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EXECUTIVE SUMMARY 

 

The sub-project under Component-II (NAIP-ICAR) “A Value Chain on Cashew for 

Domestic and Export Markets” which was sanctioned on May 19
th

, 2009 reached it successful 

completion on December 31
st
, 2013. The consortia leader- CEPCI (CEPCI Laboratory & 

Technical Division), Kollam, Kerala; along with the consortia partners- (a) DCR, Puttur, 

Karnataka; (b) UAS, Bangalore, Karnataka and (c) KSCDC, Kerala; together accomplished the 

below mentioned sub-project objectives and achievements. 

BACKGROUND INFORMATION 

India is one of the leading producers of cashew nut with a reported domestic production 

of 7.28 Lakh MT (2012-13).  Among the agricultural exports of India, Cashew Kernels along 

with Cashew Nut Shell Liquid (CNSL) forms about 0.25% of the total foreign exchange earnings 

of the country. They were reportedly valued at Rs 4382 Crores (1 Lakh MT) and Rs 29.82 Crores 

(0.092 Lakh MT) respectively for 2012-13. From the above data it is clear that the Cashew Nuts 

and its processing in India carry on being a fruitful and consistent agricultural commodity and 

industry. 

But one of the major challenges that faced the Cashew processing industry was its 

continuing lack of modernization. Almost half of the cashew processors in India continued to use 

manual methods of cashew processing. The demand for the drum roasted RCN processed cashew 

kernels is one of the reasons for these practices. Hence the project indented on solving some of 

the problems related to smoke exhausted from these processing units.  

More than 6 Lakh women folks are employed in cashew processing industries. Manual 

cutting and peeling of RCN was one of their major fields of expertise. Inorder to simply their 

work; less ergonomic manual machines or energy efficient automatic cutter or peelers were to be 

fabricated or reviewed upon. It was understood that the amount of by-products of cashew 

industry was quiet huge and hence their potential of value addition was also deemed enormous.  

The heterogeneity among the RCN produced domestic or imported ones was a bigger 

problem faced by both the farmer and also by the processor. Coupled with this, non availability 

of standards necessitated to address this problem as a priority one. All these aspect was also a 

subject of study in the project. Development of a universal standard for the cashew kernels was 

also understood as a priority. Another scenario to be looked upon was the unscientific ways of 

storage that mainly concerned the cashew farmers and the RCN buyers. A methodology for safe 

storage of RCN needed to be developed. It was understood that such studies could help in 

bringing a proper farmer processor linkage. 
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WORK PROPOSED AND EXECUTION PLAN  

Considering the underlying problems of cashew industry existing in both above 

mentioned scenario the below given objectives were prioritized to be studied and developed 

under this subproject. 

 Developing a grading system for raw cashew nut and modernizing the existing 

storage arrangement for raw cashew nut 

 Development of quality standards for cashew kernels 

 Modernizing and developing viable processing technologies and machineries to 

extract high value edible kernels for exports that meet International Standards. 

 Production of value added food products along with production of enzymes and 

other polymerized products by utilizing the wasted by- products of cashew 

processing.  

 Application of bioremediation and development of other methods; for controlling 

the environmental pollution caused by CNSL from cashew processing units. 

  Facilitating market development through promotional activities, studying 

consumer preference and forecasting demand for cashew kernel based value added 

products. 

 

ACHIEVEMENTS: The sub project has been successful in developing 6 production and 11 

processing technologies. Among the technologies developed the following six were identified as 

the most significant innovations 

 Pollution Preventing System (PPS) for drum roasting cashew processing units 

 New Non Thermal Technology for Raw Cashew Cutting and peeling 

 Low cost method for the Extraction of Anacardic Acid from Raw Cashew Nut Shell 

  Semi Automatic Pedal Operated Cashew Nut Sheller’s with Twisting and Splitting 

Mechanism 

 Development of a Uniform Quality Standards for Cashew Kernels 
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 21 Value added products from cashew kernels 

 

PPS was one of the major success stories of the project; where a system that was 

capable of reducing the effluents emitted through the drum roasting unit‟s chimneys was 

developed. Thus this technology that helps reduce the environmental pollutions caused by 

these cashew processing units; was the technology chosen to be commercialized. So as part of 

the sub-project a PPS fabricating rural industry - Indira Engineering Works was established in 

