 210 

 
 
 



 

 
 

Proforma -2 
 

Validation of Developed/ Released/ Adopted Processing Technologies/ 
Innovations 

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : NAIP kure 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area: 

 Ready to eat extruded products that already exist in the market are made out of 
corn and potato starch. This RTE extruded products can be prepared by 
replacing the starch with rice broken flour and pulse broken flour. 

 
4. Key Intervention(s) 

Introduced 
: 
 

Using by-products of rice and pulse 
milling industries for product 
development.  
 

5. Results  
 
Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables and 
Photographs as Annexure): 
The developed products were commercialized through various workshops and 
exhibiting the products in expos and conferences. The details are given as 
Annexure I. 
 

6. Brief Description of Technology for Release 
 Rice brokens flour and roasted Bengal gram broken flour are milled and mixed 

together at the ration of 8:2. Both the flour was mixed together and the moisture 
of flour is adjusted. The conditioned flour was extruded in single screw extruder. 
The extruded NAIP kure was dried in tray drier for half an hour. It was seasoned 
with masala powder with addition of little oil and packed in aluminium foils 
covers.  
 

7. Expected Outcome/Impact of the Technology
 1. Reduced losses to byproducts and increased 

2. Quality improvement in byproducts for processing 
3. Availability of new health food products 
4. Developing trained persons for the preparation of proposed products 
5. Market for Indigenous healthy food 

 
 

 Expected Increase in Area, Production and Net Income 
Extruded product (RTE) can be sold to distributors in 33g N2 flushed in silver 
inner poly pack for an operation scale of 30 tonnes/year sold at Rs.5/unit 
against market price of Rs.10/unit. 



 

 
 

 

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
Masilamani, P., Ramanathan, SP., Jagan Mohan, R., Saravanan, P. and 

Alagusundaram, K. 2010. Scope for minimizing demand and supply gap 
of protein thorugh by product Utilization of pulses in Tamil Nadu. In: 
International Conference on Food Technology Edition II held at Indian 
Institute of Crop Processing Technology, Ministry of Food Processing 
Industries, Thanjavur on 30 & 31st October. P:15 

Saravanan, M., Sangeetha, A., Jagan Mohan, R. and Alagusundaram, K. 2010. 
Textural and Viscous properties of extruded products prepared from the 
by-products of grain milling industry. In: International Conference on 
Food Technology Edition II held at Indian Institute of Crop Processing 
Technology, Ministry of Food Processing Industries, Thanjavur on 30 & 
31st October. P:212 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Proforma -3 
 

Details of Commercialized Technologies/ Innovations   
 

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : Braffins 
 

3.  Commercialization status 
with date of licensing/MOU 

: MOU signing and commercialization is in 
progress 
 

4. Brief description of intervention / innovation: 
 Muffins are cakes prepared by using maida, egg and shortening. This maida is 

refined and does not contain any fibre. Rice bran which is a by-product from rice 
milling is used mainly for extraction of rice bran oil. Rice bran is rich in fibre 
and has antioxidant property. This rice bran can be substituted in place of maida. 
From the trails conducted, 50% of the maida can be replaced with rice bran. This 
will increase the fibre content and the antioxidant property of the cake. Muffins 
added with rice bran are called as braffins.  
 

5. Name and address of the 
firm(s) which has 
commercialised it 

: M/s. Saga Foods Products Pvt Ltd., 
Chennai has accepted to commercialize the 
braffins. 

 
6. Area (state(s)/district(s)) 

covered 
: Tamil Nadu-Chennai, Karaikudi, Trichy, 

Madurai, Coimbatore and Tuticorin 
 

7. Volume/quantity of Annual 
production & approximate 
sale value: 

 No yet assessed as the product is given for 
popularization and further 
commercialization. The volume and quantity 
is yet to be decided by the company. 
 

8. Benchmark (existing similar product) & Consumer acceptance, particularly 
in case of food products:

 Incorporation of rice bran in muffins is innovative technology. The braffins were 
given for sensory evaluation to people with different age group, economic status, 
gender and area. The braffins prepared with rice bran had high acceptance 
inspite of their age, gender and economic status. Currently in international 
market, muffins are prepared by incorporating wheat bran. 
 

9. Status of patenting, if patentable, trademark or any other IPR title, if 
applicable: 

 Patent has been filed 
 

  

10. Status of publication and publicity -One or two photograph (in action): 
 The developed products were commercialized through various workshops and 

exhibiting the products in expos and conferences. The details are given as 
Annexure I. 



 

 
 

                                                                                     
Proforma -3 

Details of Commercialized Technologies/ Innovations   
 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security – Component II 

 
2. Title of the Technology : Rice bran cookies 

 
3.  Commercialization status 

with date of licensing/MOU 
: MOU signing and commercialization is in 

progress 
 

4. Brief description of intervention / innovation: 
 Usually cookies are prepared by using maida and shortening. This maida is refined 

and does not contain any fibre. Rice bran which is a by-product from rice milling is 
used mainly for extraction of rice bran oil. Rice bran is rich in fibre and has 
antioxidant property. This rice bran can be substituted in place of maida. From the 
trails conducted, 15% of the maida can be replaced with rice bran. This will 
increase the fibre content and the antioxidant properties of the cookies.  

 
5. Name and address of the 

firm(s) which has 
commercialised it 

: M/s. Saga Foods Products Pvt Ltd., Chennai 
and M/s. Cethar Foods, Trichy has accepted to 
commercialize the rice bran cookies.  
 

6. Area (state(s)/district(s)) 
covered 

: Tamil Nadu- Chennai, Karaikudi, Trichy, 
Madurai, Coimbatore and Tuticorin 
 

7. Volume/quantity of Annual 
production and approximate 
sale value: 

: No yet assessed as the product is given for 
popularization and further commercialization. 
The volume and quantity is yet to be decided 
by the company. 
 

8. Benchmark (existing similar product) and Consumer acceptance, particularly 
in case of food products:  

 Incorporation of rice bran in cookies is innovative technology. The cookies were 
given for sensory evaluation to people with different age group, economic status, 
gender and area. The cookies prepared with rice bran had high acceptance inspite of 
their age, gender and economic status.  
 

9. Status of patenting, if patentable, trademark or any other IPR title, if 
applicable: 

 Patent has been filed 
 

10. Status of publication and publicity -One or two photograph (in action): 
 The developed products were commercialized through various workshops and 

exhibiting the products in expos and conferences. The details are given as 
Annexure I. 



 

 
 

Proforma -3 
Details of Commercialized Technologies/ Innovations   

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Title of the Technology : NAIPkure 
 

3.  Commercialization status 
with date of licensing/MOU 

: MOU signing and commercialization is in 
progress 
 

4. Brief description of intervention / innovation: 
 Ready to Eat extruded products that are currently available in the market are 

prepared mainly with corn and potato starch. Rice brokens and pulse brokens 
which are by-products of pulse and rice milling industries are mainly used as 
animal feed and sold at very low price. But this brokens still have the same 
amount of nutrients that are present in whole grains. So, these brokens were 
made into flour and used for the preparation of ready to eat extruded products 
using single screw extruder.  
 

5. Name and address of the 
firm(s) which has 
commercialised it 

: M/s. Saga Foods Products Pvt Ltd., Chennai 
and M/s. Shunmugam Traders, Tuticorin has 
accepted to commercialize the NAIPkure 

6. Area (state(s)/district(s)) 
covered 

: Tamil Nadu : Chennai, Karaikudi, Trichy, 
Madurai, Coimbatore and Tuticorin 
 

7. Volume/quantity of Annual 
production and 
approximate sale value 

: No yet assessed as the product is given for 
popularization and further 
commercialization. The volume and quantity 
is yet to be decided by the company. 
 

8. Benchmark (existing 
similar product) and 
Consumer acceptance, 
particularly in case of food 
products:  

: Ready to eat extruded products that are 
currently in market were prepared using 
corn and potato starch. These starches can 
be replaced by Rice brokens and Pulse 
brokens obtained as by-products from rice 
and pulse mill industries. The NAIPkurae 
prepared had high acceptance inspite of their 
age, gender and economic status.  
 

9. Status of patenting, if 
patentable, trademark or 
any other IPR title, if 
applicable 

: Patent has been filed 
 

10. Status of publication and publicity-One or two photograph (in action): 
 The developed products were commercialized through various workshops and 

exhibiting the products in expos and conferences. The details are given as 
Annexure I. 



 

 
 

Proforma -4 
Information on Rural Industries 

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security – Component II 
 

2. Name of Rural Industry 
with Address 

: M/s. Meenatchi Food Products 
68, Annamalai Chetiyar Street 
Senkaalai First Street, Karaikudi 630 001 
Tamil Nadu, India 

3. Contact -  Phone & Email : 0979182226 
 

4. Investment  (Rs.) : Entrepreneurs : 5 Lakhs 
 

5. Product (s) produced and 
Marketed 

: Idiyappam mix, Adai mix 

6. Annual Production (Kg) : 6000 kg capacity (500 kg Capacity/month) 
 

7. Raw Materials and 
Quantity used/ Year 

: Idiyappam mix – Rice brokens, Adai Mix – 
Rice brokens, Pulse brokens & pulse powder 
(Bengal gram, Red gram, Green gram) 
 

8. Quantity Used / year : Rice Brokens – 1,60,000 Kg 
Pulse brokens – 1,00,000 kg  
 

9. Cost of raw materials : Rice Brokens – Rs.15 /Kg 
Bengal gram brokens – Rs. 30 /Kg 
Red gram brokens – Rs. 45/kg,  
Green gram brokens – Rs. 32/ kg 
 

10. Price of  Product : Whole sale: Idiyappam mix  & Adai mix – 
20 kg pack @ Rs. 16/500 g and 20/500 g, 
respectively. 
Retail : Idiyappam mix – Rs.30/500g, Adai 
mix – Rs. 38/ 500g 
 

Name of 
the project 
and Code 

Name of the 
new rural 
industry 

Investment 
(NAIP/Agen
cy’s share) 

Product 
produced 

Annual 
production 

 

Value of 
production 

(Rs. In 
lakhs) 

A Novel 
Food Chain 
Using 
Byproducts 
of Milling 
Industry 
for 
Enhancing 
Nutritional 
Security 
(206401) 

M/s.Meenatchi 
Food 
Products 

Nil/ Rs. 
5,00,000/- 

Idiyappam 
mix, Adai 
mix 

6000 kg 
capacity 
(500 kg 
Capacity/mo
nth) 

 
6.36 



 

 
 

 
 
11. Type of Beneficiaries  

No. of Beneficiaries  
: Custom millers, rice millers and 

entrepreneurs 
75 Small and medium level rice and pulse 
millers, Self Help Groups – 3 groups 
consisting about 40 members 
 

12. How the Industry is 
beneficial to primary 
producers 

: The Rice brokens and the pulse brokens are 
sold at lower rate than the whole grains. The 
brokens are mostly used as cattle feed. These 
brokens can be value added and can be sold 
at higher price. 

13.  Estimate Employment Generation /Year (Persons days): 
 Manpower required with salary / month 

 Supervision and machine maintenance (1 person) – Rs. 5350/-,  
 Record maintenance (1 person) – 4500/-,  
 Machine operating (3 persons) – Rs. 4200/-,  
 Casual works (4 persons)- Rs. 2500/- and  
 Driver (1 person) – 2500/- 

Totally 10 persons are required for running the industry and with the salary of 
Rs. 4, 14,900/year.  
 

14.  
 

CPI to explain whether the industry is approved by FPO/BIS or any 
statutory body and how the food safety and quality assurance of end 
product are being ensure? 

 The samples are sent for testing at Indian Institute of Crop Processing 
Technology, on regular basis to ensure the safety of the products.  The samples 
were sent to IICPT which has a NABL Food Analysis Laboratory on weekly 
basis and on monthly basis. After confirmation of safety of the products, the 
samples will be analysed every six months.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 
 

Proforma -5 
 
 

Information on product groups for which quality grades developed and agreed 
 
 

Sl. 
No. 

Name of 
Product Group 

Details of 
Product Group

Tangible/ Intangible Benefits 

1. Rice bran bakery 
products 

Braffins and 
rice bran 
cookies  

The developed products are within the 
standards and quality parameters. Since 
the rice bran has no toxicological effect 
we directly stabilized the rice bran and 
incorporated into product formulation. 
 

2. Ready to eat 
extruded product 

NAIPkure Extruded products were developed only 
using the brokens that is obtained during 
milling and so there is no adverse effect.  
 

3. Extruder Product Rice bran Pasta Extruded products was developed using 
Rice bran that is waste obtained during 
milling and so there is no adverse effect 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Proforma -6 
 

Information on Technologies/ Innovations Filed for Patent 
 

1. Exact title of the 
technology and date of 
filing application 
 

: Rice Bran muffins  
 

2. Where it was filed? : The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 
 

3. Present status (if number 
is awarded, give No. and 
date) 
 

: In progress 
 

4. Brief write up of the technology(duly masking the IPR related issues) which 
can be printed: 

 Paddy when milled usually yields, head rice along with by products like 
brokens, rice bran and rice germs, in the level of 5-15 %, 3-7% and 0.2-2 % and 
husk 21-24%. The Economic utilization of the by products which constitute 
nearly 30 percent by weight of paddy processed, is essential for proper viability 
of the industry. Population which consume diets containing proteins of poor 
nutritional quality or which are low in protein content or both are at the risk of 
developing protein deficiency.  
 
Rice bran is one of the most valuable by products which contains 12-15 per cent 
protein, 14-20 percent of oil, if the paddy is raw and 18-25 per cent if parboiled 
and is a rice source of B – group vitamins. A peculiar feature of rice bran is its 
poor keeping quality and the damage starts soon after the milling. It becomes 
rancid due to hydrolytic damage of the oil by an active enzyme (lipase) present 
in the bran. High proportions of free fatty acids (FFA) in the extracted oil make 
refining uneconomical.  
 
To suppress the activity of lipase, stabilization of bran is essential. This will 
extend the storage period of bran without any appreciable change in FFA 
Content. It should be done at the mill site soon after milling. Rice is endowed 
with good quality protein and other valuable nutrients, most of them are 
removed during existing milling practices. Under the present context of 
consuming highly milled rice, rice eaters mostly in the under developed and 
developing regions are deprived of the much needed proteins in their diets and 
consequently they are the biggest sufferers due to malnutrition.  
 
The urge for bakery products is high as compared with other products. Some 
people are habituated to have bakery products like bun, biscuit, and toast alone 
with morning tea, coffee or milk as a breakfast. School going children are also 
carry bakery products in their lunch-boxes. It acts as a replacement meal for 
poori, chapatti etc., Moreover birthday, X-Mas day, wedding day etc. 
celebrations are celebrated with bakery products like cake. As our lifestyle 



 

 
 

changes, fast food is being popularized. Hence, there is a potential market for 
bakery products. Hence attempt has been made to incorporate the rice bran into 
bakery products. 
 
Ingredients like flour, egg, sugar, fat, essence, leavening agent, yeast etc. are 
mixed in required quantities and shaped into cookies, puffs, muffins etc.,  
 

5. Whether the technology is 
commercialised?  
 

: Yes.  

6. Impact of the technology 
 
 

: The acceptability of the braffins was 
analysed using a sensory score to different 
groups of people of different age group, 
gender and different economic status. It was 
found that braffins made with 50 percent of 
rice bran had high acceptability and liked 
very much. 

 
 

Flowchart for the preparation of Braffins 
 

 
Beating of egg with essence              Creaming of shortening        Sieving of Flour, Baking 
powder and                                         agent with sugar                   rice  bran  
                                                                                      

 
         
 
 
     Filling in muffin trays  

 
      
      Baking 

 
    
     Cooling 

 
       
        Packing 

 
 

Muffin tray with 

capacity of 40 cups 

Country oven or brick 
oven (Compress Oven 
250-500oC) 

Planetary mixer with 
different kneading 
achievements 



 

 
 

 
Proforma -6 

 
Information on Technologies/ Innovations Filed for Patent 

 
1. Exact title of the 

technology and date of 
filing application 
 

: Rice Bran Cookies  
 

2. Where it was filed? : The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 
 

3. Present status (if number 
is awarded, give No. and 
date) 
 

: In progress 

4. Brief write up of the technology(duly masking the IPR related issues) which 
can be printed: 

 Paddy when milled usually yields, head rice along with by products like 
brokens, rice bran and rice germs, in the level of 5-15 %, 3-7% and 0.2-2 % and 
husk 21-24%. The Economic utilization of the by products which constitute 
nearly 30 percent by weight of paddy processed, is essential for proper viability 
of the industry. Population which consume diets containing proteins of poor 
nutritional quality or which are low in protein content or both are at the risk of 
developing protein deficiency.  
 
Rice bran is one of the most valuable by products which contains 12-15 per cent 
protein, 14-20 percent of oil, if the paddy is raw and 18-25 per cent if parboiled 
and is a rice source of B – group vitamins. A peculiar feature of rice bran is its 
poor keeping quality and the damage starts soon after the milling. It becomes 
rancid due to hydrolytic damage of the oil by an active enzyme (lipase) present 
in the bran. High proportions of free fatty acids (FFA) in the extracted oil make 
refining uneconomical.  
  
To suppress the activity of lipase, stabilization of bran is essential. This will 
extend the storage period of bran without any appreciable change in FFA 
Content. It should be done at the mill site soon after milling. Rice is endowed 
with good quality protein and other valuable nutrients, most of them are 
removed during existing milling practices. Under the present context of 
consuming highly milled rice, rice eaters mostly in the under developed and 
developing regions are deprived of the much needed proteins in their diets and 
consequently they are the biggest sufferers due to malnutrition.  
 
The urge for bakery products is high as compared with other products. Some 
people are habituated to have bakery products like bun, biscuit, and toast alone 
with morning tea, coffee or milk as a breakfast. School going children are also 
carry bakery products in their lunch-boxes. It acts as a replacement meal for 
poori, chapatti etc., Moreover birthday, X-Mas day, wedding day etc. 



 

 
 

celebrations are celebrated with bakery products like cake. As our lifestyle 
changes, fast food is being popularized. Hence, there is a potential market for 
bakery products. Hence attempt has been made to incorporate the rice bran into 
bakery products. 
 
Ingredients like flour, egg, sugar, fat, essence, leavening agent, are mixed in 
required quantities and shaped into cookies, puffs, muffins etc.,  
 

5. Whether the technology is 
commercialized? 
 

: Yes.  
 

6. Impact of the technology: 
 

: The acceptability of the Cookies was 
analysed using a sensory score to different 
groups of people of different age group, 
gender and different economic status. It was 
found that cookies made with 15 percent of 
rice bran had high acceptability and liked 
very much.  

 
 

Flowchart for the preparation of Rice Bran Cookies 
 
                    Creaming of shortening           Sieving of Flour, Baking powder                        

  agent with sugar and              rice bran 
 
 

         
 
 
Cutting them into round shapes   

 
      
      Baking 

 
    
     Cooling 

 
       
        Packing 

 
 

Country oven or brick 
oven (Compress Oven 
150-200oC) 

Planetary mixer with 
different kneading 
achievements   



 

 
 

Proforma -6 
 

Information on Technologies/ Innovations Filed for Patent 
 

1. Exact title of the 
technology and date of 
filing application 
 

: Ready to eat extruded products  
 

2. Where it was filed? : The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 
 

3. Present status (if number 
is awarded, give No. and 
date) 
 

: In progress 

4. Brief write up of the technology(duly masking the IPR related issues) which 
can be printed: 

 Rice is the major cereal grain of India and her average production amounts to 90 
to 120 million tons (MT) every year.  India produces also large quantities of 
different types of pulses too.  The total pulses production in the country is 
around 15 MT annually.  Rice and pulse milling is a major food processing 
industry in the country.  We have around 1.37 lakh rice mills and and ten 
thousand pulse mills industries in the country.  The by-products of rice milling 
are broken rice, germ, bran and husk.  Barring husk, all other three by-products 
have very good food values.  Except bran, which is used for extracting oil, the 
other by-products are grossly underutilized.  Due to the underutilization, the 
market values of these by-products are also too low.  For instance a kilogram of 
head rice sells at around Rs. 30 in the retail market, while a kilogram of broken 
rice is sold only at Rs. 6.  We produce 3.6 MT of germs, 24 MT of broken rice 
and  6 MT of bran every year.  Similarly the total quantity of underutilized or 
unutilized pulse milling by-products is about 5 MT.  The total current monetary 
value of all the rice and pulse milling by-products are about Rs. 20,000 crores 
every year. 
 
If these byproducts are used for producing valued added nutritional and 
functional foods then their total market value will be increased manifold.  An 
approximate increase in value could be 3 to 5 times.  The total value will 
increase to Rs. 15,000 to 25,000 crores per year.  This increase in monetary 
value will be shared by the rice and pulse producers, rice and pulse millers, 
traders, processors and the employees of these organizations.  Furthermore, we 
will have an increase in supply of value added foods to the tune of 13  Mt every 
year from the region.  The food demand can easily be met by this additional 
availability of foods. 
 
Preparation of Ready to Eat Extruded Products 
Mix the proportion of Rice broken and  pulse broken flour. The flour is sieved in 
170 BS mesh sieve The moisture of the flour is measured and it is adjusted the 
required moisture content. Then the  flour is kept for conditioning for around 30 



 

 
 

minutes. In the mean time the extruder has to be started to attain the required 
extrusion temperature. The type of screw, die and die head are selected 
according to the product needed. After the temperature attained, the flour is 
feeded in the feed hopper and the extruded screw with required speed has to be 
started and the all other proper settings like temperature of the heater, extruder 
screw rpm, feeder screw rpm, cutter speed has to be done. After extrusion 
samples are dried in oven. The dried extruded products are seasoned with 
masalas and it is packed and stored in room temperature. 
 

5. Whether the technology is commercialised?  
Yes.  
 

6. Impact of the technology: 
The acceptability of the NAIPkure was analysed using a sensory score to 
different groups of people of different age group, gender and different economic 
status. It was found that most of them liked them very much and especially 
children.   

 
 

Flow Chart for the Preparation of the NAIPkure 
 

 
Parboiled rice broken flour + Pulse by products 

 
Seiving 

 
Addition of water 

 
Preconditioning and addition of Salt 

 
Feeding in Extruder 

 
Extrusion 

 
Drying 

 
Seasoning 

 
Packing & storing (Room Temperature) 

 
 
 
 
 
 
 
 
 
 
 



 

 
 

Proforma -7 
Information on Patented Technologies  

 
1. Exact title of the 

technology and date of 
filing application 

: Rice Bran Muffins  

2. Where it was filed? : The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 
 

3. Present status (if number 
is awarded, give No. and 
date) 
 

: In progress 

4. Brief write up of the technology:
 Paddy when milled usually yields, head rice along with by products like 

brokens, rice bran and rice germs, in the level of 5-15 %, 3-7% and 0.2-2 % and 
husk 21-24%. The Economic utilization of the by products which constitute 
nearly 30 percent by weight of paddy processed, is essential for proper viability 
of the industry. Population which consume diets containing proteins of poor 
nutritional quality or which are low in protein content or both are at the risk of 
developing protein deficiency.  
 
Rice bran is one of the most valuable by products which contains 12-15 per cent 
protein, 14-20 percent of oil, if the paddy is raw and 18-25 per cent if parboiled 
and is a rice source of B – group vitamins. A peculiar feature of rice bran is its 
poor keeping quality and the damage starts soon after the milling. It becomes 
rancid due to hydrolytic damage of the oil by an active enzyme (lipase) present 
in the bran. High proportions of free fatty acids (FFA) in the extracted oil make 
refining uneconomical.  
 
To suppress the activity of lipase, stabilization of bran is essential. This will 
extend the storage period of bran without any appreciable change in FFA 
Content. It should be done at the mill site soon after milling. Rice is endowed 
with good quality protein and other valuable nutrients, most of them are 
removed during existing milling practices. Under the present context of 
consuming highly milled rice, rice eaters mostly in the under developed and 
developing regions are deprived of the much needed proteins in their diets and 
consequently they are the biggest sufferers due to malnutrition.  
 
The urge for bakery products is high as compared with other products. Some 
people are habituated to have bakery products like bun, biscuit, and toast alone 
with morning tea, coffee or milk as a breakfast. School going children are also 
carry bakery products in their lunch-boxes. It acts as a replacement meal for 
poori, chapatti etc., Moreover birthday, X-Mas day, wedding day etc. 
celebrations are celebrated with bakery products like cake. As our lifestyle 
changes, fast food is being popularized. Hence, there is a potential market for 
bakery products. Hence attempt has been made to incorporate the rice bran into 
bakery products. 



 

 
 

 
Ingredients like flour, egg, sugar, fat, essence, leavening agent, yeast etc. are 
mixed in required quantities and shaped into cookies, puffs, muffins etc.,  
 

5. Whether the technology is commercialised? 
Yes.  
 

6. Impact of the technology: 
The acceptability of the braffins was analysed using a sensory score to different 
groups of people of different age group, gender and different economic status. It 
was found that braffins made with 50 percent of rice bran had high acceptability 
and liked very much.  
 

 
Flow Chart for the Preparation of Braffins 

 
Beating of egg with essence              Creaming of shortening        Sieving of Flour, Baking 
powder and                  agent with sugar                           rice  bran                                         
 

 
         
 

      Mixing 
 
Filling in muffin trays  

 
      
      Baking 

 
    
     Cooling 

 
       
        Packing 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Muffin tray with 

capacity of 40 cups 

Country oven or brick 
oven (Compress Oven 
250-500oC) 

Planetary mixer with 
different kneading 
achievements   



 

 
 

Proforma -7 
Information on Patented Technologies  

 
1. Exact title of the 

technology and date of 
filing application 

: Rice Bran Cookies 

2. Where it was filed? : The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 
 

3. Present status (if number 
is awarded, give No. and 
date) 
 

: In progress 

4. Brief write up of the technology:
 Paddy when milled usually yields, head rice along with by products like 

brokens, rice bran and rice germs, in the level of 5-15 %, 3-7% and 0.2-2 % and 
husk 21-24%. The Economic utilization of the by products which constitute 
nearly 30 percent by weight of paddy processed, is essential for proper viability 
of the industry. Population which consume diets containing proteins of poor 
nutritional quality or which are low in protein content or both are at the risk of 
developing protein deficiency.  
 
Rice bran is one of the most valuable by products which contains 12-15 per cent 
protein, 14-20 percent of oil, if the paddy is raw and 18-25 per cent if parboiled 
and is a rice source of B – group vitamins. A peculiar feature of rice bran is its 
poor keeping quality and the damage starts soon after the milling. It becomes 
rancid due to hydrolytic damage of the oil by an active enzyme (lipase) present 
in the bran. High proportions of free fatty acids (FFA) in the extracted oil make 
refining uneconomical.  
 
To suppress the activity of lipase, stabilization of bran is essential. This will 
*extend the storage period of bran without any appreciable change in FFA 
Content. It should be done at the mill site soon after milling. Rice is endowed 
with good quality protein and other valuable nutrients, most of them are 
removed during existing milling practices. Under the present context of 
consuming highly milled rice, rice eaters mostly in the under developed and 
developing regions are deprived of the much needed proteins in their diets and 
consequently they are the biggest sufferers due to malnutrition.  
 
The urge for bakery products is high as compared with other products. Some 
people are habituated to have bakery products like bun, biscuit, and toast alone 
with morning tea, coffee or milk as a breakfast. School going children are also 
carry bakery products in their lunch-boxes. It acts as a replacement meal for 
poori, chapatti etc., Moreover birthday, X-Mas day, wedding day etc. 
celebrations are celebrated with bakery products like cake. As our lifestyle 
changes, fast food is being popularized. Hence, there is a potential market for 
bakery products. Hence attempt has been made to incorporate the rice bran into 
bakery products. 



 

 
 

 
Ingredients like flour, egg, sugar, fat, essence, leavening agent, are mixed in 
required quantities and shaped into cookies, puffs, muffins etc.,  
 

5. Whether the technology is commercialised? 
Yes.  
 

6. Impact of the technology: 
The acceptability of the cookies was analysed using a sensory score to different 
groups of people of different age group, gender and different economic status. It 
was found that cookies made with 15 percent of rice bran had high acceptability 
and liked very much.  
 

 
Flowchart for the preparation of Rice Bran Cookies 

 
Creaming of shortening         Sieving of Flour, Baking powder and 
agent with sugar                                       rice  bran 

Planetary mixer with different kneading achievements 
 
 

         
 
 
Cutting them into round shapes   

 
      
      Baking 

 
    
     Cooling 

 
       
        Packing 

 
 
 
 

Planetary mixer with 
different kneading 
achievements  

Country oven or brick 
oven (Compress Oven 
150-200oC)



 

 
 

Proforma -7 
Information on Patented Technologies  

 
1. Exact title of the 

technology and date of 
filing application 

: Ready to eat extruded products  
 

2. Where it was filed? : The Controller of Patents 
The Patent Office Branch 
Wing “C”, Rajaji Bhavan  
Besant Nagar, Chennai 600 090 
 

3. Present status (if number 
is awarded, give No. and 
date) 
 

: In progress 

4. Brief write up of the technology:
 Rice is the major cereal grain of India and her average production amounts to 90 

to 120 million tons (MT) every year.  India produces also large quantities of 
different types of pulses too.  The total pulses production in the country is 
around 15 MT annually.  Rice and pulse milling is a major food processing 
industry in the country.  We have around 1.37 lakh rice mills and and ten 
thousand pulse mills industries in the country.  The by-products of rice milling 
are broken rice, germ, bran and husk.  Barring husk, all other three by-products 
have very good food values.  Except bran, which is used for extracting oil, the 
other by-products are grossly underutilized.  Due to the underutilization, the 
market values of these by-products are also too low.  For instance a kilogram of 
head rice sells at around Rs. 30 in the retail market, while a kilogram of broken 
rice is sold only at Rs. 6.  We produce 3.6 MT of germs, 24 MT of broken rice 
and  6 MT of bran every year.  Similarly the total quantity of underutilized or 
unutilized pulse milling by-products is about 5 MT.  The total current monetary 
value of all the rice and pulse milling by-products are about Rs. 20,000 crores 
every year. 
 
If these byproducts are used for producing valued added nutritional and 
functional foods then their total market value will be increased manifold.  An 
approximate increase in value could be 3 to 5 times.  The total value will 
increase to Rs. 15,000 to 25,000 crores per year.  This increase in monetary 
value will be shared by the rice and pulse producers, rice and pulse millers, 
traders, processors and the employees of these organizations.  Furthermore, we 
will have an increase in supply of value added foods to the tune of 13  Mt every 
year from the region.  The food demand can easily be met by this additional 
availability of foods. 
 
Preparation of Ready to Eat Extruded Products 
Mix the proportion of Rice broken and  pulse broken flour. The flour is sieved in 
170 BS mesh sieve The moisture of the flour is measured and it is adjusted the 
required moisture content. Then the  flour is kept for conditioning for around 30 
minutes. In the mean time the extruder has to be started to attain the required 
extrusion temperature. The type of screw, die and die head are selected 
according to the product needed. After the temperature attained, the flour is 



 

 
 

feeded in the feed hopper and the extruded screw with required speed has to be 
started and the all other proper settings like temperature of the heater, extruder 
screw rpm, feeder screw rpm, cutter speed has to be done. After extrusion 
samples are dried in oven. The dried extruded products are seasoned with 
masalas and it is packed and stored in  room temperature. 
 

5. Whether the technology is commercialised? 
Yes.  
 

6. Impact of the technology: 
The acceptability of the NAIPkure was analysed using a sensory score to 
different groups of people of different age group, gender and different economic 
status. It was found that most of them liked them very much and especially 
children.   
 

 
        Flow chart for the preparation of the NAIPkure 

 
Parboiled  rice broken flour +Pulse by products 

Seiving 

Addition of water 

Preconditioning and addition of Salt 

Feeding in Extruder 

Extrusion 

Drying 

Seasoning 

Packing & storing (Room Temperature) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 

Proforma -8 
 

Details of Scientists Deputed for International training in Consortium-based 
Subject Areas 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Name of Scientist with Address Area of 
Training 

Name of 
Host 

Institute 

Period of 
Training 

From To 
Dr.R. Jagan Mohan (CPI) 
Associate Professor and Head  
Dept. of Food Product Development 
Indian Institute of Crop Processing 
Technology, MoFPI, Govt. of India, 
Thanjavur 613005, TamilNadu, India 

Extrusion 
Cooking 

Cornell 
University, 
USA 

15th 
March 
2010 

18th 
June 
2010 



 

 
 

Proforma -9 
 

Bibliography of Publications from NAIP sub-projects 
 
1. Book Chapter 

Rangarajan Jagan Mohan, Arumugam Sangeetha, Hampapur V. Narasimha and Bijesh 
K. Tiwari. 2011. Post Harvest technology of Pulses (in) Pulse Foods : 
Processing Quality and Nutraceutical Applications, p 171 – 192 edited by 
Brijesh K. Tiwari, Aoife Gowen and Brian Mc Kenna. First Edition. Elseiver 
Publications, USA  

 
2. Newspaper Article 

Jagan Mohan, R., Nithya D. J., Sangeetha, A., Saravanan, M., Bosco, K.A.S. 
Development of bakery products from rice byproducts. Dinamalar. Submitted 
for Publication. 

 
3. Seminar/Conference/Workshop Proceedings 

Bosco, K.A.S, Saravanan, M., Jagan Mohan, R. and Alagusundaram, K.2011. 
Farinographic study of rice bran incorporated Dough. In: National Conference 
on Career and Research Trends in Food Processing held at Indian Institute of 
Crop Processing Technology, Ministry of Food Processing Industries, 
Thanjavur. 24-25 June. P: 228 

Bosco, K.A.S., Saravanan, M., Jagan Mohan, R. and Alagusundaram, K. 2010. 
Antioxidant activity of extruded cereals (Rice) and Pulse (Green and Black 
gram) product obtained from the by-products of milling. In: International 
Conference on Food Technology Edition II held at Indian Institute of Crop 
Processing Technology, Ministry of Food Processing Industries, Thanjavur on 
30 & 31st October. P:212 

D.J.Nithya, K.A.S.Bosco, R.Jagan Mohan and K.Alagusundaram. 2012 on 
“Antioxidant Properties of Rice Bran Pasta” National Conference on Biofoods 
2011 conducted at Tezpur University, Assam on November 2011 

K.A.S.Bosco, D.J.Nithya, R.Jagan Mohan and K.Alagusundaram. 2012, presented a 
poster at 1st ICC India International Grains Conference in Partnership with 
ICRISAT  held at New Delhi on 16 – 18 January 2012  

Masilamani, P., Ramanathan, SP., Jagan Mohan, R., Saravanan, P. and 
Alagusundaram, K. 2010. Scope for minimizing demand and supply gap of 
protein through by product Utilization of pulses in Tamil Nadu. In: 
International Conference on Food Technology Edition II held at Indian 
Institute of Crop Processing Technology, Ministry of Food Processing 
Industries, Thanjavur on 30 & 31st October. P:15 

Masilamani,P,S.P Ramanathan, R.Jagan Mohan and K.Alagusundaram. 2012. 
Nutritional security through effective utilization of rice by product in 
tamilnadu. “International symposium on 100 years of rice science and looking 
beyond” at TNAU Coimbatore on 9-12 Jan 2012, p 286 

Nithya, D. J, R. Jagan Mohan and K.Alagusundaram. 2011.  Development of Rice 
Fryums (Vadagam) using Rice and Pulse Mill By-Products. In: National 
Conference on Career and Research Trends in Food Processing held at Indian 
Institute of Crop Processing Technology, Ministry of Food Processing 
Industries, Thanjavur. 24-25 June. P: 247 



 

 
 

Nithya, D. J, R. Jagan Mohan and K.Alagusundaram. 2011. Rheological 
Characteristics of Green Gram as Observed in Different Stages of Sprouting. 
In: National Conference on Career and Research Trends in Food Processing 
held at Indian Institute of Crop Processing Technology, Ministry of Food 
Processing Industries, Thanjavur. 24-25 June. P: 248 

Premakumari S, Balasasirekha R, Gomathi K, Supriya S, Jagan Mohan R and 
Alagusundram K. Development and Acceptability of Fibre Enriched Ready 
Mixes, International Journal of Pure and Applied Sciences Technology 
(Accepted for publication) 

Premakumari, S., Gomathi, K., Supriya, S., Jagan Mohan, R and Alagusundaram, 
K.2011.Development and testing of value added ready mixes using rice bran. 
In: National Conference on Career and Research Trends in Food Processing 
held at Indian Institute of Crop Processing Technology, Ministry of Food 
Processing Industries, Thanjavur. 24-25 June. P: 215 

Ramanathan .S.P, Masilamani,P, R.Jagan Mohan and K.Alagusundaram. 2012. 
Effective utilization of rice by products as value added product in Tamil nadu. 
“International symposium on 100 years of rice science and looking beyond” at 
TNAU Coimbatore on 9-12 Jan 2012, p 286 

Sangeetha.A, K. Alagusundaram and R. Jagan Mohan. 2011. Fibre enriched cookies 
and its Economic Feasibility. In: National Conference on Career and Research 
Trends in Food Processing held at Indian Institute of Crop Processing 
Technology, Ministry of Food Processing Industries, Thanjavur. 24-25 June. 
P: 210 

Sangeetha.A, K. Alagusundaram and R. Jagan Mohan. 2011. Rice bran Incorporated 
Muffins and its Economic Feasibility. In: National Conference on Career and 
Research Trends in Food Processing held at Indian Institute of Crop 
Processing Technology, Ministry of Food Processing Industries, Thanjavur. 
24-25 June. P: 209 

Saravanan, M., Bosco, K.A.S., Jagan Mohan, R. and Alagusundaram, K. 2011. Phase 
Transition analysis of different varieties of Rice flour for the design of 
extrusion experiments. In: National Conference on Career and Research 
Trends in Food Processing held at Indian Institute of Crop Processing 
Technology, Ministry of Food Processing Industries, Thanjavur. 24-25 June. 
P: 189 

Saravanan, M., Sangeetha, A., Jagan Mohan, R. and Alagusundaram, K. 2010. 
Textural and Viscous properties of extruded products prepared from the by-
products of grain milling industry. In: International Conference on Food 
Technology Edition II held at Indian Institute of Crop Processing Technology, 
Ministry of Food Processing Industries, Thanjavur on 30 & 31st October. 
P:212 

Vidhya.R, Jaganmohan.R, Kalpana Devi.B & K.Alagusundaram “Determination and 
Isolation of Protein from Different Fractions of Defatted Groundnut Oil Cake” 
African journal of plant science. (Communicated) 

Vidhya.R, Jaganmohan.R, Kalpana Devi.B & K.Alagusundaram “Isolation and 
Proximate determination of Protein using Defatted Sesame seed oil cake” 
International journal for nutrition and metabolism. (Communicated) 

 
 
 
 



 

 
 

4. Research Journal 

Alli, M.V., Premakumari, S., Alagusundaram, K. and Jagan Mohan, R. 2011. 
Development and evaluation of a pulse based probiotic food for autism. Indian 
Journal of Nutrition and Dietetics. 48 :1-7 

 
5. Seminar/ Symposium/Conference/Workshop Presentation 

Saravanan, M., Bosco, K.A.S., Jagan Mohan, R. and Alagusundaram, K. 2011. Phase 
Transition analysis of different varieties of Rice flour for the design of 
extrusion experiments at National Conference on Food Technology conducted 
at Indian Institute of Crop Processing Technology, Ministry of Food 
Processing Industries, Thanjavur on June 24-25, 2011. 

 
6. CDs/Videos 

Ramanathan, S.P., Masilamani, P and Jagan Mohan R. 2011. Documentation of Rice 
and Pulse milling Industries and the production of by-products in 
Tiruchirapalli and Thanjavur. Tamil Nadu Agricultural University and Indian 
Institute of Crop Processing Technology.  

 
7. Popular article in other Language 

Sangeetha A, Jagan Mohan, R and Alagusundaram.K. 2009. Arsiyum athan uba 
porutkalin payanpadu (Tamil) (Importance of Rice and its By-products).  Star 
Mail, Page No. 52 

 
8. Handout 

Handouts on  
a) Rice milk,  
b) Rice pulse Laddu,  
c) Braffins,  
d) Ready to eat extruded products,  
e) Rice bran fryums,  
f) Development of bakery products from rice mill byproducts,  
g) Pulse masala mix,  
h) Importance of Rice bran (Tamil) and  
i) By-products utilization of rice and pulse milling industry – Flyer. 

 
Prepared by NAIP team, Indian Institute of Crop Processing Technology, Thanjavur. 
 

 
 
 
 
 
 
 
 
 
 
 



 

 
 

ANNEXURE I 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

Fig. Idiyappam mix and Adai Mix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

ANNEXURE II 
 
1. Training at KVK, TNAU, Coimbatore 
The developed technologies under NAIP II – braffins, cookies and NAIP kure was 
explained to the farmers in and around Coimbatore on 20.12.2010. about 50 
farmers attended the training. The details of the technologies were explained and 
the handouts regarding the technologies were distributed.  

 
 

 
 
2. Workshop at JSS, Avinashilingam University for Women, Coimbatore 
The technologies for development of braffins and rice bran cookies were 
explained to the women self help groups at JSS, Avinashilingam Deemed 
University, and Coimbatore on 24.05.2011. About 60 women participated in the 
workshop.  
 

 
 
 
 

 
 
 
 
 

Hands on training on developed technologies given to SHGs

Workshop on Value Addition of Milling Industry By products for 

Millers and Farmers



 

 
 

3. Display of products developed at International conference held at IICPT, 2011 
The developed products were displayed at INCOFTECH Edition II, Conducted at 
IICPT, Thanjavur on 30th and 31th October 2010 

  
 
4. Workshop conducted at AEC&RI, TNAU, Kumulur, Trichy 
Workshop on the developed technologies was explained to the farmers. The products 
were distributed among the farmers and the acceptability of the products were 
analysed. 

 
 

 
5. Workshop conducted at IICPT, Thanjavur 

About 75 farmers attended the workshop held 30-31.3.2011 
 
 
 
 
 
 
 
 
 
 
 
6. Rice Tech 2010, Chennai 
Rice Tech 2010 was held at Chennai trade centre. The Products developed under 
NAIP II were explained to the farmers and entrepreneurs.  

Popularization of Developed Products in International Conference   

NAIP samples distributed to famers attending the workshop at TNAU, 

Trichy to assess the acceptability of the products     



 

 
 

 
 
  
7. Farmer Day, Coimbatore 
Farmer’s day programme was conducted organised by Tamilnadu Agricultural 
University, Coimbatore on 22nd to 24th July 2011. The developed products under 
NAIP II were displayed and the importance was explained to the farmers. 
 

 
 
 
 
8. Other – Talks 
 

Details of Meetings/Seminars/Trainings/Radio 
talk, etc.

Duration 
(From-To) 

Chennai Doordarsan talk 27.01.2011 
ISRAMAX , Karnal, Haryana  
Nutra India Summit 2011, Mumbai 13-18th February  
Dinamalar Expo 21.1.2011 
Farmers training at Nagappatinam 12.09.2011 

 
 
 
 
 
 

Popularization of the Developed Product at Farmers Day, TNAU, Coimbatore

NAIP team explaining about the products at Rice Tech Expo  



 

 
 

ANNEXURE III 
 

 
List of private sector organizations 

 
1. NABARD, Thanjavur  - Mr. Ravi, Manager, NABARD   
Fifteen farmers selected by NABARD group will be sent for training every week for 
next one year. They will be trained by different aspects like safe storage of by 
products for food use collected from milling units, value addition and marketing of 
the products developed through self help linkages  
 
 
2. Friday Solutions, Chennai – Mr. Ram Prasad Reddy, Technical Manager 
Cluster formation for rice milling Industry in different districts of project area and out 
of the project implementation area.  
 
3. M/s. Shunmugam Traders, Tuticorin – Extruded RTE 
 
4. M/s. Cethar Foods, Trichy – Rice bran cookies 

  



 

 
 

ANNEXURE IV 
 

LIST OF FARMERS’ GROUP 
 

S.No Name Address 

1. R.Ganesan 
 

11/3/7A, Rajnaidulane, West St. Tikalluppatti,  
Periyar Taluk, Madurai. 

2. Perumal 23, Bhathidasam St, Madurai 
3. B K Balaji 2/14, Sivapuram Achapathu, Madurai – 19 
4. S. Poongodi 2/5, Kulakkutheru, Vellappati, Melur, Madurai -20 
5. S. Meena 7/6, Kuthappati, Navelippati Post, Melur, Madurai 
6. S. Selvarani 7/48, Kuthappati, Navelippati Post, Melur, Madurai 
7. M.Sudha 7/100, Kuthappati, Navelippati Post, Melur, Madurai 
8. S. Amirdham 7/21, Kuthappati, Navelippati Post, Melur, Madurai  
9. Sheela 7/21, Kuthappati, Navelippati Post, Melur, Madurai 
10. BR. Jhothemathi 174/12B, Annai Illam, Chellakothnar Lane, Pasumpon 

Nagar, Madurai - 3 
11. R. Valamathi 8/496, Porumalpatti, Navelippati Post, Melur, Madurai 
12. C.Alaguvalli C/1, Court Back Side, Bharathiakpuram, Melur, 

Madurai 
13. N.Siva 1/362, North Street, Kulamangalam, Ulavan Unavagam, 

Madurai 
14. C.Karuppaiah 1/395, Poriyalar Nagar, I Street, Thiruppali, Madhurai 
15. K.Karthikeyan,  North Street, Kulamangalam, Ulavan Unavagam, 

Madurai 
16. A.Ganesan Karugappillai, Mudhalai Kualm, Usilampati 
17. A. Thiravidam Vedhacheri, Muduvarpatti, Madurai – 03 
18. P.Jayaraj Jeganathapuram, Kovilangulam 
19. P.Manjula Vellarippati, Melur, Madurai 
20. P.Periapulian Vellarippati PO, Melur, Madurai 
21. S.Ramasubramani Vellarippati PO, Melur, Madurai 
22. J.Roshan 50, Kattabomman Nagar, Vellur, Madurai 
23. A.Thayammal Sathyamoorthi Main Raod, Meenampalayma, Madurai 

2 
24. M.Palaniammal Chokkalingam Nagar I Street, Madurai 
25. G.Vijayalakshmi Ranamayan, Kanjaipatti, Vadippati, Madurai 
26. S. Indra Ranamayan, Kanjaipatti, Vadippati, Madurai 
27. R.Ramathilagam Ranamayan, Kanjaipatti, Vadippati, Madurai 
28. Smt E. Anandam 

 
W/O R. Nepolean, 72, Santhinikenthan Colony 
Madambakkam, Chennai – 600 073 

29. M. Muthusamy 
 

2/210, East Street, Irukkangudi – Po, Sattur - Tk 
Virudhunagar District 

30. K. Velu 
 

S/O Krishnan, Kurubaralli Po, Parppiretty Patti Tk 
Dharmapuri Dt 

 
 
 

 



PERFORMANCE INDICATORS 
NAIP Component 2 

(Status as on 31.03.2013) 
Name of sub-project 
A Novel Food Chain Using Byproducts of Milling Industry for Enhancing Nutritional 
Security 
 
Date of closure of the project: 31st March, 2014 
 

Sl. 
No 

Indicator Performance 
as on 

14.02.2012 

Performance as 
on 31.03.2013 

1 No. of production technologies 
released and/or adopted based on 
NAIP research 
(Please fill separate proforma#1 for 
each technology) 

4 9 

2 No. of processing technologies 
released and/or adopted based on 
NAIP research 
(Please fill separate proforma#2 for 
each technology) 

4 4 

3 Number of technologies/products 
commercialized based on NAIP 
research 
(Please fill separate proforma#3 for 
each technology) 

4 4 

4 No. of new rural industries established 
(Please fill separate proforma#4 for 
each rural industry) 

1 1 

5 No. of product groups for which 
national or regional quality grades 
have been agreed on through NAIP 
consortia 
(Please fill separate proforma#5 for 
each product group) 

4 4 

6 Total no. of private sector 
organizations participating in 
consortium (Please provide list of 
organizations indicating private / 
NGO) 

4 4 

7 No. of farmers involved in consortia 
activities 
 

250 250 



Sl. 
No 

Indicator Performance 
as on 

14.02.2012 

Performance as 
on 31.03.2013 

8 Incremental employment generated 
(person days/year/HH) 

30 30 

9 Number of patent/intellectual property 
protection applications filed based on 
NAIP research (Please fill separate 
proforma#6 for each technology) 

3 3 

10 Number of patents / intellectual 
property protections granted / 
published based on NAIP research 
(Please fill separate proforma#7 for 
each technology) 

- 

 

11 Number of scientists trained overseas 
in consortium-based subject areas 
(Please fill separate proforma#8) 

 

1 

12 Publications   
 Number of peer-reviewed research 

papers published in high impact 
International journals based on NAIP 
research (NAAS Rating >6 only) 

1 

10 

 Other journals 3 13 
 Book   
 Book Chapter 2 3 
 Thesis   
 Popular Article (English)  2 
 Popular article in other Language   
 Newspaper Article  1 
 Seminar/Symposium/Conference/ 

Workshop Presentation 
4 

14 

 Seminar/Symposium/Conference/ 
Workshop Proceedings 

5 
5 

 Technical Bulletin   
 Manual  4 
 CDs/Videos 1 8 
 Folder/Leaflet/Handout 2 11 
 Report   
  
 
 
* 
 



Proforma -1 
 Production Technologies/ Innovations 
    

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security  
 

2. Title of the Technology : Pulse broken based pro-biotic supplement 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area 

 Currently there is not much awareness about the importance of consumption of 
pro-biotic products in semi-urban areas. 
 

4. Key Intervention(s) Introduced 
 Using broken gram flours and home prepared curd to prepare a pro-biotic food 

supplement 
 

5. Results  
 The developed products were tested for viable lactobacilli, screened through in-

vitro studies and also the moisture content and keeping quality was analyzed. 
The details are given as Annexure I. 
 

6. Brief Description of Technology for Release  
The pro-biotic supplement was prepared by mixing green gram flour and cow 
pea flour. Two types were developed, one with 2% commercial lactobacillus 
culture and other with 20% homemade curd. Both of them were compared and 
the suitability was determined. 
 

7. Expected Outcome/Impact of the Technology 
 This product can used to create awareness among masses about the health 

benefits of consuming pro-biotic foods. 
 

8. Whether findings have been published? If so, give the citation and enclose 
copy of the publication. 
Alli, M.V., Premakumari, S., Alagusundaram, K. and Jaganmohan, 
R.,Development and evaluation of a pulse based probiotic food for autism, Indian 
Journal of Nutrition and Dietetics, 2011, Vol 48 , Pp 1-7. 
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 Production Technologies/ Innovations 
    

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security 

2. Title of the Technology : Allergen detection in milling industry 
byproducts during storage 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area 

 Identification of allergens due to pathogens is already available. But, with respect 
to insects i.e. characterization of the allergens due to storage pests is entirely a 
new path to explore. 
 

4. Key Intervention(s) Introduced 
 SDS-PAGE was used to characterize the allergen compounds from the storage 

grain insects 
 

5. Results 

 During storage, milled rice and grams are highly contaminated by storage pests 
like flour beetle. This creates several health hazards especially allergy and 
indigestion. Hence, the study was conducted to characterize the allergic proteins 
or metabolites produced due to insects and its contaminants using SDS-PAGE 
(Sodium Dodecyl Sulphite Poly Acrylamide Gel Electrophoresis) technique. 
Two different proteins (14.2 and 17.4Kda) are suspected to be allergic proteins. 
The details are given as Annexure II. 
 

6. Brief Description of Technology for Release 
This was an innovative attempt to identify the allergens caused by storage pests. 
The suspected allergic proteins were sent for sequencing and comparison with an 
already identified allergen from Tribolium confusum. 
 

7. Expected Outcome/Impact of the Technology 
Insect induced allergic Proteins with molecular weight 55 kDa and below 14.3 
kDa is found to be different in stored grain, grams and its by-products. This 
allergic protein sequence has to be sequenced for studying the homology with 
already reported proteins. It will helpful to control the prevalence of allergen 
causing health problem such as asthma and rhinitis as well improve the maintain 
the quality management system of stored grains. 
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 Processing Technologies/ Innovations 

 
1. Title of the Sub-project 

 
 
 

: A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security  

2. Title of the Technology 
 

: Stabilized Rice Bran  

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area:  

 Bran obtained in milling is a part of the rice kernel and as such is quite rich in fat. 
Rice bran contains 20 percent extractible but the bran produced in commercial 
mills usually contains 13-18 percent extractible. The quantity of bran if totally 
extracted for the oil in it, is capable of producing 7.17 lakh tonnes of edible rice 
bran oil. Thus, if this total potential is exploited, enough oil would be available to 
curtail a major portion of the import of edible oils required to fill up the ever 
widening gap between the demand and supply of edible oils in the country. The 
underutilized by-product bran obtained in milling is a part of the rice kernel, 
available in rice milling industries which was found to be low quality, because 
unstabilized bran quite rich in fat, moisture and allergen protein. Polished rice 
contains 0.3 percent fat whereas brown rice contains about 2.2 percent fat on a 
moisture free basis. 
 
At present the poor quality rice bran has been highly utilized in oil industry and 
animal feed. Polished rice contains 0.3 percent fat whereas brown rice contains 
about 2.2 percent fat on a moisture free basis.Rice bran contains 14 per cent 
moisture yield less than 4 per cent oil and leads to poor keeping quality. Hence 
the miller can earn minimum non-profitable price from the oil industry and 
animal feed industry. 
 
The present study revealed that the quality of rice bran can be reserve by stored 
best at 200C with or without nitrogen at a moisture content of 7 to 12 per cent and 
it improves the economic value of rice bran as well status of millers and 
stakeholders.  
 

4. Key Intervention(s)Introduced: 
 Enhance the quality of rice bran by control enzyme activity leads to stabilize 

nutritional profile. The developed Stabilized Rice Bran is to be best source of 
functional food additives for manufacturing of various processed food products. 
The stabilized rice bran contains 59 per cent of iron, 43 g of fibre and 16 g of 
protein. Convenient food products can be economically manufactured from 
Stabilized rice bran providing additional income, employment and overall 
prosperity to the State economy. 
 
 
 



5. Results  
 Parboiled rice bran was collected from M/s. Karthick rice mill, Thanjavur. The 

bran was sieved using 52 BSS sieve. The moisture content of the bran was found 
to be 14 % which was adjusted to 7 and 12 % moisture. The rice bran was stored 
with and without nitrogen gas at 4, 20 and 35oC. Experimental design was 
performed using Design Expert and general composite design.  
 
The initial moisture, colour, FFA and peroxide value were analysed. The rice 
bran was stored in air tight bottles at different temperatures maintained at 
Environmental chamber.  The change in the quality of the rice bran was analysed 
once in each week. The initial moisture was found to be 13.96 %. The luminosity 
of the rice bran was found to be  L’ 66.56,  a* 5.09 and b* 19.50. The free fatty 
acid was found to be 0.15 g oleic acid and the peroxide value of 6.67 meq 
peroxide/100 g of sample. During storage, the moisture content of the rice bran 
was found to be equal in all samples, 8 to 10 %, except T11 treatment which was 
found to be contain high moisture content when compared to other treatments.  
T11 got spoiled after 4th week of storage. The colour of the rice bran remained 
the same as fresh bran.  

  
It was found that there was only slight increase in free fatty acid content of the 
rice bran during storage irrespective of the moisture content, temperature and 
nitrogen.  The peroxide value was found increase at a faster rate. Rice bran stored 
at 28oC had higher peroxide value than rice bran stored at other temperatures. 
From the study, it can be concluded that the parboiled rice bran can be stored 
best at 20oC with or without nitrogen at a moisture content of 7 to 12%.  
 

6. Brief Description of Technology for Release  
Milled rice bran obtained from a local milling factory was immediately stabilized 
using oven heating (110°C for 10 minutes). Subsequent to heating, the sample 
was removed from the oven, cooled to room Temperature (25°C). The stabilized 
rice bran was milled into flour. The flours were screened through a 30 mesh 
sieve. 
 
Milled products like rice flour, green gram flour, Bengal gram flour, red gram 
flour and groundnut flour were stored at different temperatures -20°C, -10°C, 
0°C, 10°C, 20°C and 30°C respectively. During the storage period, the allergy 
causing insect namely, red flour beetle was identified after 240 days of storage 
for grains at -20°C, 192 days at -10°C, 160 days at 0°C, 150 days at 10°C, 150 
days at 20°C and 96 days at 30°C. It was concluded that the milled grains and 
grams stored at room temperature for maximum 96 days without any insect 
infestation. The long period of storage can be extended at the temperature of  
-20°C. The details are given as Annexure III. 
 



7. Expected Outcome/Impact of the Technology 
The stabilized rice bran can be used as functional ingredients in versatile food 
products. The diversified milling industry by-products incorporated food 
products such as atta, convenient foods 
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 Production Technologies/ Innovations 

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security  
 

2. Title of the Technology : Extraction of protein isolate from rice bran 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area 

 Rice bran is one of the important by-products of rice milling which is usually 
under-utilized. The region under consideration viz. the districts of Thanjavur, 
Thiruvarur, Nagapattinam, Tiruchirapalli, Madurai, and Viruthunagar have rice 
milling as their predominant industry. 
 

4. Key Intervention(s) Introduced 
 Protein was isolated from rice bran by using alkali extraction process 

 
5. Results  
 The details are given as Annexure III. 

 
6. Brief Description of Technology for Release  

The rice bran obtained from Thanjavur rice mills were sieved, stabilized using 
microwave, autoclave and alcohol and defatted. And was isolated using alkali 
process. 
 

7. Expected Outcome/Impact of the Technology 
 The extracted protein isolate can be used an high quality protein supplement. 

 
8. Whether findings have been published?  

Ranganayaki. S, Vidhya.R and Jaganmohan R. “Isolation and proximate 
determination of protein using defatted sesame seed oil cake”, International 
Journal of Nutrition and Metabolism, Vol. 4(10), pp. 141-145, November, 2012 
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 Production Technologies/ Innovations 

    
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security  

2. Title of the Technology : Development of rice bran and cereal pulse 
pasta 
 

3. Information on Existing farming Systems, Practices, Productivity Levels and 
Income in the Target Area: Rice bran despite being known for its nutritious aspects is 
still under-utilized or used as animal feed.   

 

4. Key Intervention(s)Introduced 
 Pasta was developed with incorporation of rice bran 10, 15 and 20 %, broken bengal 

gram flour incorporated at 5 and 10 % and green gram flour 5 and 10 %. Treatment with 
15% rice bran and 10 % of green gram incorporated pasta was found to be good by 
cooking test and this treatment was taken for further study. Green gram brokens flour 
was varied at different levels (10 to 50 %) for the developed of pasta.  Cooking test was 
performed and found that the pasta developed using 50 % green gram was found to be 
good. 

 
5. Results  

Sensory evaluation was carried out with the cereal pulse pasta developed at IICPT, 
Thanjavur. Ten recipes were standardized and the sensory evaluation was carried out 
using 9 point hedonic scale and food action rating scale. Two variations in each of the 10 
recipes were used for evaluation. The school going children, adolescents and adults 
(each 15) were asked to evaluate the food products and the results were interpreted. All 
the products were received high acceptability score. The details are given as Annexure 
IV. 

  
6. Brief Description of Technology for Release  

The developed rice and pulse byproducts incorporated pasta was found to be good by 
cooking test. and therapeutic study was ensured health benefits. A high degree of 
positive correlation (P<0.01) was observed between fat free mass and protein, total body 
water, soft muscle mass and mineral among overweight and obese adults. 
 

7. Expected Outcome/Impact of the Technology 
 Development of such a tasty, exotic and nutritious product can play a major role in the 

eradication of malnourishment in school going children. 
 

8. Whether findings have been published?  
Nithya D.J, Bosco K.A.S, Jagan Mohan R., and Alagusundaram, K. 2012. Antioxidant 
Activity of Rice Bran Pasta. Submitted to Journal of Microbiology, Biotechnology and 
Food Science. 
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 Production Technologies/ Innovations 
    

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security  

2. Title of the Technology : Development of rice bran incorporated Indian 
subcontinent foods 
 

3. Information on Existing farming Systems, Practices, Productivity Levels 
and Income in the Target Area:  
 

4. Key Intervention(s)Introduced: 
 Ten Indian subcontinent food formulas were developed namely chapati, mixed 

vegetable chapatti, wheat dosa, wheat rava idly, adai, rava adai, ragi adai, rice 
vermicelli, ragi vermicelli and kolukattai at the incorporation level of 25 per cent 
of stabilized rice bran received high acceptability. Adai mix had a maximum 
energy content of 414.34 kcal followed by chapathi (389.31) and idli (379.79) 
mix. The carbohydrate content of the chapathi mix, idli mix and adai mix are 79 
g, 75 g and 81.03 g respectively. Adai mix and idli mix had a higher fat content 
of 4.11 and 3.19 g.  The protein and fibre content was high in chapathi mix with 
a value of 10.8 g and 11 g respectively.  The moisture content was 9, 7.5 and 4.5 
% in idli mix, chapathi mix and adai mix respectively. 
 

5. Results  

 The developed Indian subcontinent food formula namely chapati, mixed 
vegetable chapati, wheat dosa, wheat rava idly, adai, rava adai, ragi adai, rice 
vermicelli, ragi vermicelli and kolukattai at the incorporation level of 25 per cent 
received high acceptability score compare with 30 and 35 per cent. The details 
are given as Annexure V. 
 
The glycemic index was estimated for developed Indian subcontinent food 
formulas. Food products like wheat chapatti (52.40), mixed vegetable chapati 
(52.40), wheat dosa (52.81), wheat rava dosa (46.60), kolukattai (67.68), rice 
vermicelli (63.70) and ragi vermicelli (59.74) rice namely chapati, mixed 
vegetable chapati, wheat dosa, wheat rava idly, adai, rava adai, ragi adai, rice 
vermicelli, ragi vermicelli and kolukattai bran incorporated at 25 per cent level 
showed low and medium glycemic index compared to the standard formula.  
 
Based on the results of organoleptic properties 25% level incorporated ready 
mixes (100g/day) in the form of Indian subcontinent food formulae were used for 
a clinical trial on diabetic (20) and hyperlipidemic (20)  individuals. 
Supplementation of rice bran incorporated food formulae for a period of 90 days 



brought about significant reduction (p<0.01) in fasting and post prandial blood 
glucose levels in type II diabetes mellitus subjects. Glycosylated haemoglobin, 
an effective indicator of the blood glucose levels over the preceeding three 
months decreased from 9.17 to 7.35 per cent and was significant at one per cent 
level. The impact of rice bran containing food formulae among hyperlipidemics 
in experimental group showed a significant reduction in total cholesterol from 
237 to 196 mg/dl, triglycerides from 232 to 165 mg/dl, LDL cholesterol from 153 
to 120 mg/dl (p<0.01) and VLDL from 47 to 35 mg/dl (p<0.05) and a minor 
increase in the HDL cholesterol level from 44.84 to 45 mg/dl which was not 
statistically significant. 
 

6. Brief Description of Technology for Release  
The rice bran incorporated ethnic food products shows low and medium 
glycemic index. The therapeutic study on effect of byproducts incorporation on 
lipid profile of diabetic and hyperlipidemic subject shows increase in HDL 
cholesterol and decrease in LDL and VLDL choloestrol.   
 

7. Expected Outcome/Impact of the Technology 
 Incorporation rice bran in commonly consumed south Indian foods can provide 

the recommended dietary fibre to the consumers. The health benefits of intake of 
dietary fibre is an added incentive. 
 

8. Whether findings have been published?  
Premakumari, S., Gomathi, K., Balasasirekha, R., Supriya, S., Jagan Mohan, R. 
and Alagusundram, K.2013 Impact Of Supplementing Value Added Rice Bran 
Incorporated Ready To Eat Mixes On Diabetics And Hyperlipidemics. Ind. 
Journal of Nutn. & Dietetics 



Bibliography of Publications from NAIP sub-projects 
 
1. Thesis 
 Studies on development of nutritious convenient foods by utilization of rice 

milling industry byproducts 
 

2. Research Journal   
i. 
 
 

ii. 
 
 
 

iii. 

Premakumari,S., Balasasirekha,R., Jagan Mohan, R., and Alagusundram,K., 
(2013) Body compositional changes of overweight / obese adults with rice bran 
incorporated pasta - a feeding trial, Elixir Food Science,  60, pp.16350-16355, 
ISSN: 2229-712X, IC value 5.09  
Premakumari,S., Balasasirekha,R., Gomathi,K., Supriya,S., Jagan Mohan, R., 
and Alagusundram,K., (2013), Evaluation Of Organoleptic Properties And 
Glycemic Index Of Recipes With Rice Bran, International Journal of Current 
Research and Reviews, Vol. 5 (07), pp. 1-8, IC value 4.18 
Premakumari,S., Gomathi,K., Balasasirekha,R., Supriya,S., Jagan Mohan, R., 
and Alagusundram,K., (2013), Impact Of Supplementing Value Added Rice 
Bran Incorporated Ready To Eat Mixes On Diabetics And Hyperlipidemics, The 
Indian Journal of Nutrition and Dietetics, Vol. Nov. 50(4): pp. 141-149, ISSN: 
0022-3174 (Peer Reviewed) 
 

3. Seminar/ Symposium/Conference/Workshop Presentation 
 Best Poster Award - Balasasirekha, R. and Premakumari, S., Paper presentation 

on “Nutrition security through by-products of milling industry” in the 45th 
Annual National Conference of Nutrition Society of India, NIN, Hyderabad, 21st 
& 22nd November 2013 
 

4. Handouts   
 The handouts were prepared and distributed during the outreach activities of 

NAIP. 
1. Rice milk 
2. Rice pulse laddu  
3. Braffins 
4. Ready-to-eat extruded products 
5. Rice bran fryums,  
6. Development of bakery products from rice mill byproducts,  
7. Pulse masala mix,  
8. Importance of Rice bran (Tamil) and  
9. By-products utilization of rice and pulse milling industry - Flyers 

    
 



ANNEXURE I  
 

Pulse Broken Flour Based Probiotic Supplement 
 

A pulse based probiotic supplement was prepared using equal proportions of the cow 
pea flour and green gram flour using i) 2%  commercial lactic acid bacillus (Type I) 
and ii) 20% home made curd (Type II). The details of the preparation of probiotic 
supplement have already been reported. The suitability of the probiotic supplement 
for feeding trial was determined based on: 

a. Viable lactobacilli count 
b. Handling process 
c. Screening the food through in vitro studies 
d. Moisture content and keeping quality 

 
a. Viable lactobacilli count 
The total microbial count of the supplement was determined using the standard pour 
plate technique adopted from Maier, 2009. 

a. One g of the probiotic mixture was dissolved in 10 ml of distilled water. 
b. Nutrient agar was prepared and held at 44-46◦c in a water bath. 
c. Serial dilutions are prepared. 
d. One µl of the diluents were transferred to a sterile, empty petri dish. 
e. Approximately 15 ml of agar medium was poured into the petri dish 

containing sample. The sample and agar were mixed thoroughly by rotating 
the plate several times, clockwise, and then counter clockwise. 

f. When the media had solidified, the plates were inverted and incubated. 
g. Following the appropriate length of incubation, the colonies were counted 

using a colony counter. 
The total microbial count in both the Type I and Type II are presented in Table I. 
 

Table 1. Total microbial count in probiotic foods 

Treatment 
Total No. of Colony (cfu)/ g 

10-5 10-6 
Type I 75×105 47×106 
Type II 65×105 35×106 

 
The total number of colonies was found to be 47×106 cfu/g in Type I which was better 
than Type II where the colonies were lesser (35×106 cfu/g). More the number of 
colonies the more efficient would be the probiotic food in providing health benefits. 
The addition of curd to the mixture enhances the growth of all the microorganisms 
including the lactobacillus present in the curd. Hence it will be difficult to get an 
accurate result pertaining to lactobacillus alone. Owing to the above two factors Type 
I treatment was found to be more favourable than Type II for the preparation of 
probiotic food. 



 
According to Heller (2001) and Olivera, et.al., (2001), most of the probiotic 
Lactobacilli in human foods are supplied in highly concentrated forms. Several 
authors have indicated that a minimal concentration of 10-6 cfu/g of a product is 
required for a probiotic effect (Kumar and Singh and 2007, Shah, 2007). 
Commercially available probiotic formulations generally contain ≥ 106 cfu/g of viable 
organisms (www.dairyscience.info), the results obtained, as presented in the above 
table are in line with these findings. 
 
b. Handling process                                                        

Type I 
   

   

                 Milled      Milled 

                                                                                               

                                                      

  

                                      

2% Commercial lactic acid bacillus                                                     

                                                                                         

                                                                               

 

 

 
Type II 

   
   
  
Milled Milled 
                                                                                          
                                                     
 
                                     
               20% home made curd 
                                                        
                                         
          
                                         
                                                     
                                          

Roasted cow pea Roasted green gram 

Flour Flour 

Flour mixture (1:1)

Probiotic mixture

Packed 

Refrigerated 

Roasted cow pea  Roasted green gram 

Flour Flour

Flour mixture (1:1)

Probiotic mixture 

Dried 

Packed Refrigerated 



During the household preparation of the probiotic mixture, Type II does not appear to 
be safe because during the drying process, there could be possible contamination with 
other unwanted microorganisms. Also, the mixture has to be prepared fresh every 
time for consumption. Hence, Type I preparation is found to be safe and more suitable 
for feeding the children. 
 
c. Screening the pulse based probiotic food 
Bacteria must tolerate gastrointestinal stress conditions for their metabolic activity, as 
well as to colonise in the gastrointestinal tract. Therefore it is necessary to evaluate 
the resistance ability of bacteria to gastrointestinal stress before their use as 
probiotics.  
 
In order to claim that a food has a probiotic effect, Joint FAO/WHO working group 
has generated guidelines for their evaluation. The probiotic strains should meet the 
following specifications: 
 
Currently used in vitro tests for the study of probiotic strains 

i) Resistance to gastric acidity 
ii) Bile acid resistance 
iii) Adherence to mucus and/or human epithelial cells and cell lines 
iv) Antimicrobial activity against potentially pathogenic bacteria 
v) Ability to reduce pathogen adhesion to surfaces 
vi) Bile salt hydrolase activity 
vii) Resistance to spermicides (applicable to probiotics for vaginal use) 

 
The probiotic food developed in this study was tested for resistance to gastric acidity, 
bile acid resistance and their ability to inhibit pathogens. 
 
i) Resistance to gastric acidity 
Tolerance of the lactobacilli to acidic ph was determined by growing bacteria in 
acidic MRS broth. MRS broth was poured in test tubes at ph 7.0, 4.0 and 2.0 it was 
adjusted with 1M HCl and 0.5M NaOH. An amount of 5 log10 cfu (105 cfu) of the 
culture was poured in each broth tube. Test tubes were incubated at 37◦C for 120 
minutes. Survival of lactobacilli was evaluated by plate count method. 
 
ii) Bile acid resistance 
The ability of the lactobacilli to grow in the presence of bile salts was determined in 
MRS broth. Briefly, MRS broth tubes were enriched with 0.0, 0.3, 0.5 and 1.0% (w/v) 
of oxgall (sigma) and were inoculated with 5 log10 cfu (105 cfu) of the culture. The 
growth was examined after 24 hours of incubation by plate count method. 
 
iii) Antimicrobial activity 
Antimicrobial assay was carried out by disc diffusion method. The sterile Muller-
Hinton agar plates were prepared. The test organisms were spread over the Muller-



Hinton agar plates by using separate sterile cotton swabs. The prepared disc 
(bacteriocin) and standard disc were placed on the surface of the medium at 
equidistance. The plates were incubated at 37◦C for 24 hrs to determine the 
antimicrobial activity of bacteriocin. Streptomycin antibiotic discs (30mg/ disc) were 
used as standard for bacteria; Amphotericin B antibiotic disc was used as standard for 
fungi. Each experiment was done in triplicate for calculating the mean value.  
 
Results and Discussion 
 
Resistance to gastric acidity 
Lactobacillus will resist the gastric acidity and would thus have no detrimental effect 
in the intestinal tract.  It is able to survive the harsh conditions of the stomach and 
pass through the small intestine. The effect of pH on the viability of the lactobacilli 
present in the probiotic food is given in Table 2. 

Table 2. Resistance of lactobacilli to different ph levels 

pH   Range Total no. of 
colonies (cfu/g) 

2 33 
4 290 
7 80 

The resistance of the lactobacilli to acidic conditions was studied by growing the 
bacteria in different pH levels. At neutral pH the total no. of colonies was found to be 
80×106 cfu, which increased to 290×106 cfu with a decline in ph to 4. Even at a very 
low pH of 2, which is highly acidic, there were 33×106 cfu, indicating that the 
lactobacilli would resist the acidic environment present in the stomach. 
 
Lactobacillus acidophillus CRL 639 are naturally resistant to pH 3.0. Maximal 
response was achieved at pH 4.2 and pH 5, the optimum ph is at 5.5 
(http://en.wikipedia.org), which correlates with the above results. 
 
Bile acid resistance 
The physiological concentration of bile salts in the small intestine is between 0.2 and 
2.0 per cent, tolerance to bile salts is considered to be a prerequisite for colonization 
and metabolic activity of bacteria in the small intestine of the host. The bile acid 
resistance of the lactobacilli present in the probiotic food is presented in Table 3. 

Table 3. Bile acid resistance of the lactobacilli 

 
 
 
 
 
 

Conc. of oxgall (%) Total No. of colony (cfu) 
0.0 TNTC 
0.3 TNTC 
0.5 289 
1.0 68 



The colony forming units was determined taking various concentrations of bile. At the 
bile acid concentrations of 0.0 % and 0.3%, the colonies were too numerous to count, 
at 0.5% level there were 289×106 cfu and at 1.0% level there were 68×106 cfu, which 
shows that the lactic acid bacillus was viable even at a bile acid concentration of 
1.0%, which would enable the lactobacilli to overcome the effect of bile in the GIT. 
Lactobacillus showed bile salt tolerance at 2%, the gradual decrease of viable cells 
was observed when concentrations of bile salt was increased upto 1.0%,  which is on 
par with the above findings. 
 
Antimicrobial activity against potentially pathogenic bacteria 
The rate of increase in resistance to antibiotics is a major public health problem 
throughout the world. Given the heightened concern over antibiotic resistance, natural 
alternatives such as probiotics for inhibition of pathogens are becoming more 
attractive. In fact, the WHO recommends global programme to reduce the use of 
antibiotics in human medicine.  The antimicrobial activity may be due to the 
production of acetic and lactic acids that lowered the pH of the medium or 
competition for nutrients or due to the production of bacteriocin or antibacterial 
compound. The activity of the lactobacilli in probiotic food on the common entero 
pathogens are presented in Table 4. 

Table 4. Antimicrobial activity of the probiotic food 

Test organism Zone of inhibition mm in diameter 
Standard drug Lactobacillus 

(Bacteriocin) 
Escherichia coli 16 ± 0.01 14 ± 0.04 
Staphylococcus aureus 12 ± 0.04 7 ± 0.02 
Candida albicans 14 ± 0.02 8 ± 0.03 

 
The antimicrobial resistance was determined for the common gram negative and gram 
positive bacteria present in the food and the fungi Candida albicans. The intestines of 
the autistic children are infested with this organism. The zone of inhibition was found 
to be greater for E.coli and it is comparable to that of the standard antibiotic 
Streptomycin. The zone of inhibition produced by the lactobacilli against 
Staphylococcus aureus was 7 ± 0.02 as compared to the standard antibiotic which was 
12 ± 40.4. The zone of inhibition using lactobacilli against Candida albicans was 8 ± 
0.03 and it was 14 ± 0.02 for the standard drug Amphoterecin B. The above finding 
reveals that the probiotic mixture has considerable antimicrobial activity.  
 
It is stated that inoculation of the lactobacillus depressed the propagation of S.aureus 
cells and their enterotoxin production. The zone of inhibition in S.aureus and E.coli 
was between 14-16 mm, which is comparable to the above results. 



ANNEXURE II 
 

Insect Induced Allergic Proteins in Stored Products 
 
The growth of insects, moulds, and mites in stored grain also results in the elaboration 
of toxins and allergens. Insects produce uric acid, inoculate fungi and bacteria, and 
leave faecal matter and cast-off skins on the grain, creating a foul odour. Quinone and 
other harmful substances may be produced. Many fungi form dangerous mycotoxins. 
Early methods of uric acid analysis involved the isolation of uric acid or its salts in 
crystalline form. A modified procedure for determining urinary uric acid level 
consists of precipitation as silver urate, obtained by treatment with magnesium, 
followed by decomposition with hydrogen sulfide and measurement of liberated uric 
acid by direct weighing or titration with permanganate(Majumder, 1982). Red and 
confused flour beetles attack stored grain products such as flour, cereals, meal, 
crackers, beans, spices, pasta, cake mix, dried pet food, dried flowers, chocolate, nuts, 
seeds, and even dried museum specimens (Weston and Rattlingourd, 2000).The red 
flour beetle (Tribolium castaneum Herbst.) may elicit an allergic response (Alanko et 
al. 2000). Respiratory allergy, positive skin prick tests and specific IgE antibodies to 
T. confusum, indicating IgEmediated, immediate-type allergy, have rarely been 
demonstrated. Rudolp et al. (1987) administered prick tests and intradermal tests with 
whole-body extracts of T. confusum to patients suffering from perennial asthma 
and/or rhinitis and with proven sensitization to indoor allergens. Positive skin prick 
tests were seen in 16.5% (n=1040) and positive intradermal tests in 30.7%. In 10 of 33 
patients with positive skin reactions to T. confusum, a nasal provocation test was also 
positive. Using a crude T. confusum extract, Schultze-Werninghaus et al. (1987) 
recorded positive skin prick tests in 8.3% of 133 bakers. Since insects are uricotelic, 
they deposit crystalline uric acid on the grain as they multiply.  
 
Insect contaminants taken for analysis 
1.Larval hairs, 2.Eggs, 3.Excreta, 4.Regurgitation or saliva, 5.Molted skin, 6.Dead 
insects, 7.Healthy grain, 8.broken grain of rice. 
 
Method of sampling 
Cracking floatation method (Dugan et al., 2010) was followed to isolate the insect 
contaminants. Allergic proteins were estimated using SDS PAGE. The protocol for 
SDS PAGE is given as follows. 
 
SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophores), is the widely 
used technique to separate proteins from complicated samples. Being present a 
electricity, proteins migrate towards the negative anode inside the poly-acrylamide gel 
under denaturing conditions. In SDS-PAGE, the detergent SDS and a heating step 
determine that the electrophoretic mobility of a single kind of protein is only affected 
by its molecular weight in the porous acrylamide gel. 
  



An intact SDS PAGE electrophoresis system includes a tank, lid with power cables, 
electrode assembly, cell buffer dam, casting stands, casting frames, combs (15 well), 
and glass plates (thickness 0.75mm). The SDS PAGE gel in a single electrophoresis 
run is divided into stacking gel and separating gel. Stacking gel (acrylamide 5%) is 
poured on top of the separating gel (after solidification) and a gel comb was inserted 
in the stacking gel. Since, the proteins we expect are very small 15 per cent 
acrylamide is required to resolve 3 to 100kDa proteins. Volumes of stacking gel and 
separating gel for 0.75 mm thickness of gel given as follows:  
  

Thickness of the gel Vol. of stacking gel Vol. of separating gel 
0.75mm 2ml 4ml 

 
Gel Composition 
Composition 5 ml stacking gel: separating gel:10ml 
H2O 2.975 ml 2.2ml 
0.5 M Tris-HCl, pH 6.8 1.25 ml 2.6ml 
10% (w/v) SDS 0.05 ml 2.6ml 
Acrylamide/Bis-acrylamide (30% 
w/v) 

0.67 ml 
15% 5 ml 

10% (w/v) Ammonium Persulfate 
(APS) 

0.05 ml 
100μl 

TEMED 0.005 ml 10μl 
APS and TEMED were added right before each casting the gel. 
 
5X Sample buffer (loading buffer): 
SDS 10% w/v 
Dithiothreitol, or beta-mercapto-ethanol 10 mM 
Glycerol 20 % v/v 
Tris-HCl, pH 6.8 0.2 M 
Bromophenolblue 0.05% w/v 

 
1x Running Buffer: 
25 mM Tris-HCl 
200 mM Glycine 
0.1% (w/v) SDS 

 
SDS PAGE Protocol 
Casting of separating gel:  The casting frames (clamp two glass plates in the 
casting frames) were fitted on the casting stands. Separating gel solution was prepared 
in a separate small beaker. Swirled the solution gently but thoroughly. Appropriate 
amount of separating gel solution was pipetted into the gap between the glass plates. 
In order to make the top of the separating gel be horizontal, it was filled with water 
into the gap until a overflow. Left for 20-30min for polymerisation. 



T1 T2 T3 T4 T5 T6 T7

97.4

66

43

29
20.1

14.3

 
Casting of stacking gel: Water on the top was discarded and stacking gel was poured 
untill overflow. The well-forming comb was inserted without trapping air under the 
teeth. Left for 20-30min for polymerisation. After polymerization, the comb was 
taken out. Glass plates out of the casting frame were kept in the cell buffer dam. 
Running buffer was poured into the inner chamber and the outer chamber. 
a) Addition ol loading dye to sample: Samples were mixed with sample buffer 

(loading buffer). Heated in boiling water for 5-10 min. 
b) protein marker was loaded  into the first lane followed by samples  
c) Then tank top was covered and connected to the anodes. 
d) Electrophoresis unit was run for 1 hour at 120V voltage. 
e) After running, the gel was removed and stained for 2 hours and destained for 

overnight. 
 
PAGE Staining Methods 

S.No   Staining solution Destaining solution 

1. 0.3 % Coomassie Brilliant Blue R-250 (w/v) 20%Methanol (v/v) 
2. 45 % Methanol (v/v) 10%Glacial acetic acid (v/v)
3. 10 % Glacial acetic acid (v/v) 70% distilled water 
4. 45 % Distilled water  

  
Procedure for staining and destaining 
a) Gel was immersed with staining solution, and slowly shaked on horizontal rotator 

for about 20-30min. 
b) Gel was immersed in destaining solution and put it on the same shaker for about 

20-30min. 
c) Destaining solution was changed for 3-5 times untill clear bands were seen with 

no blue background.  
Fig.1 Protein profiling of broken rice contaminated with red flour beetle 

T1 Marker ; T2 Larval hairs; T3 Eggs; T4 Saliva; T5 Exuviae (molted skin); T6 Excreta; T7 
Healthy grain; T8 Broken rice grain 

Inference: Proteins with molecular weight 55 kDa and below 14.3 kDa is found to be 
different. This protein sequence has to be sequenced for studying the homology with 
already reported proteins. 

 
 



ANNEXURE III  
 

Stabilization of Rice Bran and Isolation of Bran Protein and its Value Addition    
 
The  methodology of the study  entitled “Physical  characteristics  of different  types  
of rice bran and acceptability  of the products  incorporated  with  bran protein isolate 
“ consisted  of the following  steps:  
 
Phase-I 
1.1 Collection of the sample  
1.2 Processing of fresh rice bran 
1.3 Stabilization of raw and parboiled rice bran 
         1.3.1Microwave oven stabilization 
         1.3.2 Autoclave (steam) stabilization 
         1.3.3 Alcohol stabilization 
1.4. Extraction 
 
Phase-II 
2.1. Isolation of protein from raw, parboiled, deoiled and stabilized rice bran 
2.2 Development and analysis of a recipe incorporating protein isolate 
 
Phase-I 
 
1.1 Collection of the sample: The rice bran, one of  the valuable  by products of   
milling of rice, is  normally  finely  granulated,  light  tan  in color  and has a bland  
flavour.   The samples namely full fatted  raw bran and full  fatted  parboiled  bran  
were  purchased  from  local  rice mill, Thanjavur  district (J.P. Rice mill, Vallum) 
(Figure 1). 
 

Collection of Sample 
 

 
Full fatted Raw bran                                                        Full fatted Parboiled bran  
 
 

Processing of rice bran 
 
 

       Stabilization                               Extraction 
 
 

  
  Microwave oven           Autoclave (steam)           Alcohol                   Deoiled bran 

 



1.2 Processing of fresh rice bran: Different substances may be present in the bran 
like husk, clay and wood. Hence, the full fatted raw bran and full  fatted  parboiled  
bran  was sieved  through  sieve number  22, which  removes husk, clay, wood and 
saw dust. The samples thus obtained are free from impurities. 
 
1.3 Stabilization of raw and parboiled rice bran:   The stabilization method reduces 
or inhibits the activity of lipase enzyme. This process increases the shelf-life of the 
rice bran and kills bacteria, moulds and insect eggs that cause further spoilage. The 
methods like  microwave  oven stabilization, autoclave (steam) stabilization and 
alcohol stabilization were  used  to stabilize  the  full fatted  raw bran and  full fatted  
parboiled  bran. 
 
1.3.1 Microwave oven stabilization: In microwave stabilization, microwaves were 
used to stabilize the bran. The microwave energy is converted into heat energy.  100g 
of  full  fatted  raw bran  and full fatted parboiled  bran  were  weighed   and packed  
in    microwave  safe  bag  and  kept  inside  the oven  at 1200C  for 1.5 minutes. The 
brans were removed from the oven and kept at room temperature. After two weeks the 
brans were analyzed for free fatty acid content to ensure the stabilization. 
 
 1.3.2 Autoclave stabilization: In autoclave stabilization, steam is used to stabilize 
the rice bran at high pressure.  In   autoclave  stabilization,  100g  of full  fatted raw  
bran  and  full fatted  parboiled  bran were  weighed and packed  in bags  and kept  
inside  the autoclave  at 15 pounds  for 20 minutes . The bags were removed and 
cooled at room temperature. The brans were then analyzed for free fatty acid content 
to ensure the stabilization after two weeks. 
 
 1.3.3 Alcohol stabilization: In alcohol stabilization, alcohol is used for stabilization 
of the bran. Weighed quantities (100g) of full  fatted raw  bran  and  full fatted  
parboiled  bran  were mixed  with  5 ml  alcohol  for  stabilization. It was allowed to 
stabilize for two weeks. The brans were then analyzed for free fatty acid content to 
ensure the stabilization. 
 
1.4 Extraction: The brans were subjected to solvent extraction process in Soxhlet 
apparatus. In this process the fat present in the bran were removed using n-hexane as a 
solvent. 
 
Phase-II  
 
2.1 Isolation of protein from raw, parboiled, de-oiled and stabilized rice bran 
The steps involved in the isolation of protein from raw, parboiled, de-oiled and 
stabilized rice bran is given in Figure 2.  
 
 
 



 
 

Raw, Parboiled, Deoiled, Stabilized Rice bran 
 

    Grading 
 

                                                      Alkaline extraction 
 
                                                    Centrifugal separation 
                                         
 
                                           Solids               Acid   Precipitation    
                                       
                                            Water washing         Centrifugal separation 
 
                                            Solids          Drying                        Boiling 
 
                                            Residues   Protein concentrates     Cooling 
                                                                                                                  
                                                                                                  Filtering 
 
                    Coagulated protein 
The fiber  present  in the  bran  pose  a major  problem  when it is  directly used  as 
food material. The presence  of fiber  content  in the bran  may vary  with the type  of 
the bran i.e. bran from high  protein rice  contains 25.8 per cent fiber  whereas  bran  
from  brown rice  contains 3.8 - 6.0 per cent fiber  depending upon   the  quality  of 
the bran nutritive value . The protein present in the bran can  serve  as high class 
protein  supplement  in human diet which can  be  isolated  using different  methods  
namely 

a) Wet  and dry fractionation of bran  
b) Solubilization in dilute alkali and recovering the protein from full fat and from 

defatted bran 
c) Precipitation and evaporization 
d) Grinding bran and fractional sedimentation in n-hexane 
e) Alkali extraction process 

Among these processes alkali extraction process consist of alkaline extraction of 
proteins, separation of the liquid phase and iso electric precipitation of the proteins. 
Sodium hydroxide and hydrochloric acid have been found to be the most effective and 
economical agents. 
 
The alkali extraction is superior to other methods and hence this method was used in 
the present study which yields more protein and is a very convenient method. In this  
method approximately weighed quantity  of 100 g of the bran  was mixed  with  5 
volumes of water  and the mixture  was  treated  with 3N NaOH  solution as required 



to maintain  the pH  of 8.6 - 9.0. The mixture is then extracted by stirring at 1200 rpm 
for 15 minutes. The alkaline extract (4.0-4.2) volumes were subjected to either of the 
two processes. In the first process the pH was lowered to 6.0 by the addition of 1N 
HCl, centrifuged at 5000 rpm and the temperature was maintained at 850°C. In the 
second process, the alkali extract was centrifuged at 2465 rpm for 10 minutes to 
precipitate the starch.  The supernatant was then treated as in first process to 
precipitate the protein. The protein isolated from alkali extraction process   was 
subjected to either vacuum drying or freeze drying. The color of the rice bran protein 
concentrate obtained varies from greenish at alkaline pH and to a light tan at acid pH. 
Thus the protein was isolated from raw, parboiled, microwave stabilized raw, 
microwave stabilized parboiled and deoiled brans. 
 
2.2 Development and analysis of a products incorporating protein isolate 
A baked product namely bun was prepared by incorporating protein isolate in the 
main ingredient at 5 per cent and 10 per cent level.  The acceptability was found out 
and the protein content was analysed (Figure 3). 

Bun 
 

 
   Variation 1      Variation 2       Control 

     (Incorporation at 5% level)   (Incorporation at 10% level) 
 
 

Raw protein isolate 
Parboiled protein isolate 
Deoiled protein isolate 
Raw microwave stabilized protein isolate 
Parboiled microwave stabilized protein isolate 

 
Results and Discussion 
The bun at both 5 per cent and 10 per cent levels incorporating raw protein isolate, 
parboiled protein isolate, deoiled protein isolate, raw microwave stabilized protein 
isolate and parboiled microwave stabilized protein isolate was found to be acceptable. 
The protein content (g/100g) of control and rice bran protein isolate incorporated buns 
is given in Table I.  
 
Table 1. Protein Content (G/100g) of Control and Rice Bran Protein Isolate 
Incorporated Buns 

Particular Level of 
incorporation (%) 

Protein (g/100g) 

Control - 9.1 
Raw rice bran 5 10.1 

10 11.5 



Parboiled rice bran 5 10.4 
10 11.0 

Raw microwave stabilized 5 10.1 
10 10.6 

Parboiled microwave 
stabilized 

5 10.0 
10 10.5 

Deoiled rice bran 5 10.1 
10 10.5 

 
The protein content of the control and rice bran protein isolate incorporated bun were 
analysed. The protein content of rice bran protein isolate incorporated bun at 5 per 
cent level was found to be in the range of 10.0 to 10.5 g / 100 g and the bun 
incorporated at 10 per cent level was found to range from 10.5 to 11.5 g / 100 g. The 
protein content of the control bun as only 9.1 per cent which was very much lower 
than the buns incorporated with the protein isolate.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ANNEXURE IV 
 

Milling Industry By-Products (Bran & Broken) Incorporated Pasta Products 
and Study the Effect on Body Composition, Anthropometry and Biochemical 

Profile of Obese and Overweight Adult Subject  
 

Rice bran, one of the "little known" super food is a super delicious and highly 
nutritious food that delivers a powerhouse of health supporting nutrients. Rice is a 
staple food for approximately 70 per cent of the world's population.  Over 600 million 
tons of rice is harvested annually on a global basis.  Much of the nutritional value lies 
in the bran and germ, which has traditionally been discarded during milling processes.  
Its bran - all 60 million metric tons of it is either thrown away or used for low-level 
animal feed each year. This soluble rice bran super food contains naturally occurring 
Vitamin A (Beta Carotene), Vitamin B1 (Thiamin), Vitamin B2 (Riboflavin), Vitamin 
B3 (Niacin), Vitamin B5 (Pantothenic Acid), Vitamin B6 (Pyridoxine), Vitamin C 
(Ascorbic Acid), Vitamin D, Vitamin E, Folic Acid, Biotin, Choline, and Inositol.  It 
also contains naturally occurring Calcium, Potassium, Magnesium, Phosphorus, Iron, 
Zinc, Manganese, Copper, Iodine and other trace minerals.  Beyond the stunning 
nutritional composition, Rice Bran tastes fantastic. It’s like eating a rich, nutty protein 
mix of some kind. Rice bran has displayed great promise in the use against a myriad 
of modern diseases, including arthritis1, joint health, peripheral neuropathy, 
cardiovascular disease, intestinal cancer2, high cholesterol and diabetes3. Rice bran's 
naturally filling fiber content can also aid as a healthy weight loss supplement in the 
fight against obesity. Hence, the aim of the present study was  
 To develop recipes from rice bran incorporated pasta at 10, 15 and 20 per cent 

levels. 
 To conduct the feeding trial for overweight / obese adults for a period of three 

months. 
 To assess the impact of feeding on the body composition, anthropometry and 

biochemical profile of the adults. 
 