Parassala, Trivandrum, Kerala; with this NAIP project contributing Rs 3 Lakhs. The company 

has been successful in making a small niche of customers within Tamil Nadu and Kerala; with 8 

companies (20 Units) already installed and using PPS. The PPS fabricating company requires the 

services of 15 personnel with 4 technical skilled workers; and guarantees 200 mandays/year of 

work. Thus with a significant amount of small scale (rurally established) cashew processing 

industries in India does use drum roasting methods for RCN. Hence the demand for PPS will 

continue to grow. The subproject has generated Rs 0.1 Lakh and Rs 1.3 Lakh of revenue from 

the sale of PPS and from conducting various workshops respectively.  

 

9 patents have been applied and are currently under processing. 26 research papers have 

been published with respect to the findings of the subproject; in peer reviewed journals. 25 other 

articles regarding the findings of the subproject have been published in various cashew related 

journals (Cashew Bulletin), symposiums-abstracts (Plantation crop symposium, Swadeshi 

Science Congress) and in certain Proceedings (International Conference on Food Technology).  

 

Two training manuals were also published in Malayalam for low level managers 

regarding the storage practices and responsible safety measures for Raw Cashew Nuts. A CEPC-

NAIP-ICAR Technologies Brochure was designed and various copies were distributed among 

Cashew processors and exporters; as part of spreading awareness regarding the technologies 

developed. Leaflets showing the major edible value added products along with its samples; 

developed by KSCDC as part of the sub project was also distributed in various exhibitions held 

by KSCDC in Kerala. 

 

2 technical bulletins were also published with the bulletin regarding “Development of 

concentric drum type rotary sieve grader for RCN” (2012) distributed among all Horticultural 

and Agricultural Engineering Research institutes under ICAR; and the comprehensive bulletin on      

“A Value Chain on Cashew for Domestic and Exports Markets” (2013) distributed among 

various Cashew processors and exporters associated with CEPCI. A two minute video showing 

the various technologies working and applications were shot and was presented in the NAIP 

Annual meet held at Karnal (2012). As part of popularizing the technologies developed and to 

indicate the problems faced by the cashew industries; an interview session with then PI (Dr. V. 

P. Potty) and Current PI (Dr. Prabhakumari.C) was aired in Akashavani Radio- Malayalam on 

24
th

 January, 2011 and 18
th

 January, 2012. 
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Various members of the subproject underwent highly beneficial trainings in different 

fields; that were of use at diverse stages of the project. Mr. Muneer A. M attended international 

training on “Modern Methods for Food Analysis” at Lund University, Sweden from September 

22
nd

, 2011 to October 5
th

, 2011.  

 

98 middle level factory workers and supervisors were given trainings and instructions on 

the participatory seminar held at CEPCI lab (July 5
th

, 2010) and at Kuzhithurai, Tamil Nadu 

(July 12
th

, 2010) respectively.  

 

The Subproject has had interactive meetings with various stakeholders involved in the 

cashew industry (DCR, Puttur August 28
th

, 2013) and have been part of Institute Industry 

Interface Meet (DCR-KCMA, Mangalore 16
th

 April 2012); which did open doors to the world of 

co-operations between academic research and industrial applications. 

 

Some of the equipments procured to accomplish the sub-project program include 

HPTLC, UV-Vis-NIR Spectrophotometer, Fermentor, Table Top Ultra Centrifuge, Water 

Activity Meter, Texture Analyzer, Konica Minolta Spectrophotometer, Steam Boiler, Automatic 

Cashew Sheller, Sheet Bending Machine, TIG Welding Machine etc. Various scientific 

instruments enlisted above were utilized as for training purpose and to impart practical 

knowledge on the personals who attend 2 workshops on Biotechnology; conducted at CEPCI 

Lab, Kollam (February 18
th

 -20
th

 and November 12
th

–13
th

 2013).   

 

Dr. D. Balasubramanian, bagged the best oral presentation award First International 

Seminar on Cashewnut (12
th

 December 2012) held at ISHS jointly with ACRI, Madurai, Tamil 

Nadu; while Mr. Vincent Vineeth Leo and Team got the best poster presentation on their 

findings on “Cellulase from Cashew Shell Cake and its Applications” at the 3
rd

 International 

seminar on Biotechnology held at KVM College, Cherthala, Kerala. 