Methodology 
Samples of pasta, standard as well as rice bran incorporated at 10, 15 and 20 per cent 
levels were received from IICPT, Thanjavur. Cooking procedure of pasta was 
standardized and recipes were developed. 
 
Standardization of cooking method 
The method of cooking pasta samples was standardized using various methods.  
Different cooking methods namely steaming, soaking and steaming, boiling, soaking 
and boiling, washing steamed pasta in running water and washing boiled pasta in 
running water were tested. The time of soaking and cooking the pasta were also 
standardized. Among the various methods of cooking procedures adopted, it was 
observed that soaking pasta for 15 minutes in cold water and steaming for 15 minutes 
resulted in the best product. This method of cooking resulted in well cooked and soft, 



non sticky and mushy pasta. This method of cooked pasta was found to be best 
suitable for preparing various recipes for standard and rice bran incorporated pasta. 
 
Development of different pasta products 
Several basic recipes namely vegetable pasta, tomato-onion pasta, mint peas pasta, 
lime pasta, green gram dhal pasta, cabbage mint pasta, mushroom pasta, vegetable 
pasta soup, tomato pasta soup, pasta uppuma and kheer recipes were selected for 
standardization.  Each recipe was tried with the four samples of pasta namely standard 
and rice bran incorporated at 10, 15 and 20 per cent levels in the laboratory and 
standardization was done using the standard procedures.  
 
Sensory evaluation 
Basic pasta recipe was prepared using vegetables and spices for sensory evaluation in 
standard and all the three levels of rice bran incorporated pasta. Sensory evaluation 
was carried out by means of semi-trained panelists. To this aim, a five point hedonic 
rating scale, where 5 corresponded to excellent, 1 to poor and 3 to good (acceptability 
threshold) was used (Amerine et al., 1965). The panelists were selected on the basis of 
their interest in the sensory evaluation of pasta. The panelists were asked to score the 
rice bran incorporated pasta recipes on the base of the parameters namely colour, 
appearance, flavour, taste and texture.  
 
Twenty semi trained taste panel members were selected to evaluate the organo leptic 
qualities of the rice bran incorporated at 10, 15 and 20 per cent levels in respect of 
colour and appearance, texture, flavour and taste.  Overall acceptability was judged by 
panelist using 5 point scale.  The acceptability trial was carried out three times 
consecutively.  The results revealed that the rice bran incorporated at 15 per cent were 
highly acceptable compared with the standard.  
 
Statistical analysis 
The data were subjected to Analysis of Variance (ANOVA). Significant difference 
between cooking was determined by using critical difference test at p<0.05 and 
p<0.01. 

 
Selection of subjects 
The study was conducted among the adults employed in Avinashilingam Institute for 
Home Science and Higher Education for Women, Coimbatore in Tamil Nadu state. 
Forty overweight / obese women (each 20) in the age group of 30 to 60 years with no 
other complications formed the basis for inclusion in the study.  Overweight / obese 
adults were selected based on the WHO classification of obesity with BMI 25-29.99 
kg/m2 for overweight and 30-34.99 kg/m2 for obese class I adults (WHO 1995, WHO 
2000 and WHO 2004). The adults with an implantable electrical device such as 
pacemaker, defibrillator, nerve stimulator or women within the first twelve weeks of 
pregnancy were excluded from the study.  Women were screened for overweight and 



obesity using height, weight and BMI (anthropometric measurements) for age as 
parameters.  
 
Assessment of body composition 
Assessment of body composition for the selected women was carried out using 
Biospace Inbody 720 which gives a quantitative value for the various body 
compartments that equals the weight of each compartment, when put together it 
equals the persons weight.  These obtained values are compared with the normal 
values. Body composition analyser works on the principle of Bioelectrical Impedance 
Analysis (BIA).  BIA provides a useful technique for body composition analysis in 
healthy individuals and in those with a number of chronic conditions such as mild-to-
moderate obesity, diabetes mellitus, and other medical conditions (National Institute 
of Health Technology, 1994). Parameters assessed include body composition analysis 
(proteins and minerals), muscle fat analysis (Skeletal Muscle Mass (SMM) and Body 
Fat Mass (BFM)), obesity diagnosis (Body Mass Index (BMI), Per cent Body Fat 
(PBF) and Waist Hip Ratio (WHR)) and fitness score. 
 
The test was carried out on an empty stomach and bladder. It was ascertained that the 
subjects did not carry out any exercise 4 to 6 hours prior to the test. While carrying 
out the test, the person was asked to wear light clothing, with all the ornaments 
removed and stand straight with the arms away from the sides without touching the 
body.  The details such as name of the adult, height, age and sex were entered in the 
instrument and after complete assessment, a data sheet was obtained for 
interpretation. 
 
Biochemical assessment 
Biochemical assessment basically works on the principle that any variation in the 
quantity and composition of the diet is reflected by changes in the concentration of 
nutrients or their components in tissues and body fluids and or by appearance or 
disappearance of specific substances i.e. metabolites. Measuring these essential 
dietary constituents would, therefore, help assess nutritional status. Biochemical 
profile namely lipid profile (total cholesterol, triglycerides, HDL, LDL and VLDL) 
was assessed for all the adults of the feeding trial initially before the start and at the 
end of the feeding programme. The blood samples was drawn from the adults using 
an experienced lab technician from a National Accreditation Board for Testing and 
Calibration Laboratories (NABL) after an overnight fasting. 
 
Conduct of feeding trial 
A feeding trial was carried out for 40 overweight and obese adults (experimental 
group I - 20 overweight adults and experimental group II – 20 obese adults) with rice 
bran incorporated pasta for a period of three months. Overweight / obese adults who 
expressed their willingness to be a part of the feeding trial formed the group for 
feeding rice bran incorporated pasta.  Rice bran pasta incorporated at 15 per cent level 
was selected for the feeding trial. Each adult was fed with 75 grams (uncooked) of 



rice bran pasta in the form of recipes during the lunch along with a vegetable / raita / 
salad and buttermilk.  Pasta recipes were prepared and packed in disposable 
aluminium foiled boxes and served during lunch to the adults of the feeding trial. 
Along with the main course, a vegetable / raita / salad and buttermilk packed in 
disposable containers covered with lid was also served. Proper care was ensured to 
maintain cleanliness and hygiene during the preparation of the lunch like cleaning and 
washing the vegetables, cooking pasta, packing, serving etc.  
 
An ethical clearance was obtained from the University Human Ethical Committee for 
the conduct of the feeding trial (HEC.2011.12). 
 
Statistical analysis and interpretation of data 
Statistical tools namely ‘t’ test and correlation tests were used to interpret the data 
obtained and to draw conclusions. 
 
Results and Discussion 
 
Standardisation of cooking pasta 
Among the various methods of cooking procedures adopted, it was observed that 
soaking pasta for 15 minutes in cold water and steaming for 15 minutes resulted in the 
best product. This method of cooking resulted in well cooked and soft, non sticky and 
mushy pasta. This method of cooked pasta was found to be best suitable for preparing 
various recipes for standard and rice bran incorporated pasta. 
 
Development of  various pasta products 
Twenty semi trained taste panel members were selected to evaluate the organo leptic 
qualities of the rice bran incorporated at 10, 15 and 20 per cent levels in respect of 
colour and appearance, texture, flavour and taste.  Overall acceptability was judged by 
panelist using 5 point scale.  The acceptability trial was carried out three times 
consecutively.  The results revealed that the rice bran incorporated at 15 per cent were 
highly acceptable compared with the standard. 
 
Sensory evaluation   
Mean scores of green gram dhal pasta for appearance, colour, texture, taste and 
flavour and overall acceptability is presented in Table I.  
 
No significant difference for colour in green gram pasta compared with standard for 
three variables was found. Responses for other attributes were highly significant at 
five per cent level at 20 per cent level of incorporation.  Fifteen per cent level of 
incorporation showed significant changes in appearance, taste and flavour and no 
changes in texture and colour. Thus incorporation of rice bran pasta at 10 per cent 
level was found to be acceptable compared with the standard in all sensory attributes. 
 



Variation I and II did not significantly affect the perception except for colour in 
variation I (significant at one per cent level) and appearance (at five per cent level) 
and taste (at one per cent level) for variation II of cabbage mint pasta when compared 
with standards (Table II) accepting for consumption. It did affect the scores of 
appearance, taste, texture and flavour at 20 per cent level with 3.0, 2.6, 2.9 and 2.7 
respectively in cabbage mint pasta. However no significant association in colour 
between standard and 20 per cent level of incorporation of rice bran was found. Table 
3 showed the score of sensory attributes for rice bran incorporated tomato onion pasta.  
 
No significant difference in scores of all attributes at 10 per cent level of 
incorporation of rice bran except for appearance (P<0.01) in tomato onion pasta was 
found.  The appearance, colour and flavour for variation I and II was identical with 
scores of 3.78, 4 and 3.61 respectively for tomato onion pasta.   This well illustrates 
that no change in these attributes was significant when compared with the standard.  
Whereas only the colour (3.78) of the variation III was accepted by the panelists. The 
taste (2.72) was poor and significantly different when compared with the standard that 
panelists did not accept 20 per cent incorporation of rice bran. Table 4.Shows the 
range of variation in perception of vegetable pasta. 
 
It is interesting that the mean scores for vegetable pasta incorporated at 10 and 15 per 
cent levels are consistent across all five characteristics. In appearance, they scored just 
3.61 and 3.67 respectively for variations I and II, with the control having the  highest 
score (3.94) and the 20 per cent variation having the score 3.22 (P<0.01) with no 
significant difference in colour in all the three variations. The texture resulted in the 
poor scores with the 20 per cent variation (2.94) and the 10 and 15 per cent variation 
(3.83 and 3.55) lightly lower than the standard (4.17). Texture is one of the biggest 
challenges for cereal pulse pasta; it lacks the elasticity of semolina pasta that perhaps 
most panelists expected and desired. In both taste and flavour, the variations I and II 
were similar to that of the standard with a point of the score of 3, whereas in variation 
III these both perception were poor, disliking this variation. 
 
With the exception of taste, the panelists who tasted mint peas pasta found differences 
in other perceptions like appearance, colour, texture and flavour in three variations. 
Highest characteristic scores were given to variation I and II with respect to 
appearance and texture 4.21, colour 4.14, taste 3.43 and flavour 3.87 in variation I and 
3.71, 4.14, 4.14, 3.21 and 3.67 in variation II respectively and were significant at one 
per cent level (Table 5) 
 
The highest rated variation was I, which in part was due to the 10 percent 
incorporation of rice bran which is not significant. This shows that variation I is 
similar to that of the standard and the scores were in the acceptable mode good (3) 
and very good (4). The mode for variation II i.e. appearance (3.71), colour (4.07), 
taste (3.36)  and flavour (3.33) were similar to standard except for texture (3.57), 
which means more panelists considered this variation II also acceptable. However, the 



score was still in an acceptable range for texture. If it was not compared to two other 
different variations, the texture might be less noticeable and better accepted. There 
was 2.64 acceptability for appearance, 3.57 for colour, 2.14 for taste, 2.36 for texture 
and 2.53 scores for flavour for variation III. These values were significantly not 
acceptable compared to the standards and other two variations, because it had higher 
percentage incorporation of rice bran i.e. 20 per cent giving a darker color.  
 
Standard pasta scored good remarks (Table VII).  Taste of the variation I had an 
average score (3.78) and mode rating that was lower than the other characteristics 
namely appearance and colour (4), texture (4.22) and flavour (3.89) and were not 
significant meaning the rice bran incorporated at 10 % level  was acceptable 
compared with the standard. It appears that the appearance (3.6) and colour (4.2) of 
the rice bran incorporated at 15 per cent level was in the acceptable range. But the 
taste (3.2), texture (3.7) and flavour (3.2) was not acceptable significantly. Only the 
colour (3.8) of 20 per cent incorporation of rice bran was accepted by the panellists. 
The appearance (2.80, taste (2.7), texture (2.1) and flavour (2.6) was poorly accepted 
by the panellists. Rice bran incorporation at 15 and 20 per cent level did not lend as 
much as the standard and 10 per cent level of incorporation did and there was a 
noticeable difference when eaten.  

 
The texture for the standard pasta kheer had an average rating of 3.11. Panelists found 
the standard to be somewhat acceptable in texture. Panelists typically prefer the 
texture of the standard and the variation II rice bran pasta over the variation I and III 
of rice bran pasta. There seem to be a pattern where the panelists gave rating 3.9, 
3.89, 3.78, 3 and 3 for appearance, colour, taste, texture and flavour respectively for 
variation I.  Taste scored 3.1 for rice bran incorporated pasta at 15 per cent level and 
other attributes ranging from 3.4 to 3.9.  Whereas for variation III panelists gave a 
poor score for appearance (2.5), taste (2.7) and flavour (2.3).  But colour (3.6) and 
texture (3) scored good thus showing a negative trend of acceptance of this variation 
III . In this those who gave a high rating to the standard tend to give a low rating to 
the sample with the variation III i.e. rice bran incorporation at 20 per cent. Perhaps 
these panelists who normally enjoyed higher fiber products preferred the sample with 
the 10 percent incorporation of rice bran, and those who didn’t, preferred the standard.  

 
About vegetable pasta soup panellists found the control and variation I and II to be 
acceptable and variation III to be poorly acceptable. The vegetable pasta soup only 
had an average score of 3 acceptability rate in all the variations and standard. The 
colour of the standard and the three variations was well accepted and score was good 
(4). When the first two variations was compared with the standard they had higher 
than average acceptability for all attributes namely appearance (3.8, 3.2), colour (4, 
4.1), taste (3.67, 3) texture (3.78,4.5) and flavour (4,3.7) for variations I and II 
respectively. 20 per cent rice bran incorporated vegetable pasta soup scored badly.  
However, the colour of variation III was found to be acceptable.  
 



The average overall acceptance was still the highest for the standard, which was 4 for 
appearance, 4.11 for colour, 3.22 for taste, 3.44 for texture and 3.11 out of 5 for 
flavour. However, coming closely to the variation I, with an overall acceptability of 3 
was found to be well accepted for flavour (3.67) and taste (3.33) than the standard 
tomato pasta soup.   This sample of 15 percent incorporation of rice bran scored good 
than the standard and variation I for attributes like colour (4), texture (4.3), 
appearance (3.8) and flavour (3.7). This states that tomato pasta soup with 15 per cent 
incorporation of rice bran well blended with this recipe preparation.   The lower score 
for the 20 per cent incorporated tomato soup pasta was between the range 1 and 2, 
which was considered less than acceptable. 
 
Nutritional composition of the rice bran pasta 
Based on the extensive study carried out, it was observed that 15 per cent 
incorporation of rice bran was more acceptable compared with others. Hence nutrient 
analysis was carried out in this most acceptable form used for the feeding trial in 
IICPT, Thanjavur.  
 
It was found that the macronutrients present in 100 g of rice bran pasta was 75.57 g of 
carbohydrates, 6.94 g of protein, fat 2.85 g and fibre 1.47g. It has a moisture content 
of 10.94 g per 100 g.  Rice bran had a mineral content of 682.1 mg of phosphorus, 
9.81 mg of calcium, 8.59 mg of potassium, 7.69 mg of sodium, 2.06 mg of iron and 
4.03 mg of zinc.  
 
75 g of rice bran pasta contained 8.2 g of carbohydrate, 56.67 g of protein, 2.14 g of 
fat and 1.1 g of fibre. Other minerals included phosphorus, calcium, potassium, 
sodium, iron and zinc with 511.57 mg, 7.35 mg, 6.44 mg, 5.76 mg, 1.54 mg and 3.02 
mg respectively.    
 
Anthropometric measurements of the adults 
Table 12 presents the anthropometric measurements namely weight, BMI, WHR, Arm 
Circumference and Arm Muscle Circumference (AMC) of the adults of the feeding 
trial.  
 
The initial weight among overweight adults was found to be 65.95 kg which has 
reduced to 65.79 kg with a difference of 0.16 kg after three months feeding with rice 
bran pasta.  But an increase in weight was observed from 76.35 to 76.43 kg with a 
difference of 0.08 kg among the obese adults. This decrease and increase in weight 
among overweight and obese adults has reflected in BMI, arm circumference and arm 
muscle circumference.  An increase in BMI among overweight adults from 27.39 to 
27.48 with an increase of 0.09 and from 32.69 to 32.73 with an increase of 0.04 
among obese adults was seen.  A reduction in arm circumference of 0.09 cm and arm 
muscle circumference with 0.05 cm in overweight adults was seen. But an increase in 
arm circumference of 0.2 cm and arm muscle circumference with 0.15 cm was 
noticed among obese adults. No change was observed in the WHR in both the groups.  



A comparison of the anthropometric parameters of the overweight and obese adults 
was found to be statistically not significant. 
 
 
Biochemical parameters 
The biochemical parameters of the overweight and obese adults are presented in  
Table 13. 
 
The total cholesterol, triglycerides, LDL and VLDL cholesterol levels of the 
overweight and obese adults were well within the range of normal values. The HDL 
cholesterol levels were less than the normal values and the values decreased by 3.04 
mg/dl in the overweight adults and increased by 0.93 mg/dl among the obese adults. 
An increase in the values of total cholesterol, triglycerides, LDL and VLDL 
cholesterol levels were seen after a three month period of feeding trial. But still the 
values are within the normal level except for LDL cholesterol which is slightly higher 
than the normal values.  
 
On comparing the biochemical parameters among the overweight and obese adults 
before and after feeding statistical analysis revealed that there was no significant 
change after feeding trial. A significant increase (at 1 per cent level) in the LDL 
cholesterol and decrease (at 5 per cent level) in the HDL cholesterol levels among 
overweight adults were seen after the feeding trials. 
 
Body composition measures of the adults 
Body composition measures of the overweight and obese adults is presented in 
Table14. 
 
The protein content of the adults are well within the normal range of 6.8 to 8.3 kg. 
Over a period of three months of feeding trial it was observed that among the 
overweight adults, the protein increased from 7.04 to 7.09 kg and among the obese 
adults from 7.41 to 7.48 kg.  Soft lean mass a component of the protein has increased 
from 33.9 to 34.05 kg in overweight adults and from 35.74 to 36.04 kg in obese adults 
with an increment of 0.15 kg in overweight than 0.3 of obese adults. Both protein and 
soft lean mass reflects the nutritional status of the adults is good.   
 
A very little increase of 0.01 kg of minerals is seen among the overweight adults from 
2.56 to 2.57 kg and a little more increase of 0.04 kg from 2.62 to 2.66 kg is observed 
among the obese adults and is in the normal range of 2.31 to 2.83 kg. This level of 
normal range of the mineral content indicates the low risk of osteoporosis among the 
adults. Mineral mass is closely related to soft lean mass.  Hence in the present study 
also an increase is observed in mineral, protein and soft lean mass among the adults. 
 
Body fat mass reflects the body fat stored under the skin and in the abdomen which 
should be maintained by an adult for their standard weight. Body fat mass among the 



overweight adults was 29.25 kg initially which reduced to 29.09 kg after the feeding 
trial with a small decrease of 0.16 kg and is not statistically significant.   Only a small 
difference of 0.2 kg was observed among the obese adults with initial and final values 
of 38.4 and 38.2 kg respectively.  
 
The initial per cent body fat in overweight and obese adults were 44.7 and 50.26 per 
cent respectively. Percent body fat is the percentage of body fat to body weight. The 
per cent body fat in the present study is doubly high when compared with the normal 
values of 18 to 28 per cent for females. As there was a decrease in the body fat a 
difference of 0.25 and 1.22 per cent of body fat was observed in overweight and obese 
adults with 44.45 and 49.95 per cent body fat after three months period of feeding 
trial.  
 
Fat free mass refers to any body tissue that contains no fat.   Fat free mass includes 
water, protein, bone mineral, soft tissue mineral and glycogen. As there was an 
increase in all the parameters mentioned an increase of 0.2 kg and 0.32 kg was seen in 
fat free mass of overweight and obese adults respectively.   
 
A decrease of 0.58 cm2 and 1.16 cm2 is seen in visceral fat area of overweight and 
obese adults during the feeding trial. Visceral fat is the fat potentially stored around 
the abdominal organs is a risk indicator of developing cardiovascular disease, type 2 
diabetes, high lipids and hypertension. In this feeding trial a positive trend is seen 
among the adults decreasing the risk of health complications.    
 
No significant change was observed in the body composition parameters of the adults 
before and after feeding with rice bran incorporated pasta. 
 
Correlation between body composition variables 
The correlation between various body composition variables is shown in Table 15. 
  
A high degree of correlation was seen between body fat mass and per cent body fat 
among overweight adults (significant at 1per cent level) and obese adults (significant 
at 5per cent level). No correlation was observed between body fat mass and fat free 
mass, total body water, protein among overweight and obese adults and is not 
statistically significant. Positive correlation was seen between BFM and mineral 
among obese adults and was significant at 5 per cent level.  But no correlation was 
seen in overweight adults. 
 
A high degree of positive correlation (P<0.01) as observed between fat free mass and 
protein, total body water, soft muscle mass and mineral among overweight and obese 
adults.  
 
A positive correlation was seen between protein and soft muscle mass and is an 
indicator of good nutrition. This positive trend is statistically significant at one per 



cent level. Similar trend was seen between mineral and bone cell mass and is 
significant at one per cent level. 
 
 
Relation between WHR and body composition variables 
The relationship between WHR and body composition variables is given in Table 16. 
 
A positive correlation was seen between WHR and per cent body fat and was 
significant at 5 per cent level. Whereas a negative correlation between WHR and fat 
free mass and protein which is significant at one per cent level.  These results are in 
par with results obtained by Merchant et al (2005). 
 
Correlation between weight and body composition variables 
Table 17 gives the relationship between weight and body composition variables. A 
high degree of positive correlation was observed between weight and other body 
composition variables namely body fat mass, fat free mass, total body water, protein, 
soft muscle mass, mineral and bone cell mass and was statistically significant at one 
per cent level among overweight and obese adults. No correlation was observed 
between weight and per cent body fat.  
 
Relation between BMI and body composition variables 
Table 18 gives the relationship between BMI and other body composition variables. 
 
A positive correlation was seen between BMI and body fat mass and was statistically 
significant at 1per cent level among overweight and at 5 per cent level among obese 
adults. But no significant change was seen between BMI and fat free mass, total body 
water, mineral and protein before and after feeding trials with rice bran incorporated 
pasta.  
 
Conclusion 
In conclusion, the results indicate that feeding trials with rice bran incorporated pasta 
at 15 per cent level for overweight and obese adults did not contribute to the 
manifestation of overweight and obesity. Body composition and biochemical 
parameters were not modified by nutritional recovery with rice bran. Finally, the 
expected modulator role of fibre in rice bran in reducing weight of the adults was not 
verified.  Long term feeding of rice bran pasta may bring out tangible results for 
overweight / obese individuals. 
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Table 1. Perception of Green Gram Dhal Pasta 
 

Green gram dhal 
Pasta 

S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 3.7±0.6 3.4±0.6 3.13±0.52 2.47±1.19 1.49±0.61NS 2.95±0.56** 3.7±0.94** 

Colour 4±0.4 4.1±0.3 4±0.38 3.87±0.35 0.56±0.32NS 0±0.38 1.0±0.36NS 

Taste 4±0.4 3.3±0.8 3.27±0.46 2.07±1.03 3.21±0.63** 4.78±0.42** 6.81±0.78** 

Texture  4.5±0.6 4.3±0.6 4.07±0.8 2.6±0.99 1.18±0.62NS 1.77±0.72NS 6.37±0.83** 

Flavour 4.4±0.8 3.7±0.6 3.67±0.72 2.4±1.12 2.75±0.73** 2.58±0.78** 5.56±0.99** 

 
Table 2. Perception of Cabbage Mint Pasta 
 

Cabbage Mint Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.2±0.6 4.0±0.8 3.59±0.62 3.0±0.8 0.71±0.71NS 2.73±0.63** 4.78±0.72** 

Colour 3.9±0.7 3.4±0.9 3.88±0.6 3.6±0.8 2.03±0.85* 0.25±0.67NS 1.12±0.77NS 

Taste 3.8±0.9 3.6±0.9 3.18±0.53 2.6±0.9 0.58±0.89NS 2.32±0.74* 3.55±0.92** 

Texture  4.2±1.0 4.3±0.8 3.76±0.97 2.9±1.1 0.19±0.88NS 1.41±0.97NS 3.78±1.04** 

Flavour 3.9±0.9 3.9±0.9 3.41±0.62 2.7±0.8 0±0.86 1.84±0.75NS 4.02±0.85** 

 
Table 3.Perception of Tomato Onion Pasta 
 

Tomato Onion Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III
Appearance 4.33±0.69 3.78±0.73 3.78±1.0 2.89±1.02 2.35±0.71* 1.94±0.86NS 4.98±0.87** 

Colour 3.94±0.73 4.0±0.59 4.00±0.58 3.78±0.65 0.25±0.66NS 0.76±0.66NS 0.73±0.69NS 

Taste 4.06±0.73 3.61±0.78 3.33±0.91 2.72±1.02 1.77±0.75NS 2.64±0.82** 4.53±0.88** 

Texture  4.44±0.7 4.28±0.67 4.11±0.68 3.0±1.14 0.73±0.69NS 1.45±0.69NS 4.58±0.95** 

Flavour 3.94±0.87 3.61±0.78 3.61±0.92 2.83±1.04 1.21±0.83NS 1.12±0.89NS 3.47±0.96** 



 
Table 4. Perception of Vegetable Pasta 
 

Vegetable Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 3.94±0.94 3.61±1.04 3.67±1.03 3.22±1.17 1.01±0.99NS 0.84±0.98NS 2.05±1.06* 

Colour 3.78±0.88 3.89±0.58 3.89±0.47 3.61±0.92 0.45±0.75NS 0.47±0.71NS 0.56±0.89NS 

Taste 3.44±1.1 3.17±1.1 3.0±0.97 2.61±1.09 0.76±1.1NS 1.29±1.04NS 2.28±1.09* 

Texture  4.17±0.86 3.83±0.79 3.55±0.7 2.94±0.87 1.22±0.82NS 2.34±0.79* 4.24±0.87** 

Flavour 3.5±1.15 3.33±0.91 3.11±0.75 2.56±0.86 0.48±1.04NS 1.2±0.97NS 2.79±1.01** 

 
Table 5. Perception of Mint Peas Pasta 
 
Mint Peas Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.5±0.76 4.21±0.7 3.71±0.83 3.14±1.23 1.04±0.73NS 2.62±0.79** 3.51±1.02** 

Colour 4.14±0.36 4.14±0.36 4.14±0.36 3.86±0.66 0±0.36 0±0.36 1.41±0.53NS 

Taste 3.79±0.80 3.43±0.76 3.21±0.89 2.57±1.09 1.21±0.78NS 1.78±0.85NS 3.36±0.96** 

Texture  4.57±0.51 4.21±0.43 4.14±0.36 2.93±1.07 2.00±0.47* 2.55±0.45* 5.17±0.84** 

Flavour 4.13±0.77 3.87±0.66 3.67±0.50 2.87±0.97 1.05±0.69NS 2.03±0.63* 3.96±0.88** 

. 
Table 6. Perception of Lime Pasta 
 

Lime Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.21±0.97 4.07±0.83 3.71±1.07 2.64±1.08 0.42±0.91NS 1.29±1.02NS 4.04±1.03** 

Colour 4.43±0.51 4.0±0.68 4.07±0.62 3.57±1.16 1.88±0.60NS 1.67±0.57NS 2.53±0.89* 

Taste 3.57±0.85 3.43±0.85 3.36±1.08 2.14±0.86 0.44±0.85NS 0.58±0.97NS 4.4±0.86** 

Texture  4.43±0.65 4.00±0.88 3.57±0.94 2.36±1.01 1.47±0.77NS 2.82±0.80** 6.47±0.85** 



Flavour 3.73±0.91 3.87±0.66 3.33±0.83 2.53±0.85 0.47±0.77NS 1.29±0.85NS 3.65±0.90** 
 
Table 7. Perception of Pasta Uppuma 
 

Pasta Uppuma S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.2±0.63 4.0±0.82 3.6±0.84 2.8±1.23 0.61±0.73NS 1.80±0.74NS 3.2±0.98** 

Colour 4.33±0.82 4.00±0.99 4.2±0.66 3.8±0.5 0.98±0.91NS 0.31±0.73NS 1.52±0.73NS 

Taste 4.22±0.48 3.78±0.42 3.2±1.2 2.7±1.41 2.47±0.45** 2.82±0.87* 3.56±1.01** 

Texture  4.33±0.7 4.22±0.82 3.7±0.71 2.1±1.05 0.29±0.76NS 2.28±0.69* 5.98±0.96** 

Flavour 4.33±0.67 3.89±0.74 3.2±0.71 2.6±0.88 1.26±0.70NS 3.05±0.81** 4.98±0.76** 

 
Table 8 Perception of Pasta Kheer 
 

Pasta Kheer S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.2±0.79 3.9±1.1 3.6±1.17 2.5±1.18 0.7±0.96NS 1.34±1.00NS 3.79±1.0** 

Colour 4.11±0.79 3.89±0.67 3.8±0.44 3.6±0.88 0.61±0.73NS 1.41±0.63NS 1.64±0.82NS 

Taste 3.89±0.67 3.78±0.88 3.1±0.6 2.7±0.93 0.29±0.78 3.25±0.62** 3.28±0.89** 

Texture  3.11±0.74 3.0±0.67 3.9±1.09 3.00±1.36 0.32±0.70NS 1.91±0.94NS 0.21±1.08NS 

Flavour 3.0±1.2 3.0±1.2 3.4±0.53 2.3±1.09 0±1.2 0.73±0.92NS 1.58±1.13NS 

 
Table 9. Perception of Vegetable Pasta Soup 
 

Vegetable Pasta 
Soup 

S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 3.8±0.42 3.8±0.42 3.2±0.63 2.7±0.34 0±0.42 2.5±0.54* 2.48±0.99* 

Colour 4.0±0.67 4.0±0.67 4.1±0.71 3.7±0.73 0±0.67 0.32±0.70NS 0.89±0.75NS 

Taste 3.67±1.03 3.67±1.03 3.0±0.53 2.6±1.01 0±1.03 2.23±0.80* 2.68±1.0** 



Texture  3.56±0.7 3.78±0.63 4.5±0.73 2.1±1.2 0.67±0.67NS 2.86±0.70** 3.42±0.98** 

Flavour 3.89±0.32 4.0±0.47 3.7±0.71 2.3±0.88 0.56±0.4NS 0.85±0.53NS 5.06±0.71** 

 
Table 10. Perception of Tomato Pasta Soup 
 

Tomato Pasta Soup S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.0±0.94 3.4±0.52 3.8±1.14 2.7±1.06 1.77±0.76NS 0.43±1.04NS 2.9±1.0** 

Colour 4.11±0.42 3.44±0.84 4.0±0.6 3.5±0.73 2.68±0.67** 0.80±0.56NS 2.7±0.58** 

Taste 3.22±0.95 3.33±0.95 3.2±0.33 1.9±0.6 0±0.95 0.30±0.73NS 4.00±0.78** 

Texture  3.44±0.7 3.0±0.67 4.3±0.71 2.9±1.36 1.9±0.68NS 2.28±0.69* 1.51±1.04NS 

Flavour 3.11±1.34 3.67±1.16 3.7±1.0 2.1±0.93 0.72±1.25NS 0.27±0.83NS 4.23±0.79** 

 
Table 11. Nutritional Composition of 15 Per Cent Incorporated Rice Bran Pasta 
 

Nutritional Composition Quantity in 100 g of rice 
bran pasta 

Quantity in 75 g of the 
supplement 

Moisture 10.94 g 8.20 g 
Carbohydrates 75.57 g 56.67 g 
Protein 6.94 g 5.20 g 
Fat 2.85 g 2.14 g 
Fibre 1.47 g 1.1 g 
Ash 2.23 g 1.67 g 
Phosphorus 682.1 mg 511.57 mg 
Calcium 9.81 mg 7.35 mg 
Potassium 8.59 mg 6.44 mg 
Sodium 7.69 mg 5.76 mg 
Iron 2.06 mg 1.54 mg 
Zinc  4.03 mg 3.02 mg 

 
 
 



Table 12. Anthropometric Measurements of the Adults 
 

Parameters Standard value Overweight Obese 
Initial Final Difference ‘t’ value Initial Final Difference ‘t’ value 

Weight (kg)  65.95±7.61 65.79±7.38 -0.16 0.36NS 76.35±6.08 76.43±5.72 +0.08 0.23NS 
BMI (kg/m2) 25-29.9 

30-34.99 
27.39±1.58 27.48±1.81 +0.09 0.55NS 32.69±1.65 32.73±1.51 +0.04 0.26NS 

WHR 0.75-0.8 0.92±0 0.92±0 0 0 1±0 1±0 0 0.23NS 
Arm Circumference (cm)  31.82±1.61 31.73±1.67 -0.09 0.56NS 35.89±1.89 36.09±2.05 +0.2 0.59NS 
Arm Muscle Circumference 
(cm) 

 23.40±0.92 23.35±0.97 -0.05 1.03NS 25.25±0.81 25.40±0.84 +0.15 0.85NS 

 
Table 13. Biochemical Parameters 
 

Parameters Standard 
value 

Overweight Obese 
Initial Final Difference ‘t’ value Initial Final Difference ‘t’ value 

Total 
cholesterol 

<200 mg/dL 173.85±30.67 178.61±22.65 +4.76 1.15NS 175.58±30.66 181.02±30.21 +5.44 0.78NS 

Triglycerides <150 mg/dL 103.75±45.06 113.46±60.32 +9.71 1.07NS 101.37±22.54 109.92±23.74 +8.55 1.53NS 
HDL 
cholesterol 

>50 mg/dL 41.60±7.31 44.64±8.54 -3.04 2.7* 43.19±9.32 44.12±9.18 +0.93 0.64NS 

LDL 
cholesterol 

<100 mg/dL 102.83±22.57 109.15±20.83 +6.32 3.37** 107.19±26.87 115.17±28.24 +7.98 1.39NS 

VLDL 
cholesterol 

<40 mg/dL 20.76±9.01 22.7±12.06 +1.94 1.07NS 20.27±4.50 21.98±4.74 +1.71 1.53NS 

TC-HDL ratio  4.25±0.92 4.13±0.88 -0.12 1.26NS 4.24±1.18 4.25±1.06 +0.01 0.03NS
 
Table 14. Body Composition Measures of the Adults 
 

Parameters Standard 
value* 

Overweight Obese 
Initial Final Difference ‘t’ value Initial Final Difference ‘t’ value 

Protein (kg) 6.8-8.3 7.04±0.72 7.09±0.72 +0.05 1.06NS 7.41±0.57 7.48±0.59 +0.07 1.05NS
Soft lean mass (kg) 33.8-41.1 33.9±3.47 34.05±3.44 +0.15 0.66NS 35.74±2.79 36.04±2.83 +0.3 1.03NS 
Mineral (kg) 2.31-2.83 2.56±0.26 2.57±0.27 +0.01 0.71NS 2.62±0.27 2.66±0.23 +0.04 1.76NS 
Fat free mass (kg) 35.9-43.6 36±3.69 36.2±3.68 0.2 0.77NS 37.92±2.98 38.24±3.02 +0.32 1.04NS 



Body fat mass  
(kg) 

9.8-15.7 29.25±4.4 29.09±4.53 -0.16 0.46NS 38.40±3.97 38.2±3.56 -0.2 0.84NS 

Per cent body fat  18-28 44.70±3.62 44.45±3.66 -0.25 0.69NS 50.26±2.27 49.95±2.15 -0.31 1.22NS 
Skeletal muscle mass 
(kg) 

18.5-22.5 19.28±2.22 19.36±2.22 +0.08 0.58NS 20.38±1.77 20.55±1.81 +0.17 0.98NS 

Visceral fat area 
(cm2) 

 118.03±18.
52 

117.45±18.96 -0.58 0.575NS 157.95±22.27 156.79±20.65 -1.16 1.01NS 

* Reference range as per ‘In Body 720’ body composition analyser data for normal subjects 
 
Table 15. Correlation between body composition variables in overweight and obese adults 
 

Parameters Overweight Obese 
BFM Vs PBF 0.775** 0.588* 

BFM Vs FFM 0.388NS 0.514NS 

BFM Vs TBW 0.387NS 0.501NS 

BFM Vs Protein 0.345NS 0.503NS 
BFM Vs Mineral 0.426NS 0.609* 
FFM Vs Protein 0.997** 0.997** 

FFM Vs TBW 1** 0.999** 

FFM Vs SMM 0.997** 0.997** 

FFM Vs Mineral 0.947** 0.95** 
Protein Vs SMM 0.999** 0.998** 
Mineral Vs BCM 0.921** 0.929**

*Significant at 5per cent level ** Significant at 1per cent level  
NS Not significant 
 
Table 16. Correlation Between WHR and body composition variables 

Parameters Overweight Obese 
WHR Vs BFM 0.159NS 0.046NS 
WHR Vs PBF 0.624* 0.68* 
WHR Vs FFM -0.659* -0.686* 
WHR Vs Protein -0.669* -0.664*

*Significant at 5per cent level NS Not significant 



Table 17. Correlation Between Weight and Body Composition Variables 
 

Parameters Overweight Obese 
Weight Vs BFM 0.808** 0.893** 
Weight Vs PBF 0.288NS 0.16NS 
Weight Vs FFM  0.819** 0.845** 
Weight Vs TBW 0.818** 0.837** 
Weight Vs Protein 0.799** 0.837**
Weight Vs SMM 0.8** 0.839** 
Weight Vs Mineral 0.798** 0.877** 
Weight Vs BCM 0.798** 0.839** 

*Significant at 5per cent level ** Significant at 1per cent level NS Not significant 
 
Table 18. Correlation Between BMI and Body Composition Variables 
 

Parameters Overweight Obese 
BMI Vs BFM 0.883** 0.597* 
BMI Vs PBF 0.81** 0.29NS 
BMI Vs FFM 0.164NS 0.336NS 
BMI Vs Mineral 0.136NS 0.344NS 
BMI Vs Protein 0.106NS 0.206NS 

*Significant at 5per cent level ** Significant at 1per cent level NS Not significant 
 
 
 
 
 
 
 
 
 
 



 
 
 



ANNEXURE V 
 

Study on Rice Bran Incorporated Indian Ethnic Food Products on Glycemic 
Index and Lipid Profile in Diabetic and Hyperlipidemic Subject 

 
Rice bran is obtained as a byproduct during the rice milling process and the outer 
layer or parts are removed at the time of polishing of husked rice (David et al., 2006). 
Stabilized rice bran (SRB), is a powerful source of vitamins, nutrients, proteins and 
fiber. The soluble and insoluble fibers are necessary for optimum digestion, blood 
sugar regulation, lowering cholesterol and prevention of diabetes and heart diseases. 
The stabilized rice bran contains an approximate insoluble versus soluble fiber ratio of 
5 to 1. Rice bran exhibits a high digestive tolerance that occurs along the whole 
digestive tract with no excessive fermentation in the large intestine. SRB contains 
astounding quality of synbiotics, tocols, oryzanols, polyphenols, sitosterol and 
phytosterols. Rice bran is packed with full of omega-3 and omega-6 fatty acids 
(Hoogenkamp, 2008). Healthy complex carbohydrates found in stabilized rice bran have 
“low glycemic index” which means they do not cause spikes in blood glucose (Sayre et al,. 
2007). 
 
The American Diabetic Association recommends that individuals with diabetes 
mellitus must increase the quantity of dietary fiber in their diets to reduce their blood 
glucose and insulin levels following meals.  Qureshi et al.,3 brought into limelight that 
soluble fiber such as rice bran plays an important role in decreasing cholesterol and 
controlling blood glucose levels. Every year, 63 to 76 million tons of rice bran is 
produced in the world and more than 90 per cent of rice bran is sold as animal feed for 
throw away price. Despite its excellent nutritional and nutraceutical properties, it is 
mainly utilized for animal feed.  
 
Earnest efforts are needed to incorporate this healthy ingredient back into our diet. 
Hence, the present study was undertaken to 

a) Develop the recipes incorporated with rice bran and evaluate their 
organoleptic properties  

b) Estimate their glycemic index 
c) Nutrient analysis and shelf life study of ready mix 
d) Study the impact of supplementation of rice bran incorporated ready mixes on 

type ii diabetic and hyperlipidemic subjects 
 
Methodology  
 

Standardization of Rice Bran Incorporated ethnic food products 
Ten standard Indian subcontinent recipes were chosen for incorporating rice bran at 
three levels, i.e. 25, 30 and 35 per cent replacing the cereals and pulses in the standard 
recipe. These included chapati, mixed vegetable chapati, wheat dosa, wheat rava dosa, 



kozhukattai, ragi vermicelli, rice vermicelli and pulse based preparations namely adai, 
rava adai and ragi adai. All the recipes selected were standardized in the laboratory. 
 
Conduct of Acceptability Trials 
Each standard recipe was tried with incorporation of stabilized rice bran at 25, 30 and 
35 per cent levels and tested by the 20 panel members in the age group of 20 to 25 
years. The 5 point hedonic scale was selected for the evaluation ranging from 
extremely like to extremely dislike. The results of sensory evaluation indicated that 25 
per cent of stabilized rice bran incorporated recipes were highly acceptable 
(Premakumari et al., 2012) (Table I) and glycemic index of these recipes were 
determined. 

 
Determination of Glycemic Index  
Glycemic Index is a measurement of how fast 50g of given carbohydrate raises blood 
glucose levels as it is digested while the glycemic index provides precise information 
about how 50g of the food will affect blood glucose levels (Anderson, 2007). 
 
Ten healthy volunteers (adult men and women) of age 20 – 40 years were selected for 
the study of glycemic index of each recipe. Three days before the test period, all the 
subjects were asked to avoid consuming sweet preparations. On the first day of the 
experiment, fasting blood glucose was determined for all the subjects at 6 a.m. Then 
all the subjects were given 50 g of glucose in 250 ml of water to drink. The fasting 
blood glucose level was determined using glucometer using glucose-strip which is 
based on the action of glucose oxidase and the value was recorded.  Once in half an 
hour, blood glucose level was determined for all the subjects’ upto 2 hours.  
 
On the second day, all the subjects were fed with one of the 10 standard recipes and 
the quantities of the dish provided 50 g of carbohydrates which matched the glucose 
load of 50 g given on the previous day. On the third day, the subjects were made to 
consume the same recipes containing 50 g of carbohydrate incorporated with 25 per 
cent level of stabilized rice bran. 
 
The subjects were given 10-15 minutes for the consumption of the food. The subjects 
were not allowed to drink/eat any calorie containing foods. The blood glucose values 
for each subject were plotted against time in hours on a graph. The area under test 
recipe, standard recipe and glucose curves were determined. This procedure was 
repeated for all the ten standardized recipes and their Glycemic Index was 
determined. 
 
Glycemic Index was calculated using the following formula: 
 
 Area under the test recipe curve/ standard recipe curve  
Glycemic Index   = X 100
               Area under the glucose curve 



Nutrient analysis of ready mix 
The nutrients present in ready mix namely chapathi mix, idli mix and adai mix was 
analysed. The nutrients analysed include energy, carbohydrate, fat, protein, dietary 
fiber, moisture and ash. 
 
Shelf study of ready mix 
Three mixes namely mixed vegetable chapathi, wheat rava idly and adai which are 
suitable for popularizing as low GI foods were packed in polythene pouch, aluminum 
pouch and glass bottle and stored in ambient temperature. Total bacterial count was 
analysed in one month intervals to find out the keeping quality of the products. 
 
Selection of area and subjects for supplementation 
The supplementation study was carried out in Thudiyalur Panchayat of Coimbatore 
city as the investigator could get adequate number of volunteers for conducting the 
study in that area. All the confirmed cases of type 2 diabetes mellitus and 
hyperlipidemia were identified in that Panchayat. After obtaining the consent of the 
individuals, blood samples were collected after overnight fast (12 hours) and were 
analyzed to determine the suitability of the subjects for the study. 
 
Inclusion criteria for type 2 diabetics  

a) Subjects in the age group of 20-60 years 
b) Fasting blood glucose level greater than 90-130 mg/dl, post prandial blood 

glucose level greater than 180 mg/dl and HbA1c greater than 7 per cent2 
 

Inclusion criteria for hyperlipidemics   
a) Subjects in the age group of 20-60 years 
b) Total cholesterol greater than 230 mg/dl, LDL greater than 130 mg/dl, VLDL 

greater than 40 mg/dl and triglyceride greater than 150 mg/dl4 
 
Twenty  type 2  diabetic subjects  and 20 hyperlipidemic subjects (10 male and 10 
female in each group) who could meet  the  above inclusion criteria  were selected  as 
participants for the study. Each group was further divided into two groups of 10 each 
(5 male and 5 female) with one group serving as an experimental and the other 
serving as control group. 

 
Eliciting background information 
A questionnaire was used to elicit information on dietary pattern, eating habits, 
physical activities, lifestyle pattern and history of disease of all the 40 subjects. These 
details   were collected through direct face-to-face / door-to-door interview method5.  
 
Dietary intake assessment 
24-hour recall is a form of dietary intake data collection. During 24-hour recall, the 
investigator listed out all foods and beverages consumed and the amount of foods as 
accurately as possible.  For determining the quantity of food, measuring cups, measuring 



spoons, etc were used. The 24-hour recall was administered to all the 40 subjects of the 
supplementation study. 
 
Anthropometric measurements 
For all the 40 subjects weight, height, Body Mass Index (BMI), waist circumference, 
hip circumference and Waist Hip Ratio (WHR) were measured at the beginning of the 
study and at the end of the supplementation study.  The weight of the selected subjects 
were recorded in the morning with light ordinary clothing after removing their 
footwear using digital weighing balance to the nearest 0.1 kg.  Height of the subjects 
was taken using stadiometer. The subjects were asked to remove their footwear, stand 
with his/her back of the head, back, buttocks, calves and heels touching the wall and 
look straight. The head piece of the stadiometer was lowered and the height was 
recorded to the nearest 0.1 cm.  BMI was calculated for all the subjects using the 
formula BMI = (Weight in kg) / (Height in m2)7.    
  
Biochemical assessment  
Biochemical tests were carried out initially for all the 40 subjects.  For type 2 diabetic 
subjects, fasting blood glucose was taken by venipuncture after 8-12 hours of fasting, 
preferably in the morning in the supine position. The postprandial blood glucose was taken 
two hours after consumption of the food. The glycosylated haemoglobin also known as 
HbA1c denotes the percentage of glucose bound to HbA. The higher the blood glucose, the 
more will be the glysosylation of haemoglobin8. The fasting blood glucose and the 
postprondial blood glucose were analyzed by glucose oxidase method. The HbA1c was 
analyzed by bidirectionally interfaced fully automated turbidometry method. 
 
The lipid profile estimations were carried out for the 20 hyperlipidemic subjects, 
using enzymatic method for serum total cholesterol9, enzymatic colorimetric method 
for triglycerides10, phospho tungstate method for high density lipoprotein11 and the 
calculation method for low density lipoprotein. 
 
Conduct of supplementation study 
 
Selection and preparation of supplements 
Premakumari et al. evolved 10 fibre rich ready mixes with 25% replacement of 
cereals / pulses in the standard mixes with rice bran (Table I).  Based on the sensory 
evaluation and glycemic index values (ranging from 46.6 to 67.7) six mixes namely 
wheat dosai, wheat rava dosai, adai, rava adai, mixed vegetable chapati and chapati 
were chosen for the supplementation study.  

 
Preparation and distribution of ready mixes  
The supplements were distributed in the form of ready mixes in raw form. The six 
different mixes were packed in polythene packets and labelled and sealed. The mixes 
in each packet weighed 100 g and they contained 25g of microwave stabilized 
parboiled rice bran. 



 
The preparations of recipes using mixes were demonstrated to the beneficiaries and 
they were requested to prepare and include these fiber-rich ready mix recipes in two 
meals a day replacing their normal preparations. The subjects were asked to prepare 
the recipe and consume according to their convenience.  The supplements were given 
for a period of 90 days. The dietary fiber content of each recipe varied from 7-10 g 
per 100 g which is helpful to meet half of the subject’s daily requirement. The six 
types of ready mixes were distributed every week so that the subjects consumed fiber 
containing recipes without any monotony.  
 
Table 1. Level of Incorporation of Rice Bran 
 

Ethnic Food Products 
  

Quantity (g) 
Cereal / Pulse Rice 

Bran 
Wheat dosa (fermented pan cake made from 
wheat flour) 
Mixed vegetable chapati (roti made with wheat 
flour and mixed vegetables) 
Chapati (roti made from wheat flour) 

Wheat flour 75  25 

Wheat rava dosa (pan cake made from wheat 
rava batter) 

Wheat rava 75 25 

Adai (thick pancake prepared from a batter of 
dhals)   
 

Rice 
Bengal gram 
Green gram dhal 
Red gram dhal 
Black gram 

35  
10  
10  
10  
10  

25 

Rava adai (thick pancake prepared from rava 
and batter of dhals) 
 

Wheat rava 
Rice broken 
Bengal gram 
Green gram dhal 
Red gram dhal 
Black gram 

30 
5  

10 
10 
10 
10 

25 

 
Evaluation of the impact of supplementation 
The anthropometric measurements and biochemical estimations and diet intake were 
repeated for all the 40 subjects at the end of the supplementation. The biochemical 
estimation was performed for 10 experimental hyperlipidemic subjects both at the end 
of 45 days of supplementation and at the end of the supplementation. The data 
collected was statistically analysed and interpreted. 
 
Results and Discussion 
 
Organoleptic Evaluation  
The results of the organoleptic evaluation of 10 different rice bran incorporated 
recipes are given in Table 1.  Cereals and pulses are mostly used by Indians on daily 
basis.  
 



It is clear from Table II that the mean acceptability score of recipes in standard ranged 
from 8.35 to 8.8 and in recipes incorporated with 25, 30, 35 per cent of rice bran 
ranged from 8.05 to 8.45, 4.75 to 6.25 and 2.75 to 4.35 respectively.  These scores 
were lower than the scores obtained by standard recipes. While comparing with the 
standard 25 per cent incorporation showed less difference than 30 and 35 per cent 
incorporation in all the recipes.  
 
Comparing the 25 per cent incorporated  rice bran  with 30 and 35 per cent 
incorporation 25 per cent was found to be  most acceptable than the rest. Among the 
test recipes at 25 per cent level of incorporation of rice bran wheat rava dosa scored 
high (8.45) followed by rice vermicelli and kozhukattai (8.4), ragi vermicelli (8.2), 
mixed vegetable chapati (8.1) and chapati and wheat dosa (8.05).  These findings 
showed that the lesser the addition of rice bran greater is the acceptability. According 
to Gajula et al., (2008) increase in bran level from 0 to 25 per cent significantly 
reduced the overall acceptability and all other attributes.    
 
Among the other preparations, 25 per cent incorporation showed greater acceptability 
out of all the test recipes when compared to the standard. Twenty five per cent level 
of incorporation of rice bran showed that ragi adai and rava adai had the acceptability 
value of 8.2 followed by adai with an acceptability value of 8.0.From the acceptability 
trials, it was concluded that the rice bran at 25 per cent level of incorporation is most 
acceptable compared to the other test recipes.  
 
Glycemic Index - Mean Blood Glucose Levels 
Glycemic index is a numerical system of measuring how much of a rise in circulating 
blood sugar that the carbohydrate triggers. Higher the number, the greater the blood 
sugar response.  
.  
When comparison was drawn between the standard and the test recipes, there was a 
significant difference in blood glucose values when compared at half-an-hour, one-
hour, one–and-half hour and two hour intervals. Carbohydrates are known to account 
for  the variations in the glycemic response to the meals, but GI also affected by 
factors such as the nature of starch, cooking and food processing methods and other 
dietary constituents like dietary fiber, fat and protein. 
 
The mean glycemic index of the standard and rice bran incorporated recipes is shown 
in the Table 4. The new glucose revolution refers the glycemic index as “the dietary 
solution for lifelong health”. The glycemic index of all the standard and the test 
recipes were compared statistically and the results showed that there is a significant 
difference in the test recipes when compared to the standard ones (p<0.01).  Recipes 
like wheat chapatti (52.40), mixed vegetable chapati (52.40), wheat dosa (52.81), 
wheat rava dosa (46.60), kolukattai (67.68), rice vermicelli (63.70) and ragi vermicelli 
(59.74) rice bran incorporated at 25 per cent level showed low and medium glycemic 
index compared to the standard recipes. 



 
Diets based on carbohydrate foods that are more slowly digested, absorbed and 
metabolized (i.e., low glycemic index diets) have been associated with a reduced risk 
of type II diabetes and cardiovascular disease (Pankaj Modi , 2011). 
 
Nutrient analysis of the ready mix 
The ready mix suitable for supplementation studies was subjected to nutrient analysis. 
Adai mix had a maximum energy content of 414.34 kcal followed by chapathi 
(389.31) and idli (379.79) mix. The carbohydrate content of the chapathi mix, idli mix 
and adai mix are 79 g, 75 g and 81.03 g respectively. Adai mix and idli mix had a 
higher fat content of 4.11 and 3.19 g.   
 
The protein and fibre content was high in chapathi mix with a value of 10.8 g and 11 
g respectively.  The moisture content was 9, 7.5 and 4.5 % in idli mix, chapathi mix 
and adai mix respectively. 
 
Table 2. Nutrient Content of the Ready Mix 
 

Nutrients Chapathi 
mix 

Idli mix Adai mix 

Energy (Kcal) 389.31 379.79 414.34 

Carbohydrate (g) 79.0 75.0 81.03 

Fat (g) 1.1 3.19 4.11 

Protein (g) 10.8 7.46 7.66 

Dietary fibre (g) 11.0 4.0 5.5 

Moisture (%) 7.5 9.0 4.5 

Ash (%) 1.5 4.0 2.7 

 
Shelf life study of the selected ready mix 
Table gives the details on shelf life study of the chapathi mix, idli mix and adai mix in 
two different types of packing for three months period. 
 
Table 3. Shelf Life Study of the Ready Mix 
 

Ready mix Type of packing Total bacterial count at 37o C 
Initial After 1 month After 2 month 

Chapathi mix Bottle Absent 1x103cfu/g 1x105cfu/g 
Polythene pouch Absent 1x103cfu/g 1x105cfu/g 
Aluminium pouch Absent 1x103cfu/g 2x105cfu/g 

Idli mix Bottle Absent 1x103cfu/g 2x105cfu/g 
Polythene pouch Absent 2x103cfu/g 2x105cfu/g 
Aluminium pouch Absent 2x103cfu/g 2x105cfu/g

Adai mix Bottle Absent 2x103cfu/g 2x105cfu/g 
Polythene pouch Absent 1x103cfu/g 3x105cfu/g 
Aluminium pouch Absent 2x103cfu/g 3x105cfu/g 

 
 



Effect of supplementation  
The impact of rice bran supplementation among the selected type II diabetic and 
hyperlipidemic subjects is presented in terms of biochemical, anthropometric 
measurements and nutrient intake.  
 
Blood glucose level 
The blood glucose levels namely fasting and postprandial glucose and HbA1c were 
analyzed before and after the supplementation study. Table 4 shows the impact of 
supplementation on the mean blood glucose levels of the diabetic subjects.  
 
Table 4. Blood Glucose Levels of the Diabetics 
 

Blood 
glucose 

Groups Initial(I) Final(F) Difference 
t value 
(I)vs(F) 

Fasting 
blood 
glucose 
(mg/dl) 

Control 167.7026.57 157.8 18.26 9.9010.55 0.93NS 

Experim
ental 166.0 27.66 97.20 14.41 68.807.22 9.52** 

Post 
prandial 
blood  
glucose 
(mg/dl) 

Control 234.5036.47 230.2035.83 4.30 9.99 0.4NS 

Experim
ental 233.2 37.21 139.6 29.85 93.607.93 11.79** 

HbA1c (%) 
Control 9.26 1.78 8.98  1.66 0.27 0.21 1.2NS 
Experim
ental 9.17 1.72 7.35 0.69 1.82 0.38 4.74** 

Mean  standard deviation 
NS-Not Significant      **Significant at 1 per cent level    
 
The mean fasting blood glucose values of the subjects in both control and the 
experimental groups were 167 mg/dl and 166 mg/dl respectively. The mean reduction 
in the fasting blood glucose levels observed in the experimental subjects was found to 
be significant at one per cent level. The findings of the study are in line with the 
reports of Takaki et al.,13 who stated that the supplementation of rice bran to diabetic 
subjects resulted a significant reduction in the fasting and postprandial blood glucose 
levels. The mean initial post prandial blood glucose values for the control group and 
experimental group were 234 mg/dl and 233 mg/dl respectively. After 90 days of 
supplementation of rice bran incorporated recipes to the experimental group, the mean 
blood glucose values reduced from 233mg/dl to 139 mg/dl which was significant at 
one per cent level. But, in the control group the final value was 230 mg/dl and this 
difference was not statistically significant.  
 
Glycosylated haemoglobin (HbA1c) denotes the percentage of glucose bound to 
haemoglobin A.  HbA1c is the record of glucose level over the preceding three months. 
The mean HbA1c values of the control and experimental group were 9 per cent at the 
beginning of the supplementation. At the end of the supplementation study, there was a 
significant reduction of HbA1c (7%) at one per cent level in the experimental group. The 



control group showed no significant reduction in their HbA1c level (8%). Stabilized  rice 
bran and its fractions reduce the glycosylated haemoglobin and a slight increase in  
insulin levels indicating  that consumption  of rice bran  can control  blood glucose levels 
in  human diabetes3. 
 
Blood Lipid Parameters  
The lipid parameters of the subjects before and after the supplementation study are 
presented in Table 5.   
 
Table 5. Lipid Profile of the Hyperlipidemics 
 

Lipid profile Groups Initial (I) Final (F) Difference t value 
(I) vs (F) 

Total 
cholesterol 
(mg/dl) 

Control 238.9833.44 236.2134..90 2.779..28 0.29NS 
Experimental 237.7537.56 196.017.62 41.74 6.70 6.22** 

HDL 
(mg/dl) 

Control 43.8610.10 43.9210.30 0.060.73 0.08 
Experimental 44.84  9.95 45.00 10.26 0.16  4.21 0.03NS 

Triglycerides 
(mg/dl) 

Control 231.7975.86 226.8370.02 4.955.71 0.86NS 
Experimental 232.1515.65 165 17.8 66.9125.59 2.61** 

LDL 
(mg/dl) 

Control 15430.94 147.2029.44 7.318.30 0.88NS 
Experimental 153.2041.50 120.42 16.71 32.7810.17 3.22** 

VLDL 
(mg/dl) 

Control 47.217.45 44.126.55 3.093.788 0.81NS 
Experimental 47.49 30.23 35.44 16.39 12.05 5.10 2.36* 

Mean  standard deviation  
NS-Not Significant      **Significant  at 1 per cent level  *Significant at 5 per cent level 

 
The mean total cholesterol levels of the subjects before the supplementation in control 
and experimental groups was found to be 238 mg/dl and 237 mg/dl respectively. After 
90 days of supplementation of rice bran containing recipes, the subjects showed a 
significant reduction (p<0.01) in total cholesterol level. Rice bran helps to reduce the 
plasma TC, LDL-C and TG levels. Long term effect of dietary supplementation with 
rice bran is considered as an additional weapon in the management of mild to 
moderate hyperlipidemia14.  
 
Initially, the mean HDL cholesterol level in the control and the experimental group 
was found to be 43.83 mg/dl and 44.84 mg/dl respectively. After the intervention, 
there was a minor increase in the HDL cholesterol level in the experimental group 
(0.16 mg/dl) which was not statistically significant. The control group maintained the 
same level (43 mg/dl) of HDL cholesterol before and after the study. 
 
The initial mean triglyceride levels in the control as well as the experimental group 
were 231mg/dl and 232 mg/dl respectively against normal recommended level of 150 
mg/dl. There was a significant reduction (66.91 mg/dl) in the triglycerides level in the 
experimental group compared to the control group. Serum total cholesterol, LDL-
cholesterol, apolipoprotein B and triglyceride levels were reduced with rice bran 
fiber3. The present findings add to evidence that administration of rice bran may result in a 



decrease in plasma triglyceride levels and suppress accumulation of fat and body weight 
gain without influencing food consumption, liver function and renal function15. 
 
The mean initial LDL cholesterol level was found to be 154 mg/dl in the control 
group and 153 mg/dl in the experimental group. Lower glycemic index foods can 
improve energy adaptation during obesity treatment, favouring weight loss and 
improving lipid and glycemic profiles16. Long term effect of a dietary supplementation of 
rice bran is useful to reduce plasma TC, LDL-C and TG and decrease platelet 
aggregation17. There was a significant reduction in the  LDL level in the  experimental 
group who were under the low glycemic index food supplements for a  period of 90 days 
(p<0.01). 
 
The mean VLDL cholesterol level before the supplementation of rice bran was 
47mg/dl for the experimental and the control groups. After 90 days of 
supplementation there was a significant reduction in the VLDL cholesterol in the 
experimental group (p<0.05). But in the case of control group there was no significant 
reduction in the VLDL cholesterol level. 
 
Anthropometric indicator 
The changes in the anthropometric measure namely Body Mass Index is shown in the 
Table 6.   
 
Table 6. Changes in the Mean BMI Measurements of Adults  
 

Group Control Experimental 
Initial Final t value Initial Final t value 

Diabetics 30.043.0 30.053.2 0.08NS 30.234.1 26.103.6 17.19** 
Hyperlipidemics    30.043.2 29.813.5 1.03NS 29.494.30 25.783.21 5.92** 

 
NS-Not Significant      **Significant  at 1 per cent level 
 
The  BMI of the diabetic subjects did not change for the control group. The mean BMI of  
the experimental group reduced  from 30.23 to 26.10 which was significant at one per 
cent  level. 
 
In hyperlipidemic subjects, the BMI of the experimental group reduced from 29.49 to 
25.78. The BMI did not significantly change in the control group. Low Glycemic Index 
diet may be preferred for body weight reduction and management of type II diabetes 
mellitus18. The findings of the present study depicted that there was a significant 
reduction in the weight and BMI in the experimental group fed with low glycemic index 
diets for three months period. 
 
 
 



Nutrient intake of the subjects 
The mean nutrient intake pattern of the experimental and the control diabetic and 
hyperlipidemic subjects before and after the study period is given in Table 7.   
 
Table 7. Mean Nutrient Intake of the Diabetics and Hyperlipidemics 
 

Nutrients Control Experimental 
Male (N=10) Female (N=10) Male (N=10) Female (N=10) 

B A RDA B A RDA B A RDA B A RDA 
Diabetics 
Energy 
(kcal) 

2575 2570 2425 2674 2656 1875 2575 2395 2425 2674 1756 1875 

Protein 
(g) 

55.3 55.2 60 55.5 58.7 50 65.3 59.2 60 52.5 50.7 50 

Fat(g) 21.5 22.05 20 22.5 25.5 20 21.5 14.5 20 24.5 15.5 20 
Fibre 
(g) 

7 7.02 25 6.5 6.0 25 7 19.5 25 6.5 20.5 25 

Hyperlipidemics 
Energy 
(kcal) 

3030 2960 2425 2875 2856 1875 2930 2355 2425 2675 1850 1875 

Protein 
(g) 

67.5 68.2 60 62.00 61.7 50 61.5 58.7 60 57.00 48.5 50 

Fat(g) 36.5 35.25 20 37.5 35.5 20 36.5 20.05 20 27.5 17.5 20 
Fiber(g) 4.5 5.02 25 6.5 5.7 25 4.4 19.02 25 6.7 20.5 25 

B – Before A – After RDA-Recommended Dietary Allowances19 
 
The mean nutrient intake of the diabetic subjects compared with the RDA showed that 
there was an excess intake of energy, fat and deficit intake of protein and dietary fibre 
among males and females in the control group before and after supplementation. But 
in the case of experimental group there was excess energy and fat and deficiency in 
fibre and protein both in men and women. However after supplementation the excess 
energy and fat content was reduced, the protein intake was adequate. Dietary fiber 
increased from 7 g to 19.5g. for males and 6.5 g to 20.5 g for females in the 
experimental group.   
 
The mean nutrient intake of the hyperlipidemic subjects compared with RDA showed 
that there was an excess intake of energy, fat and protein and deficit intake of dietary 
fiber among males and females in the control group before and after supplementation. 
But in the case of experimental group the excess of the energy, fat, protein and deficit 
in the fiber was corrected after supplementation in both males and females.  
 
Conclusion 
Simplest things make the most significant difference in our lives. Bran is a simple 
item that delivers fantastic health benefits in our daily diet. This study delivers the 
importance of utilising all parts of the whole grain, including the bran. The low 
glycemic index response seen in bran incorporated recipes might increase the sugar 
levels for sustaining energy levels for longer periods of time thereby helping diabetics 
to feel less inclined towards food. Supplementation of rice bran incorporated recipes 



for a period of 90 days brought about significant reduction (p<0.01) in fasting and 
post prandial blood glucose and HbA1c in type II diabetes mellitus subjects. The 
impact of rice bran containing recipes among hyperlipidemics in experimental group 
showed a significant reduction in total cholesterol, triglycerides, LDL cholesterol 
(p<0.01) and VLDL (p<0.05) cholesterol levels and a minor increase in the HDL 
cholesterol level which was not statistically significant. The control group of diabetics 
and hyperlipidemics showed no significant reduction in blood glucose and lipid parameters. 
A significant change in BMI at one percent level was seen among the experimental group 
of the diabetic and hyperlipidemic subjects than the control group.  
 
From the foregoing discussions, it could be concluded that the stabilized parboiled 
rice bran could be an excellent by-product in lowering blood glucose and lipid 
parameters in type II diabetic and hyperlipidemic subjects.  Inclusion of cereals 
containing rice bran thus illustrated a significant reduction in both the blood glucose 
and lipid fraction. This indicates the potentials to utilise these rice bran products in 
modulating the glycemic and lipidemic impact to cereals and hence to produce 
reduced glycemic cereal products.  
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Performance Indicators Component 2  
(Status as on 31.03.2014) 

 

1. Name of sub-project   
 A novel food chain using milling industry by products for enhancing nutritional 

security 
 

3. Date of closure of the project:  31st March, 2014 
 

 

Sl. 
No 

Indicator Performance 
as on 

31.03.2013 

Performance 
from April 

2013 to 
September 

2013 

Cumulative 
Performance 

from 
Inception to 
September 

2013 
1. No. of production technologies 

released and/or adopted based on 
NAIP research 
(Please fill separate 
proforma#1 for each 
technology) 

9 19 28 

2. No. of processing technologies 
released and/or adopted based on 
NAIP research 
(Please fill separate 
proforma#2 for each 
technology) 

4 2 6 

3. Number of technologies/products 
commercialized based on NAIP 
research  
(Please fill separate 
proforma#3 for each 
technology) 

4 19 28 

4. No. of new rural industries 
established  
(Please fill separate 
proforma#4 for each rural 
industry) 
 

1 5 5 

5. No. of product groups for which 
national or regional quality 
grades have been agreed on 

4 3 7 



Sl. 
No 

Indicator Performance 
as on 

31.03.2013 

Performance 
from April 

2013 to 
September 

2013 

Cumulative 
Performance 

from 
Inception to 
September 

2013 
through NAIP consortia 
(Please fill separate 
proforma#5 for each product 
group) 

6. Total no. of private sector 
organizations participating in 
consortium  
(Please provide list of 
organizations indicating 
private / NGO) 

4 40 44 

7. No. of farmers involved in 
consortia activities  

250 3000 3250 

8. Incremental employment 
generated (person days/year/HH) 

30 100 130 

9. Number of patent/intellectual 
property protection applications 
filed based on NAIP research  
(Please fill separate 
proforma#6 for each 
technology) 

- -  

10. Number of patents / intellectual 
property protections granted / 
published based on NAIP 
research 
(Please fill separate 
proforma#7 for each 
technology) 

- -  

11. Number of scientists trained 
overseas in consortium-based 
subject areas (Please fill 
separate proforma#8) 

1 1 2 

12. Publications (No.) 
(Please give citation  as per guideline in proforma#9) 

 Number of peer-reviewed 
research papers published in high 
impact International journals 
based on NAIP research (NAAS 

10 - 10 



Sl. 
No 

Indicator Performance 
as on 

31.03.2013 

Performance 
from April 

2013 to 
September 

2013 

Cumulative 
Performance 

from 
Inception to 
September 

2013 
Rating >6 only) 

 Other journals 13 0 13 
 Book    
 Book Chapter 3 0 3 
 Thesis    
 Popular Article (English)  2 3 5 
 Popular article in other Language    
 Newspaper Article 1 1 2 
 Seminar/Symposium/Conference/

Workshop Presentation 
14 6 20 

 Seminar/Symposium/Conference/
Workshop Proceedings 

5 10 15 

 Technical Bulletin    
 Manual 4 1 5 
 CDs/Videos 8 8 8 
 Folder/Leaflet/Handout 11 11 11 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Proforma -1 
Production Technologies/ Innovations 

 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security  
 

3. Title of the Technology : Broken Rice Milk 
 

4. Information on Existing farming Systems, Practices, Productivity Levels and 
Income in the Target Area: 

 The people in rural India, particularly the economically weaker sections of the society are 
deprived of nutritional foods and are affected by malnourishment while the upper strata 
of the society are affected by chronic disorders due to obesity and over intake of foods. 
The results of this study will address this double disease burden. The economically 
weaker sections need nutritious foods at affordable prices while the upper strata of the 
society require functional foods that will alleviate the problems of chronic disorders like 
diabetes and hypertension. The rice milling industry, for instance, produces by-products 
like broken rice, bran and germ which are sold at low prices and thus are grossly 
underutilized. If suitable technologies are made available to use all these by-products then 
the producers and millers will be bentefited. We will have more food available for our 
consumption and the value added products will fetch huge domestic and international 
markets. This developed product will also have addressed the problems of poor economic 
status of rural India. 
 
Rice is a staple food consumed by over half of the world’s population. The total world 
production of milled rice is around 429 million tones (MT) (based on the average 
production for 2007).  India produces also large quantities of different types of grains. 
Rice is the major cereal grain of India and the average production rates from 90 to 120 
million tons (MT) every year. The byproducts of rice milling are broken rice, germ, bran 
and husk. Barring husk, all other three by –products from the milling industries are rice 
broken – 4.6 MT, Rice bran -1.60 MT, Germ-0.45 MT. If these by products are used for 
producing value added nutritional and functional foods then their total market value will 
be increased manifold 
 

5. Key Intervention(s) Introduced: 
 Rice has excellent image because of its nutritional characteristics and fact that it is 

gluten-free, hypo allergenic and a highly digestible source of complex carbohydrate. 
Food consumers have become increasingly health aware, yet time limited and in response 
the food industry seeks to develop products that are nutritious and convenience.  At the 
same time, at least 60 % of the population is overweight or obese, with similar trends in 
other developed countries. To challenge this public health issues, consumption of foods 
that have a low energy density or low proportion of calories to mass can be recommended 
to maintain a healthy body weight. 
The developed rice milk product has the potential to act as a meal replacer.  The rice milk 
beverage is made viscous to increase satiety. 
  



6. Results: Status of Dissemination/ Commercialization; and, Extent of Adoption and 
Success, If Applicable; with Supporting Data (with Tables & Photographs as Annexure) 

 Parboiled broken and raw rice broken flour were sieved using BS 170 mesh. Fine broken 
rice flour was used for preparation rice milk with equal proportion of sweetener and three 
part of water and 1 per cent of flavor ingredient like cardamom. Rice milk was prepared 
with two sweetening agents such as white sugar and jaggery. (Annexure 1). 
 
The sensory quality of the prepared product was analyzed by a panel. Rice milk with 
jaggery came out well with colour, taste, flavor and overall acceptability. The rice milk 
was packed in 200ml glass bottles. The bottles have been kept in different storage 
temperatures such as room temperature (32oC) and refrigeration (4oC).  The chemical 
constituents of rice milk such as carbohydrates, protein and minerals are appreciable.  
 

7. Brief Description of Technology for Release: 
 Energy dense developed drink was processed from broken rice. Rice milk is suitable 

supplement for school children’s, adults and geriatric group. It acts as lactose intolerance 
beverage which suitable for obese people and milk intolerant children. The non-dairy rice 
milk will be good source of energy for non milk consumer. 
 

8. Expected Outcome/Impact of the Technology: 
 Our main aim is to develop rice milk beverage technology which is most suitable for 

ICDS Children’s, farmers, pulse and rice millers at low cost. Utilization of broken rice for 
the development of health drink increase economic value of broken rice. Beverages are 
very popular in food processing market so low cost (Annexure 1) functional rice drink 
can easy to industrialized and commercialized.  
 

9. Whether findings have been published? If so, give the citation and enclose copy of 
the publication. 

 Anitha S, Sowmi Raju, Hema V, Studies on development on nutritious convenient foods 
by utilization of rice milling industry byproducts. 
NO.IICPT/SCOFTECH/2014/APT-098, Pg no: 188. 

Anitha.S, Sowmi Raju, Kavitha Abirami C.V, Hema.V, Study on indigenous foods of 
india- documentation of formulations, processing technique and commercialization 
of selected foods, NO.IICPT/SCOFTECH/2014/APT-091, Pg no: 185. 

Anusua Mazumder C, Rajesh Kannan , Durga Devi .M, Hema v, Ready to eat extruded snack 
foods. NO.IICPT/SCOFTECH/2014/APT-088, Pg no:183. 

Anitha.S, Sowmi Raju, Hema.V, Development   of quercetin enriched white pan bread, 
NO.IICPT/SCOFTECH/2014/APT-086,Pg no:183. 

 
 
 
 
 



Proforma -2 
 

Processing Technologies/ Innovations 
 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security  
 

2. Title of the Technology : Development of suitable mixing techniques for 
by-products incorporated composite flour by 
control friction factors in dough and batter 
system 
 

3. Information on Existing farming Systems, Practices, Productivity Levels and Income in 
the Target Area: 

 Industrially mixing techniques practicing in trial and error method but it affect the 
rheological properties of convenient food products such as NAIPkurae, Brankies and Braffin 
which are the value addition made in this research. Hence attempt to made for enhance the 
quality of composite flour contains milling industry byproducts such as bran, broken rice, 
dhal powder and broken dhal by control the friction factors (Annexure 2) during processing.  
 

4. Key Intervention(s) introduced: 
 The varieties of non-filled pasta, extruded cereals and snacks like NAIPkurae and brankies 

were developed based on basic formula which we had developed in the previous study. The 
composite flour were developed which is suitable for preparation of most convenient food 
products and also it is a good source of functional ingredient for Atta flour. 
 

5. Results - Status of dissemination/commercialization; and, extent of adoption and 
success, if applicable; with supporting data (with tables and photographs as 
annexure): 

 Popularization and commercialization of the value added products: Popularization of 
the developed products by conference, workshop and stakeholder meeting conducted at 
different targeted locality. The entrepreneur development program and skill development 
programs will be conducted regularly to the target groups to improve the demand of the 
milling industry by-products. Previously, the developed products have been commercialized 
through our IICPT outlet and industries have taken those technologies. Milling industries 
clusters group belonging to Tamil Nadu and Maharashtra state have benefited from those 
production techniques. Further IICPT will promote the SHG’s, women and stakeholder, 
industrialist through IICPT Food Processing Business Incubation Centre services via. 
Renting facilities for the test market trials and products, guidelines for the implementation of 
milling industry by-products (gram and grains bran and brokens) processing and value 
addition industry. The product popularization workshop was held at IICPT on 14.12.2010 in 
which SHG women were sensitized on the production aspects of value added products. 
 

Popularization of developed techniques and products to ASEAN-India Science and 
Technology working groups and ministries: Developed milling industry by-products 
based functional food products and its technologies were disseminated during 15th ASIAN 



Ministerial Meeting on Science and Technology and 66th ASEAN Committee on Science 

and Technology and 10th ASEAN-India Working Group on Science and Technology 
meeting at Kuala Lumpur, Malaysia organized by Ministry of Science, Technology and 
Innovation Malaysia and DST India from 6th to 13th November, 2013. 

 
Product Launch and Promotion: Three value added products such as Braffins, Cookies 
and Fryums called NAIPKURE were developed from the rice and pulses by-products. The 
products were launched on 13.12.2010 in the presence of the National Co-oridnator, 
Dr.R.K.Goyal at IICPT, Thanjavur.  
 

6. Brief description of technology for release: 
 Utilization of rice by-products enables production of cookies and extruded product (kurkure) 

with high nutritional properties concerning the quality of developed products meanwhile 
affect the rheological properties. Keeping in view the processing technology mixing 
methods and friction factors studied and developed composite flour which can be easily 
concluded that inclusion of rice bran and broken rice results in acceptable baked and 
extruded products. Quality characteristics evaluated include proximates, physical, texture 
and colour, and sensory preference by ranking for color, crispness and flavour. The obtained 
results in this study revealed that the developed varieties of cookies and kurkure rated high 
values of nutritional facts. High textural profile increased the acceptability of both products.  
 
All important fatty acids were present in both cookies and kurkure in adequate quality and 
proportion as rice by-products are rich in fatty acids. A physical characteristic was found to 
be satisfactory. Color is an important attribute of any food because of its influence on 
acceptability and supplementation of rice bran, broken rice produced progressively darker 
cookies. Moreover, from all the factors revealed by this comparative study, it can be 
concluded that rice by-products rice bran and broken rice are more superior than maida 
products in overall quality and acceptability and well suitable supplement than other flours. 
 

7. Expected Outcome/Impact of the technology: 
(8.1) Expected increase in area, production and net income 
(8.2) Others 

 i) Varieties of unfilled pasta such as unexpanded extruded products (Chinese 
Noodle/Pasta) were developed. They are as follows: a.Macaroni, b. Stortini, c. 
Rigatoni, d. Rotini, e. Stortini and f. Vermicelli 

ii) Directly expanded extruded products developed by twin screw extruder are as 
follows: a.NAIPkure sweet and hot, b. Breakfast cereals and c. Curls 

iii) Rice bran supplemented 12 different varieties of brankies ie., cookies were 
developed by sugar-batter and flour-batter method which were most tempted by 
consumers with the folloeing treatment. They are  as follows: a.Choco-nut, b. 
Ginger-garlic, c. Raisin, d. Honey-nut, e. Milk, f. Coconut, g. Salty caraway, h. 
Spicy, i. Sweet vanilla, j. Cardamom, k. Coffee and l. Cinnamon 

iv) Varieties of braffin such as  a.Vanilla, b. Fruits, c. Chocolate and d. Nut braffin and 
puff and pie pastry products like a. Flan, b. Fruit pie and c. Tart were developed. 
 

 
 



Proforma -3 
 
Details of Commercialized Technologies/ Innovations   
(Page limit: 3 pages/ technology) 
 
1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 

Milling Industry for Enhancing  Nutritional 
Security  
 

2. Title of the Technology : Development of suitable mixing techniques for 
by-products incorporated composite flour by 
control friction factors in dough and batter 
system 
 

3. Commercialization status with date of licensing/MOU: 
   

Company Name Region Name  Enrolled No. & Date 

Nutriyes Health care Pvt. Ltd.  Chennai  88 & 20th Sep, 2013 

JVS Foods Private Limited  Jaipur  April, 2013 

Green mark Trichy 116 & 21st March, 2014 

Amaze foods Chennai 66 & 15th March, 2014 

Bioelizir Chennai 42 & 30th May, 2013 

Ramanas Foods Coibatore 93 & 26th Sep, 2013 

Anni foods Banagalore 99 & 8th Oct, 2013 

Aswins Sweets and Bakery  Perambalur  85 4th Sep. 2013 

Flora O Foods Jaipur April, 2014 

Cethar Foods Trichy Sep, 2013 

Shunmugam Traders Tuticorin April, 2013 

Saga Food Pvt. Ltd. Chennai March, 2013 

Ebenezer Food Products Oddanchatram   Sep, 2013 
 

4. Brief description of intervention / innovation 
 The economic values of rice and pulse are grossly low at the producer levels and are at 

objectionably high at the consumer levels due to low values of by-products of the milling 
industries. Institutionalizing the collection, developing technologies for safe handling like 
primary processing, identifying safe storage guidelines and identifying the methods for 
economic recovery and usage will enhance the marketability and market value of the by-
products of rice and pulse milling industries thus improving the rural livelihood of the 

producers. The value added foods developed based on low valued by-products will have 
very good marketability and market values, can be promoted commercially by establishing 
linkages with public, private and user groups.  
 



Value addition of milling industry by products leads the nutritional security of the consumer. 

It could be concluded that the value added products could be an excellent in lowering blood 
glucose and lipid parameters in type II diabetic and hyperlipidemic subjects. Inclusion of 
cereals containing stabilized parboiled rice bran thus illustrated a significant reduction in 
both the blood glucose and lipid fraction. 
 

5. Name and address of the firm(s) which has commercialised it: 
 Company Name Region Name Products commercialized

Nutriyes Health care Pvt. Ltd.  Chennai  Brankies  

JVS Foods Private Limited  Jaipur  Brankies, NAIPkurea, pasta   

Green mark Trichy NAIP kurae 

Amaze foods Chennai Brankies and muffing 

Bioelizir Chennai Brankies and braffin 

Ramanas Foods Coibatore Health mix 

Anni foods Banagalore Adjunct  

Cethar Foods Trichy Brankies  

Flora O Foods Jaipur Brankies 

Shunmugam Traders Tuticorin NAIPkurae 

Saga Food Pvt. Ltd. Channai Braffin, Cookies 

Aswins Sweets and Bakery  Perambalur  Rice bran cookies and 
muffins 

Ebenezer Food Products Oddanchatram Atta flour 

New Entrepreneur  Trichy  RTE snack  

New Entrepreneur  Trichy  RTE snack  

New Entrepreneur  Pondicherry  Cookies, RTE snack  

New Entrepreneur  Chennai  Rice bran cookies and 
muffins 

New Entrepreneur  Thuraiyur Braffins and cookies 
 

    
6. Area (state(s)/district(s)) covered:   
 We were conducted technology transfer program for the field staffs of Department of 

Agricultural Marketing and Agricultural Business of Tamil Nadu. Totally 14 batches of the 
field staffs will be attended from 31 districts of TamilNadu in this program. The field staffs 
designation as follows: 

i) Deputy Agricultural Officers 
ii) Agricultural Officers and  
iii) Assistant Agricultural Officers 
iv) Deputy Director 
 



The districts of TamilNadu covered during developed technology transfer programs 
The following various districts of TamilNadu will be covered in this program:  
 

S.No. Name of the District S.No. Name of the District 
1 Vellore 17 Thiruvannamalai 
2 Thiruvarur  18 Nagai 
3 Pudukkottai 19 Thanjavur 
4 Trichy 20 Ariyalur 
5 Perambalur 21 Karur 
6 Thiruvallur 22 Kancheepuram 
7 Cuddalore 23 Villupuram 
8 Namakkal 24 Salem 
9 Dharmapuri  25 Krishnagiri 

10 Coimbatore 26 Nilgris 
11 Tirupur 27 Erode 
12 Dindigul 28 Theni 
13 Madurai 29 Sivagangai 
14 Tirunelveli 30 Tuticorin 
15 Kanyakumari 31 Ramnad 
16 Virudhunagar  

 
We were also conducted Skill Development Training program for the Agri-business 
Advisory departmental staff of Vasantrao Naik State Agricultural Extension Management 
Training Institute (VANAMATI), Nagpur, Maharashtra. The training programs will be 
conducted for two batches of agri-business staffs from VANAMATI from 32 different 
districts. The agri-business staffs designations are as follows: 

i) Project Director(IAS) 
ii)Project Deputy Director 
iii) Agri-business specialists 
iv) Agri-business officers 

 
The districts of Maharashtra covered during developed technology transfer programs 

S.No. Name of the District S.No. Name of the District 
1 Pune 17 Chandrapur 
2 Ahmadnagar  18 Bhandara 
3 Aurangabad 19 Gondia 
4 Nagpur 20 Amravati 
5 Jalna 21 Ratnagiri 
6 Hingoli 22 Jalgaon 
7 Parbhani 23 Villupuram 
8 Satara 24 Nandurbar 
9 Sangali 25 Solapur 

10 Nanded 26 Nashik 
11 Beed 27 Dhule 
12 Latur 28 Sindudurg 
13 Osmanabad 29 Kolhapur 



14 Akola 30 Wardha 
15 Washim 31 Gadchiroli 
16 Buldana 32 Yavatmal 

 

 
7. 

 
Volume/quantity of Annual production and approximate sale value: 

 Micro scale industries with production capacity  
 

8. Benchmark (existing similar product) and Consumer acceptance, particularly in case 
of food products:  

 Feedback on the Consumer Preference about the nature of the value added products 
As a preliminary, a survey was conducted to know the consumer preference of the value 
added products. Among the farmer-consumers and general public, feedback was collected to 

improve the value added products. 
 
Acceptability of protein isolate incorporated buns: A baked product namely buns was 
prepared by incorporating protein isolate as the main ingredient at 5% and 10% and were 
found to be organoleptically acceptable.  The protein content of rice bran protein isolate 
incorporated bun at 5 per cent level was found to be in the range of 10.0 to 10.5 g / 100 g 
and the bun incorporated at 10 per cent level was found to range from 10.5 to 11.5 g / 100 g. 
The protein content of the control bun was only 9.1 per cent which was very much lower 
than the buns incorporated with the protein isolate. 
 
Acceptability of pulse based probiotic supplement: During the household preparation of 
the probiotic mixture, Type II does not appear to be safe because during the drying process 
in the preparation procedure which could result in possible contamination with other 
unwanted microorganisms. Also, the mixture has to be prepared fresh every time for 
consumption. Hence, Type I preparation is found to be safe and more suitable for feeding the 
children. The Lactobacillus culture used in the products exhibited resistance to gastric 
acidity, bile acid and antimicrobial activity against potentially pathogenic bacteria. So, this 
food could be claimed to have a probiotic effect as per Joint FAO/WHO guidelines. 
 
Acceptability of convenient foods developed from milling industry byproducts: The 
acceptability study was conducted for the developed food products which were developed by 
using rice bran, broken rice flour, broken maize powder and broken dhal flour. In all 
varieties of cookies and pastries, rice bran was incorporated in the range of 5, 10 and 15 per 
cent and upto 50 per cent in a muffin based product called Braffin. Based on the subjective 
and objective evaluation studies, it was concluded that braffin was made with 50 per cent 
incorporation of rice bran and the rest of the products namely; cookies and pastries varieties 
were made with 15 per cent rice bran were successful for cookies.  
 
Various ready-to-cook products in terms of Chinese noodles were developed, namely, 
macaroni (made with 30% broken urad dhal flour, 70 per cent broken rice flour), stortini 

(made with 30 per cent broken rice flour, 10 per cent wheat flour, 60 per cent broken maize 
flour), rigatoni (made with 30 per cent rice bran, 40 per cent wheat flour, 30 per cent ragi 
flour), Rotini (made with 30 per cent broken rice flour, 70 per cent broken maize flour), 
stortini (made with 30 per cent rice bran, 70 per cent broken maize flour) and vermicelli (70 



per cent broken rice flour, 30 per cent wheat flour). Two different RTE snack were also 

developed, namely, NAIPKure (made with broken pulse flour, broken rice flour, corn grits) 
and NAIPKure (made with 70% maize flour, 30% broken rice flour). 
 
Acceptability of cereal pulse pasta: Sensory evaluation was carried out with the cereal 
pulse pasta developed at IICPT, Thanjavur. Ten recipes were standardized and the sensory 
evaluation was carried out using 9 point hedonic scale and food action rating scale. Two 
variations in each of the 10 recipes were used for evaluation. The school going children, 
adolescents and adults (each 15) were asked to evaluate the food products and the results 
were interpreted. All the products were received high acceptability score. 

 
Acceptability of rice bran incorporated Indian subcontinent foods: The developed 
Indian subcontinent food formula namely chapati, mixed vegetable chapati, wheat dosa, 
wheat rava idly, adai, rava adai, ragi adai, rice vermicelli, ragi vermicelli and kolukattai at 
the incorporation level of 25 per cent received high acceptability score compare with 30 and 
35 per cent.  

 
9. Status of patenting, if patentable, trademark or any other IPR title, if applicable 
 Production technology for Brankies and NAIPkurae filed for patent 

 
10. One or two photograph (in action):   

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



Plate 1. Popularization of Developed Production Technology by Skill Development 
Training  

 

 

 

 

 

 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Twenty Five Participants from 14 African Countries representatives attended training on 

Fig 2. NAIPkurae and Pasta production Technology Transfer Skill Development Training to industries  



Proforma -4 
 
Information on Rural Industries 
 

1. Title of the Sub-project : A Novel Food Chain Using Byproducts of 
Milling Industry for Enhancing  Nutritional 
Security  
 

2. Title of the Technology : Development of suitable mixing techniques for 
by-products incorporated composite flour by 
control friction factors in dough and batter 
system 
 

3. Name of Rural Industry with 
Address: 

  

 Technology adopted by Shelf Help Groups: A group of SHG members consist of 200 
members under the brand name Gramalaya at Kolakkudi village of Thottiam block, Trichy 
District and Tamilosai and Sri Annan Vazhvadhara kuzhu from Thandalai Panchayat and 
Vadayapuram, Thiruvarur district are producing the value added products and marketing the 
products successfully.  
 
Production technologies transferred to the food industries: The developed production 
technologies and value added milling industry by-product were adopted by the food 
industries and new entrepreneurs. 
 

 List of the industries attended technology transfer training programs 
    

 
Utilized byproducts Title of the Technology / 

Products 
Name of the food industries 

Stabilized rice bran Masala Processing 
techniques 

Virgin Coconut Oil, Kochi, Kerala 

Stabilized rice bran Masala paste and Soup mix Comorin India Products, 
Kanyakumari Dist. 