 

 

SOCIO-ECONOMIC-ENVIRONMENTAL IMPACT AND SUSTAINABILITY: 

The installation of economically viable PPS developed for cashew drums roasting units; 

which is a system that helps in removing the particulate matter leaving only steam outside 

through the chimneys; was identified as a green technology by the Kerala pollution control 

board. The social-environmental viability of the technology is the major reason for its popularity 

among the cashew processors and the surrounding inhabitants.  
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The developed simple pedal operated cashew cutter was found to be less agronomical. 

This technology will certainly help the women folk who dominate the cashew processing 

industry.  

One of the most significant findings of the subproject was the non thermal cutting of raw 

cashew nut. This coupled with the anacardic acid extraction technology could make not only the 

cashew processing industry an eco friendly industry; but also a highly profitable one.  

The entrepreneurship like training given to the middle level managers on storage 

practices will certainly help in spreading and sustaining the particular techniques across India. 

Live demonstration of some of the developed technologies showcased at various occasions; to 

the cashew processors and exports has helped in drawing considerable attention to the 

technology. This has helped in raising awareness of the usefulness of the technologies and has 

triggered an interest among entrepreneurs. This will certainly help in achieving the sustainability 

of the developed technologies. 

Thus the subproject has been successful in creating innovations that will be helpful in 

every aspects of a cashew processing industry (storage, processing, production and value 

addition of by-products) by developing greener, profitable and sustainable technologies.   
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Part-I: General Information of Sub-project 

 

1. Title of the sub-project: “A Value Chain on Cashew for Domestic and Export Markets” 

 

2. Sub-project code: 20041 

 

3. Component: 2 

 

4. Date of sanction of sub-project: February 7
th

, 2009  

 

5. Date of completion: December 31
st
, 2013  

 

6. Extension if granted, from: April 1
st
, 2012 to December 31

st
, 2013    

  

7. Duration of the sub project: 4 Years and 10 Months 

 

8. Total sanctioned amount for the sub-project: Rs. 289.82 Lakhs 

 

9. Total expenditure of the sub-project: Rs 264.56 Lakhs 

 

10. Consortium leader:  

 

 

Name of CL 

 

 

Shri. T.K. Shahal Hassan Musaliar 

 

Designation 

 

 

Chairman 

 

Organization Address 

 

Cashew Bhavan, CEPC Laboratory and Technical Division, 

Cashew Export Promotion Council of India, Mundakkal, 

Kollam -691001, Kerala, India. 

 

 

Phone & Fax 

  

0474-2742704 & 0474-2749973 

 

E-mail cepci.kollam@cashewindia.org 

 

Website http://cepclab.org.in 
 

 

mailto:cepci.kollam@cashewindia.org
http://cepclab.org.in/
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11. List of consortium partners: 

 

 

 Name of CPI/ CCPI with 

designation 

Name of organization and address, 

phone & fax, email 

Duration 

(From-To) 

Budget 

(Lakhs) 

 

CPI 

 

Dr. V.P Potty 

(Head & Principal 

Scientist) 

 

CEPC Laboratory And Technical 

Division, The Cashew Export 

Promotion Council, Kollam-691 001, 

Kerala.                           Ph: 0474-

2761003; Fax:0474-2742704              

Email: vppotty@yahoo.com 

 

7
th
February, 

2009             

To               

30
th
 June,  

2012 

156.89 

 

CPI 

 

Dr. C Prabhakumari 

(Deputy Principal 

Scientist) 

 

CEPC Laboratory And Technical 

Division, The Cashew Export 

Promotion Council, Kollam-691 001, 

Kerala.                           Ph: 0474-

2761003; Fax:0474-2742704              

 E-mail: prabhanair1@hotmail.com 
 

 

1
st
 July, 2012 

To 

31
st
December, 

2013 
17.59 

 

CCPI 

(1) 

 

Dr. D. Balasubramanian 

(Principal Scientist) 

 

Directorate of Cashew Research 

Puttur-574202, Dakshina Kannada, 

Karnataka 

Ph: 08251-231530; Fax:08251-234350 

E-mail: bavika13@email.com 
 

 

1
st
April,2009 

To 

31
st
December, 

2013 

 