Stabilized rice bran Curry masala powder Hiba Exports & Imports, Chennai, 
Tamil Nadu 

Broken rice and dhal 
powder 

Convenience foods  Om Vijay Foods India Pvt. Ltd, 
Erode, TamilNadu 

Dhal powder Masala gravy Allen Exports, Kanyakumari, Tamil 
Nadu 

Broken rice Ready to drink G & G dessert products SDN BHD, 
Johar 

Rice bran and broken Cookies  Ramchand Cashew, Thiruvarur, 
Tamil Nadu 

Rice bran and broken Herbal biscuits & chocolates Research Institute of Herbal 
Medicines, Namakkal, 
Tamil Nadu 



Rice broken RTE Idiyappam Taj Al Madeena Food Stuff Filling, 
Sharjah, U.A.E 

Rice broken RTE Idiyappam Mallihai Food, Pudukkottai, 
TamilNadu 

Broken dhal and rice Rice Crispy Srivijaya Ganapathy, Pondicherry 
Broken dhal and 
powder 

Protein Enriched Health 
drink 

Bioelizer, Thanjavur 

Rice bran Diabetes Food Mix Arokia Mary Malarm, Tirupattur 
Stabilized rice bran Shelf life enhancement of 

Chapati &parota 
Aradhana Foods, Korur 

Stabilized rice bran Ready to eat chappathi Mint Caterings, Trichy 
Stabilized rice bran Blending of Olive oil & rice 

bran oil 
Wellkraft consulting pvt ltd, 
Chennai 

Stabilized rice bran Adjuct Kollu mix powder Amaze Multifoods, Pondy 
Broken dhal and rice Millet rusk Amaze Multifoods, Pondy 
Broken dhal and rice Ready mix Health Porridge Isha foods, Coimbatore 
Broken dhal and rice RTE & RTC extruded 

products 
JVS Foods Private Limited, Jaipur 

Broken dhal and rice Health mix for adolescent, 
cookie forschool going 
children, puffed millets 

Flora-O-Foods, Jaipur 

Broken rice Baby food Products Appolo Baby foods, Chennai 
Rice bran and broken 
maize  

Cookies & muffins Aswin Sweets & Bakery Perambalur 

Stabilized rice bran Whole wheat fibre rich atta 
with added vegetables 

Ebenezer Food Products, 
Dharamapuram 

Stabilized rice bran Technical processing of 
spices 

Anni Food Products, Bangalore 

Broken dhal and 
powder 

Value addition of agri 
produce 

Team Agro food, Kallkurchi 

Stabilized rice bran Germinated rice based cakes 
& sponges 

South Indian rice trading company, 
Nagercoil 

Stabilized rice bran Processing techniques on 
masala 

Rajalakshmi flour mill, chengalpattu 

Stabilized rice bran Processing techniques on 
masala 

Asean exports and imports, 
Thanjavur  

Broken dhal and 
powder 

Value addition of cereal 
millets and pulses 

Chitrambalam hotel, Annamalai 

Bran and brokens Bakery and confectionery Asian exports and imports, 
Thanjavur 

Bran and brokens Instant food mixes Lakshmi food products, Madurai 
Bran and brokens Instant food mixes ASVE Exports, Thanjvaur 
Broken dhal and 
powder 

Health mix SKM egg products export Ltd., 
Erode 

Bran and brokens Value addition of grain and 
gram 

Crystal  foods and spices, Salem 



Protein isolate Home made chocolate Chemical engineering co pvt. Ltd,  
Thiruttani 

Protein isolate Production of breakfast roll Kumar bakery, Thanjavur    
Protein isolate Production of breakfast roll Mains Baker, Thanjavur    
Broken rice Pasta and vermicelli 

processing 
Thirumaruthoor agro developer 
india ltd, Madurai 

Probiotics from dhal  Value addition  of grain and 
gram 

Aswin sweets and snacks, 
Perambalur 

Stabilized rice bran Pickling preservation 
techniques 

Noufal bava TC eastern condiments 
pvt. Ltd, Cochin 

Stabilized rice bran Pickling preservation 
techniques 

Varun food products, Chennai  

Stabilized rice bran Masala powder processing Kamakshi rice mill, Nagai  
Stabilized rice bran Masala powder processing Dharsa Flour Mill, Tirupur 
Protein isolate Science and technology of 

chocolate manufacturing 
Vaagai enterprises, Maduarai 

Protein isolate Home made Chocolates Dream Big Cyber Space, Thanjavur 
Rice bran Processing of Masala 

powders 
Sekar Industries, Dharmapuri 

Bran brokens Production of Cookies, 
Crackers & biscuits 

Aadhimalai Pazhangudiyinar 
Producer.Co.ltd, Kotagiri 

Bran and brokens Healthy rusk & variety of 
Cookies 

Lucky Food Products, Mannargudi 

 
5. Investment (Rs.)   :  Industry/Entrepreneur  
 
6. Product(s) produced and marketed : Market support by government department.  

a) Department of Agricultural Marketing and Agri Business  
b) District Puthuvazhvu Thittam  
c) District Watershed Development Agency 
d) NABARD 
e) MoFPI supported Farmers Clubs 
f) Farmers association promoted under ATMA  
g) Rural Entrepreneurs promoted by KVKs 

 
7. Price of Product:  
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E co no m ic  F eas ib ili ty of  B ra f fin s

P ro du ct i on  cap a ci t y  o f 1 0  t on n es/ m o nt h or  1 20 to nn es/ y ea r

F ix ed  C ost s R s.900 ,0 00

V ari ab le  Co st R s.563 ,9 44/ M on t h;      6 ,76 7,333/ Yr

G ro ss In co m e  R s.4 ,800 ,0 00

 S a l es  P ri ce R s.2 /50g /un it  

A g ai nst  

 M R P R s.5 /50g  

*a t tra c ti ve  m a r g in  for  t he  va l ue  ch a in

P ro fi tab il i ty  o f th e Pr ojec t

 B C R 1 s t Yr  3 . 24  

2 n d Yr  1 .5 0

Economic Feasibility & Viability of Cookies

Production Capacity 10 Tonnes/Month or 120 Tonnes/Year
Fixed Cost 875,000 

Variable Costs 423,976/month
Gross Income 6,000,000

Sale Price Rs.5.00/100 g

Against
Market price Rs.10.00/100g

*attractive margin for the value chain
Profitability of the Project
 BCR 1st Yr 5.52 

2nd Yr 2.45

Economic Feasibility & Viability of NAIPkure 

Production Capacity 12.5 Tonnes/Month or 150 Tonnes/Year
Fixed Costs Rs.2,700,000
Variable Costs Rs.7,660,720

Gross Income Rs.15,000,000

 Sale price Rs.5/50g pack to the distributors 
Against

MRP Rs.10/50g

Profitability of the Project
BCR 1st Yr 1.68 

2nd Yr 1.80 



 
 
11. Type of Beneficiaries: 
 Millers, Farmers, Self Help Groups, Women, and Industries 
 
12. No. of Beneficiaries 
 No. of training :250 and No.of beneficiaries: 4230 
 
13. How the Industry is beneficial to Primary Producers: 
Stabilized rice bran incorporated composite flour producing industries can supply the 
functional ingredients to flour milling industry for the production of atta flour and convenient 
food products namely extruded products, bakery products, instant foods, masala mix and 
ready to eat foods etc. 
 
14. Estimate Employment Generation/Year (person days): 
  
 
15. CPI to explain whether the industry is approved by FPO/BIS or any other statutory 
body and how the food safety and quality assurance of end product are being ensured?    
Forty  percent of the industries received FSSAI license and ten percent of the them received 
ISO and HACCP certification and rest of them registered in DIC and MSME departments  
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Information on  product groups for which national or regional quality grades have been 
agreed on through NAIP consortia 
 

Name of Product 
Group 

Details of Product Group Benefits 

Functional 
ingredient  

Stabilized rice bran  
 

Composite flour suitable for 
convenient food products 

Ready-to-cook 
unexpanded 
extruded products  
 

Chinese Noodle or Pasta  
a. Macaroni, b. Stortini, c. 
Rigatoni, d. Rotini, e. 
Stortini and f. Vermicelli 
 

Development of fabricated engineered 
food products by utilization of low 
cost milling industry byproducts such 
as broken rice 

Ready-to-eat 
directly expanded 
extruded products 

a. NAIPkure sweet and 
hot, b. Breakfast cereals 
and c. Curls 
 

Ready to eat convenient food 
breakfast cereals and snack foods 
developed from underutilized milling 
industry byproducts  

Bakery products 
Cookies                       

Brankies 
a. Choco-nut, b. Ginger-
garlic, c. Raisin, d. Honey-
nut, e. Milk, f. Coconut, g. 
Salty caraway, h. Spicy, i. 
Sweet vanilla and j. 
Cardamom 

Functional bakery products which is 
suitable for school going children and 
adolescent to meet nutritional security 

Bakery products 
Muffin 

Braffin 
a.Vanilla, b. Fruits, c. 
Chocolate and d. Nut 

Convenient healthy food rich in 
dietary fibre and Low GI  

Puff and Pie pastry  
 

a. Flan, b. Fruit pie and  
c. Tart 

Varieties with utilization of 
byproducts 

Ready-to-Serve 
energy drinks  

a. Rice milk 

 

Healthy drink for lactose intolerance 
and non-dairy milk energy dense 
drink 
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Details of Scientists Deputed for International training in Consortium-based Subject 
Areas 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Name of 
Scientist with 

Address 

Area of Training Name of Host 
Institute 

Period of Training 
From To 

Dr. V.Hema 
IICPT, 
Thanjavur 

GMP and Food 
Safety in Food 
Manufacture, 
Baking Science 
and Technology 

American 
Institute of 
Baking 
International and 
CFTRI 

22nd Aug, 2013 23rd Aug, 2014 

Dr. V.Hema 
IICPT, 
Thanjavur 

Functional food 
products  

Ministry of 
Science, 
Technology and 
Innovation,  
Malaysia 

6th November, 
2013. 

13th 
November, 
2013. 
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 Guidelines for Citation of Publications from NAIP sub-projects 
 

1. Thesis   - 1 
2. Book chapter  - 1 
3. Newspaper  - 1 
4. Research article - 10 
5. Popular article  - 2 
6. CDs/Videos  - 3+2 
7. Seminar papers  - 11 
8. Radio talk  - 5  
8.  Handouts  - 9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ANNEXURE 1 
 

Cost Analysis of Rice Milk 
 

                    Fixed Cost 
 

Building 2,00,000.00 

Bottle crown corking machine 12,480.00 

SS work table with sink 64,294.00 

Single burner gas cooking range 18,338.00 

Pulverizer Pin mill 41,746.00 
Homogenizer 1,39,300.00 

Siever 10,000.00 

SS steam jacket kettle 50 and 100kg 92,100.00 

Bottle washer 8,528.00 

Stainless Steel Vessels 10,000.00 

Washing tank 20,000.00 

Enzyme clarifier 20,000.00 

Total cost 6,36,786.00 

 
 Variable Cost 
 

Broken Raw Rice @ Rs 20/kg 2,000.00 
Broken Parboiled Rice @Rs 15/kg 1,500.00 
Salt 40.00 
Fuel 150.00 
Electricity 150.00 
Labour (3 No’s) 450.00 
Packaging Material  (100 No’s) 100.00 
Glass Bottles              (100 No’s) 300.00 
Preservative                 (100 g) 50.00 
Cardamom                   (100g) 120.00 
Sugar @Rs 30/100 lit 3000.00 
Jaggery@Rs 35/100 lit 3500.00 
Milling @Rs 5/100kg 500.00 
Total 11,860.00 

 
Total Processing cost 
 
Depreciation 12.5% = 6, 36,786x12.5/100 x1/300  
 =  265.32 
 
Interest @12.5 %              = 6, 36,786 x 12.5/100 x1/365  
 =  218.07 
 



Profit      @ 10 %             = 10 X 10.0 x 11,860    
 =  1186.00 
 
Total Processing Cost      = Variable cost + Interest +Depreciation+ Profit  
 = 11,860   + 218.07+265.32+1186 
                                         = 13529.39/100 kg    
 =  135.29  
 =  13.5/kg 
 
Rice milk                         =   Rs.13.55/bottle (200 ml) 

 
 

 
 
 
 
 
 
 
 

Flow Sheet for Preparation of Rice Milk 
 

Broken rice powder (parboiled rice and raw rice 100 g)  
 

Soak (for 4 hrs in 300 ml of water) 
 

Drain water 
 

Add powder of Cardamom (1g),  
Sugar (100g) and Jaggery (120g) 

 
Boil in water bath for 5minutes 

 
Cool to room temperature 

 
Refrigerate 

 
Pack in Glass Bottles 

 
Serve in chilled condition 

 
 
 
 
 
 
 
 



Annexure 2 
 

Study the effect of mixing methods, temperature and friction factors on milling industry 
by-products based cookies and hot extruded product  

 
Utilization of byproducts namely rice bran and broken rice was successfully carried out and 
developed nutritious conventional foods, that is, hot extruded product (kurkurae) and cookies. 
Rice bran samples were stabilized by oven heating to inactivate endogenous lipases; making 
stable against fat deterioration. All cookies samples including control were made from similar 
cookies formulation. The difference between samples and control was the flour types used in 
the formulation. Proximate analysis, texture profile analysis, mineral, vitamin analysis and 
fatty acid profile analysis were done to analyze the nutritional composition of the cookies and 
kurkurae. Sensory attributes were analyzed  to evaluate the acceptability of developed 
products.  The results of the experiments conducted on development, nutritional composition 
and  acceptability evaluation of cookies and kurkurae are presented in his chapter. 
 
Development of nutritious conventional foods  
 
Cookies: Four different types of cookies were formulated by using rice bran, broken rice, rice 
flour and Maida. Formulation of all cookies was similar with exception of the flour used. 
Chocochips , vanilla were added to increase the aroma of the product. Cookies made of Maida 
were used as the control for all analysis. 
 
Chocolate Based Cookies with Rice Bran 
 

Composition  
(in gms)  

V1 V2 V3 V4 V5 V6 

Composite 
Flour* 

150 140 130 140 140 140 

Rice bran 0 10 10 10 10 10 

Margarine 90  90 90  90  90  90  

Icing sugar 120  120 120  120  120  120  

Sugar 30 30 30 30 30 30 

Salt 2 2 2.8 2 2 2 

Water 15 15 15 15 15 15 

Egg 45 45 45 45 45 45 

Baking powder 3 3 3 3 3 3 

Chocochips 30 30 30 30 30 30 

Nuts  0 0 20 20 20 20 

Raisin 0 0 0 0 15 0 

Milk powder 0 0 0 0 0 10 

Vanilla 0 2 0 2 0 0 

Nutmeg 0 0 0 0 2 0 

Total 485 485 495.8 507 522 515 

 
 



Formulas 
(in gms) 

V7 V8 V9 V10 V11 

Composite Flour* 140 140 140 140 140 

Rice bran 10 10 10 10 10 

Margarine 90  90  90  90  90  

Icing sugar 120 120 120 120 120 

Sugar 30 30 30 30 30 

Salt 2 2 2 2 2 

Water 15 15 15 15 15 

Egg 45 45 45 45 45 

Baking powder 2 2 3 3 3 

Chocochips 30 30 30 30 30 

Nuts  20 20 20 20 20 

Coconut powder 10 0 0 0 0 

Cinnamon  0 5 0 0 0 

Cardamom 0 0 3 0 0 

Coffee powder 0 0 0 3 0 

Vanilla 0 0 0 1 0 

Caraway  0 0 0 0 3 

Total  514 509 508 509 508 

 
Note:  
V1 - Chocolate 
V2 - Vanilla + chocolate and bran 
V3 - Chocolate, nuts and bran 
V4 - Vanilla + chocolate, nuts and bran 
V5 - Raisin, Nutmeg + chocolate, nuts and bran 
V6 - Milk + chocolate, nuts and bran  
V7 - Coconut + chocolate, nuts and bran 
V8 - Cinnamon + chocolate, nuts and bran 
V9 - Cardamom + chocolate, nuts and bran 
V10 - Vanilla, Coffee + chocolate, nuts and bran 
V11 - Caraway + chocolate, nuts and bran 
 
Method of Mixing 
 
i) Drop cookies 

1. Scale all the ingredients and set aside 
2. Cream the shortening, egg and sugar in a kneader 
3. Stir the flour mixture into the creamed mixture until no flour is visible (over mixing 

should be avoided as it leads to gluten development, making of tough cookie) 
4. Add all dry ingredients and mix well 
5. Transfer the mixer into a cookies scoop and drop 2inches apart on to baking tray 

coated with butter. 
6. Bake for about 15 minutes at 1500C.  

 
ii) Stiff batter cookies 

1. Scale all the ingredients and set aside 
2. Cream the fat, sugar and egg in a kneader 

 



 
NAIPKurae: Kurkuraes of broken rice and maida was prepared. Formulation of kurkuraes 
was similar with difference in amount of maida used. Chilly powder and salt was incorporated 
into the composite flour  to attain an attractive texture and taste. Maida was taken as the 
control to compare with broken rice kurkurae in case of all analysis. 
 
Proximate nutrient content of cookies: Moisture content, protein and fat content was higher 
in cookies made of rice bran by comparing contents with other cookies. Ash content was high 
in control and carbohydrate content was high in cookies made of rice flour. The analysis 
reveals that rice bran cookies and broken rice cookies  are found to be satisfying nutrient 
composition.  
 
Moisture content: As rice bran contains more cellulose and other non starch polysaccharides 
that hold moisture several times higher to its weight, there was an increase in moisture content 
of  rice bran cookies than other cookies.  Moisture content was found to be 7.8, 8.8, 7.9 and 
6.36 % in C1, C2, C3 and C4 cookies respectively. The present study is also in concordance 
with the findings of  Uma, 2010 who reported that 8.8% moisture content is present in rice 
bran cookies. Similar values of moisture content (8.56%) for rice bran cookies and7.45% for 
broken rice cookies was reported by Mian, 2009.  Bassinello, 2009  reported 6.9%  of 
moisture content in broken rice cookies. 
 
Ash content: Ash content of  rice bran and  broken rice cookies was found to be  1.1 and 
1.3% respectively. These values are similar to the ash content 1.2 and  1.3% reported by 
Seema et al, 2012 . Similarly, Bassinello 2009  also reported 1.11% of ash content in broken 
rice cookies. 
 
Carbohydrate content: Carbohydrate content of cookies found to be 41.44, 57.39, 59.70 and 
66.08 % for control, rice bran, broken rice and rice flour respectively. Carbohydrate content is 
higher than control in both rice bran and broken rice cookies. The final formulations (rice 
flour) presented higher carbohydrate content.  Uma, 2010 reported that 57.65% carbohydrate 
presence in rice bran cookies and finds to be similar with the current study. Ana et al, 2012  
reported that broken rice cookies presents 64.20% of carbohydrates content. 
 
Protein content: Protein content of formulated cookies was found to be 5.1, 13.36, 10.07 and 
9.87 % in control, rice bran, broken rice and rice flour cookies respectively. Similar to 
carbohydrates, rice bran  and broken rice cookies are rich in protein. The protein content of 
rice bran cookies are similar to values obtained by Mian, 2009.  Al-Jasser and Al-Mustafa 
(1996) conducted proximate analysis of Hassawi rice bran and reported 12.56% protein. 
Similarly, Sharif et al (2005) reported that rice bran cookies of Pakistani rice cultivars has 
15.78% crude protein which is higher. The present study is also in concordance with the 
findings of Juliano (1985) who studied proximate composition of rice bran cookies and 
reported 11.3-14.95% crude protein.  The studies of Seema et al, 2012 revealed that 9.9 % of 
protein content is present in broken rice. 
 
Fat content: Generally cookies present high fat concentration in their composition as a 
consequence of addition of hydrogenated fat. Result indicate that control, rice bran, broken 
rice  and rice flour cookies contain 11.8, 19.3, 12.2and 15.8% fat respectively. The result also 
reveals that higher amount of fat was present in rice bran cookies. Sharif et al (2005) reported 



that rice bran cookies of Pakistani rice cultivars has 20.55% crude fat which is almost similar 
to this study.  Juliano (1985) studied proximate composition of rice bran cookies and  
reported presence of 15.0-19.7% crude fat and  was in conformity with the findings of this 
study. Seema et al, 2012 reported that broken rice cookies contain 9.9% fat content and it 
finds to have similarity with result obtained in the present study 
 
Table 1.  Effect of broken rice and stabilized rice bran on the nutritional composition of 
cookies 

 
C1-Control,  C2-Rice bran cookies,  C3-Broken rice cookies,  C4 - Rice flour cookies 
 
Proximate content of NAIPkurae: The quality of an extruded product is affected by the 
physicochemical composition of the raw material, as reported by Carvalho, Ascheri and Cal-
Vidal (2002) and Gonzalez Torres and De Greef (2002). Broken rice incorporated kurkurae 
found to have higher nutritional facts than control. Moisture, protein, carbohydrate and fat 
contents are higher in broken rice cookies. 
 
Moisture content: Moisture content of broken rice cookies was noted as 8.5% and that of 
control is 5.7%. Similar values were reported by Rababah et al, 2006. 
 
Ash content: Ash content of broken rice incorporated cookies and control are 1.65 and1.87% 
respectively and it was similar to values ( 1.24% for broken rice) reported by Mendonca 
(2001) 
 
Carbohydrate content: The carbohydrates are the main components of broken rice and it 
was less than the carbohydrate content reported by Juliano (1993). Carbohydrate content of 
broken rice kurkure was found to be 65.3% and 62.1% for control. 
 
Protein content: Protein content was 9.52 %, a value higher than that reported by Limberger 
et al. (2009), 8.91%, for extruded broken rice snacks, and those reported by Lanfer Marquez 
et al. (1997), 3.8% and 7.3%, in thirteen different flaked cereals. protein content also finds to 
be similar to values obtained by Ana et al, 2012. 
Fat content: The analysis reveals that fat content in broken rice kurkure was 6.33% and that 
of control was 5.63%.The results of fat content obtained for the broken rice flour are close to 
those reported by Mendonca, Ascheri and Ascheri (2001), Tedrus et al (2001), Dors, 
Castiglioni and Ruiz (2006). 
 
 
 

Proximate C1(%) C2(%) C3(%) C4(%) 
Moisture 7.8 8.8 7.9 6.36 
Ash 1.67 1.1 1.3 1.12 
Carbohydrates 41.44 57.39 59.70 66.08 
Protein 5.1 13.36 10.07 9.87 
Fat 11.8 19.3 12.2 15.8 
Energy     



Table 2.  Effect of broken rice on the nutritional composition of kurkure 
Proximates K1   (%) K2   (%) 
Moisture 5.7 8.5 
Ash 1.87 1.65 
Carbohydrates 62.1 65.3 
Protein 8.31 9.52 
Fat 5.63 6.33 

 
Texture profile analysis of cookies: Regarding texture measurements, the cookies prepared 
with rice bran presented highest hardness (35934.002) ,springiness (1)  and gumminess 
(35934.837) values. Hardness values are found agreeable with values reported by Seema et al, 
(2012) 35274 for hardness. Cohesiveness was found to be same for all cookies. In general, 
when a higher amount rice byproducts was applied on formulation, observed an increase of 
cookies hardness and gumminess values. Rice flour cookies found to have 33837.643 
hardness value, 0.317 value of springiness, gumminess 33836.954 and chewiness 10728.790 
and Sukhcharn, 2008 reported result close to that of rice flour values with hardness 33700, 
springiness 0.324, gumminess 33705 and chewiness 10712. Broken rice cookies was found 
with hardness 33675.458, springiness 0.575, gumminess 33675.396 and chewiness 10728.790 
and these values are similar to those reported by Seema et al, 2012. This study revealed that 
texture profile analysis of cookies prepared with rice byproducts were more superior and 
acceptable than control. 
 
Table 3.  Effect of broken rice and stabilized rice bran on the textural  properties of 
cookies  

Cookies 
Types 

Hardness Springiness Cohesiveness Gumminess Chewiness 

         C1 31729.871 0.529 1.000 31729.887 16789.1113 
         C2 35934.002 0.100 1.000 35934.837 3604.493 
         C3 33675.458 0.575 1.000 33675.396 19351.191 
         C4 33837.643 0.317 1.000 33836.954 10728.790 

C1-Control,   C2-Rice bran cookies,   C3-Broken rice cookies,   C4 - Rice flour cookies 
 
Texture profile analysis of kurkurae:Texture profile analysis of broken rice and control 
kurkure was evaluated. The hardness, springiness, cohesiveness, gumminess and chewiness 
analysis indicates that broken rice incorporated kurkure have high values compared to control. 
The values of broken rice kurkure are concordance with findings of Pracha, 2000. The result 
confirms that incorporation of broken rice increases the textural properties of kurkure. 
 
Table 4. Effect of broken rice bran on the textural properties of kurkure 
 

Types Hardness Springiness Cohesiveness Gumminess Chewiness 
K1 2849.81 0.24 0.09 260.46 63.82 
K2 4334.14 0.35 0.12 271.59 65.56 

 
Fatty acid profile analysis of cookies: Fatty acid composition included were odecanoic acid, 
Tridecanoic acid, 7-Hexadecenoic acid, Hexadecanoic acid (palmitic acid), Pentadecanoic 
acid, Heptadecanoic acid, 10,13-Octadecadienoic acid, 9-Octadecenoic acid (oleic acid), 7-



Octadecenoic acid, Octadecanoic acid (stearic acid), 11-Octadecynoic acid, Eicosanoic acid 
(arachidic acid) and 1,2-Benzenedicarboxylic acid. Almost all the fatty acids were present in 
control and  all other substitutions were found to be satisfying with the amount. Rice bran was 
found to have free fatty acids in high amount compared to others. The free fatty acid content 
of control cookies were agreeable with findings of Kashlan et al, 1992.  
 
Hexadecanoic acid , 10,13- octadecadienoic acid and 9-Octadecenoic acids were predominant 
in  cookies. Rice bran contain high free fatty acids and result similar to the obtained values 
were reported by Hwang et al, 2002. Monsoor and Proctor (2003) found that commercially 
milled broken rice had significantly greater lipid contents than head rice. The results indicate 
that broken rice cookies contain fatty acids which are absent in others. So incorporation of 
broken rice can lead to good quality. The fatty acid contents were close to the findings of 
Mansoor et al, 2004. The major factor for FFA development on rice depends  the rate of lipid 
hydrolysis, which depends on the amount of surface lipids (substrate) and lipases (enzymes) 
(Tanako, 1989). The study indicates  that rice flour cookies are also satisfying with the 
requirement of free fatty acid and are found to be agreeable with reports of Wanyo et al, 
2009. A slight but significant increase was found in cookies while incorporated with rice by-
products than control. 
 
Table 5. Fatty acid composition of cookies 
 

Free fatty acids C1(%) C2(%) C3(%) C4(%) 
Dodecanoic acid, methyl ester 4.40 8.46 0.23 5.49 
Tridecanoic acid, methyl ester 2.36 4.34 0.96 2.74 
7-Hexadecenoic acid, methyl ester, (Z)- 0.02 0.15 - - 
Hexadecanoic acid, methyl ester 29.36 30.05 30.34 6.55 
Pentadecanoic acid, methyl ester 0.09 0.02 - - 
Heptadecanoic acid, methyl ester - 0.07 - - 
10,13-Octadecadienoic acid, methyl ester - - 31.93 12.40 
9-Octadecenoic acid (Z)-, methyl ester 46.60 50.20 3.76 53.65 
7-Octadecenoic acid, methyl ester 7.69 - - 8.10 
Octadecanoic acid, methyl ester 8.13 6.32 - 10.23 
11-Octadecanoic acid, methyl ester 0.10 - 30.80 - 
Cyclopropaneoctanoic acid, 2-hexyl-, 
methyl ester 

0.20 - 
 

0.80 
0.15 

Eicosanoic acid, methyl ester 0.45 0.39 0.37 0.43 
1,2-Benzenedicarboxylic acid, diisooctyl 
ester 

0.60 - 
 

1.61 
 

0.26 

 
C1-Control,   C2-Rice bran cookies,   C3-Broken rice cookies,   C4 - Rice flour cookies 
 
Fatty acid profile analysis of NAIPkurae: Free fatty acid composition of the developed 
cookies were carried out and composition includes Dodecanoic acid, Tridecanoic acid, 7-
Hexadecenoic acid, Hexadecanoic acid (palmitic acid), 10,13-Octadecadienoic acid, 9,12-
Octadecadienoic acid, 10-Octadecenoic acid (oleic acid), 9-Octadecenoic acid,Octadecanoic 
acid (stearic acid), 11,14- Eicosadienoic acid, Cyclopropaneoctanoic acid, 2-[[2-[(2-
ethylcyclopropyl)methyl]cyclopropyl]methyl]-, 9,12-Hexadecadienoic acid, Eicosanoic acid 
(arachidic acid), Cyclopropaneoctanoic acid, 2-hexyl-, Methoxyacetic acid and 1,2-
Benzenedicarboxylic acid. 



Table 6. Fatty acid composition of kurkure 
 

Free fatty acids K1 (%) K2 (%) 
Dodecanoic acid, methyl ester 2.10 0.27 
Tridecanoic acid, methyl ester 1.21 0.14 
7-Hexadecenoic acid, methyl ester, (Z)- 0.17 0.11 
Hexadecanoic acid, methyl ester 36.32 12.87 
9,12-Octadecadienoic acid (Z,Z)-, methyl ester - 64.60 
10,13-Octadecadienoic acid, methyl ester 10.49 - 
10-Octadecenoic acid, methyl ester 35.14 - 
9-Octadecenoic acid (Z)-, methyl  8.17 16.70 
Octadecanoic acid, methyl ester  5.29 2.51 
11,14-Eicosadienoic acid, methyl ester - 0.06 
Cyclopropaneoctanoic acid, 2-[[2-[(2-
ethylcyclopropyl)methyl]cyclopropyl]methyl]-, methyl ester 

- 0.46 

9,12-Hexadecadienoic acid, methyl ester - 0.48 
Cyclopropaneoctanoic acid, 2-hexyl-, methyl ester 0.09 1.07 
Eicosanoic acid, methyl ester 0.29 0.34 
Methoxyacetic acid, 4-tridecyl ester 0.03 0.40 
1,2-Benzenedicarboxylic acid, diisooctyl ester 0.70 - 

 
The broken rice incorporated  kurkure contains more free fatty acids and that gives kurkure a 
better texture. Free fatty acid composition of broken rice kurkure was found to be high in 
9,12-Octadecadienoic acid, 10-Octadecenoic acid (oleic acid), 9-Octadecenoic acid, 
Cyclopropaneoctanoic acid, 2-[[2-[(2 ethylcyclopropyl) methyl] cyclopropyl] methyl], 9,12-
Hexadecadienoic acid, Eicosanoic acid (arachidic acid), Cyclopropaneoctanoic acid, 2-hexyl, 
11,14-Eicosadienoic acid  and Methoxyacetic acid. These values were found to be similar to 
those reported by  Feliz, 2005. Contol cookies found to have all essential free fatty acids in 
right amount and these are agrreable with reports of  J. A. Inkpen, 1969. 
 
Physical Characteristics of cookies 
Generally, the differences in physical properties of cookies  may be due to the differences in  
composition of ingredients used in processing.  The results reveals that broken rice cookies 
contain high values of spread ratio and rice bran was found to be satisfactory in case of 
thickness, width, spread ratio and weight. As control was prepared from maida, it was found 
to be superior in  thickness and width. Significant differences are noted in spread ratio of 
cookies which indicates the superiority of flours used for formulation. Rice bran cookies are 
found to have thickness 1.28, width 7.43, spread ratio 5.80 and weight 25 and values similar 
to these values was reported by Neha, 2012 with values 1.25 for thickness, 7.56 for width and 
6. 03 for spread ratio. They are close to values reported by Amna et al, with values of 5.9 for 
spread ratio, 7.5 for width and 1.3 for thickness. Sharma and Chauhan (2002) also reported 
that physical properties of cookies like width, thickness and spread factor were affected 
significantly with incorporation of rice bran. Broken rice cookies are found to have thickness 
1.17, width 7.35, spread ratio 6.28 and weight 22 and these values are agreeable with values 
reported by Umair, 2008 with results 6.8 for spread ratio, 1.29 for thickness and 9.1 for width. 
The results of physical characteristics reveals that broken rice and rice bran incorporated 



cookies found to be high. The results of physical characteristics of control and rice flour 
cookies also indicates that they are satisfactory with values. 
 
Table 7.  Effect of broken rice and stabilized rice bran on the Physical Characteristics of 
Cookies 

Type of 
cookies 

Thickness(cm) Width(cm) Spread ratio Weight(g) 

C1 1.39 7.54 5.42 20 
C2 1.28 7.43 5.80 25 
C3 1.17 7.35 6.28 22 
C4 1.24 7.33 5.911   24 

 
Color analysis of cookies: The comparison of color properties among different cookie 
compositions was performed.  Sudha et al. (2007) reported that  supplementation of rice bran 
produced progressively darker cookies. According to Chevallier et al. (2000), the color of the 
cookie surfaces originates from non-enzymatic browning (Maillard reactions) between 
reducing sugars and amino acids as well as from starch dextrinization and sugar 
caramelization.  According to the L value, color of  broken rice formulated cookies was 
superior than other cookies followed by control, rice flour and rice bran formulated cookies.  
Incase of a values, rice bran cookies was superior followed by  rice flour than control. The 
values of rice bran cookies and broken rice cookies was found to be supported by  with values 
49.04 for L , 10.14 for a, 12.16 for b (rice bran) and  58.58 for L, 5.01 for a, 12.07 for b 
values for broken rice. The values of broken rice cookies for lightness (L) 60.63±0.07, 
redness(a) 3.35±1.45 and yellowness(b) 15.04 reported by Natthakarn, 2010 also supports the 
result obtained by present study. The analysis reveals that color measurements of rice 
byproducts are satisfactory. 
 
Table 8. Effect of broken rice and stabilized rice bran on the Color of cookies 
 

Type of 
cookies 

Color 

L a b 

C1 54.17 6.22 14.19 
C2 48.16 9.69 13.1 
C3 58.01 4.61 14.76 
C4 51.36 8.04 12.84 

 
Color analysis of kurkurae: The effects of broken rice and contol  kurkure formulation on 
color measurements were assessed. The L and b values of broken rice incorporated kurkure 
was found to be rated high than control. The result of broken rice kurkure was 60.77 value for 
lightness, 2.67 for a and 16.41 for b and  supported by values given by Pracha, 2000 ( 61.12 
for L, 2.54 for b and 15.76 for b). 
 
 
 
 
 
 



Table 9. Effect of broken rice on the Color of cookies 
Type of 
cookies 

Color 
L a b 

K1 56.49 2.69 13.42 
K2 60.77 2.67 16.41 

 
3. Add flour and baking powder into the creamed mixer and mix well 
4. Transfer the mixer into a cookie scoop and drop into baking tray coated with butter 
5. Bake at 1650C for 20 minutes 

 



Annexure 1 
 
 

BASELINE ANALYSIS ON STATUS OF FARMERS AND MILLING INDUSTRIES 
 

Table 1. Household Income (Rs/Annum/Household )  
 

Income from 
Agriculture 

Income from 
Livestock 

Income from 
Subsidiary 
activities 

Income from 
Migration 

Total Annual 
Income per 
Houehold 

Rs.7000/month Nil Nil Nil Rs.84,000/- 
 
Table 2. Crop wise distribution of villages  
 
Particulars Type of crop 

Cereals Pulses Oil 
seeds 

Vegetables Cash crops Fruits Flowers 

Name of 
crop 

Paddy Black 
gram, 
Green 
gram 

Sasame, 
Ground 
nut, sun 
flower 

Brinjal, 
chilli, 
bhendi, 
tomato, 
gourds 

Sugarcane, 
cotton 

Banana, 
Mango, 
sapota, 
papaya, 
guava 

Marigold, 
Jasmine, 
Rose. 

No. of 
villages 

16 8 8 17 25 14 2 

 
Table 3. Sources of Irrigation  
 
Source No. of farmers 
Only ground water  
Only tube well 55 
Only open well 20 
Only surface water  
Only canal 10 
Conjunctive use  
Tube well + Canal 65 

Total 150 
 
Table 4. Yield of Focus Commodity 
Total Paddy Productivity & out turn of Cauvery Delta Zone  
 

S. 
No 

Region (CDZ) Season(in Ton) Total (MT) 
Kuruvai  Samba Kodai 

1. Tiruchirappali 27,757 1,60,977 15,200 2,03,937 
2. Thanjavur 87,673 3,13,112 13,958 4,14,743 
3. Thiruvarur 43,032 1,96,419 5,544 2,44,995 
4. Nagappatinam 62,001 1,58,692 4,130 2,24,823 

  
 
 



Table 5. Pulses Productivity and out turn of Madurai, Virudhunagar and CDZ regions 
 

S. 
No 

Districts Green gram(MT) Black gram(MT) 

1. Tiruchirappali 219 1104 
2. Thanjavur 1824 3863 
3. Thiruvarur 4178 8888 
4. Nagappatinam 4366 8422 
5. Madurai 1867 816 
6. Virudhunagar 5184 3089 

 
Table 6. Percentage Disposal of Product : Average out turn by-products of paddy after  
 

S. 
No 

Milling by-products Weight (in grams) Percentage 

1. Head rice 641.70 64.17 
2. Granuals 91.70 9.17 
3. Black rice 10.00 1.00 
4. Nooks 25.00 2050 
5. Hull 166.60 16.66 
6. Husk 65.00 6.50 

Total 1000 100 
 
Table 7. Total Paddy productivity at Tiruchirappali District  
 

S.
No 

By- products Out turn (MT) 

1. Head rice 1,30,934 
2. Granuals 18,700.74 
3. Black rice 2,039.34 
4. Nooks 5,098.35 
5. Hull 33,975.40 
6. Husk 13,255.71 
 Total 2,03,934 

 
Table 8. Total Paddy productivity at Thanjavur District  
 

S.
No 

By- products Out turn (MT) 

1. Head rice 2,66,140.58 
2. Granuals 38,031.93 
3. Black rice 4,147.43 
4. Nooks 10,368.57 
5. Hull 69,096.18 
6. Husk 26,958.29 
 Total 4,14,743 

 
 
 



Table 9. Total Paddy productivity at Thiruvarur District  
 

S. 
No 

By- products Out turn (MT) 

1. Head rice 1,57,213.29 
2. Granuals 22,466.04 
3. Black rice 2,466.04 
4. Nooks 6,124.87 
5. Hull 40,816.16 
6. Husk 15,924.67 
 Total 2,44,995 

 
Table 10. Total Paddy productivity at Nagapattinam District  
 

S. 
No 

By- products Out turn (MT) 

1. Head rice 144268.91 
2. Granuals 20616.26 
3. Black rice 2248.23 
4. Nooks 5620.57 
5. Hull 37455.51 
6. Husk 14613.49 
 Total 2,24,823 

 
Table 11. Milling out turn by-products from CDZ  
 

S. 
No 

By- products Out turn (MT) 

1. Head rice 6,98,487.18 
2. Granuals 99,814.97 
3. Black rice 10,884.95 
4. Nooks 27,212.36 
5. Hull 1,81,343.25 
6. Husk 70,752.16 
 Total 10,88,495 

 
Table 12. Average out turn by-products of green gram after milling  
 

S. 
No 

Green gram By- products Weight (in 1000kg) Percentage (%) 

1. Whole grain 650 65 
2. Pitted grain 150 15 
3. Outer layer(Skin) 50 5 
4. Dust and Foreign matter 150 15 

 
Table 13. Average out turn by-products of Black gram after milling  
 

S. 
No 

Black gram By- products Weight (in 1000kg) Percentage (%) 



1. Whole grain 600 60 
2. Pitted grain 180 18 
3. Outer layer(Skin) 70 7 
4. Mixed black gram(Eye part, dust) 150 15 

 
Table 14. Green gram and Black gram  total out turn by-products at Tiruchirappali District  
 

S. 
No 

By- products Out turn (MT) 

Green gram By- products 
1. Whole grain 142.35 
2. Pitted grain 362.85 
3. Outer layer(Skin) 10.95 
4. Dust and Foreign matter 32.85 

Black  gram By- products 
1. Whole grain 662.40 
2. Pitted grain 198.72 
3. Outer layer(Skin) 77.28 
4. Mixed black gram (Eye part, dust) 165.6 

 
Table 15. Green gram and Black gram  total out turn by-products at Thanjavur District  
 

S.  
No. 

By- products Out turn (MT) 

Green gram By- products 
1. Whole grain 1185.6 
2. Pitted grain 273.75 
3. Outer layer(Skin) 91.20 
4. Dust and Foreign matter 273.75 

Black  gram By- products 
1. Whole grain 2317.80 
2. Pitted grain 695.34 
3. Outer layer(Skin) 270.41 
4. Mixed black gram (Eye part, dust) 579.45 

 
Table 16. Green gram and Black gram  total out turn by-products at Thiruvarur District  
 

S. 
No 

By- products Out turn (MT) 

Green gram By- products 
1. Whole grain 2715.70 
2. Pitted grain 626.70 
3. Outer layer(Skin) 208.90 
4. Dust and Foreign matter 626.70 

Black  gram By- products 
1. Whole grain 5332.80 
2. Pitted grain 1599.84 
3. Outer layer(Skin) 622.16 
4. Mixed black gram (Eye part, dust) 1333.20 



 
Table 17. Green gram and Black gram  total out turn by-products at Nagapattinam District 
 

S. 
No 

By- products Out turn (MT) 

Green gram By- products 
1. Whole grain 2837.90 
2. Pitted grain 654.90 
3. Outer layer(Skin) 218.30 
4. Dust and Foreign matter 654.90 

Black  gram By- products 
1. Whole grain 5053.20 
2. Pitted grain 1515.96 
3. Outer layer(Skin) 589.54 
4. Mixed black gram (Eye part, dust) 1263.30 

 
Table 18. Green gram and Black gram total out turn by-products at Madurai District  
 

S. 
No 

By- products Out turn (MT) 

Green gram By- products 
1. Whole grain 1213.55 
2. Pitted grain 280.05 
3. Outer layer(Skin) 93.35 
4. Dust and Foreign matter 280.05 

Black  gram By- products 
1. Whole grain 1853.40 
2. Pitted grain 556.02 
3. Outer layer(Skin) 216.23 
4. Mixed black gram (Eye part, dust) 463.35 

 
Table 19. Green gram and Black gram  total out turn by-products at Virudhunagar District  
 
 

S. 
No 

By- products Out turn (MT) 

Green gram By- products 
1. Whole grain 336.96 
2. Pitted grain 777.60 
3. Outer layer(Skin) 259.2 
4. Dust and Foreign matter 777.60 

Black  gram By- products 
1. Whole grain 1853.40 
2. Pitted grain 556.02 
3. Outer layer(Skin) 216.23 
4. Mixed black gram (Eye part, dust) 463.35 

 
 
 



BASELINE ANALYSIS ON NUTRITIONAL STATUS 
 
Table 20. Age wise distribution of children studied 
 

 
 

Table 21. Foods supplied per child per day 
 

Foods Supplied Quantity (g) Cost 
(Paise) 

Frequency 
 

Rice (milled, parboiled)  100 10 On all days 
Red gram dhal 15 14.55 On all days 
Cooking oil 1 0.09 On all days 
Vegetables: 
a.Carrot/beetroot/chow-
chow/beans/greens/lab-
lab 

10 20 On all days 

Age(Years) Sex Beneficiary Non beneficiary Total 

5 Male 106 33 139 

Female 99 53 152 

6 Male 116 48 164 

Female 126 36 162 

7 Male 184 115 299 

Female 207 90 297 

8 Male 180 125 305 

Female 179 64 243 

9 Male 193 94 287 

Female 245 110 355 

10 Male 236 117 347 

Female 234 78 312 

11 Male 152 82 234 

Female 203 90 293 

12 Male 183 116 299 

Female 204 74 278 

13 
 

Male 153 57 210 

Female 140 58 198 

14 Male 104 60 164 

Female 127 60 187 

15 Male 65 40 105 

Female 43 34 77 

Total 3479 1634 5113 



b. Onion 5 
c. Tomato 5 
Other condiments and 
spices 

- 15 On all days 

Green gram/Bengal 
gram 

20 205 Twice in a week 
(Tuesday and 

Thursday) 
Potato 16 16 Once in a week 
Egg 40 260 Thrice in a week 

(Monday , 
Wednesday and 

Friday) 
 
Table 22. Nutrient content of the meal supplied currently 
 

Food Stuff Quantity 
(g) 

Energy 
(kcal) 

Protein 
(g) 

Calcium 
(mg) 

Iron 
(mg) 

β-carotene 
(mcg) 

Rice (milled, 
parboiled) 

100 345 6.4 9 1 _ 

Oil 1 9 _ _ _ _ 
Onion, big 5 3 _ 2 0.03 _ 

Tomato, ripe 5 1 _ 2 0.03 17 
Vegetables: 
Carrot/beans 

beetroot/ 
Chow-chow 

10 4 _ 1 0.03 25 

Potato 16/5=3 3 0.1 0.32 0.01 1 
Red gram dhal 15 50 3.3 11 0.40 20 

Green 
gram/Bengal 

gram 

40/5=8 28 1.5 13 0.34 7 

Egg 120/5=24 41 3.2 14.4 0.50 404 
Total  484 14.5 53 2.34 474 

 
Table 23. District wise data on mean height (cm) of children aged 5, 6 and 7 years 
 

District B/nb 

5 yrs 6 yrs 7 yrs 

Male Female Male Female Male Female 

N Cm N Cm N Cm N Cm N Cm N Cm 

Coimbatore  
  

B 21 110 33 101.17 28 113.86 38 112.82 48 118.33 57 117.51 

Nb 15 112.1 19 110.79 23 113.13 13 111.46 42 121.57 17 120.08 

Thanjavur  
  

B 44 105.7 40 107.04 38 110.13 34 98.23 65 116.74 55 115.75 

Nb 8 105.2 23 100.88 2 108.75 5 108.8 15 113.5 32 113.24 

Tiruchirapalli  
  

B 41 107.4 26 102.23 50 103.47 54 112.31 71 112.27 95 115.41 
Nb 10 106.6 11 103.77 23 109.7 18 117.64 58 107.79 41 109.05 

Nchs (2001) standard  109.9  108.4  116.1  114.6  121.7  120.6 

Nnmb(2002) for tamilnadu  102.5  102.1  108.5  107.1  112.06  112.2 

B: Beneficiaries   NB: Non Beneficiaries 
 



Table 24. Districtwise data on mean height (cm) of children aged 8, 9 & 10 years 
 

District B/nb 

8 yrs 9 yrs 10 yrs 

Male Female Male Female Male Female 

N Cm N Cm N Cm N Cm N Cm N Cm 

Coimbatore  
  

B 44 122.38 35 122.51 70 128.03 90 125.96 125 122.04 79 125.41 

Nb 45 124.04 11 125.64 45 126.34 27 129.48 44 134.57 14 125.29 

Thanjavur  
  

B 61 123.52 71 121.21 61 127.84 67 126.78 64 131.35 71 127.19 

Nb 20 120.08 8 121.63 4 131 25 128.97 13 125.08 11 136.41 

Tiruchirapalli  
  

B 75 119.66 73 115.01 62 124.78 88 122.64 47 122.2 84 125.09 

Nb 60 108.36 45 108.09 45 112.4 58 114.55 54 121.82 53 123.16 

Nchs (2001) standard  127.0  126.4  132.2  132.2  137.5  138.3 

Nnmb(2002) for tamilnadu  119.2  119.0  124.2  122.9  127.8  127.5 

B: Beneficiaries   NB: Non Beneficiaries 
 

Table 25. District wise data on mean height (cm) of children aged 11, 12 and 13 years 
 

District B/nb 
11 yrs 12 yrs 13 yrs 
Male Female Male Female Male Female 
N Cm N Cm N Cm N Cm N Cm N Cm 

Coimbatore 
 

B 71 136.24 61 134.69 96 140.5 98 134.35 63 144.17 55 141.04
Nb 57 136.81 38 130.68 90 131.83 18 142.5 27 147.52 12 139.83

Thanjavur 
 

B 51 136.01 42 126.4 60 130.2 42 139.76 43 148.67 17 144 
Nb 17 132.76 18 131.22 25 122.8 20 132.6 24 139.38 9 150.67

Tiruchirapalli 
 

B 30 127.48 100 137.88 27 127.2 64 132.02 47 143.01 68 147.95
Nb 8 128.13 34 132.13 1 121.56 36 129.49 6 149 37 144.47

Nchs (2001) standard  143.3  144.8  149.7  151.5  156.5  157.1 
Nnmb(2002) for tamilnadu  132.5  133.6  135.2  137.5  141.2  145.7 

B: Beneficiaries   NB: Non Beneficiaries 
 

Table 26. District wise data on mean height (cm) of children aged  14 and 15 years 
 

District B/nb 
14 yrs 15  yrs 
Male Female Male Female 
N Cm N Cm N Cm N Cm 

Coimbatore 
 

B 50 148.96 35 147.86 20 153.55 2 157.5 
Nb 28 154.57 1 148 15 157.65 0 0 

Thanjavur 
 

B 30 151.17 34 150.21 13 153.85 15 152.8 
Nb 30 147.9 19 151.05 24 157.59 9 155.33 

Tiruchirapalli 
 

B 24 146.58 58 131.19 32 144.7 26 148.07 
Nb 2 145 40 145.68 1 146 25 148.29 

Nchs (2001) standard  163.1  160.4  169.0  161.8 
Nnmb(2002) for tamilnadu  147.5  148.5  154.9  150.8 
B: Beneficiaries   NB: Non Beneficiaries 

 
 



Table 27. District wise data on mean weight (kg) of children aged 5, 6 and 7 years 
 

District B/nb 
5 yrs 6 yrs 7 yrs 
Male Female Male Female Male Female 
N Kg N Kg N Kg N Kg N Kg N Kg 

Coimbatore  
  

B 21 16.05 33 15.44 28 16.57 38 17.14 48 17.91 57 17.95
Nb 15 16.83 19 15.97 23 17.26 13 16.12 42 19.75 17 19.41

Thanjavur  
  

B 44 14.48 40 15.3 38 14.61 34 14.74 65 18.51 55 17.91
Nb 8 17.31 23 15.94 2 15.5 5 15.1 15 23.4 32 17.05

Tiruchirapalli  
  

B 41 16.26 26 14.07 50 16.82 54 17.06 71 18.41 95 18.39
Nb 10 15.5 11 19.27 23 17.59 18 18.06 58 17.45 41 18.04

Nchs (2001) standard  18.7  17.7  20.7  19.5  22.9  21.8 
Nnmb(2002) for tamilnadu  14.3  14.1  15.8  15.2  17.3  16.7 

B: Beneficiaries   NB: Non Beneficiaries 
 
Table 28. District wise data on mean weight (kg) of children aged 8, 9 and 10 years 
 

District B/nb 
8 yrs 9 yrs 10 yrs 
Male Female Male Female Male Female 
N Kg N Kg N Kg N Kg N Kg N Kg 

Coimbatore  
  

B 44 20.14 35 20 70 23.09 90 22.02 125 25.96 79 26.8 
Nb 45 21.79 11 23 45 24.6 27 24.3 44 26.56 14 54.79

Thanjavur  
  

B 61 20.45 71 20.27 61 22.75 67 24.25 64 25.95 71 24.74
Nb 20 18.54 8 21.25 4 24.25 25 22.03 13 30.85 11 27.32

Tiruchirapalli  
  

B 75 19.25 73 19.01 62 25.1 88 20.42 47 26.03 84 22.05
Nb 60 18.04 45 18.77 45 18.02 58 19.67 54 25.14 53 21.92

Nchs (2001) standard  25.3  24.8  28.1  28.5  31.4  32.5 
Nnmb(2002) for tamilnadu  19.1  19.0  21.4  20.3  22.7  22.2 

B: Beneficiaries   NB: Non Beneficiaries 
 
Table 29. District wise data on mean weight (kg) of children aged 11, 12 and 13 years 
 

District B/nb 

11 yrs 12 yrs 13 yrs 

Male Female Male Female Male Female 

N Kg N Kg N Kg N Kg N Kg N Kg 

Coimbatore 
 

B 71 28.78 61 29.35 96 31.14 98 33.54 63 32.59 55 34.51 
Nb 57 28.7 38 27.3 90 32.49 18 30.11 27 35.33 12 30.5 

Thanjavur 
 

B 51 26.93 42 27.4 60 27.14 42 29 43 33.77 17 35.18 
Nb 17 39.47 18 24.89 25 40.02 20 31.8 24 43.92 9 33.33 

Tiruchirapalli 
 

B 30 25.53 100 27.62 27 30.26 64 32.2 47 35.14 68 35.99 
Nb 8 18.75 34 26.24 1 30.8 36 34.24 6 34.83 37 34.97 

Nchs (2001) standard  35.3  37.0  39.8  41.5  45.0  46.1 

Nnmb(2002) for tamilnadu  24.7  25.5  25.2  28.2  29.3  32.9 
B: Beneficiaries   NB: Non Beneficiaries 
 
 



Table 30. District wise data on mean weight (kg) of children aged 14 and 15 years 
 

District B/nb 
14 yrs 15 yrs 
Male Female Male Female 
N Kg N Kg N Kg N Kg 

Coimbatore 
 

B 50 37.29 35 36.8 20 39.5 2 36.75 
Nb 28 39.64 1 32 15 35.15 0 0 

Thanjavur 
 

B 30 38.38 34 38.12 13 37.06 15 44.07 
Nb 30 45.87 19 40.16 24 42.11 9 46.67 

Tiruchirapalli 
 

B 24 37.52 58 39.97 32 35.3 26 30.88 
Nb 2 37 40 38.05 1 32 25 43.21 

Nchs (2001) standard  50.8  50.3  56.7  53.7 
Nnmb(2002) for tamilnadu  32.3  36.4  38.9  39.8 
B: Beneficiaries   NB: Non Beneficiaries 
 

 
 
 
 
 

 
 
 

 



Economic Report of By-Products at  
Farm Level, Miller Level, Processor Level and Consumer Level 

Utilization pattern 
 Existing Proposed
Animal Feed 70% 20%
Primary processing 20% 20%
Local Consumption 10% 10%
Value added products Nil 50%
Export Nil Nil
Farm Level 
Milling cost (Rs./ton) 
Rice Broken 
Rice Bran 
Deoiled Bran 
Germ 
Pulse Powder 
Pulse Brokens 
Pulse husk 

500
300

Not Generated
Mixed with Bran

200

2000
1500

Not Generated
Mixed with Bran

2000

Net benefit (Rs. Crores)  1320
Miller Level 
Sale Price (Rs./ton) 
Rice Broken 
Rice Bran 
Deoiled Bran 
Germ 
Pulse Powder 
Pulse Brokens 
Pulse husk 

4000
3000

Not Generated
Mixed with Bran

4000

8000
6000

Not Generated
5000

8000

Miller level benefit (Rs. Crores)  3110
Processor level 
Purchase price Price (Rs./ton) 
Rice Broken 
Rice Bran 
Deoiled Bran 
Germ 
Pulse Powder 
Pulse Brokens 
Pulse husk 

8000
6000
3000
5000
6000
8000
4000

15000
12000
7000

11000
22000
22000
4000

Transit & other costs (Rs./ton) 150 150
Processing cost (Rs./ton) 150 3000
Benefits due to value added products
Purchase price (Rs./ton) 

Does not Exist

12240
Transit & other costs (Rs./ton) 300
Margin (Rs./ton) 300
Sale price (Rs./ton) 12840
Total benefits due to value added 
products (Rs. crores) 9565
Consumer Level 
Retail price (Rs./ton) 

Does not exist
15000 (while less 

nutritious rice is sold at 
Rs. 28000 to 35000 per 

on)

Benefit to consumer (Rs./ton) 
Consumer level total benefits 
(crores) 



 
 



Annexure 2  
 

PULSE BROKEN FLOUR BASED PROBIOTIC SUPPLEMENT 
 

A pulse based probiotic supplement was prepared using equal proportions of the cow pea flour and 
green gram flour using i) 2%  commercial lactic acid bacillus (Type I) and ii) 20% home made curd 
(Type II). The details of the preparation of probiotic supplement have already been reported. The 
suitability of the probiotic supplement for feeding trial was determined based on: 

a. Viable lactobacilli count 
b. Handling process 
c. Screening the food through in vitro studies 
d. Moisture content and keeping quality 

 
a. Viable lactobacilli count 
The total microbial count of the supplement was determined using the standard pour plate technique 
adopted from Maier, 2009. 

a. One g of the probiotic mixture was dissolved in 10 ml of distilled water. 
b. Nutrient agar was prepared and held at 44-46◦c in a water bath. 
c. Serial dilutions are prepared. 
d. One µl of the diluents were transferred to a sterile, empty petri dish. 
e. Approximately 15 ml of agar medium was poured into the petri dish containing sample. The 

sample and agar were mixed thoroughly by rotating the plate several times, clockwise, and 
then counter clockwise. 

f. When the media had solidified, the plates were inverted and incubated. 
g. Following the appropriate length of incubation, the colonies were counted using a colony 

counter. 
The total microbial count in both the Type I and Type II are presented in Table I. 

Table 1. Total microbial count in probiotic foods 

Treatment 
Total No. of Colony (cfu)/ g 

10-5 10-6 
Type I 75×105 47×106 

Type II 65×105 35×106 

The total number of colonies was found to be 47×106 cfu/g in Type I which was better than Type II 
where the colonies were lesser (35×106 cfu/g). More the number of colonies the more efficient would 
be the probiotic food in providing health benefits. The addition of curd to the mixture enhances the 
growth of all the microorganisms including the lactobacillus present in the curd. Hence it will be 
difficult to get an accurate result pertaining to lactobacillus alone. Owing to the above two factors 
Type I treatment was found to be more favourable than Type II for the preparation of probiotic 
food.According to Heller (2001) and Olivera, et.al., (2001), most of the probiotic Lactobacilli in 
human foods are supplied in highly concentrated forms. Several authors have indicated that a minimal 
concentration of 10-6 cfu/g of a product is required for a probiotic effect (Kumar and Singh and 2007, 
Shah, 2007). Commercially available probiotic formulations generally contain ≥ 106 cfu/g of viable 
organisms (www.dairyscience.info), the results obtained, as presented in the above table are in line 
with these findings. 
 
 
 



b. Handling process                                                        
Type I 

   

   

                 Milled      Milled 

                                                                                               

                                                      

  

                                      

2% Commercial lactic acid bacillus       

                                               

                                                                                         

                                                                               

 

 

 

Type II 

   

   

  

Milled Milled 

                                                                                          

                                                     

 

                                     

               20% home made curd 

                                                        

                                         

          

                                         

                                                     
                                          
During the household preparation of the probiotic mixture, Type II does not appear to be safe because 
during the drying process, there could be possible contamination with other unwanted 
microorganisms. Also, the mixture has to be prepared fresh every time for consumption. Hence, Type 
I preparation is found to be safe and more suitable for feeding the children. 
 
 
 

Roasted cow pea Roasted green gram 

Flour Flour

Flour mixture (1:1)

Probiotic mixture 

Packed  

Refrigerated 

Roasted cow pea  Roasted green gram 

Flour Flour

Flour mixture (1:1) 

Probiotic mixture 

Dried 

Packed Refrigerated 



c. Screening the pulse based probiotic food 
Bacteria must tolerate gastrointestinal stress conditions for their metabolic activity, as well as to 
colonise in the gastrointestinal tract. Therefore it is necessary to evaluate the resistance ability of 
bacteria to gastrointestinal stress before their use as probiotics. In order to claim that a food has a 
probiotic effect, Joint FAO/WHO working group has generated guidelines for their evaluation. The 
probiotic strains should meet the following specifications:Currently used in vitro tests for the study of 
probiotic strains 

i) Resistance to gastric acidity 
ii) Bile acid resistance 
iii) Adherence to mucus and/or human epithelial cells and cell lines 
iv) Antimicrobial activity against potentially pathogenic bacteria 
v) Ability to reduce pathogen adhesion to surfaces 
vi) Bile salt hydrolase activity 
vii) Resistance to spermicides (applicable to probiotics for vaginal use) 

 
The probiotic food developed in this study was tested for resistance to gastric acidity, bile acid 
resistance and their ability to inhibit pathogens. 
 
i) Resistance to gastric acidity 
Tolerance of the lactobacilli to acidic ph was determined by growing bacteria in acidic MRS broth. 
MRS broth was poured in test tubes at ph 7.0, 4.0 and 2.0 it was adjusted with 1M HCl and 0.5M 
NaOH. An amount of 5 log10 cfu (105 cfu) of the culture was poured in each broth tube. Test tubes 
were incubated at 37◦C for 120 minutes. Survival of lactobacilli was evaluated by plate count method. 
 
ii) Bile acid resistance 
The ability of the lactobacilli to grow in the presence of bile salts was determined in MRS broth. 
Briefly, MRS broth tubes were enriched with 0.0, 0.3, 0.5 and 1.0% (w/v) of oxgall (sigma) and were 
inoculated with 5 log10 cfu (105 cfu) of the culture. The growth was examined after 24 hours of 
incubation by plate count method. 
 
iii) Antimicrobial activity 
Antimicrobial assay was carried out by disc diffusion method. The sterile Muller-Hinton agar plates 
were prepared. The test organisms were spread over the Muller-Hinton agar plates by using separate 
sterile cotton swabs. The prepared disc (bacteriocin) and standard disc were placed on the surface of 
the medium at equidistance. The plates were incubated at 37◦C for 24 hrs to determine the 
antimicrobial activity of bacteriocin. Streptomycin antibiotic discs (30mg/ disc) were used as standard 
for bacteria; Amphotericin B antibiotic disc was used as standard for fungi. Each experiment was 
done in triplicate for calculating the mean value.  
 
Results and Discussion 
 
Resistance to gastric acidity 
Lactobacillus will resist the gastric acidity and would thus have no detrimental effect in the intestinal 
tract.  It is able to survive the harsh conditions of the stomach and pass through the small intestine. 
The effect of pH on the viability of the lactobacilli present in the probiotic food is given in Table 2. 
 
 
 



Table 2. Resistance of lactobacilli to different ph levels 
pH   Range Total no. of 

colonies (cfu/g) 
2 33 
4 290 
7 80 

The resistance of the lactobacilli to acidic conditions was studied by growing the bacteria in different 
pH levels. At neutral pH the total no. of colonies was found to be 80×106 cfu, which increased to 
290×106 cfu with a decline in ph to 4. Even at a very low pH of 2, which is highly acidic, there were 
33×106 cfu, indicating that the lactobacilli would resist the acidic environment present in the stomach. 
Lactobacillus acidophillus CRL 639 are naturally resistant to pH 3.0. Maximal response was achieved 
at pH 4.2 and pH 5, the optimum ph is at 5.5 (http://en.wikipedia.org), which correlates with the 
above results. 
 
Bile acid resistance 
The physiological concentration of bile salts in the small intestine is between 0.2 and 2.0 per cent, 
tolerance to bile salts is considered to be a prerequisite for colonization and metabolic activity of 
bacteria in the small intestine of the host. The bile acid resistance of the lactobacilli present in the 
probiotic food is presented in Table 3. 

Table 3. Bile acid resistance of the lactobacilli 
 
 
 
 
 
The colony forming units was 
determined taking various concentrations of bile. At the bile acid concentrations of 0.0 % and 0.3%, 
the colonies were too numerous to count, at 0.5% level there were 289×106 cfu and at 1.0% level there 
were 68×106 cfu, which shows that the lactic acid bacillus was viable even at a bile acid concentration 
of 1.0%, which would enable the lactobacilli to overcome the effect of bile in the GIT. Lactobacillus 
showed bile salt tolerance at 2%, the gradual decrease of viable cells was observed when 
concentrations of bile salt was increased upto 1.0%,  which is on par with the above findings. 
 
Antimicrobial activity against potentially pathogenic bacteria 
The rate of increase in resistance to antibiotics is a major public health problem throughout the world. 
Given the heightened concern over antibiotic resistance, natural alternatives such as probiotics for 
inhibition of pathogens are becoming more attractive. In fact, the WHO recommends global 
programme to reduce the use of antibiotics in human medicine.  The antimicrobial activity may be due 
to the production of acetic and lactic acids that lowered the pH of the medium or competition for 
nutrients or due to the production of bacteriocin or antibacterial compound. The activity of the 
lactobacilli in probiotic food on the common entero pathogens are presented in Table 4. 

Table 4. Antimicrobial activity of the probiotic food 
Test organism Zone of inhibition mm in diameter 

Standard drug Lactobacillus 
(Bacteriocin) 

Escherichia coli 16 ± 0.01 14 ± 0.04 
Staphylococcus aureus 12 ± 0.04 7 ± 0.02 

Conc. of oxgall (%) Total No. of colony (cfu) 
0.0 TNTC 
0.3 TNTC 
0.5 289 
1.0 68 



Candida albicans 14 ± 0.02 8 ± 0.03 
 
The antimicrobial resistance was determined for the common gram negative and gram positive 
bacteria present in the food and the fungi Candida albicans. The intestines of the autistic children are 
infested with this organism. The zone of inhibition was found to be greater for E.coli and it is 
comparable to that of the standard antibiotic Streptomycin. The zone of inhibition produced by the 
lactobacilli against Staphylococcus aureus was 7 ± 0.02 as compared to the standard antibiotic which 
was 12 ± 40.4. The zone of inhibition using lactobacilli against Candida albicans was 8 ± 0.03 and it 
was 14 ± 0.02 for the standard drug Amphoterecin B. The above finding reveals that the probiotic 
mixture has considerable antimicrobial activity.  
 
It is stated that inoculation of the lactobacillus depressed the propagation of S.aureus cells and their 
enterotoxin production. The zone of inhibition in S.aureus and E.coli was between 14-16 mm, which 
is comparable to the above results. 

  



INSECT INDUCED ALLERGIC PROTEINS IN STORED PRODUCTS 
 
The growth of insects, moulds, and mites in stored grain also results in the elaboration of toxins and 
allergens. Insects produce uric acid, inoculate fungi and bacteria, and leave faecal matter and cast-off 
skins on the grain, creating a foul odour. Quinone and other harmful substances may be produced. 
Many fungi form dangerous mycotoxins. Early methods of uric acid analysis involved the isolation of 
uric acid or its salts in crystalline form. A modified procedure for determining urinary uric acid level 
consists of precipitation as silver urate, obtained by treatment with magnesium, followed by 
decomposition with hydrogen sulfide and measurement of liberated uric acid by direct weighing or 
titration with permanganate(Majumder, 1982). Red and confused flour beetles attack stored grain 
products such as flour, cereals, meal, crackers, beans, spices, pasta, cake mix, dried pet food, dried 
flowers, chocolate, nuts, seeds, and even dried museum specimens (Weston and Rattlingourd, 
2000).The red flour beetle (Tribolium castaneum Herbst.) may elicit an allergic response (Alanko et 
al. 2000). Respiratory allergy, positive skin prick tests and specific IgE antibodies to T. confusum, 
indicating IgEmediated, immediate-type allergy, have rarely been demonstrated. Rudolp et al. (1987) 
administered prick tests and intradermal tests with whole-body extracts of T. confusum to patients 
suffering from perennial asthma and/or rhinitis and with proven sensitization to indoor allergens. 
Positive skin prick tests were seen in 16.5% (n=1040) and positive intradermal tests in 30.7%. In 10 
of 33 patients with positive skin reactions to T. confusum, a nasal provocation test was also positive. 
Using a crude T. confusum extract, Schultze-Werninghaus et al. (1987) recorded positive skin prick 
tests in 8.3% of 133 bakers. Since insects are uricotelic, they deposit crystalline uric acid on the grain 
as they multiply.  
 
Insect contaminants taken for analysis 
1.Larval hairs, 2.Eggs, 3.Excreta, 4.Regurgitation or saliva, 5.Molted skin, 6.Dead insects, 7.Healthy 
grain, 8.broken grain of rice. 
 
Method of sampling 
Cracking floatation method (Dugan et al., 2010) was followed to isolate the insect contaminants. 
Allergic proteins were estimated using SDS PAGE. The protocol for SDS PAGE is given as follows. 
 
SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophores), is the widely used technique 
to separate proteins from complicated samples. Being present a electricity, proteins migrate towards 
the negative anode inside the poly-acrylamide gel under denaturing conditions. In SDS-PAGE, the 
detergent SDS and a heating step determine that the electrophoretic mobility of a single kind of 
protein is only affected by its molecular weight in the porous acrylamide gel. 
  
An intact SDS PAGE electrophoresis system includes a tank, lid with power cables, electrode 
assembly, cell buffer dam, casting stands, casting frames, combs (15 well), and glass plates (thickness 
0.75mm). The SDS PAGE gel in a single electrophoresis run is divided into stacking gel and 
separating gel. Stacking gel (acrylamide 5%) is poured on top of the separating gel (after 
solidification) and a gel comb was inserted in the stacking gel. Since, the proteins we expect are very 
small 15 per cent acrylamide is required to resolve 3 to 100kDa proteins. Volumes of stacking gel and 
separating gel for 0.75 mm thickness of gel given as follows:  
  

Thickness of the gel Vol. of stacking gel Vol. of separating gel 
0.75mm 2ml 4ml 



Gel Composition 
Composition 5 ml stacking gel: separating gel:10ml 
H2O 2.975 ml 2.2ml 
0.5 M Tris-HCl, pH 6.8 1.25 ml 2.6ml 
10% (w/v) SDS 0.05 ml 2.6ml 
Acrylamide/Bis-acrylamide (30% 
w/v) 

0.67 ml 
15% 5 ml 

10% (w/v) Ammonium Persulfate 
(APS) 

0.05 ml 
100μl 

TEMED 0.005 ml 10μl 
APS and TEMED were added right before each casting the gel. 
 
5X Sample buffer (loading buffer): 
SDS 10% w/v 
Dithiothreitol, or beta-mercapto-ethanol 10 mM 
Glycerol 20 % v/v 
Tris-HCl, pH 6.8 0.2 M 
Bromophenolblue 0.05% w/v 

 
1x Running Buffer: 
25 mM Tris-HCl 
200 mM Glycine 
0.1% (w/v) SDS 

 
SDS PAGE Protocol 
Casting of separating gel:  The casting frames (clamp two glass plates in the casting frames) 
were fitted on the casting stands. Separating gel solution was prepared in a separate small beaker. 
Swirled the solution gently but thoroughly. Appropriate amount of separating gel solution was 
pipetted into the gap between the glass plates. In order to make the top of the separating gel be 
horizontal, it was filled with water into the gap until a overflow. Left for 20-30min for polymerisation. 
 
Casting of stacking gel: Water on the top was discarded and stacking gel was poured untill overflow. 
The well-forming comb was inserted without trapping air under the teeth. Left for 20-30min for 
polymerisation. After polymerization, the comb was taken out. Glass plates out of the casting frame 
were kept in the cell buffer dam. Running buffer was poured into the inner chamber and the outer 
chamber. 
a) Addition ol loading dye to sample: Samples were mixed with sample buffer (loading buffer). 

Heated in boiling water for 5-10 min. 
b) protein marker was loaded  into the first lane followed by samples  
c) Then tank top was covered and connected to the anodes. 
d) Electrophoresis unit was run for 1 hour at 120V voltage. 
e) After running, the gel was removed and stained for 2 hours and destained for overnight. 
 
PAGE Staining Methods 

S.No   Staining solution Destaining solution 

1. 0.3 % Coomassie Brilliant Blue R-250 (w/v) 20%Methanol (v/v) 



T1 T2 T3 T4 T5 T6 T7

97.4

66

43

29
20.1

14.3

2. 45 % Methanol (v/v) 10%Glacial acetic acid (v/v) 
3. 10 % Glacial acetic acid (v/v) 70% distilled water 
4. 45 % Distilled water  

  
Procedure for staining and destaining 
a) Gel was immersed with staining solution, and slowly shaked on horizontal rotator for about 20-

30min. 
b) Gel was immersed in destaining solution and put it on the same shaker for about 20-30min. 
c) Destaining solution was changed for 3-5 times untill clear bands were seen with no blue 

background.  
 

Fig.1 Protein profiling of broken rice contaminated with red flour beetle 
T1 

Marker ; T2 Larval hairs; T3 Eggs; T4 Saliva; T5 Exuviae (molted skin); T6 Excreta; T7 
Healthy grain; T8 Broken rice grain 

 
 

Inference: Proteins with molecular weight 55 kDa and below 14.3 kDa is found to be different. This 
protein sequence has to be sequenced for studying the homology with already reported proteins. 

 
 
 
 
 
 
 
 
 
 



 
 
 

STABILIZATION OF RICE BRAN AND ISOLATION OF BRAN PROTEIN AND ITS 
VALUE ADDITION    

 
The  methodology of the study  entitled “Physical  characteristics  of different  types  of rice bran and 
acceptability  of the products  incorporated  with  bran protein isolate “ consisted  of the following  
steps:  

Phase-I 
1.1 Collection of the sample  
1.2 Processing of fresh rice bran 
1.3 Stabilization of raw and parboiled rice bran 
         1.3.1Microwave oven stabilization 
         1.3.2 Autoclave (steam) stabilization 
         1.3.3 Alcohol stabilization 
1.4. Extraction 
Phase-II 
2.1. Isolation of protein from raw, parboiled, deoiled and stabilized rice bran 
2.2 Development and analysis of a recipe incorporating protein isolate 

 
Phase-I 
 
1.1 Collection of the sample: The rice bran, one of  the valuable  by products of   milling of rice, is  
normally  finely  granulated,  light  tan  in color  and has a bland  flavour.   The samples namely full 
fatted  raw bran and full  fatted  parboiled  bran  were  purchased  from  local  rice mill, Thanjavur  
district (J.P. Rice mill, Vallum) (Figure 1). 
 

Collection of Sample 
 

 
Full fatted Raw bran                                                        Full fatted Parboiled bran  
 
 

Processing of rice bran 
 
 

       Stabilization                               Extraction 
 
 

  
  Microwave oven           Autoclave (steam)           Alcohol                   Deoiled bran 

 
1.2 Processing of fresh rice bran: Different substances may be present in the bran like husk, clay 
and wood. Hence, the full fatted raw bran and full  fatted  parboiled  bran  was sieved  through  sieve 
number  22, which  removes husk, clay, wood and saw dust. The samples thus obtained are free from 
impurities. 
 



1.3 Stabilization of raw and parboiled rice bran:   The stabilization method reduces or inhibits the 
activity of lipase enzyme. This process increases the shelf-life of the rice bran and kills bacteria, 
moulds and insect eggs that cause further spoilage. The methods like  microwave  oven stabilization, 
autoclave (steam) stabilization and alcohol stabilization were  used  to stabilize  the  full fatted  raw 
bran and  full fatted  parboiled  bran. 
 
1.3.1 Microwave oven stabilization: In microwave stabilization, microwaves were used to stabilize 
the bran. The microwave energy is converted into heat energy.  100g of  full  fatted  raw bran  and full 
fatted parboiled  bran  were  weighed   and packed  in    microwave  safe  bag  and  kept  inside  the 
oven  at 1200C  for 1.5 minutes. The brans were removed from the oven and kept at room temperature. 
After two weeks the brans were analyzed for free fatty acid content to ensure the stabilization. 
 
 1.3.2 Autoclave stabilization: In autoclave stabilization, steam is used to stabilize the rice bran at 
high pressure.  In   autoclave  stabilization,  100g  of full  fatted raw  bran  and  full fatted  parboiled  
bran were  weighed and packed  in bags  and kept  inside  the autoclave  at 15 pounds  for 20 minutes 
. The bags were removed and cooled at room temperature. The brans were then analyzed for free fatty 
acid content to ensure the stabilization after two weeks. 
 
 1.3.3 Alcohol stabilization: In alcohol stabilization, alcohol is used for stabilization of the bran. 
Weighed quantities (100g) of full  fatted raw  bran  and  full fatted  parboiled  bran  were mixed  with  
5 ml  alcohol  for  stabilization. It was allowed to stabilize for two weeks. The brans were then 
analyzed for free fatty acid content to ensure the stabilization. 
 
1.4 Extraction: The brans were subjected to solvent extraction process in Soxhlet apparatus. In this 
process the fat present in the bran were removed using n-hexane as a solvent. 
 
Phase-II  
 
2.1 Isolation of protein from raw, parboiled, de-oiled and stabilized rice bran 
The steps involved in the isolation of protein from raw, parboiled, de-oiled and stabilized rice bran is 
given in Figure 2.  

Raw, Parboiled, Deoiled, Stabilized Rice bran 
 

    Grading 
 

                                                      Alkaline extraction 
 
                                                    Centrifugal separation 
                                         
 
                                           Solids               Acid   Precipitation    
                                       
                                            Water washing         Centrifugal separation 
 
                                            Solids          Drying                        Boiling 
 
                                            Residues   Protein concentrates     Cooling 
                                                                                                                  



                                                                                                  Filtering 
 
                    Coagulated protein 
The fiber  present  in the  bran  pose  a major  problem  when it is  directly used  as food material. The 
presence  of fiber  content  in the bran  may vary  with the type  of the bran i.e. bran from high  
protein rice  contains 25.8 per cent fiber  whereas  bran  from  brown rice  contains 3.8 - 6.0 per cent 
fiber  depending upon   the  quality  of the bran nutritive value . The protein present in the bran can  
serve  as high class protein  supplement  in human diet which can  be  isolated  using different  
methods  namely 

a) Wet  and dry fractionation of bran  
b) Solubilization in dilute alkali and recovering the protein from full fat and from defatted bran 
c) Precipitation and evaporization 
d) Grinding bran and fractional sedimentation in n-hexane 
e) Alkali extraction process 

Among these processes alkali extraction process consist of alkaline extraction of proteins, separation 
of the liquid phase and iso electric precipitation of the proteins. Sodium hydroxide and hydrochloric 
acid have been found to be the most effective and economical agents. The alkali extraction is superior 
to other methods and hence this method was used in the present study which yields more protein and 
is a very convenient method. In this  method approximately weighed quantity  of 100 g of the bran  
was mixed  with  5 volumes of water  and the mixture  was  treated  with 3N NaOH  solution as 
required to maintain  the pH  of 8.6 - 9.0. The mixture is then extracted by stirring at 1200 rpm for 15 
minutes. The alkaline extract (4.0-4.2) volumes were subjected to either of the two processes. In the 
first process the pH was lowered to 6.0 by the addition of 1N HCl, centrifuged at 5000 rpm and the 
temperature was maintained at 850°C. In the second process, the alkali extract was centrifuged at 
2465 rpm for 10 minutes to precipitate the starch.  The supernatant was then treated as in first process 
to precipitate the protein. The protein isolated from alkali extraction process   was subjected to either 
vacuum drying or freeze drying. The color of the rice bran protein concentrate obtained varies from 
greenish at alkaline pH and to a light tan at acid pH. Thus the protein was isolated from raw, 
parboiled, microwave stabilized raw, microwave stabilized parboiled and deoiled brans. 
 
2.2 Development and analysis of a products incorporating protein isolate 
A baked product namely bun was prepared by incorporating protein isolate in the main ingredient at 5 
per cent and 10 per cent level.  The acceptability was found out and the protein content was analysed 
(Figure 3). 

Bun 
 

 
   Variation 1      Variation 2       Control 

     (Incorporation at 5% level)   (Incorporation at 10% level) 
 
 

Raw protein isolate 
Parboiled protein isolate 
Deoiled protein isolate 
Raw microwave stabilized protein isolate 
Parboiled microwave stabilized protein isolate 

 
Results and Discussion 



The bun at both 5 per cent and 10 per cent levels incorporating raw protein isolate, parboiled protein 
isolate, deoiled protein isolate, raw microwave stabilized protein isolate and parboiled microwave 
stabilized protein isolate was found to be acceptable. The protein content (g/100g) of control and rice 
bran protein isolate incorporated buns is given in Table I.  
 
Table 1. Protein Content (G/100g) of Control and Rice Bran Protein Isolate Incorporated Buns 
 

Particular Level of incorporation 
(%) 

Protein (g/100g) 

Control - 9.1 
Raw rice bran 5 10.1 

10 11.5 
Parboiled rice bran 5 10.4 

10 11.0 
Raw microwave stabilized 5 10.1 

10 10.6 
Parboiled microwave 
stabilized 

5 10.0 
10 10.5 

Deoiled rice bran 5 10.1 
10 10.5 

 
The protein content of the control and rice bran protein isolate incorporated bun were analysed. The 
protein content of rice bran protein isolate incorporated bun at 5 per cent level was found to be in the 
range of 10.0 to 10.5 g / 100 g and the bun incorporated at 10 per cent level was found to range from 
10.5 to 11.5 g / 100 g. The protein content of the control bun as only 9.1 per cent which was very 
much lower than the buns incorporated with the protein isolate.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DEVELOPMENT OF VALUE ADDED FOOD PRODUCT FROM MILLING INDSUTRY BY-
PRODUCTS 

Identify the suitability of mixing methods for control the temperature and friction factors in 
composite flour for the development of various convenient food products  

Utilization of byproducts namely rice bran and broken rice was successfully carried out and 
developed nutritious conventional foods, that is, hot extruded product (kurkurae) and cookies. Rice 
bran samples were stabilized by oven heating to inactivate endogenous lipases; making stable against 
fat deterioration. All cookies samples including control were made from similar cookies formulation. 
The difference between samples and control was the flour types used in the formulation. Proximate 
analysis, texture profile analysis, mineral, vitamin analysis and fatty acid profile analysis were done to 
analyze the nutritional composition of the cookies and kurkurae. Sensory attributes were analyzed  to 
evaluate the acceptability of developed products.  The results of the experiments conducted on 
development, nutritional composition and acceptability evaluation of cookies and kurkurae are 
presented in his chapter. 
 
Evaluation of cookies and extruded products 
Sensory analysis is one of the first steps in product development in the food industry. A thorough 
analysis of the results from such an analysis may give important input to the process of development.  
The purpose of the present study was to investigate the acceptability of three products replacing a 
portion of the flour with by-products of milling industry, namely, brokens of cereals and pulses and 
rice bran. If the sensory profile of the developed products namely, cookies and ready to eat extruded 
products do not differ significantly an inclusion of the mixture in the portfolio may be considered 
because of the reduction of cost as well as the added health benefits. Hence the focus was on the 
results from a sensory analysis of cookies and recipes with extruded products from people of different 
age groups.  The differences in the overall scores, interpretation of the attributes and differences in 
their range of scoring of the cookies and recipes with extruded products are the analytical tools 
especially well suited for sensory analysis of the product.  
 
Cookies: The butter cookies was used as a control and the cookies prepared with brokens of cereals 
and pulses along with rice bran was used as a sample for conducting sensory evaluation tests. 
 
Four different types of cookies were formulated by using rice bran, broken rice, rice flour and Maida. 
Formulation of all cookies was similar with exception of the flour used. Chocochips , vanilla were 
added to increase the aroma of the product. Cookies made of Maida were used as the control for all 
analysis. 
 
Chocolate Based Cookies with Rice Bran 

Composition  
(in gms)  

V1 V2 V3 V4 V5 V6 

Composite 
Flour* 

150 140 130 140 140 140 

Rice bran 0 10 10 10 10 10 
Margarine 90  90 90  90  90  90  
Icing sugar 120  120 120  120  120  120  
Sugar 30 30 30 30 30 30 
Salt 2 2 2.8 2 2 2 



Water 15 15 15 15 15 15 
Egg 45 45 45 45 45 45 
Baking powder 3 3 3 3 3 3 
Chocochips 30 30 30 30 30 30 
Nuts  0 0 20 20 20 20 
Raisin 0 0 0 0 15 0 
Milk powder 0 0 0 0 0 10 
Vanilla 0 2 0 2 0 0 
Nutmeg 0 0 0 0 2 0 
Total 485 485 495.8 507 522 515 

 
Formulas 
(in gms) 

V7 V8 V9 V10 V11 

Composite Flour* 140 140 140 140 140 
Rice bran 10 10 10 10 10 
Margarine 90  90  90  90  90  
Icing sugar 120 120 120 120 120 
Sugar 30 30 30 30 30 
Salt 2 2 2 2 2 
Water 15 15 15 15 15 
Egg 45 45 45 45 45 
Baking powder 2 2 3 3 3 
Chocochips 30 30 30 30 30 
Nuts  20 20 20 20 20 
Coconut powder 10 0 0 0 0 
Cinnamon  0 5 0 0 0 
Cardamom 0 0 3 0 0 
Coffee powder 0 0 0 3 0 
Vanilla 0 0 0 1 0 
Caraway  0 0 0 0 3 
Total  514 509 508 509 508 

 
Note:  
V1 - Chocolate 
V2 - Vanilla + chocolate and bran 
V3 - Chocolate, nuts and bran 
V4 - Vanilla + chocolate, nuts and bran 
V5 - Raisin, Nutmeg + chocolate, nuts and bran 
V6 - Milk + chocolate, nuts and bran  
V7 - Coconut + chocolate, nuts and bran 
V8 - Cinnamon + chocolate, nuts and bran 
V9 - Cardamom + chocolate, nuts and bran 
V10 - Vanilla, Coffee + chocolate, nuts and bran 
V11 - Caraway + chocolate, nuts and bran 
 
Method of Mixing 
i) Drop cookies 

1. Scale all the ingredients and set aside 
2. Cream the shortening, egg and sugar in a kneader 



3. Stir the flour mixture into the creamed mixture until no flour is visible (over mixing should be 
avoided as it leads to gluten development, making of tough cookie) 

4. Add all dry ingredients and mix well 
5. Transfer the mixer into a cookies scoop and drop 2inches apart on to baking tray coated with 

butter. 
6. Bake for about 15 minutes at 1500C.  

 
ii) Stiff batter cookies 

1. Scale all the ingredients and set aside 
2. Cream the fat, sugar and egg in a kneader 

 
Extruded products: Two types of extruded products namely star shaped pasta and ball shaped 
product ready to eat were developed using the brokens of cereals and pulses along with rice bran.  
 
Sensory evaluation 
Sensory evaluation was designed based on consumer acceptability and preferences with regard to 
cookies and extruded products. In this case, consumers evaluated the baked products based on the 
physical appearance, color, texture, flavor and taste. Panelists (n = 20 per group) were young 
employed women in the age group of 25 to 40 years and college students (aged 17-18 years) from 
Faculty of Community Education and Entrepreneurship Development of Avinashilingam Deemed 
University and High school girls (aged 13-15 years) from Sri Avinashilingam Higher Secondary 
School for Girls, Coimbatore. The 9 point hedonic rating scale system, with 9 for like extremely and 1 
for dislike extremely was used. The sensory evaluation test was conducted between 10.30 and 11 
during the morning hours and included the following characteristics namely appearance, color, 
texture, flavour, taste and overall acceptability. During the sensory evaluation of the product the panel 
members were asked to drink water in between to alter aftertaste. Preferences among the butter 
cookies (control) and the cookies made out of brokens of cereals and pulses were evaluated. Both the 
cookies were distributed to each panelist individually on white plates separately and were asked to 
score the product one at a time. A tomato onion recipe was prepared using star pasta. The time of 
soaking, method of cooking and seasoning of the star pasta were standardized before conducting the 
sensory evaluation. The ball shaped ready to eat extruded product was seasoned with little oil and 
sprinkled with salt and chilli powder before serving. The score card was provided to each panelist for 
sensory evaluation and briefed about the scoring method. The data obtained were analysed for mean 
and standard deviation. 
 
Results  
Sensory score for cookies 
The results of the sensory evaluation of the cookies is given in Table I.  
 
Table I. Sensory Score For Cookies 
 

Attributes  Appea 
rance 

Colour Flavour Crispiness Taste Overall 
Acceptability 

Employed 
women 

C 7.55±0.76 7.70±1.03 7.40±1.50 6.50±1.50 8.00±1.10 7.80±1.07 
S 7.40±0.90 7.40±1.10 7.25±1.12 7.60±1.10 7.60±0.90 7.80±1.00 

Home makers C 7.10±1.50 7.10±1.50 7.40±1.60 6.80±1.90 7.50±1.50 7.80±1.100 
S 7.50±1.05 7.20±1.20 7.50±1.40 7.70±1.20 7.50±1.40 7.60±1.40 

College C 6.35±1.46 5.90±1.90 6.05±2.01 5.40±2.30 6.40±2.30 6.40±2.30 



S 5.80±1.44 5.30±2.40 4.60±1.90 5.30±1.70 4.40±2.20 4.90±2.30 
High School C 6.40±1.50 6.40±1.80 6.05±1.79 6.25±2.20 6.00±2.30 7.40±1.00 

S 7.70±0.90 7.60±1.40 7.30±1.80 7.45±1.54 7.80±0.90 7.90±1.00 
Elementary C 8.75±0.55 8.30±0.73 8.50±0.80 8.45±0.94 9.00±0.20 8.80±0.41 

S 8.70±0.47 8.20±0.90 8.50±0.70 8.40±1.00 8.75±0.44 8.80±0.50 
Overall acceptability for both Control and sample cookies: f ** 

C-Control cookies; S-Sample cookies;  ** Significant at one per cent level 
 
The sample cookies obtained a mean score of 8.7 by elementary school girls, followed by high school 
girls (7.7), homemakers (7.5), employed women (7.4) and the least score by college girls (5.8) for 
their appearance. But the appearance of control cookies was liked more by elementary school girls 
(8.75), than by the employed women (7.55) and college girls (6.35) than the sample cookies. For the 
colour quality of sample cookies high school girls (7.6) and home makers (7.2) gave a high score 
when compared with the control cookies. Whereas elementary school girls (8.3), employed women 
(7.7) and college girls (5.9) gave a high score for control cookies than the sample cookies with a score 
of 8.3, 7.7 and 5.9 respectively. Flavour obtained a high score of 8.5 for both the cookies as evaluated 
by elementary school girls. Scores were same for flavour as evaluated by employed women and home 
makers (7.4) and among college and high school girls (6.05) for the control cookies. Sample cookies 
obtained a high score as evaluated by elementary school girls followed by home makers, employed 
women, high school girls and college girls with 8.4, 7.7, 7.6, 7.45 and 5.3 mean scores respectively. 
The mean scores for control cookies were 8.45 by elementary school girls, 6.8 by homemakers, 6.5 by 
employed women, 6.25 by high school girls and 5.4 by college girls. For the sensory attribute of taste 
it was observed that elementary school girls liked extremely the control (9.0) compared with the 
sample cookies (8.75). This was followed by employed women and the scores for control cookies and 
samples cookies are 8.0 and 7.6 respectively. Taste obtained a same score of 7.5 for both the products 
by home makers.  The mean scores were 7.8 for sample cookies and 6 for the control cookies as 
evaluated by the high school girls. For taste except college girls all other groups liked the control 
cookies compared with the sample cookies. The mean overall acceptability scores rated for the sample 
cookies was 7.8 by employed women and 7.9 by high school girls. But the control cookies were liked 
more by homemakers (7.8) and college girls (6.4). It was found that the overall ratings given by the 
different groups differed significantly (p<0.001) both for the control and samples. Elementary school 
girls liked both the cookies (8.8) alike. Thus the cookies were extremely liked by the elementary 
school girls as they are perfect size sweet snack for little hands. Employed women liked the cookies 
may be because of the convenience of purchasing and to cope with time pressure compared with 
home makers and high school girls. College girls disliked the new product. Sensory score for star 
pasta. The results of the sensory evaluation of star pasta is presented in Table II. 
 