48.54 

 

CCPI 

(2) 

 

Dr. V Palanimuthu 

(Research Engineer & 

Head) 

 

AICRP (PHT) Scheme 

UAS, GKVK, Bangalore-560065 

Ph:08023330153 Extn-345, 346 

Telefax: 080-23545640 

  E-mail: palanimuthuv@gmail.com 
 

 

1
st
 April,2009 

To 

31
st
 Dec, 2013 

 

52.95 

 

CCPI 

(3) 

 

Dr. K A Ratheesh 

(Managing Director) 

 

Kerala State Cashew Development 

Corporation Ltd.,  

Cashew House, PB No. 13, 

Mundakkal, Kollam-691001 

Ph: 0474-2742271; Fax:0474-2742557 

Email: cadeco@sancharnet.in 

 

 

1
st
 April,2009 

To 

31
st
 Dec, 2013 

 

13.85 

 

 

 

 

mailto:vppotty@yahoo.com
mailto:prabhanair1@hotmail.com
mailto:bavika13@email.com
mailto:palanimuthuv@gmail.com
mailto:cadeco@sancharnet.in
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12. Statement of budget released and utilization partner-wise (` in Lakhs): 

 CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 

 

  

CPI/ CCPI Name, designation & 

address) 

 

Total 

budget 

sanctioned 

 

Fund 

released 

(up to closing 

date) 

 

 

Fund 

utilized 

(up to 

closing date) 

 

CPI 
 

Dr. C Prabhakumari 

CEPC Laboratory And Technical 

Division, The Cashew Export Promotion 

Council, Kollam-691 001, Kerala 

 

 

174.48 

 

164.62 

 

162.43 

 

CCPI 1 
 

Dr. D Balasubramanian 

Principal Scientist 

Directorate of Cashew Research 

Puttur-574202, Dakshina Kannada, 

Karnataka 

 

 

48.54 

 

59.51 

 

40.22 

 

CCPI 2 
 

Dr. V Palanimuthu 

Research Engineer & Head 

AICRP (PHT) Scheme 

UAS, GKVK, Bangalore-560065 

 

 

52.95 

 

54.76 

 

51.45 

 

CCPI 3 
 

Dr. K. A Ratheesh 

Managing Director 

Kerala State Cashew Development 

Corporation Ltd.,  

Cashew House, PB No. 13, Mundakkal, 

Kollam-691001 

 

 

13.85 

 

14.70 

 

10.59 

 

Total 
 

289.82 

 

 

293.58 

 

 

264.56 
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Part-II: Technical Details  

1. INTRODUCTION  

 

India has an enviable position in the global cashew market as far as production, 

processing and marketing are concerned. Availability of ample skilled man power willing to 

work at lower wages made this country to gain virtual monopoly in the world. India earned a 

foreign exchange to the tune of Rs 4411.82 Crores by exporting 1.092 Lakh MT of cashew 

kernels and allied products during the year 2012-13.  However, major initiatives need to be taken 

in a holistic way either to maintain or to improve the current status. There are several problems at 

the grass root level that need to be addressed on a priority basis.  
 

Raw cashew nut contributes 70% of the total cost incurred on processing for its 

conversion in to kernels which fetches premium price at consumer level. Absence of well 

defined quality standards for raw cashew nut is leading to improper trading in cashew business. 

Developing quality standards and appropriate methodologies to assess the quality become utmost 

important. Cashew being a seasonal crop, it is available from March to June in a year. In order to 

operate the processing units throughout year, it need to be procured during harvest season and 

hoarded in the go down. Storage management practices for raw cashew nut is yet another area 

requiring special attention. Standard storage protocols for enhancing shelf life of raw cashew nut 

under given environment needs to be developed.  

 

Processing efficiency depends on the quality of nuts, processing parameters employed in 

the line of processing, men and machine output, optimal utilization of energy etc., A detailed 

study on performance of existing machinery pave way to develop low cost automated processing 

machinery suitable for Indian cashew industry. Energy budgeting is of prime importance towards 

operating this agro industry with minimal power. As non thermal and non chemical method of 

processing raw cashew nut enables the extraction of anacardic acid which finds application in 

pharmaceutical industry and leads to additional financial benefit, focused research is required in 

this direction. In order assess the quality of cashew kernels in terms of physical, mechanical, 

textural, optical and microbiological factors; a detailed investigation is required to standardize all 

relevant parameters towards food safety. Cashew nut shell liquid is an industrially important 

product, but pollute the environment, if it is allowed free, therefore bio-conversion of this 

byproduct through bioremediation in to useful product needs special attention. Further, cashew 

byproducts could be used for the preparation of microbial enzymes like pectinase and cellulase 

also.  