Table II. Sensory score for star pasta 

(N=20/group; Max. Score: 9) 
Groups Appearance Colour Texture Flavour Taste Overall acceptability

A 8.35±0.99 8.35±0.99 8.40±0.88 8.55±0.76 8.60±0.75 8.60±0.75 
B 8.35±0.88 7.85±0.75 7.85±0.93 8.25±0.72 8.20±0.83 8.45±0.69 
C 7.30±0.26 7.90±0.72 7.25±1.07 7.20±1.36 7.70±1.34 7.95±1.05 
      f NS 

A- Employed women; B- College girls; C- High School Girls; NS – Not significant 
 



The sample of star pasta gained a mean score of 8.35 for appearance and colour by the employed 
women. When the sample was scored by college girls and high school girls a mean score of 8.35 and 
7.3 for appearance and 7.85 and 7.9 for colour was gained respectively. For the quality of texture, 
highest score was given by employed women (8.4), followed by adolescent (7.85) and high school 
girls (7.25). The sensory score for flavour followed the same trend with highest by employed women 
(8.55) followed by college girls (8.25) and high schoolers (7.2). For the quality of taste a mean score 
of 8.6 was given by employed women, followed by 8.45 by adolescent and 7.95 by high school girls. 
The overall acceptability of the product  revealed that the star pasta sample was most accepted by the 
employed women (8.6), followed by college girls (8.45) and the least by high school girls (7.95). 
However, the mean acceptability scores obtained by the three groups was not found to be statistically 
significant. Sensory score for ball shaped ready to eat extruded product. The   results   of sensory   
evaluation   of   extruded product are presented in Table III. 
 
Table iii. Sensory score for the ready to eat extruded product 

(N=20/group; Max. Score: 9) 
Groups Appearance Colour Texture Flavour Taste Overall acceptability

A 8.50±0.61 8.35±0.75 8.30±0.98 8.20±1.06 8.35±1.04 8.50±0.83 
B 7.70±1.22 7.70±1.08 7.85±1.14 7.80±1.06 7.95±1.06 8.05±0.69 
C 7.50±1.05 7.50±0.83 7.20±1.11 7.75±1.16 7.85±1.18 7.95±0.83 
      f NS 

A- Employed women; B- College girls; C- High School Girls; NS – Not significant 
 
Employed women gave a maximum score for all the sensory attributes namely 8.5, 8.35, 8.3, 8.2 and 
8.35 for appearance, colour, texture, flavour and taste respectively. A mean score of 7.7 was given by 
college girls for appearance and colour, high score was for taste (7.95) followed by texture (7.85) and 
flavour (7.8). Lowest score was given by the school going girls for all attributes. From the sensory 
scores given by the school going girls it was inferred that they liked the taste (7.85) of the product 
more than the individual attributes. These results indicate that the overall acceptability as scored by 
the employed women (8.5) was highest followed by college girls (8.05) and school going girls (7.95). 
However the mean overall acceptability scores of the three different groups of panelists did not differ 
statistically. 

NAIPKurae 

Kurkuraes of broken rice and maida was prepared. Formulation of kurkuraes was similar with 
difference in amount of maida used. Chilly powder and salt was incorporated into the composite flour  
to attain an attractive texture and taste. Maida was taken as the control to compare with broken rice 
kurkurae in case of all analysis. 

Proximate nutrient content of cookies: Moisture content, protein and fat content was higher in 
cookies made of rice bran by comparing contents with other cookies. Ash content was high in control 
and carbohydrate content was high in cookies made of rice flour. The analysis reveals that rice bran 
cookies and broken rice cookies  are found to be satisfying nutrient composition.  

Moisture content: As rice bran contains more cellulose and other non starch polysaccharides that 
hold moisture several times higher to its weight, there was an increase in moisture content of  rice 
bran cookies than other cookies.  Moisture content was found to be 7.8, 8.8, 7.9 and 6.36 % in C1, C2, 
C3 and C4 cookies respectively. The present study is also in concordance with the findings of  Uma, 
2010 who reported that 8.8% moisture content is present in rice bran cookies. Similar values of 



moisture content (8.56%) for rice bran cookies and7.45% for broken rice cookies was reported by 
Mian, 2009.  Bassinello, 2009  reported 6.9%  of moisture content in broken rice cookies. 

Ash content: Ash content of  rice bran and  broken rice cookies was found to be  1.1 and 1.3% 
respectively. These values are similar to the ash content 1.2 and  1.3% reported by Seema et al, 2012 . 
Similarly, Bassinello 2009  also reported 1.11% of ash content in broken rice cookies. 

Carbohydrate content: Carbohydrate content of cookies found to be 41.44, 57.39, 59.70 and 66.08 
% for control, rice bran, broken rice and rice flour respectively. Carbohydrate content is higher than 
control in both rice bran and broken rice cookies. The final formulations (rice flour) presented higher 
carbohydrate content.  Uma, 2010 reported that 57.65% carbohydrate presence in rice bran cookies 
and finds to be similar with the current study. Ana et al, 2012  reported that broken rice cookies 
presents 64.20% of carbohydrates content. 

Protein content: Protein content of formulated cookies was found to be 5.1, 13.36, 10.07 and 9.87 % 
in control, rice bran, broken rice and rice flour cookies respectively. Similar to carbohydrates, rice 
bran  and broken rice cookies are rich in protein. The protein content of rice bran cookies are similar 
to values obtained by Mian, 2009.  Al-Jasser and Al-Mustafa (1996) conducted proximate analysis of 
Hassawi rice bran and reported 12.56% protein. Similarly, Sharif et al (2005) reported that rice bran 
cookies of Pakistani rice cultivars has 15.78% crude protein which is higher. The present study is also 
in concordance with the findings of Juliano (1985) who studied proximate composition of rice bran 
cookies and reported 11.3-14.95% crude protein.  The studies of Seema et al, 2012 revealed that 9.9 
% of protein content is present in broken rice. 

Fat content: Generally cookies present high fat concentration in their composition as a consequence 
of addition of hydrogenated fat. Result indicate that control, rice bran, broken rice  and rice flour 
cookies contain 11.8, 19.3, 12.2and 15.8% fat respectively. The result also reveals that higher amount 
of fat was present in rice bran cookies. Sharif et al (2005) reported that rice bran cookies of Pakistani 
rice cultivars has 20.55% crude fat which is almost similar to this study.  Juliano (1985) studied 
proximate composition of rice bran cookies and  reported presence of 15.0-19.7% crude fat and  was 
in conformity with the findings of this study. Seema et al, 2012 reported that broken rice cookies 
contain 9.9% fat content and it finds to have similarity with result obtained in the present study 

Table 1.  Effect of broken rice and stabilized rice bran on the nutritional composiion of cookies 

 

 

 

 

 

 

 

C1-Control,  C2-Rice bran cookies,  C3-Broken rice cookies,  C4 - Rice flour cookies 

Proximates C1(%) C2(%) C3(%) C4(%) 

Moisture 7.8 8.8 7.9 6.36 

Ash 1.67 1.1 1.3 1.12 

Carbohydrates 41.44 57.39 59.70 66.08 

Protein 5.1 13.36 10.07 9.87 

Fat 11.8 19.3 12.2 15.8 



Proximate content of NAIPkurae: The quality of an extruded product is affected by the 
physicochemical composition of the raw material, as reported by Carvalho, Ascheri and Cal-Vidal 
(2002) and Gonzalez Torres and De Greef (2002). Broken rice incorporated kurkurae found to have 
higher nutritional facts than control. Moisture, protein, carbohydrate and fat contents are higher in 
broken rice cookies. 

Moisture content: Moisture content of broken rice cookies was noted as 8.5% and that of control is 
5.7%. Similar values were reported by Rababah et al, 2006. 

Ash content: Ash content of broken rice incorporated cookies and control are 1.65 and1.87% 
respectively and it was similar to values ( 1.24% for broken rice) reported by Mendonca (2001) 

Carbohydrate content: The carbohydrates are the main components of broken rice and it was less 
than the carbohydrate content reported by Juliano (1993). Carbohydrate content of broken rice 
kurkure was found to be 65.3% and 62.1% for control. 

Protein content: Protein content was 9.52 %, a value higher than that reported by Limberger et al. 
(2009), 8.91%, for extruded broken rice snacks, and those reported by Lanfer Marquez et al. (1997), 
3.8% and 7.3%, in thirteen different flaked cereals. protein content also finds to be similar to values 
obtained by Ana et al, 2012. 

Fat content: The analysis reveals that fat content in broken rice kurkure was 6.33% and that of 
control was 5.63%.The results of fat content obtained for the broken rice flour are close to those 
reported by Mendonca, Ascheri and Ascheri (2001), Tedrus et al (2001), Dors, Castiglioni and Ruiz 
(2006). 

Table 2.  Effect of broken rice on the nutritional composition of kurkure 

Proximates K1   (%) K2   (%) 
Moisture 5.7 8.5 
Ash 1.87 1.65 
Carbohydrates 62.1 65.3 
Protein 8.31 9.52 
Fat 5.63 6.33 

 

Texture profile analysis of cookies: Regarding texture measurements, the cookies prepared with rice 
bran presented highest hardness (35934.002) ,springiness (1)  and gumminess (35934.837) values. 
Hardness values are found agreeable with values reported by Seema et al, (2012) 35274 for hardness. 
Cohesiveness was found to be same for all cookies. In general, when a higher amount rice byproducts 
was applied on formulation, observed an increase of cookies hardness and gumminess values. Rice 
flour cookies found to have 33837.643 hardness value, 0.317 value of springiness, gumminess 
33836.954 and chewiness 10728.790 and Sukhcharn, 2008 reported result close to that of rice flour 
values with hardness 33700, springiness 0.324, gumminess 33705 and chewiness 10712. Broken rice 
cookies was found with hardness 33675.458, springiness 0.575, gumminess 33675.396 and chewiness 
10728.790 and these values are similar to those reported by Seema et al, 2012. This study revealed 
that texture profile analysis of cookies prepared with rice byproducts were more superior and 
acceptable than control. 

Table 3.  Effect of broken rice and stabilized rice bran on the textural  properties of cookies  



Cookies 
Types 

Hardness Springiness Cohesiveness Gumminess Chewiness 

         C1 31729.871 0.529 1.000 31729.887 16789.1113 

         C2 35934.002 0.100 1.000 35934.837 3604.493 

         C3 33675.458 0.575 1.000 33675.396 19351.191 

         C4 33837.643 0.317 1.000 33836.954 10728.790 

C1-Control,   C2-Rice bran cookies,   C3-Broken rice cookies,   C4 - Rice flour cookies 

Texture profile analysis of kurkurae:Texture profile analysis of broken rice and control kurkure 
was evaluated. The hardness, springiness, cohesiveness, gumminess and chewiness analysis indicates 
that broken rice incorporated kurkure have high values compared to control. The values of broken rice 
kurkure are concordance with findings of Pracha, 2000. The result confirms that incorporation of 
broken rice increases the textural properties of kurkure. 

Table 4. Effect of broken rice bran on the textural properties of kurkure 
 

Types Hardness Springiness Cohesiveness Gumminess Chewiness 

K1 2849.81 0.24 0.09 260.46 63.82 

K2 4334.14 0.35 0.12 271.59 65.56 

Fatty acid profile analysis of cookies: Fatty acid composition included were odecanoic acid, 
Tridecanoic acid, 7-Hexadecenoic acid, Hexadecanoic acid (palmitic acid), Pentadecanoic acid, 
Heptadecanoic acid, 10,13-Octadecadienoic acid, 9-Octadecenoic acid (oleic acid), 7-Octadecenoic 
acid, Octadecanoic acid (stearic acid), 11-Octadecynoic acid, Eicosanoic acid (arachidic acid) and 1,2-
Benzenedicarboxylic acid. Almost all the fatty acids were present in control and  all other 
substitutions were found to be satisfying with the amount. Rice bran was found to have free fatty 
acids in high amount compared to others. The free fatty acid content of control cookies were 
agreeable with findings of Kashlan et al, 1992.  

Hexadecanoic acid , 10,13- octadecadienoic acid and 9-Octadecenoic acids were predominant in  
cookies. Rice bran contain high free fatty acids and result similar to the obtained values were reported 
by Hwang et al, 2002. Monsoor and Proctor (2003) found that commercially milled broken rice had 
significantly greater lipid contents than head rice. The results indicate that broken rice cookies contain 
fatty acids which are absent in others. So incorporation of broken rice can lead to good quality. The 
fatty acid contents were close to the findings of Mansoor et al, 2004. The major factor for FFA 
development on rice depends  the rate of lipid hydrolysis, which depends on the amount of surface 
lipids (substrate) and lipases (enzymes) (Tanako, 1989). The study indicates  that rice flour cookies 
are also satisfying with the requirement of free fatty acid and are found to be agreeable with reports of 
Wanyo et al, 2009. A slight but significant increase was found in cookies while incorporated with rice 
by-products than control. 

Table 5. Fatty acid composition of cookies 



Free fatty acids C1(%) C2(%) C3(%) C4(%) 

Dodecanoic acid, methyl ester 4.40 8.46 0.23 5.49 

Tridecanoic acid, methyl ester 2.36 4.34 0.96 2.74 

7-Hexadecenoic acid, methyl ester, (Z)- 0.02 0.15 - - 

Hexadecanoic acid, methyl ester 29.36 30.05 30.34 6.55 

Pentadecanoic acid, methyl ester 0.09 0.02 - - 

Heptadecanoic acid, methyl ester - 0.07 - - 

10,13-Octadecadienoic acid, methyl ester - - 31.93 12.40 

9-Octadecenoic acid (Z)-, methyl ester 46.60 50.20 3.76 53.65 

7-Octadecenoic acid, methyl ester 7.69 - - 8.10 

Octadecanoic acid, methyl ester 8.13 6.32 - 10.23 

11-Octadecanoic acid, methyl ester 0.10 - 30.80 - 

Cyclopropaneoctanoic acid, 2-hexyl-, 
methyl ester 

0.20 - 
 

0.80 
0.15 

Eicosanoic acid, methyl ester 0.45 0.39 0.37 0.43 

1,2-Benzenedicarboxylic acid, diisooctyl 
ester 

0.60 - 
 

1.61 

 

0.26 

C1-Control,   C2-Rice bran cookies,   C3-Broken rice cookies,   C4 - Rice flour cookies 

Fatty acid profile analysis of NAIPkurae: Free fatty acid composition of the developed cookies 
were carried out and composition includes Dodecanoic acid, Tridecanoic acid, 7-Hexadecenoic acid, 
Hexadecanoic acid (palmitic acid), 10,13-Octadecadienoic acid, 9,12-Octadecadienoic acid, 10-
Octadecenoic acid (oleic acid), 9-Octadecenoic acid,Octadecanoic acid (stearic acid), 11,14- 
Eicosadienoic acid, Cyclopropaneoctanoic acid, 2-[[2-[(2-
ethylcyclopropyl)methyl]cyclopropyl]methyl]-, 9,12-Hexadecadienoic acid, Eicosanoic acid  
(arachidic acid), Cyclopropaneoctanoic acid, 2-hexyl-, Methoxyacetic acid and 1,2-
Benzenedicarboxylic acid. 

Table 6. Fatty acid composition of kurkure 

Free fatty acids K1 (%) K2 (%) 

Dodecanoic acid, methyl ester 2.10 0.27 

Tridecanoic acid, methyl ester 1.21 0.14 

7-Hexadecenoic acid, methyl ester, (Z)- 0.17 0.11 



Hexadecanoic acid, methyl ester 36.32 12.87 

9,12-Octadecadienoic acid (Z,Z)-, methyl ester - 64.60 

10,13-Octadecadienoic acid, methyl ester 10.49 - 

10-Octadecenoic acid, methyl ester 35.14 - 

9-Octadecenoic acid (Z)-, methyl  8.17 16.70 

Octadecanoic acid, methyl ester  5.29 2.51 

11,14-Eicosadienoic acid, methyl ester - 0.06 

Cyclopropaneoctanoic acid, 2-[[2-[(2-
ethylcyclopropyl)methyl]cyclopropyl]methyl]-, methyl ester 

- 0.46 

9,12-Hexadecadienoic acid, methyl ester - 0.48 

Cyclopropaneoctanoic acid, 2-hexyl-, methyl ester 0.09 1.07 

Eicosanoic acid, methyl ester 0.29 0.34 

Methoxyacetic acid, 4-tridecyl ester 0.03 0.40 

1,2-Benzenedicarboxylic acid, diisooctyl ester 0.70 - 

The broken rice incorporated  kurkure contains more free fatty acids and that gives kurkure a better 
texture. Free fatty acid composition of broken rice kurkure was found to be high in 9,12-
Octadecadienoic acid, 10-Octadecenoic acid (oleic acid), 9-Octadecenoic acid, Cyclopropaneoctanoic 
acid, 2-[[2-[(2 ethylcyclopropyl) methyl] cyclopropyl] methyl], 9,12-Hexadecadienoic acid, 
Eicosanoic acid (arachidic acid), Cyclopropaneoctanoic acid, 2-hexyl, 11,14-Eicosadienoic acid  and 
Methoxyacetic acid. These values were found to be similar to those reported by  Feliz, 2005. Contol 
cookies found to have all essential free fatty acids in right amount and these are agrreable with reports 
of  J. A. Inkpen, 1969. 

Physical Characteristics of cookies 

Generally, the differences in physical properties of cookies  may be due to the differences in  
composition of ingredients used in processing.  The results reveals that broken rice cookies contain 
high values of spread ratio and rice bran was found to be satisfactory in case of thickness, width, 
spread ratio and weight. As control was prepared from maida, it was found to be superior in  thickness 
and width. Significant differences are noted in spread ratio of cookies which indicates the superiority 
of flours used for formulation. Rice bran cookies are found to have thickness 1.28, width 7.43, spread 
ratio 5.80 and weight 25 and values similar to these values was reported by Neha, 2012 with values 
1.25 for thickness, 7.56 for width and 6. 03 for spread ratio. They are close to values reported by 
Amna et al, with values of 5.9 for spread ratio, 7.5 for width and 1.3 for thickness. Sharma and 
Chauhan (2002) also reported that physical properties of cookies like width, thickness and spread 
factor were affected significantly with incorporation of rice bran. Broken rice cookies are found to 
have thickness 1.17, width 7.35, spread ratio 6.28 and weight 22 and these values are agreeable with 
values reported by Umair, 2008 with results 6.8 for spread ratio, 1.29 for thickness and 9.1 for width. 
The results of physical characteristics reveals that broken rice and rice bran incorporated cookies 



found to be high. The results of physical characteristics of control and rice flour cookies also indicates 
that they are satisfactory with values. 

Table 7.  Effect of broken rice and stabilized rice bran on the Physical Characteristics of 
Cookies 

Type of 
cookies 

Thickness(cm) Width(cm) Spread ratio Weight(g) 

C1 1.39 7.54 5.42 20 

C2 1.28 7.43 5.80 25 

C3 1.17 7.35 6.28 22 

C4 1.24 7.33 5.911   24 

 

Color analysis of cookies: The comparison of color properties among different cookie compositions 
was performed.  Sudha et al. (2007) reported that  supplementation of rice bran produced 
progressively darker cookies. According to Chevallier et al. (2000), the color of the cookie surfaces 
originates from non-enzymatic browning (Maillard reactions) between reducing sugars and amino 
acids as well as from starch dextrinization and sugar caramelization.  According to the L value, color 
of  broken rice formulated cookies was superior than other cookies followed by control, rice flour and 
rice bran formulated cookies.  Incase of a values, rice bran cookies was superior followed by  rice 
flour than control. The values of rice bran cookies and broken rice cookies was found to be supported 
by  with values 49.04 for L , 10.14 for a, 12.16 for b (rice bran) and  58.58 for L, 5.01 for a, 12.07 for 
b values for broken rice. The values of broken rice cookies for lightness (L) 60.63±0.07, redness(a) 
3.35±1.45 and yellowness(b) 15.04 reported by Natthakarn, 2010 also supports the result obtained by 
present study. The analysis reveals that color measurements of rice byproducts are satisfactory. 

Table 8. Effect of broken rice and stabilized rice bran on the Color of cookies 

Type of 
cookies 

Color 

L a b 

C1 54.17 6.22 14.19 

C2 48.16 9.69 13.1 

C3 58.01 4.61 14.76 

C4 51.36 8.04 12.84 

 

Color analysis of kurkurae: The effects of broken rice and contol  kurkure formulation on color 
measurements were assessed. The L and b values of broken rice incorporated kurkure was found to be 
rated high than control. The result of broken rice kurkure was 60.77 value for lightness, 2.67 for a and 
16.41 for b and  supported by values given by Pracha, 2000 ( 61.12 for L, 2.54 for b and 15.76 for b). 



Table 9. Effect of broken rice on the Color of kurkure 

Type of 
cookies 

Color 

L a B 

K1 56.49 2.69 13.42 

K2 60.77 2.67 16.41 

 
1. Add flour and baking powder into the creamed mixer and mix well 
2. Transfer the mixer into a cookie scoop and drop into baking tray coated with butter 
3. Bake at 1650C for 20 minutes 

 
Rice Milk 

The people in rural India, particularly the economically weaker sections of the society are deprived of 
nutritional foods and are affected by malnourishment while the upper strata of the society are affected 
by chronic disorders due to obesity and over intake of foods. The results of this study will address this 
double disease burden. The economically weaker sections need nutritious foods at affordable prices 
while the upper strata of the society require functional foods that will alleviate the problems of 
chronic disorders like diabetes and hypertension. The rice milling industry, for instance, produces by-
products like broken rice, bran and germ which are sold at low prices and thus are grossly 
underutilized. If suitable technologies are made available to use all these by-products then the 
producers and millers will be bentefited. We will have more food available for our consumption and 
the value added products will fetch huge domestic and international markets. This developed product 
will also have addressed the problems of poor economic status of rural India. Rice is a staple food 
consumed by over half of the world’s population. The total world production of milled rice is around 
429 million tones (MT) (based on the average production for 2007).  India produces also large 
quantities of different types of grains. Rice is the major cereal grain of India and the average 
production rates from 90 to 120 million tons (MT) every year. The byproducts of rice milling are 
broken rice, germ, bran and husk. Barring husk, all other three by –products from the milling 
industries are rice broken – 4.6 MT, Rice bran -1.60 MT, Germ-0.45 MT. If these by products are 
used for producing value added nutritional and functional foods then their total market value will be 
increased manifold 
 
Methodology 
Rice has excellent image because of its nutritional characteristics and fact that it is gluten-free, hypo 
allergenic and a highly digestible source of complex carbohydrate. Food consumers have become 
increasingly health aware, yet time limited and in response the food industry seeks to develop 
products that are nutritious and convenience.  At the same time, at least 60 % of the population is 
overweight or obese, with similar trends in other developed countries. To challenge this public health 
ssues, consumption of foods that have a low energy density or low proportion of calories to mass can 
be recommended to maintain a healthy body weight. The developed rice milk product has the 
potential to act as a meal replacer.  The rice milk beverage is made viscous to increase satiety. 
 
 Results 
Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, Parboiled broken 
and raw rice broken flour were sieved using BS 170 mesh. Fine broken rice flour was used for 



preparation rice milk with equal proportion of sweetener and three part of water and 1 per cent of 
flavor ingredient like cardamom. Rice milk was prepared with two sweetening agents such as white 
sugar and jaggery. The sensory quality of the prepared product was analyzed by a panel. Rice milk 
with jaggery came out well with colour, taste, flavor and overall acceptability. The rice milk was 
packed in 200ml glass bottles. The bottles have been kept in different storage temperatures such as 
room temperature (32oC) and refrigeration (4oC).  The chemical constituents of rice milk such as 
carbohydrates, protein and minerals are appreciable.  
 
Brief Description of Technology for Release 
Energy dense developed drink was processed from broken rice. Rice milk is suitable supplement for 
school children’s, adults and geriatric group. It acts as lactose intolerance beverage which suitable for 
obese people and milk intolerant children. The non-dairy rice milk will be good source of energy for 
non milk consumer. 
 
Expected Outcome/Impact of the Technology 
Our main aim is to develop rice milk beverage technology which is most suitable for ICDS 
Children’s, farmers, pulse and rice millers at low cost. Utilization of broken rice for the development 
of health drink increase economic value of broken rice. Beverages are very popular in food processing 
market so low cost (Annexure 1) functional rice drink can easy to industrialized and commercialized.  

 
Flow Sheet for Preparation of Rice Milk 

 
Broken rice powder (parboiled rice and raw rice 100 g)  

 
Soak (for 4 hrs in 300 ml of water) 

 
Drain water 

 
Add powder of Cardamom (1g),  
Sugar (100g) and Jaggery (120g) 

 
Boil in water bath for 5minutes 

 
Cool to room temperature 

 
Refrigerate 

 
Pack in Glass Bottles 

 
Serve in chilled condition 

 
 
 

MILLING INDUSTRY BY-PRODUCTS (BRAN & BROKEN) INCORPORATED PASTA 
PRODUCTS AND STUDY THE EFFECT ON BODY COMPOSITION, ANTHROPOMETRY 

AND BIOCHEMICAL PROFILE OF OBESE AND OVERWEIGHT ADULT SUBJECT  
 



Rice bran, one of the "little known" super food is a super delicious and highly nutritious food that 
delivers a powerhouse of health supporting nutrients. Rice is a staple food for approximately 70 per 
cent of the world's population.  Over 600 million tons of rice is harvested annually on a global basis.  
Much of the nutritional value lies in the bran and germ, which has traditionally been discarded during 
milling processes.  Its bran - all 60 million metric tons of it is either thrown away or used for low-
level animal feed each year. This soluble rice bran super food contains naturally occurring Vitamin A 
(Beta Carotene), Vitamin B1 (Thiamin), Vitamin B2 (Riboflavin), Vitamin B3 (Niacin), Vitamin B5 
(Pantothenic Acid), Vitamin B6 (Pyridoxine), Vitamin C (Ascorbic Acid), Vitamin D, Vitamin E, 
Folic Acid, Biotin, Choline, and Inositol.  It also contains naturally occurring Calcium, Potassium, 
Magnesium, Phosphorus, Iron, Zinc, Manganese, Copper, Iodine and other trace minerals.  Beyond 
the stunning nutritional composition, Rice Bran tastes fantastic. It’s like eating a rich, nutty protein 
mix of some kind. Rice bran has displayed great promise in the use against a myriad of modern 
diseases, including arthritis1, joint health, peripheral neuropathy, cardiovascular disease, intestinal 
cancer2, high cholesterol and diabetes3. Rice bran's naturally filling fiber content can also aid as a 
healthy weight loss supplement in the fight against obesity. Hence, the aim of the present study was  
 To develop recipes from rice bran incorporated pasta at 10, 15 and 20 per cent levels. 
 To conduct the feeding trial for overweight / obese adults for a period of three months. 
 To assess the impact of feeding on the body composition, anthropometry and biochemical 

profile of the adults. 
 

Methodology 
Samples of pasta, standard as well as rice bran incorporated at 10, 15 and 20 per cent levels were 
received from IICPT, Thanjavur. Cooking procedure of pasta was standardized and recipes were 
developed. 
 
Standardization of cooking method 
The method of cooking pasta samples was standardized using various methods.  Different cooking 
methods namely steaming, soaking and steaming, boiling, soaking and boiling, washing steamed pasta 
in running water and washing boiled pasta in running water were tested. The time of soaking and 
cooking the pasta were also standardized. Among the various methods of cooking procedures adopted, 
it was observed that soaking pasta for 15 minutes in cold water and steaming for 15 minutes resulted 
in the best product. This method of cooking resulted in well cooked and soft, non sticky and mushy 
pasta. This method of cooked pasta was found to be best suitable for preparing various recipes for 
standard and rice bran incorporated pasta. 
 
Development of different pasta products 
Several basic recipes namely vegetable pasta, tomato-onion pasta, mint peas pasta, lime pasta, green 
gram dhal pasta, cabbage mint pasta, mushroom pasta, vegetable pasta soup, tomato pasta soup, pasta 
uppuma and kheer recipes were selected for standardization.  Each recipe was tried with the four 
samples of pasta namely standard and rice bran incorporated at 10, 15 and 20 per cent levels in the 
laboratory and standardization was done using the standard procedures.  
 
 
 
Sensory evaluation 
Basic pasta recipe was prepared using vegetables and spices for sensory evaluation in standard and all 
the three levels of rice bran incorporated pasta. Sensory evaluation was carried out by means of semi-
trained panelists. To this aim, a five point hedonic rating scale, where 5 corresponded to excellent, 1 



to poor and 3 to good (acceptability threshold) was used (Amerine et al., 1965). The panelists were 
selected on the basis of their interest in the sensory evaluation of pasta. The panelists were asked to 
score the rice bran incorporated pasta recipes on the base of the parameters namely colour, 
appearance, flavour, taste and texture. Twenty semi trained taste panel members were selected to 
evaluate the organo leptic qualities of the rice bran incorporated at 10, 15 and 20 per cent levels in 
respect of colour and appearance, texture, flavour and taste.  Overall acceptability was judged by 
panelist using 5 point scale.  The acceptability trial was carried out three times consecutively.  The 
results revealed that the rice bran incorporated at 15 per cent were highly acceptable compared with 
the standard.  
 
Statistical analysis 
The data were subjected to Analysis of Variance (ANOVA). Significant difference between cooking 
was determined by using critical difference test at p<0.05 and p<0.01. 

 
Selection of subjects 
The study was conducted among the adults employed in Avinashilingam Institute for Home Science 
and Higher Education for Women, Coimbatore in Tamil Nadu state. Forty overweight / obese women 
(each 20) in the age group of 30 to 60 years with no other complications formed the basis for 
inclusion in the study.  Overweight / obese adults were selected based on the WHO classification of 
obesity with BMI 25-29.99 kg/m2 for overweight and 30-34.99 kg/m2 for obese class I adults (WHO 
1995, WHO 2000 and WHO 2004). The adults with an implantable electrical device such as 
pacemaker, defibrillator, nerve stimulator or women within the first twelve weeks of pregnancy were 
excluded from the study.  Women were screened for overweight and obesity using height, weight and 
BMI (anthropometric measurements) for age as parameters.  
 
Assessment of body composition 
Assessment of body composition for the selected women was carried out using Biospace Inbody 720 
which gives a quantitative value for the various body compartments that equals the weight of each 
compartment, when put together it equals the persons weight.  These obtained values are compared 
with the normal values. Body composition analyser works on the principle of Bioelectrical Impedance 
Analysis (BIA).  BIA provides a useful technique for body composition analysis in healthy 
individuals and in those with a number of chronic conditions such as mild-to-moderate obesity, 
diabetes mellitus, and other medical conditions (National Institute of Health Technology, 1994). 
Parameters assessed include body composition analysis (proteins and minerals), muscle fat analysis 
(Skeletal Muscle Mass (SMM) and Body Fat Mass (BFM)), obesity diagnosis (Body Mass Index 
(BMI), Per cent Body Fat (PBF) and Waist Hip Ratio (WHR)) and fitness score. The test was carried 
out on an empty stomach and bladder. It was ascertained that the subjects did not carry out any 
exercise 4 to 6 hours prior to the test. While carrying out the test, the person was asked to wear light 
clothing, with all the ornaments removed and stand straight with the arms away from the sides without 
touching the body.  The details such as name of the adult, height, age and sex were entered in the 
instrument and after complete assessment, a data sheet was obtained for interpretation. 
 
 
 
Biochemical assessment 
Biochemical assessment basically works on the principle that any variation in the quantity and 
composition of the diet is reflected by changes in the concentration of nutrients or their components in 
tissues and body fluids and or by appearance or disappearance of specific substances i.e. metabolites. 



Measuring these essential dietary constituents would, therefore, help assess nutritional status. 
Biochemical profile namely lipid profile (total cholesterol, triglycerides, HDL, LDL and VLDL) was 
assessed for all the adults of the feeding trial initially before the start and at the end of the feeding 
programme. The blood samples was drawn from the adults using an experienced lab technician from a 
National Accreditation Board for Testing and Calibration Laboratories (NABL) after an overnight 
fasting. 
 
Conduct of feeding trial 
A feeding trial was carried out for 40 overweight and obese adults (experimental group I - 20 
overweight adults and experimental group II – 20 obese adults) with rice bran incorporated pasta for a 
period of three months. Overweight / obese adults who expressed their willingness to be a part of the 
feeding trial formed the group for feeding rice bran incorporated pasta.  Rice bran pasta incorporated 
at 15 per cent level was selected for the feeding trial. Each adult was fed with 75 grams (uncooked) of 
rice bran pasta in the form of recipes during the lunch along with a vegetable / raita / salad and 
buttermilk.  Pasta recipes were prepared and packed in disposable aluminium foiled boxes and served 
during lunch to the adults of the feeding trial. Along with the main course, a vegetable / raita / salad 
and buttermilk packed in disposable containers covered with lid was also served. Proper care was 
ensured to maintain cleanliness and hygiene during the preparation of the lunch like cleaning and 
washing the vegetables, cooking pasta, packing, serving etc. An ethical clearance was obtained from 
the University Human Ethical Committee for the conduct of the feeding trial (HEC.2011.12). 
 
Statistical analysis and interpretation of data 
Statistical tools namely ‘t’ test and correlation tests were used to interpret the data obtained and to 
draw conclusions. 
 
Results and Discussion 
 
Standardisation of cooking pasta 
Among the various methods of cooking procedures adopted, it was observed that soaking pasta for 15 
minutes in cold water and steaming for 15 minutes resulted in the best product. This method of 
cooking resulted in well cooked and soft, non sticky and mushy pasta. This method of cooked pasta 
was found to be best suitable for preparing various recipes for standard and rice bran incorporated 
pasta. 
 
Development of  various pasta products 
Twenty semi trained taste panel members were selected to evaluate the organo leptic qualities of the 
rice bran incorporated at 10, 15 and 20 per cent levels in respect of colour and appearance, texture, 
flavour and taste.  Overall acceptability was judged by panelist using 5 point scale.  The acceptability 
trial was carried out three times consecutively.  The results revealed that the rice bran incorporated at 
15 per cent were highly acceptable compared with the standard. 
 
Sensory evaluation   
Mean scores of green gram dhal pasta for appearance, colour, texture, taste and flavour and overall 
acceptability is presented in Table I. No significant difference for colour in green gram pasta 
compared with standard for three variables was found. Responses for other attributes were highly 
significant at five per cent level at 20 per cent level of incorporation.  Fifteen per cent level of 
incorporation showed significant changes in appearance, taste and flavour and no changes in texture 
and colour. Thus incorporation of rice bran pasta at 10 per cent level was found to be acceptable 



compared with the standard in all sensory attributes. Variation I and II did not significantly affect the 
perception except for colour in variation I (significant at one per cent level) and appearance (at five 
per cent level) and taste (at one per cent level) for variation II of cabbage mint pasta when compared 
with standards (Table II) accepting for consumption. It did affect the scores of appearance, taste, 
texture and flavour at 20 per cent level with 3.0, 2.6, 2.9 and 2.7 respectively in cabbage mint pasta. 
However no significant association in colour between standard and 20 per cent level of incorporation 
of rice bran was found. Table 3 showed the score of sensory attributes for rice bran incorporated 
tomato onion pasta. No significant difference in scores of all attributes at 10 per cent level of 
incorporation of rice bran except for appearance (P<0.01) in tomato onion pasta was found.  The 
appearance, colour and flavour for variation I and II was identical with scores of 3.78, 4 and 3.61 
respectively for tomato onion pasta.   This well illustrates that no change in these attributes was 
significant when compared with the standard.  Whereas only the colour (3.78) of the variation III was 
accepted by the panelists. The taste (2.72) was poor and significantly different when compared with 
the standard that panelists did not accept 20 per cent incorporation of rice bran. Table 4.Shows the 
range of variation in perception of vegetable pasta.   
 
It is interesting that the mean scores for vegetable pasta incorporated at 10 and 15 per cent levels are 
consistent across all five characteristics. In appearance, they scored just 3.61 and 3.67 respectively for 
variations I and II, with the control having the  highest score (3.94) and the 20 per cent variation 
having the score 3.22 (P<0.01) with no significant difference in colour in all the three variations. The 
texture resulted in the poor scores with the 20 per cent variation (2.94) and the 10 and 15 per cent 
variation (3.83 and 3.55) lightly lower than the standard (4.17). Texture is one of the biggest 
challenges for cereal pulse pasta; it lacks the elasticity of semolina pasta that perhaps most panelists 
expected and desired. In both taste and flavour, the variations I and II were similar to that of the 
standard with a point of the score of 3, whereas in variation III these both perception were poor, 
disliking this variation. With the exception of taste, the panelists who tasted mint peas pasta found 
differences in other perceptions like appearance, colour, texture and flavour in three variations. 
Highest characteristic scores were given to variation I and II with respect to appearance and texture 
4.21, colour 4.14, taste 3.43 and flavour 3.87 in variation I and 3.71, 4.14, 4.14, 3.21 and 3.67 in 
variation II respectively and were significant at one per cent level (Table 5) 
 
The highest rated variation was I, which in part was due to the 10 percent incorporation of rice bran 
which is not significant. This shows that variation I is similar to that of the standard and the scores 
were in the acceptable mode good (3) and very good (4). The mode for variation II i.e. appearance 
(3.71), colour (4.07), taste (3.36)  and flavour (3.33) were similar to standard except for texture (3.57), 
which means more panelists considered this variation II also acceptable. However, the score was still 
in an acceptable range for texture. If it was not compared to two other different variations, the texture 
might be less noticeable and better accepted. There was 2.64 acceptability for appearance, 3.57 for 
colour, 2.14 for taste, 2.36 for texture and 2.53 scores for flavour for variation III. These values were 
significantly not acceptable compared to the standards and other two variations, because it had higher 
percentage incorporation of rice bran i.e. 20 per cent giving a darker color. Standard pasta scored 
good remarks (Table VII).  Taste of the variation I had an average score (3.78) and mode rating that 
was lower than the other characteristics namely appearance and colour (4), texture (4.22) and flavour 
(3.89) and were not significant meaning the rice bran incorporated at 10 % level  was acceptable 
compared with the standard. It appears that the appearance (3.6) and colour (4.2) of the rice bran 
incorporated at 15 per cent level was in the acceptable range. But the taste (3.2), texture (3.7) and 
flavour (3.2) was not acceptable significantly. Only the colour (3.8) of 20 per cent incorporation of 
rice bran was accepted by the panellists. The appearance (2.80, taste (2.7), texture (2.1) and flavour 



(2.6) was poorly accepted by the panellists. Rice bran incorporation at 15 and 20 per cent level did not 
lend as much as the standard and 10 per cent level of incorporation did and there was a noticeable 
difference when eaten.  The texture for the standard pasta kheer had an average rating of 3.11. 
Panelists found the standard to be somewhat acceptable in texture. Panelists typically prefer the 
texture of the standard and the variation II rice bran pasta over the variation I and III of rice bran 
pasta. There seem to be a pattern where the panelists gave rating 3.9, 3.89, 3.78, 3 and 3 for 
appearance, colour, taste, texture and flavour respectively for variation I.  Taste scored 3.1 for rice 
bran incorporated pasta at 15 per cent level and other attributes ranging from 3.4 to 3.9.  Whereas for 
variation III panelists gave a poor score for appearance (2.5), taste (2.7) and flavour (2.3).  But colour 
(3.6) and texture (3) scored good thus showing a negative trend of acceptance of this variation III . In 
this those who gave a high rating to the standard tend to give a low rating to the sample with the 
variation III i.e. rice bran incorporation at 20 per cent. Perhaps these panelists who normally enjoyed 
higher fiber products preferred the sample with the 10 percent incorporation of rice bran, and those 
who didn’t, preferred the standard.  

 
About vegetable pasta soup panellists found the control and variation I and II to be acceptable and 
variation III to be poorly acceptable. The vegetable pasta soup only had an average score of 3 
acceptability rate in all the variations and standard. The colour of the standard and the three variations 
was well accepted and score was good (4). When the first two variations was compared with the 
standard they had higher than average acceptability for all attributes namely appearance (3.8, 3.2), 
colour (4, 4.1), taste (3.67, 3) texture (3.78,4.5) and flavour (4,3.7) for variations I and II respectively. 
20 per cent rice bran incorporated vegetable pasta soup scored badly.  However, the colour of 
variation III was found to be acceptable. The average overall acceptance was still the highest for the 
standard, which was 4 for appearance, 4.11 for colour, 3.22 for taste, 3.44 for texture and 3.11 out of 5 
for flavour. However, coming closely to the variation I, with an overall acceptability of 3 was found 
to be well accepted for flavour (3.67) and taste (3.33) than the standard tomato pasta soup.   This 
sample of 15 percent incorporation of rice bran scored good than the standard and variation I for 
attributes like colour (4), texture (4.3), appearance (3.8) and flavour (3.7). This states that tomato 
pasta soup with 15 per cent incorporation of rice bran well blended with this recipe preparation.   The 
lower score for the 20 per cent incorporated tomato soup pasta was between the range 1 and 2, which 
was considered less than acceptable. 
 
Nutritional composition of the rice bran pasta 
Based on the extensive study carried out, it was observed that 15 per cent incorporation of rice bran 
was more acceptable compared with others. Hence nutrient analysis was carried out in this most 
acceptable form used for the feeding trial in IICPT, Thanjavur. It was found that the macronutrients 
present in 100 g of rice bran pasta was 75.57 g of carbohydrates, 6.94 g of protein, fat 2.85 g and fibre 
1.47g. It has a moisture content of 10.94 g per 100 g.  Rice bran had a mineral content of 682.1 mg of 
phosphorus, 9.81 mg of calcium, 8.59 mg of potassium, 7.69 mg of sodium, 2.06 mg of iron and 4.03 
mg of zinc. 75 g of rice bran pasta contained 8.2 g of carbohydrate, 56.67 g of protein, 2.14 g of fat 
and 1.1 g of fibre. Other minerals included phosphorus, calcium, potassium, sodium, iron and zinc 
with 511.57 mg, 7.35 mg, 6.44 mg, 5.76 mg, 1.54 mg and 3.02 mg respectively.    
 
 
Anthropometric measurements of the adults 
Table 12 presents the anthropometric measurements namely weight, BMI, WHR, Arm Circumference 
and Arm Muscle Circumference (AMC) of the adults of the feeding trial.  
 



The initial weight among overweight adults was found to be 65.95 kg which has reduced to 65.79 kg 
with a difference of 0.16 kg after three months feeding with rice bran pasta.  But an increase in weight 
was observed from 76.35 to 76.43 kg with a difference of 0.08 kg among the obese adults. This 
decrease and increase in weight among overweight and obese adults has reflected in BMI, arm 
circumference and arm muscle circumference.  An increase in BMI among overweight adults from 
27.39 to 27.48 with an increase of 0.09 and from 32.69 to 32.73 with an increase of 0.04 among obese 
adults was seen.  A reduction in arm circumference of 0.09 cm and arm muscle circumference with 
0.05 cm in overweight adults was seen. But an increase in arm circumference of 0.2 cm and arm 
muscle circumference with 0.15 cm was noticed among obese adults. No change was observed in the 
WHR in both the groups.  A comparison of the anthropometric parameters of the overweight and 
obese adults was found to be statistically not significant. 
 
Biochemical parameters 
The biochemical parameters of the overweight and obese adults are presented in  Table 13. The total 
cholesterol, triglycerides, LDL and VLDL cholesterol levels of the overweight and obese adults were 
well within the range of normal values. The HDL cholesterol levels were less than the normal values 
and the values decreased by 3.04 mg/dl in the overweight adults and increased by 0.93 mg/dl among 
the obese adults. An increase in the values of total cholesterol, triglycerides, LDL and VLDL 
cholesterol levels were seen after a three month period of feeding trial. But still the values are within 
the normal level except for LDL cholesterol which is slightly higher than the normal values.  On 
comparing the biochemical parameters among the overweight and obese adults before and after 
feeding statistical analysis revealed that there was no significant change after feeding trial. A 
significant increase (at 1 per cent level) in the LDL cholesterol and decrease (at 5 per cent level) in the 
HDL cholesterol levels among overweight adults were seen after the feeding trials. 
 
Body composition measures of the adults 
Body composition measures of the overweight and obese adults is presented in Table14. The protein 
content of the adults are well within the normal range of 6.8 to 8.3 kg. Over a period of three months 
of feeding trial it was observed that among the overweight adults, the protein increased from 7.04 to 
7.09 kg and among the obese adults from 7.41 to 7.48 kg.  Soft lean mass a component of the protein 
has increased from 33.9 to 34.05 kg in overweight adults and from 35.74 to 36.04 kg in obese adults 
with an increment of 0.15 kg in overweight than 0.3 of obese adults. Both protein and soft lean mass 
reflects the nutritional status of the adults is good.  A very little increase of 0.01 kg of minerals is seen 
among the overweight adults from 2.56 to 2.57 kg and a little more increase of 0.04 kg from 2.62 to 
2.66 kg is observed among the obese adults and is in the normal range of 2.31 to 2.83 kg. This level of 
normal range of the mineral content indicates the low risk of osteoporosis among the adults. Mineral 
mass is closely related to soft lean mass.  Hence in the present study also an increase is observed in 
mineral, protein and soft lean mass among the adults. 
 
Body fat mass reflects the body fat stored under the skin and in the abdomen which should be 
maintained by an adult for their standard weight. Body fat mass among the overweight adults was 
29.25 kg initially which reduced to 29.09 kg after the feeding trial with a small decrease of 0.16 kg 
and is not statistically significant.   Only a small difference of 0.2 kg was observed among the obese 
adults with initial and final values of 38.4 and 38.2 kg respectively. The initial per cent body fat in 
overweight and obese adults were 44.7 and 50.26 per cent respectively. Percent body fat is the 
percentage of body fat to body weight. The per cent body fat in the present study is doubly high when 
compared with the normal values of 18 to 28 per cent for females. As there was a decrease in the body 
fat a difference of 0.25 and 1.22 per cent of body fat was observed in overweight and obese adults 



with 44.45 and 49.95 per cent body fat after three months period of feeding trial. Fat free mass refers 
to any body tissue that contains no fat.   Fat free mass includes water, protein, bone mineral, soft 
tissue mineral and glycogen. As there was an increase in all the parameters mentioned an increase of 
0.2 kg and 0.32 kg was seen in fat free mass of overweight and obese adults respectively.  A decrease 
of 0.58 cm2 and 1.16 cm2 is seen in visceral fat area of overweight and obese adults during the 
feeding trial. Visceral fat is the fat potentially stored around the abdominal organs is a risk indicator 
of developing cardiovascular disease, type 2 diabetes, high lipids and hypertension. In this feeding 
trial a positive trend is seen among the adults decreasing the risk of health complications.   No 
significant change was observed in the body composition parameters of the adults before and after 
feeding with rice bran incorporated pasta. 
 