 

More importantly, developed technologies need to be popularized to reach the 

beneficiaries. In this regard, transfer of technology programs needs to be conducted periodically 

as promotional activity. Keeping the above mentioned facts and figures, a project entitled A 

Value chain on Cashew for Domestic and Export Markets was contemplated involving major 

institutions viz., CEPCI, Kollam, DCR Puttur, UAS Bangalore and KSCDC, Kollam under the 

World Bank funded National Agricultural Innovation Project (NAIP). 
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2. OVERALL SUB-PROJECT OBJECTIVES: 

 

No: OBJECTIVE RESPONSIBLE PARTNER 

 

1 

 

To Develop standards and storage management for raw 

cashew nut 

 

(1) DCR 

(2) UAS(B) 

(3) CEPCI  

(4) KSCDC 

 

 

2 

 

To develop high performance cashew processing system 

 

(1) CEPCI  

(2) DCR  

(3) UAS(B)   
  

 

3 

 

Development of quality standards for raw cashew 

kernels 

 

(1) CEPCI  

(2) DCR 
 

 

4 

 

Identification/ Development of value added products of 

cashew kernels, utilization of by-products 

 

(1) KSCDC  

(2) CEPCI  

(3) UAS (B) 

 

 

5 

 

Packaging standardization, evaluation and promotion 

of developed technologies, quality certification and 

entrepreneurship development. 

 

 

(1) KSCDC  

(2) CEPCI  

(3) UAS(B) 

(4) DCR 

 

 

*(B) - Bangalore 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 A Value Chain on Cashew for Domestic and Export Markets 

 

17 

 

3. SUB-PROJECT TECHNICAL PROFILE 

 

 

Objective 1: To Develop standards and storage management for raw cashew nut 

SI 

No: 
Monitoring indicators Executing 

agencies 

Year 

 

Expected 

OUTPUT 

Expected 

OUTCOME 

 

1. 

 

Establishment of a process to 

procure heterogeneous Raw 

Cashew Nut (RCN) and 

identification of quality 

parameters for RCN; inorder 

to assign different grades  

 

 

KSCDC 

DCR 

 

 

 

2008-

2009 

 

 

Standards for 

different grades of 

raw cashew nuts  

 

 

 

 

Confirmation of 

heterogeneity of 

RCN by assessing 

its characteristics  

 

 

Universal standard 

for RCN 

developed will be 

of great help to all 

the farmers who 

harvest them and 

store.  

 

Similarly it will be 

of great assistance 

to those who 

procure the RCN. 

 

 

2 

 

Developing quality based 

colour chart for RCN 

 

DCR 

 

 

2008-

2012 

 

3 

 

Developing empirical 

relationship among the 

selected parameters of  the 

raw cashew nuts  

 

KSCDC 

 

 

2008-

2010 

 

4 

 

 

Designing and fabrication of a 

grader for RCN 

 

 

DCR 

 

 

2008-

2012 

 

Development of a 

semi automatic 

grader for RCN 

 

A low cost grader 

capable of size 

sorting RCN; 

applicable for 

processing units. 

 

5 

 

 

 

Storage management of raw 

cashew nuts to improve shelf 

life 

 

DCR 

CEPCI 

 

 

2008-

10 

 

A protocol for safe 

storage practices of 

RCN 

 

Guidelines for 

storage of RCN to 

be implemented in 

processing units 

 

6. 

 

Fabrication of  a cutting tool 

to assess quality of cashew 

kernel 

 

UAS(B)  

DCR 

 

 

2008-

2010 

 

An improved 

cashew cutter 

prototype 

development 

 

Application in 

quality check of 

RCN for kernel 

processing 

 

7. 