Correlation between body composition variables 
The correlation between various body composition variables is shown in Table 15. A high degree of 
correlation was seen between body fat mass and per cent body fat among overweight adults 
(significant at 1per cent level) and obese adults (significant at 5per cent level). No correlation was 
observed between body fat mass and fat free mass, total body water, protein among overweight and 
obese adults and is not statistically significant. Positive correlation was seen between BFM and 
mineral among obese adults and was significant at 5 per cent level.  But no correlation was seen in 
overweight adults. A high degree of positive correlation (P<0.01) as observed between fat free mass 
and protein, total body water, soft muscle mass and mineral among overweight and obese adults.  A 
positive correlation was seen between protein and soft muscle mass and is an indicator of good 
nutrition. This positive trend is statistically significant at one per cent level. Similar trend was seen 
between mineral and bone cell mass and is significant at one per cent level. 
 
Relation between WHR and body composition variables 
The relationship between WHR and body composition variables is given in Table 16. A positive 
correlation was seen between WHR and per cent body fat and was significant at 5 per cent level. 
Whereas a negative correlation between WHR and fat free mass and protein which is significant at 
one per cent level.  These results are in par with results obtained by Merchant et al (2005). 
 
Correlation between weight and body composition variables 
Table 17 gives the relationship between weight and body composition variables. A high degree of 
positive correlation was observed between weight and other body composition variables namely body 
fat mass, fat free mass, total body water, protein, soft muscle mass, mineral and bone cell mass and 
was statistically significant at one per cent level among overweight and obese adults. No correlation 
was observed between weight and per cent body fat.  
 
Relation between BMI and body composition variables 
Table 18 gives the relationship between BMI and other body composition variables. A positive 
correlation was seen between BMI and body fat mass and was statistically significant at 1per cent 
level among overweight and at 5 per cent level among obese adults. But no significant change was 
seen between BMI and fat free mass, total body water, mineral and protein before and after feeding 
trials with rice bran incorporated pasta.  
 
Conclusion 
In conclusion, the results indicate that feeding trials with rice bran incorporated pasta at 15 per cent 
level for overweight and obese adults did not contribute to the manifestation of overweight and 
obesity. Body composition and biochemical parameters were not modified by nutritional recovery 



with rice bran. Finally, the expected modulator role of fibre in rice bran in reducing weight of the 
adults was not verified.  Long term feeding of rice bran pasta may bring out tangible results for 
overweight / obese individuals. 



Table 1. Perception of Green Gram Dhal Pasta 
 

Green gram dhal 
Pasta 

S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 3.7±0.6 3.4±0.6 3.13±0.52 2.47±1.19 1.49±0.61NS 2.95±0.56** 3.7±0.94** 

Colour 4±0.4 4.1±0.3 4±0.38 3.87±0.35 0.56±0.32NS 0±0.38 1.0±0.36NS 

Taste 4±0.4 3.3±0.8 3.27±0.46 2.07±1.03 3.21±0.63** 4.78±0.42** 6.81±0.78** 

Texture  4.5±0.6 4.3±0.6 4.07±0.8 2.6±0.99 1.18±0.62NS 1.77±0.72NS 6.37±0.83** 

Flavour 4.4±0.8 3.7±0.6 3.67±0.72 2.4±1.12 2.75±0.73** 2.58±0.78** 5.56±0.99** 

 
Table 2. Perception of Cabbage Mint Pasta 
 
Cabbage Mint Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.2±0.6 4.0±0.8 3.59±0.62 3.0±0.8 0.71±0.71NS 2.73±0.63** 4.78±0.72** 

Colour 3.9±0.7 3.4±0.9 3.88±0.6 3.6±0.8 2.03±0.85* 0.25±0.67NS 1.12±0.77NS 

Taste 3.8±0.9 3.6±0.9 3.18±0.53 2.6±0.9 0.58±0.89NS 2.32±0.74* 3.55±0.92** 

Texture  4.2±1.0 4.3±0.8 3.76±0.97 2.9±1.1 0.19±0.88NS 1.41±0.97NS 3.78±1.04** 

Flavour 3.9±0.9 3.9±0.9 3.41±0.62 2.7±0.8 0±0.86 1.84±0.75NS 4.02±0.85** 

 
Table 3.Perception of Tomato Onion Pasta 
 

Tomato Onion 
Pasta 

S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.33±0.69 3.78±0.73 3.78±1.0 2.89±1.02 2.35±0.71* 1.94±0.86NS 4.98±0.87** 

Colour 3.94±0.73 4.0±0.59 4.00±0.58 3.78±0.65 0.25±0.66NS 0.76±0.66NS 0.73±0.69NS 

Taste 4.06±0.73 3.61±0.78 3.33±0.91 2.72±1.02 1.77±0.75NS 2.64±0.82** 4.53±0.88** 

Texture  4.44±0.7 4.28±0.67 4.11±0.68 3.0±1.14 0.73±0.69NS 1.45±0.69NS 4.58±0.95** 



Flavour 3.94±0.87 3.61±0.78 3.61±0.92 2.83±1.04 1.21±0.83NS 1.12±0.89NS 3.47±0.96** 

 
Table 4. Perception of Vegetable Pasta 
 
Vegetable Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 3.94±0.94 3.61±1.04 3.67±1.03 3.22±1.17 1.01±0.99NS 0.84±0.98NS 2.05±1.06* 

Colour 3.78±0.88 3.89±0.58 3.89±0.47 3.61±0.92 0.45±0.75NS 0.47±0.71NS 0.56±0.89NS 

Taste 3.44±1.1 3.17±1.1 3.0±0.97 2.61±1.09 0.76±1.1NS 1.29±1.04NS 2.28±1.09* 

Texture  4.17±0.86 3.83±0.79 3.55±0.7 2.94±0.87 1.22±0.82NS 2.34±0.79* 4.24±0.87** 

Flavour 3.5±1.15 3.33±0.91 3.11±0.75 2.56±0.86 0.48±1.04NS 1.2±0.97NS 2.79±1.01** 

 
Table 5. Perception of Mint Peas Pasta 
 
Mint Peas Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.5±0.76 4.21±0.7 3.71±0.83 3.14±1.23 1.04±0.73NS 2.62±0.79** 3.51±1.02** 

Colour 4.14±0.36 4.14±0.36 4.14±0.36 3.86±0.66 0±0.36 0±0.36 1.41±0.53NS 

Taste 3.79±0.80 3.43±0.76 3.21±0.89 2.57±1.09 1.21±0.78NS 1.78±0.85NS 3.36±0.96** 

Texture  4.57±0.51 4.21±0.43 4.14±0.36 2.93±1.07 2.00±0.47* 2.55±0.45* 5.17±0.84** 

Flavour 4.13±0.77 3.87±0.66 3.67±0.50 2.87±0.97 1.05±0.69NS 2.03±0.63* 3.96±0.88** 

. 
Table 6. Perception of Lime Pasta 
 

Lime Pasta S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.21±0.97 4.07±0.83 3.71±1.07 2.64±1.08 0.42±0.91NS 1.29±1.02NS 4.04±1.03** 

Colour 4.43±0.51 4.0±0.68 4.07±0.62 3.57±1.16 1.88±0.60NS 1.67±0.57NS 2.53±0.89* 

Taste 3.57±0.85 3.43±0.85 3.36±1.08 2.14±0.86 0.44±0.85NS 0.58±0.97NS 4.4±0.86** 

Texture  4.43±0.65 4.00±0.88 3.57±0.94 2.36±1.01 1.47±0.77NS 2.82±0.80** 6.47±0.85** 



Flavour 3.73±0.91 3.87±0.66 3.33±0.83 2.53±0.85 0.47±0.77NS 1.29±0.85NS 3.65±0.90** 
 
 
 
Table 7. Perception of Pasta Uppuma 
 

Pasta Uppuma S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.2±0.63 4.0±0.82 3.6±0.84 2.8±1.23 0.61±0.73NS 1.80±0.74NS 3.2±0.98** 

Colour 4.33±0.82 4.00±0.99 4.2±0.66 3.8±0.5 0.98±0.91NS 0.31±0.73NS 1.52±0.73NS 

Taste 4.22±0.48 3.78±0.42 3.2±1.2 2.7±1.41 2.47±0.45** 2.82±0.87* 3.56±1.01** 

Texture  4.33±0.7 4.22±0.82 3.7±0.71 2.1±1.05 0.29±0.76NS 2.28±0.69* 5.98±0.96** 

Flavour 4.33±0.67 3.89±0.74 3.2±0.71 2.6±0.88 1.26±0.70NS 3.05±0.81** 4.98±0.76** 

 
Table 8 Perception of Pasta Kheer 
 

Pasta Kheer S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.2±0.79 3.9±1.1 3.6±1.17 2.5±1.18 0.7±0.96NS 1.34±1.00NS 3.79±1.0** 

Colour 4.11±0.79 3.89±0.67 3.8±0.44 3.6±0.88 0.61±0.73NS 1.41±0.63NS 1.64±0.82NS 

Taste 3.89±0.67 3.78±0.88 3.1±0.6 2.7±0.93 0.29±0.78 3.25±0.62** 3.28±0.89** 

Texture  3.11±0.74 3.0±0.67 3.9±1.09 3.00±1.36 0.32±0.70NS 1.91±0.94NS 0.21±1.08NS 

Flavour 3.0±1.2 3.0±1.2 3.4±0.53 2.3±1.09 0±1.2 0.73±0.92NS 1.58±1.13NS 

 
Table 9. Perception of Vegetable Pasta Soup 
 

Vegetable 
Pasta Soup 

S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 3.8±0.42 3.8±0.42 3.2±0.63 2.7±0.34 0±0.42 2.5±0.54* 2.48±0.99* 

Colour 4.0±0.67 4.0±0.67 4.1±0.71 3.7±0.73 0±0.67 0.32±0.70NS 0.89±0.75NS 



Taste 3.67±1.03 3.67±1.03 3.0±0.53 2.6±1.01 0±1.03 2.23±0.80* 2.68±1.0** 

Texture  3.56±0.7 3.78±0.63 4.5±0.73 2.1±1.2 0.67±0.67NS 2.86±0.70** 3.42±0.98** 

Flavour 3.89±0.32 4.0±0.47 3.7±0.71 2.3±0.88 0.56±0.4NS 0.85±0.53NS 5.06±0.71** 

 
 
Table 10. Perception of Tomato Pasta Soup 
 
Tomato Pasta Soup S I-10% II-15% III-20% S Vs I S Vs II S Vs III 

Appearance 4.0±0.94 3.4±0.52 3.8±1.14 2.7±1.06 1.77±0.76NS 0.43±1.04NS 2.9±1.0** 

Colour 4.11±0.42 3.44±0.84 4.0±0.6 3.5±0.73 2.68±0.67** 0.80±0.56NS 2.7±0.58** 

Taste 3.22±0.95 3.33±0.95 3.2±0.33 1.9±0.6 0±0.95 0.30±0.73NS 4.00±0.78** 

Texture  3.44±0.7 3.0±0.67 4.3±0.71 2.9±1.36 1.9±0.68NS 2.28±0.69* 1.51±1.04NS 

Flavour 3.11±1.34 3.67±1.16 3.7±1.0 2.1±0.93 0.72±1.25NS 0.27±0.83NS 4.23±0.79** 

 
Table 11. Nutritional Composition of 15 Per Cent Incorporated Rice Bran Pasta 
 

Nutritional 
Composition 

Quantity in 100 g of 
rice bran pasta 

Quantity in 75 g of the 
supplement 

Moisture 10.94 g 8.20 g 
Carbohydrates 75.57 g 56.67 g 
Protein 6.94 g 5.20 g 
Fat 2.85 g 2.14 g 
Fibre 1.47 g 1.1 g 
Ash 2.23 g 1.67 g 
Phosphorus 682.1 mg 511.57 mg 
Calcium 9.81 mg 7.35 mg 
Potassium 8.59 mg 6.44 mg 
Sodium 7.69 mg 5.76 mg 



Iron 2.06 mg 1.54 mg 
Zinc  4.03 mg 3.02 mg 

 
 
 
 
 
 
 
Table 12. Anthropometric Measurements of the Adults 
 

Parameters Standard 
value 

Overweight Obese 
Initial Final Difference ‘t’ value Initial Final Difference ‘t’ value 

Weight (kg)  65.95±7.6
1 

65.79±7.38 -0.16 0.36NS 76.35±6.08 76.43±5.7
2 

+0.08 0.23NS 

BMI (kg/m2) 25-29.9 
30-34.99 

27.39±1.5
8 

27.48±1.81 +0.09 0.55NS 32.69±1.65 32.73±1.5
1 

+0.04 0.26NS 

WHR 0.75-0.8 0.92±0 0.92±0 0 0 1±0 1±0 0 0.23NS 
Arm Circumference (cm)  31.82±1.6

1 
31.73±1.67 -0.09 0.56NS 35.89±1.89 36.09±2.0

5 
+0.2 0.59NS 

Arm Muscle Circumference 
(cm) 

 23.40±0.9
2 

23.35±0.97 -0.05 1.03NS 25.25±0.81 25.40±0.8
4 

+0.15 0.85NS 

 
Table 13. Biochemical Parameters 
 

Parameters Standard 
value 

Overweight Obese 
Initial Final Difference ‘t’ value Initial Final Difference ‘t’ value 

Total 
cholesterol 

<200 
mg/dL 

173.85±30.67 178.61±22.65 +4.76 1.15NS 175.58±30.66 181.02±30.21 +5.44 0.78NS 

Triglycerides <150 103.75±45.06 113.46±60.32 +9.71 1.07NS 101.37±22.54 109.92±23.74 +8.55 1.53NS 



mg/dL 
HDL 
cholesterol 

>50 mg/dL 41.60±7.31 44.64±8.54 -3.04 2.7* 43.19±9.32 44.12±9.18 +0.93 0.64NS 

LDL 
cholesterol 

<100 
mg/dL 

102.83±22.57 109.15±20.83 +6.32 3.37** 107.19±26.87 115.17±28.24 +7.98 1.39NS 

VLDL 
cholesterol 

<40 mg/dL 20.76±9.01 22.7±12.06 +1.94 1.07NS 20.27±4.50 21.98±4.74 +1.71 1.53NS 

TC-HDL 
ratio 

 4.25±0.92 4.13±0.88 -0.12 1.26NS 4.24±1.18 4.25±1.06 +0.01 0.03NS 

 
 
 
 
 
Table 14. Body Composition Measures of the Adults 
 

Parameters Standar
d value* 

Overweight Obese 
Initial Final Differenc

e 
‘t’ value Initial Final Difference ‘t’ value 

Protein (kg) 6.8-8.3 7.04±0.72 7.09±0.72 +0.05 1.06NS 7.41±0.57 7.48±0.59 +0.07 1.05NS 
Soft lean mass (kg) 33.8-41.1 33.9±3.47 34.05±3.44 +0.15 0.66NS 35.74±2.79 36.04±2.83 +0.3 1.03NS 
Mineral (kg) 2.31-2.83 2.56±0.26 2.57±0.27 +0.01 0.71NS 2.62±0.27 2.66±0.23 +0.04 1.76NS 
Fat free mass (kg) 35.9-43.6 36±3.69 36.2±3.68 0.2 0.77NS 37.92±2.98 38.24±3.02 +0.32 1.04NS 
Body fat mass  
(kg) 

9.8-15.7 29.25±4.4 29.09±4.53 -0.16 0.46NS 38.40±3.97 38.2±3.56 -0.2 0.84NS 

Per cent body fat  18-28 44.70±3.6
2 

44.45±3.66 -0.25 0.69NS 50.26±2.27 49.95±2.15 -0.31 1.22NS 

Skeletal muscle 
mass (kg) 

18.5-22.5 19.28±2.2
2 

19.36±2.22 +0.08 0.58NS 20.38±1.77 20.55±1.81 +0.17 0.98NS 

Visceral fat area  118.03±18 117.45±18.96 -0.58 0.575NS 157.95±22.27 156.79±20.65 -1.16 1.01NS 



(cm2) .52 
* Reference range as per ‘In Body 720’ body composition analyser data for normal subjects 
 
Table 15. Correlation between body composition variables in overweight and obese adults 
 

Parameters Overweight Obese 
BFM Vs PBF 0.775** 0.588* 

BFM Vs FFM 0.388NS 0.514NS 

BFM Vs TBW 0.387NS 0.501NS 

BFM Vs Protein 0.345NS 0.503NS 
BFM Vs Mineral 0.426NS 0.609* 
FFM Vs Protein 0.997** 0.997** 

FFM Vs TBW 1** 0.999** 

FFM Vs SMM 0.997** 0.997** 

FFM Vs Mineral 0.947** 0.95** 
Protein Vs SMM 0.999** 0.998** 
Mineral Vs BCM 0.921** 0.929** 

*Significant at 5per cent level ** Significant at 1per cent level  
NS Not significant 
 
Table 16. Correlation Between WHR and body composition variables 

Parameters Overweight Obese 
WHR Vs BFM 0.159NS 0.046NS 
WHR Vs PBF 0.624* 0.68* 
WHR Vs FFM -0.659* -0.686* 
WHR Vs Protein -0.669* -0.664* 

*Significant at 5per cent level NS Not significant 
Table 17. Correlation Between Weight and Body Composition Variables 
 



Parameters Overweight Obese 
Weight Vs BFM 0.808** 0.893** 
Weight Vs PBF 0.288NS 0.16NS 
Weight Vs FFM  0.819** 0.845** 
Weight Vs TBW 0.818** 0.837** 
Weight Vs Protein 0.799** 0.837** 
Weight Vs SMM 0.8** 0.839** 
Weight Vs Mineral 0.798** 0.877** 
Weight Vs BCM 0.798** 0.839** 

*Significant at 5per cent level ** Significant at 1per cent level NS Not significant 
 
Table 18. Correlation Between BMI and Body Composition Variables 
 
Parameters Overweight Obese 
BMI Vs BFM 0.883** 0.597* 
BMI Vs PBF 0.81** 0.29NS 
BMI Vs FFM 0.164NS 0.336NS 
BMI Vs Mineral 0.136NS 0.344NS 
BMI Vs Protein 0.106NS 0.206NS 

*Significant at 5per cent level ** Significant at 1per cent level NS Not significant 
 
 
 
 
 
 
 
 
 
 



 



STUDY ON RICE BRAN INCORPORATED INDIAN ETHNIC FOOD PRODUCTS ON 
GLYCEMIC INDEX AND LIPID PROFILE IN DIABETIC AND HYPERLIPIDEMIC SUBJECT 
 
Rice bran is obtained as a byproduct during the rice milling process and the outer layer or parts are 
removed at the time of polishing of husked rice (David et al., 2006). 
Stabilized rice bran (SRB), is a powerful source of vitamins, nutrients, proteins and fiber. The soluble and 
insoluble fibers are necessary for optimum digestion, blood sugar regulation, lowering cholesterol and 
prevention of diabetes and heart diseases. The stabilized rice bran contains an approximate insoluble 
versus soluble fiber ratio of 5 to 1. Rice bran exhibits a high digestive tolerance that occurs along the 
whole digestive tract with no excessive fermentation in the large intestine. SRB contains astounding 
quality of synbiotics, tocols, oryzanols, polyphenols, sitosterol and phytosterols. Rice bran is packed with 
full of omega-3 and omega-6 fatty acids (Hoogenkamp, 2008). Healthy complex carbohydrates found in 
stabilized rice bran have “low glycemic index” which means they do not cause spikes in blood glucose (Sayre et 
al,. 2007). The American Diabetic Association recommends that individuals with diabetes mellitus must 
increase the quantity of dietary fiber in their diets to reduce their blood glucose and insulin levels 
following meals.  Qureshi et al.,3 brought into limelight that soluble fiber such as rice bran plays an 
important role in decreasing cholesterol and controlling blood glucose levels. Every year, 63 to 76 million 
tons of rice bran is produced in the world and more than 90 per cent of rice bran is sold as animal feed for 
throw away price. Despite its excellent nutritional and nutraceutical properties, it is mainly utilized for 
animal feed.  
 
Earnest efforts are needed to incorporate this healthy ingredient back into our diet. Hence, the present 
study was undertaken to 

a) Develop the recipes incorporated with rice bran and evaluate their organoleptic properties  
b) Estimate their glycemic index 
c) Nutrient analysis and shelf life study of ready mix 
d) Study the impact of supplementation of rice bran incorporated ready mixes on type ii diabetic and 

hyperlipidemic subjects 
 
Methodology  
 
Standardization of Rice Bran Incorporated ethnic food products 
Ten standard Indian subcontinent recipes were chosen for incorporating rice bran at three levels, i.e. 25, 
30 and 35 per cent replacing the cereals and pulses in the standard recipe. These included chapati, mixed 
vegetable chapati, wheat dosa, wheat rava dosa, kozhukattai, ragi vermicelli, rice vermicelli and pulse 
based preparations namely adai, rava adai and ragi adai. All the recipes selected were standardized in the 
laboratory. 
 
Conduct of Acceptability Trials 
Each standard recipe was tried with incorporation of stabilized rice bran at 25, 30 and 35 per cent levels 
and tested by the 20 panel members in the age group of 20 to 25 years. The 5 point hedonic scale was 
selected for the evaluation ranging from extremely like to extremely dislike. The results of sensory 
evaluation indicated that 25 per cent of stabilized rice bran incorporated recipes were highly acceptable 
(Premakumari et al., 2012) (Table I) and glycemic index of these recipes were determined. 



 
Determination of Glycemic Index  
Glycemic Index is a measurement of how fast 50g of given carbohydrate raises blood glucose levels as it 
is digested while the glycemic index provides precise information about how 50g of the food will affect 
blood glucose levels (Anderson, 2007). Ten healthy volunteers (adult men and women) of age 20 – 40 
years were selected for the study of glycemic index of each recipe. Three days before the test period, all 
the subjects were asked to avoid consuming sweet preparations. On the first day of the experiment, fasting 
blood glucose was determined for all the subjects at 6 a.m. Then all the subjects were given 50 g of 
glucose in 250 ml of water to drink. The fasting blood glucose level was determined using glucometer 
using glucose-strip which is based on the action of glucose oxidase and the value was recorded.  Once in 
half an hour, blood glucose level was determined for all the subjects’ upto 2 hours. On the second day, all 
the subjects were fed with one of the 10 standard recipes and the quantities of the dish provided 50 g of 
carbohydrates which matched the glucose load of 50 g given on the previous day. On the third day, the 
subjects were made to consume the same recipes containing 50 g of carbohydrate incorporated with 25 
per cent level of stabilized rice bran. The subjects were given 10-15 minutes for the consumption of the 
food. The subjects were not allowed to drink/eat any calorie containing foods. The blood glucose values 
for each subject were plotted against time in hours on a graph. The area under test recipe, standard recipe 
and glucose curves were determined. This procedure was repeated for all the ten standardized recipes and 
their Glycemic Index was determined. Glycemic Index was calculated using the following formula: 
 
 Area under the test recipe curve/ standard recipe curve  
Glycemic Index   = X 100 
               Area under the glucose curve 
Nutrient analysis of ready mix 
The nutrients present in ready mix namely chapathi mix, idli mix and adai mix was analysed. The 
nutrients analysed include energy, carbohydrate, fat, protein, dietary fiber, moisture and ash. 
 
Shelf study of ready mix 
Three mixes namely mixed vegetable chapathi, wheat rava idly and adai which are suitable for 
popularizing as low GI foods were packed in polythene pouch, aluminum pouch and glass bottle and 
stored in ambient temperature. Total bacterial count was analysed in one month intervals to find out the 
keeping quality of the products. 
 
Selection of area and subjects for supplementation 
The supplementation study was carried out in Thudiyalur Panchayat of Coimbatore city as the 
investigator could get adequate number of volunteers for conducting the study in that area. All the 
confirmed cases of type 2 diabetes mellitus and hyperlipidemia were identified in that Panchayat. After 
obtaining the consent of the individuals, blood samples were collected after overnight fast (12 hours) and 
were analyzed to determine the suitability of the subjects for the study. 
 
Inclusion criteria for type 2 diabetics  

a) Subjects in the age group of 20-60 years 
b) Fasting blood glucose level greater than 90-130 mg/dl, post prandial blood glucose level greater 

than 180 mg/dl and HbA1c greater than 7 per cent2 



 
Inclusion criteria for hyperlipidemics   

a) Subjects in the age group of 20-60 years 
b) Total cholesterol greater than 230 mg/dl, LDL greater than 130 mg/dl, VLDL greater than 40 

mg/dl and triglyceride greater than 150 mg/dl4 
 
Twenty  type 2  diabetic subjects  and 20 hyperlipidemic subjects (10 male and 10 female in each group) 
who could meet  the  above inclusion criteria  were selected  as participants for the study. Each group was 
further divided into two groups of 10 each (5 male and 5 female) with one group serving as an 
experimental and the other serving as control group. 

 
Eliciting background information 
A questionnaire was used to elicit information on dietary pattern, eating habits, physical activities, 
lifestyle pattern and history of disease of all the 40 subjects. These details   were collected through direct 
face-to-face / door-to-door interview method5.  
 
Dietary intake assessment 
24-hour recall is a form of dietary intake data collection. During 24-hour recall, the investigator listed out all 
foods and beverages consumed and the amount of foods as accurately as possible.  For determining the 
quantity of food, measuring cups, measuring spoons, etc were used. The 24-hour recall was administered to all 
the 40 subjects of the supplementation study. 
 
Anthropometric measurements 
For all the 40 subjects weight, height, Body Mass Index (BMI), waist circumference, hip circumference 
and Waist Hip Ratio (WHR) were measured at the beginning of the study and at the end of the 
supplementation study.  The weight of the selected subjects were recorded in the morning with light 
ordinary clothing after removing their footwear using digital weighing balance to the nearest 0.1 kg.  
Height of the subjects was taken using stadiometer. The subjects were asked to remove their footwear, 
stand with his/her back of the head, back, buttocks, calves and heels touching the wall and look straight. 
The head piece of the stadiometer was lowered and the height was recorded to the nearest 0.1 cm.  BMI was 
calculated for all the subjects using the formula BMI = (Weight in kg) / (Height in m2)7.    
  
Biochemical assessment  
Biochemical tests were carried out initially for all the 40 subjects.  For type 2 diabetic subjects, fasting blood 
glucose was taken by venipuncture after 8-12 hours of fasting, preferably in the morning in the supine position. 
The postprandial blood glucose was taken two hours after consumption of the food. The glycosylated 
haemoglobin also known as HbA1c denotes the percentage of glucose bound to HbA. The higher the blood 
glucose, the more will be the glysosylation of haemoglobin8. The fasting blood glucose and the postprondial 
blood glucose were analyzed by glucose oxidase method. The HbA1c was analyzed by bidirectionally interfaced 
fully automated turbidometry method. 
 
The lipid profile estimations were carried out for the 20 hyperlipidemic subjects, using enzymatic method 
for serum total cholesterol9, enzymatic colorimetric method for triglycerides10, phospho tungstate method 
for high density lipoprotein11 and the calculation method for low density lipoprotein. 



 
Conduct of supplementation study 
 
Selection and preparation of supplements 
Premakumari et al. evolved 10 fibre rich ready mixes with 25% replacement of cereals / pulses in the 
standard mixes with rice bran (Table I).  Based on the sensory evaluation and glycemic index values 
(ranging from 46.6 to 67.7) six mixes namely wheat dosai, wheat rava dosai, adai, rava adai, mixed 
vegetable chapati and chapati were chosen for the supplementation study.  

 
Preparation and distribution of ready mixes  
The supplements were distributed in the form of ready mixes in raw form. The six different mixes were 
packed in polythene packets and labelled and sealed. The mixes in each packet weighed 100 g and they 
contained 25g of microwave stabilized parboiled rice bran. 
 
The preparations of recipes using mixes were demonstrated to the beneficiaries and they were requested 
to prepare and include these fiber-rich ready mix recipes in two meals a day replacing their normal 
preparations. The subjects were asked to prepare the recipe and consume according to their convenience.  
The supplements were given for a period of 90 days. The dietary fiber content of each recipe varied from 
7-10 g per 100 g which is helpful to meet half of the subject’s daily requirement. The six types of ready 
mixes were distributed every week so that the subjects consumed fiber containing recipes without any 
monotony.  
 
Table 1. Level of Incorporation of Rice Bran 
 

Ethnic Food Products 
  

Quantity (g) 
Cereal / Pulse Rice 

Bran 
Wheat dosa (fermented pan cake made from 
wheat flour) 
Mixed vegetable chapati (roti made with 
wheat flour and mixed vegetables) 
Chapati (roti made from wheat flour) 

Wheat flour 75  25 

Wheat rava dosa (pan cake made from wheat 
rava batter) 

Wheat rava 75 25 

Adai (thick pancake prepared from a batter of 
dhals)   
 

Rice 
Bengal gram 
Green gram dhal 
Red gram dhal 
Black gram 

35  
10  
10  
10  
10  

25 

Rava adai (thick pancake prepared from rava 
and batter of dhals) 
 

Wheat rava 
Rice broken 
Bengal gram 
Green gram dhal 
Red gram dhal 

30 
5  
10 
10 
10 

25 



Black gram 10 
 

 
Evaluation of the impact of supplementation 
The anthropometric measurements and biochemical estimations and diet intake were repeated for all the 
40 subjects at the end of the supplementation. The biochemical estimation was performed for 10 
experimental hyperlipidemic subjects both at the end of 45 days of supplementation and at the end of the 
supplementation. The data collected was statistically analysed and interpreted. 
 
Results and Discussion 
 
Organoleptic Evaluation  
The results of the organoleptic evaluation of 10 different rice bran incorporated recipes are given in Table 
1.  Cereals and pulses are mostly used by Indians on daily basis. It is clear from Table II that the mean 
acceptability score of recipes in standard ranged from 8.35 to 8.8 and in recipes incorporated with 25, 30, 
35 per cent of rice bran ranged from 8.05 to 8.45, 4.75 to 6.25 and 2.75 to 4.35 respectively.  These scores 
were lower than the scores obtained by standard recipes. While comparing with the standard 25 per cent 
incorporation showed less difference than 30 and 35 per cent incorporation in all the recipes. Comparing the 
25 per cent incorporated  rice bran  with 30 and 35 per cent incorporation 25 per cent was found to be  
most acceptable than the rest. Among the test recipes at 25 per cent level of incorporation of rice bran 
wheat rava dosa scored high (8.45) followed by rice vermicelli and kozhukattai (8.4), ragi vermicelli 
(8.2), mixed vegetable chapati (8.1) and chapati and wheat dosa (8.05).  These findings showed that the 
lesser the addition of rice bran greater is the acceptability. According to Gajula et al., (2008) increase in 
bran level from 0 to 25 per cent significantly reduced the overall acceptability and all other attributes.  
Among the other preparations, 25 per cent incorporation showed greater acceptability out of all the test 
recipes when compared to the standard. Twenty five per cent level of incorporation of rice bran showed 
that ragi adai and rava adai had the acceptability value of 8.2 followed by adai with an acceptability value 
of 8.0.From the acceptability trials, it was concluded that the rice bran at 25 per cent level of 
incorporation is most acceptable compared to the other test recipes.  
 
Glycemic Index - Mean Blood Glucose Levels 
Glycemic index is a numerical system of measuring how much of a rise in circulating blood sugar that the 
carbohydrate triggers. Higher the number, the greater the blood sugar response. When comparison was 
drawn between the standard and the test recipes, there was a significant difference in blood glucose values 
when compared at half-an-hour, one-hour, one–and-half hour and two hour intervals. Carbohydrates are 
known to account for  the variations in the glycemic response to the meals, but GI also affected by factors 
such as the nature of starch, cooking and food processing methods and other dietary constituents like 
dietary fiber, fat and protein. The mean glycemic index of the standard and rice bran incorporated recipes 
is shown in the Table 4. The new glucose revolution refers the glycemic index as “the dietary solution for 
lifelong health”. The glycemic index of all the standard and the test recipes were compared statistically 
and the results showed that there is a significant difference in the test recipes when compared to the 
standard ones (p<0.01).  Recipes like wheat chapatti (52.40), mixed vegetable chapati (52.40), wheat dosa 
(52.81), wheat rava dosa (46.60), kolukattai (67.68), rice vermicelli (63.70) and ragi vermicelli (59.74) 



rice bran incorporated at 25 per cent level showed low and medium glycemic index compared to the 
standard recipes. 
Diets based on carbohydrate foods that are more slowly digested, absorbed and metabolized (i.e., low 
glycemic index diets) have been associated with a reduced risk of type II diabetes and cardiovascular 
disease (Pankaj Modi , 2011). 
 
Nutrient analysis of the ready mix 
The ready mix suitable for supplementation studies was subjected to nutrient analysis. Adai mix had a 
maximum energy content of 414.34 kcal followed by chapathi (389.31) and idli (379.79) mix. The 
carbohydrate content of the chapathi mix, idli mix and adai mix are 79 g, 75 g and 81.03 g respectively. 
Adai mix and idli mix had a higher fat content of 4.11 and 3.19 g.  The protein and fibre content was high 
in chapathi mix with a value of 10.8 g and 11 g respectively.  The moisture content was 9, 7.5 and 4.5 % 
in idli mix, chapathi mix and adai mix respectively. 
 
Table 2. Nutrient Content of the Ready Mix 
 

Nutrients Chapathi 
mix 

Idli mix Adai mix 

Energy (Kcal) 389.31 379.79 414.34 
Carbohydrate (g) 79.0 75.0 81.03 

Fat (g) 1.1 3.19 4.11 
Protein (g) 10.8 7.46 7.66 
Dietary fibre (g) 11.0 4.0 5.5 
Moisture (%) 7.5 9.0 4.5 
Ash (%) 1.5 4.0 2.7 

 
Shelf life study of the selected ready mix 
Table gives the details on shelf life study of the chapathi mix, idli mix and adai mix in two different types 
of packing for three months period. 
 
Table 3. Shelf Life Study of the Ready Mix 
 
Ready mix Type of packing Total bacterial count at 37o C 

Initial After 1 
month 

After 2 month 

Chapathi mix Bottle Absent 1x103cfu/g 1x105cfu/g 
Polythene pouch Absent 1x103cfu/g 1x105cfu/g 
Aluminium pouch Absent 1x103cfu/g 2x105cfu/g 

Idli mix Bottle Absent 1x103cfu/g 2x105cfu/g 
Polythene pouch Absent 2x103cfu/g 2x105cfu/g 
Aluminium pouch Absent 2x103cfu/g 2x105cfu/g 

Adai mix Bottle Absent 2x103cfu/g 2x105cfu/g 
Polythene pouch Absent 1x103cfu/g 3x105cfu/g 



Aluminium pouch Absent 2x103cfu/g 3x105cfu/g 
 
 
 
 
Effect of supplementation  
The impact of rice bran supplementation among the selected type II diabetic and hyperlipidemic subjects 
is presented in terms of biochemical, anthropometric measurements and nutrient intake.  
 
Blood glucose level 
The blood glucose levels namely fasting and postprandial glucose and HbA1c were analyzed before and 
after the supplementation study. Table 4 shows the impact of supplementation on the mean blood glucose 
levels of the diabetic subjects.  
 
Table 4. Blood Glucose Levels of the Diabetics 
 

Blood 
glucose 

Groups Initial(I) Final(F) Difference 
t value 
(I)vs(F) 

Fasting 
blood 
glucose 
(mg/dl) 

Control 167.7026.57 157.8 18.26 9.9010.55 0.93NS 

Experim
ental 

166.0 27.66 97.20 14.41 68.807.22 9.52** 

Post 
prandial 
blood  
glucose 
(mg/dl) 

Control 234.5036.47 230.2035.83 4.30 9.99 0.4NS 

Experim
ental 

233.2 37.21 139.6 29.85 93.607.93 11.79** 

HbA1c 
(%) 

Control 9.26 1.78 8.98  1.66 0.27 0.21 1.2NS 

Experim
ental 

9.17 1.72 7.35 0.69 1.82 0.38 4.74** 

Mean  standard deviation 
NS-Not Significant      **Significant at 1 per cent level    
 
The mean fasting blood glucose values of the subjects in both control and the experimental groups were 
167 mg/dl and 166 mg/dl respectively. The mean reduction in the fasting blood glucose levels observed in 
the experimental subjects was found to be significant at one per cent level. The findings of the study are 
in line with the reports of Takaki et al.,13 who stated that the supplementation of rice bran to diabetic 
subjects resulted a significant reduction in the fasting and postprandial blood glucose levels. The mean 
initial post prandial blood glucose values for the control group and experimental group were 234 mg/dl 
and 233 mg/dl respectively. After 90 days of supplementation of rice bran incorporated recipes to the 
experimental group, the mean blood glucose values reduced from 233mg/dl to 139 mg/dl which was 
significant at one per cent level. But, in the control group the final value was 230 mg/dl and this 
difference was not statistically significant. Glycosylated haemoglobin (HbA1c) denotes the percentage of 
glucose bound to haemoglobin A.  HbA1c is the record of glucose level over the preceding three months. The 



mean HbA1c values of the control and experimental group were 9 per cent at the beginning of the 
supplementation. At the end of the supplementation study, there was a significant reduction of HbA1c (7%) at 
one per cent level in the experimental group. The control group showed no significant reduction in their 
HbA1c level (8%). Stabilized  rice bran and its fractions reduce the glycosylated haemoglobin and a slight 
increase in  insulin levels indicating  that consumption  of rice bran  can control  blood glucose levels in  
human diabetes3. 
 
Blood Lipid Parameters  
The lipid parameters of the subjects before and after the supplementation study are presented in Table 5.   
 
Table 5. Lipid Profile of the Hyperlipidemics 
 

Lipid profile Groups Initial (I) Final (F) Difference t value 
(I) vs (F) 

Total 
cholesterol 
(mg/dl) 

Control 238.9833.4
4 

236.2134..9
0 

2.779..28 0.29NS 

Experimenta
l 

237.7537.5
6 

196.017.62 41.74 6.70 6.22** 

HDL 
(mg/dl) 

Control 43.8610.10 43.9210.30 0.060.73 0.08 

Experimenta
l 

44.84  9.95 45.00 10.26 0.16  4.21 0.03NS 

Triglycerides 
(mg/dl) 

Control 231.7975.8
6 

226.8370.0
2 

4.955.71 0.86NS 

Experimenta
l 

232.1515.6
5 

165 17.8 66.9125.59 2.61** 

LDL 
(mg/dl) 

Control 15430.94 147.2029.4
4 

7.318.30 0.88NS 

Experimenta
l 

153.2041.5
0 

120.42 
16.71 

32.7810.17 3.22** 

VLDL 
(mg/dl) 

Control 47.217.45 44.126.55 3.093.788 0.81NS 

Experimenta
l 

47.49 30.23 35.44 16.39 12.05 5.10 2.36* 

Mean  standard deviation  
NS-Not Significant      **Significant  at 1 per cent level  *Significant at 5 per cent level 
 
The mean total cholesterol levels of the subjects before the supplementation in control and experimental 
groups was found to be 238 mg/dl and 237 mg/dl respectively. After 90 days of supplementation of rice 
bran containing recipes, the subjects showed a significant reduction (p<0.01) in total cholesterol level. 
Rice bran helps to reduce the plasma TC, LDL-C and TG levels. Long term effect of dietary 
supplementation with rice bran is considered as an additional weapon in the management of mild to 
moderate hyperlipidemia. Initially, the mean HDL cholesterol level in the control and the experimental 
group was found to be 43.83 mg/dl and 44.84 mg/dl respectively. After the intervention, there was a 
minor increase in the HDL cholesterol level in the experimental group (0.16 mg/dl) which was not 



statistically significant. The control group maintained the same level (43 mg/dl) of HDL cholesterol 
before and after the study. The initial mean triglyceride levels in the control as well as the experimental 
group were 231mg/dl and 232 mg/dl respectively against normal recommended level of 150 mg/dl. There 
was a significant reduction (66.91 mg/dl) in the triglycerides level in the experimental group compared to 
the control group. Serum total cholesterol, LDL-cholesterol, apolipoprotein B and triglyceride levels were 
reduced with rice bran fiber3. The present findings add to evidence that administration of rice bran may result in 
a decrease in plasma triglyceride levels and suppress accumulation of fat and body weight gain without 
influencing food consumption, liver function and renal function. The mean initial LDL cholesterol level was 
found to be 154 mg/dl in the control group and 153 mg/dl in the experimental group. Lower glycemic 
index foods can improve energy adaptation during obesity treatment, favouring weight loss and 
improving lipid and glycemic profiles16. Long term effect of a dietary supplementation of rice bran is useful to 
reduce plasma TC, LDL-C and TG and decrease platelet aggregation17. There was a significant reduction in the  
LDL level in the  experimental group who were under the low glycemic index food supplements for a  period of 
90 days (p<0.01). The mean VLDL cholesterol level before the supplementation of rice bran was 47mg/dl 
for the experimental and the control groups. After 90 days of supplementation there was a significant 
reduction in the VLDL cholesterol in the experimental group (p<0.05). But in the case of control group 
there was no significant reduction in the VLDL cholesterol level. 
 
Anthropometric indicator 
The changes in the anthropometric measure namely Body Mass Index is shown in the Table 6.   
 
Table 6. Changes in the Mean BMI Measurements of Adults  
 

Group Control Experimental 
Initial Final t value Initial Final t value 

Diabetics 30.043.
0 

30.053.
2 

0.08NS 30.234.1 26.103.6 17.19** 

Hyperlipidemics   30.043.
2 

29.813.
5 

1.03NS 29.494.3
0 

25.783.21 5.92** 

NS-Not Significant      **Significant  at 1 per cent level 
 
The  BMI of the diabetic subjects did not change for the control group. The mean BMI of  the experimental 
group reduced  from 30.23 to 26.10 which was significant at one per cent  level. In hyperlipidemic subjects, the 
BMI of the experimental group reduced from 29.49 to 25.78. The BMI did not significantly change in the 
control group. Low Glycemic Index diet may be preferred for body weight reduction and management of type 
II diabetes mellitus18. The findings of the present study depicted that there was a significant reduction in the 
weight and BMI in the experimental group fed with low glycemic index diets for three months period. 
 
Nutrient intake of the subjects 
The mean nutrient intake pattern of the experimental and the control diabetic and hyperlipidemic subjects 
before and after the study period is given in Table 7.   
 
Table 7. Mean Nutrient Intake of the Diabetics and Hyperlipidemics 
 



Nutrient
s 

Control Experimental 
Male (N=10) Female (N=10) Male (N=10) Female (N=10) 

B A RD
A 

B A RDA B A RD
A 

B A RD
A 

Diabetics 
Energy 
(kcal) 

2575 2570 242
5 

2674 265
6 

1875 257
5 

2395 2425 2674 175
6 

187
5 

Protein 
(g) 

55.3 55.2 60 55.5 58.7 50 65.3 59.2 60 52.5 50.7 50 

Fat(g) 21.5 22.05 20 22.5 25.5 20 21.5 14.5 20 24.5 15.5 20 
Fibre 
(g) 

7 7.02 25 6.5 6.0 25 7 19.5 25 6.5 20.5 25 

Hyperlipidemics 
Energy 
(kcal) 

3030 2960 242
5 

2875 285
6 

1875 293
0 

2355 2425 2675 185
0 

187
5 

Protein 
(g) 

67.5 68.2 60 62.0
0 

61.7 50 61.5 58.7 60 57.0
0 

48.5 50 

Fat(g) 36.5 35.25 20 37.5 35.5 20 36.5 20.0
5 

20 27.5 17.5 20 

Fiber(g) 4.5 5.02 25 6.5 5.7 25 4.4 19.0
2 

25 6.7 20.5 25 

B – Before A – After RDA-Recommended Dietary Allowances19 
 
The mean nutrient intake of the diabetic subjects compared with the RDA showed that there was an 
excess intake of energy, fat and deficit intake of protein and dietary fibre among males and females in the 
control group before and after supplementation. But in the case of experimental group there was excess 
energy and fat and deficiency in fibre and protein both in men and women. However after 
supplementation the excess energy and fat content was reduced, the protein intake was adequate. Dietary 
fiber increased from 7 g to 19.5g. for males and 6.5 g to 20.5 g for females in the experimental group.  
The mean nutrient intake of the hyperlipidemic subjects compared with RDA showed that there was an 
excess intake of energy, fat and protein and deficit intake of dietary fiber among males and females in the 
control group before and after supplementation. But in the case of experimental group the excess of the 
energy, fat, protein and deficit in the fiber was corrected after supplementation in both males and females.  
 
Conclusion 
Simplest things make the most significant difference in our lives. Bran is a simple item that delivers 
fantastic health benefits in our daily diet. This study delivers the importance of utilising all parts of the 
whole grain, including the bran. The low glycemic index response seen in bran incorporated recipes might 
increase the sugar levels for sustaining energy levels for longer periods of time thereby helping diabetics 
to feel less inclined towards food. Supplementation of rice bran incorporated recipes for a period of 90 
days brought about significant reduction (p<0.01) in fasting and post prandial blood glucose and HbA1c 
in type II diabetes mellitus subjects. The impact of rice bran containing recipes among hyperlipidemics in 
experimental group showed a significant reduction in total cholesterol, triglycerides, LDL cholesterol 
(p<0.01) and VLDL (p<0.05) cholesterol levels and a minor increase in the HDL cholesterol level which 



was not statistically significant. The control group of diabetics and hyperlipidemics showed no significant 
reduction in blood glucose and lipid parameters. A significant change in BMI at one percent level was seen 
among the experimental group of the diabetic and hyperlipidemic subjects than the control group.  From the 
foregoing discussions, it could be concluded that the stabilized parboiled rice bran could be an excellent 
by-product in lowering blood glucose and lipid parameters in type II diabetic and hyperlipidemic subjects.  
Inclusion of cereals containing rice bran thus illustrated a significant reduction in both the blood glucose 
and lipid fraction. This indicates the potentials to utilise these rice bran products in modulating the 
glycemic and lipidemic impact to cereals and hence to produce reduced glycemic cereal products.  
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