 

Developing moisture meter 

for RCN 

 

 

CEPCI 

 

 

2012-

2013 

 

Portable moisture 

meter for both RCN 

and Kernels 

 

A RCN buyer can 

carry the 

instrument to 

assess the 

moisture content 

of RCN to be 

procured 
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Objective 2: To develop high performance cashew processing system 

SI 

No: 
Monitoring 

indicators 

Executing 

agencies 

Year 

 

Expected OUTPUT Expected OUTCOME 

 

8. 

 

Verification of the 

problems faced in 

cashew nut 

processing industry  

 

 

DCR 

UAS(B) 

CEPCI 

 

2008-

2011 

 

 

Finding solutions to 

vide range of 

problems extending 

from pollution to 

processing 

 

Imparting the 

knowledge to the 

cashew processors   

 

Marketing of the 

potential improvements 

made to the processing 

and production 

technologies 

 

 

 

 

9. 

 

Improved cashew 

kernel dryer 

   

 

DCR 

 

2008-

2011 

 

 

Assessing the 

performance of 

existing dryers and 

incorporating 

modification for 

uniform drying of 

kernels 

 

10. 

 

Improved cashew 

nut processing 

technology and 

machinery 

 

CEPCI 

DCR 

UAS(B) 

 

2009-

2013 

 

Bring out 

improvements to the 

existing processing 

systems (Manual to 

Mechanical) 

 

 

11. 

 

Fabrication of a 

Cashew kernel 

(testa) peeling 

machine  

 

 

 

    CEPCI 

 

2009-

2013 

 

Assessment of the 

developed manual 

operated cashew 

kernel peeling 

machine 

 

Economically viable 

cashew peeler to made 

available aimed at small 

scale processors 

 

12. 

 

Non Thermal 

Processing 

technology for Raw 

Cashew Nut 

 

 

 

    CEPCI 

 

2009-

2013 

 

A novel and 

environmentally 

friendly RCN 

processing 

technology 

development 

 

Patent the technology 

and thereby allow the 

worldwide Cashew 

processors to implement 

this technology 

 

13. 

 

Bio remediation of 

CNSL containing 

waste water  

 

    CEPCI 

 

2009-

2011 

 

Bioremediation of 

irritant processed 

water by microbes 

 

Less pollution and eco-

friendly atmosphere and 

working condition for 

workers 
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Objective 3: Development of quality standards for raw cashew kernels 

SI 

No: 
Monitoring indicators Executing 

agencies 

Year 

 

Expected OUTPUT Expected 

OUTCOME 

 

14. 

 

Quality standards for 

different grades of 

cashew kernels (CK) 

 

Colour grading system 

(charts) for different 

grades of CK 

 

DCR and 

KSCDC 

In 

cooperation 

with 

CEPCI 

 

2009 

 

 

Universal quality 

standard 

development for 

various variety of 

cashew kernels 

 

Domestic and export 

markets could easily 

assess the quality of 

cashew kernel. This 

will help in better 

pricing. 

 

 

15. 

 

Bio-sensor for detection 

of cashew kernel 

contamination Cashew 

kernels sterilizer 

 

CEPCI 

 

2009-

2010 

 

Easier and cheaper 

method for detecting 

contaminants in 

cashew kernels 

 

Publicity to the 

developed biosensor 

for processors to 

procure the item 

 

Objective 4: Identification/ Development of value added products of cashew kernels, utilization of 

by-products 

SI 

No: 
Monitoring indicators Executing 

agencies 

Year 

 

Expected OUTPUT Expected 

OUTCOME 

 

16. 

  
Innovative value added 

products from cashew 

kernels 

 

 

KSCDC 

 

2009-

2011 

 

 

Tasty and storable 

value added products 

from cashew kernel 

bits etc. 

 

More market for 

cashew kernels.  

 

17. 

 

Improve CSNL extraction 

process from cashew shell 

 

Bio-polymer degradation 

enzymes from by-products 

of cashew  

 

 

CEPCI 

 

2009-

2013 

 

Production of 

polymerized products 

from CNSL and 

commercial enzymes 

from wasted 

byproducts  

 

More value to the 

waste by-

products of the 

RCN processing. 

 

 

 

18. 

 

Industrial protocols for 

extraction & purification of 

highly valued anacardic acid 

 

 

    CEPCI 

 

2009-

2013 

 

Increased production 

of the highly 

valuable anacardic 

acid by cheaper and 

non thermal methods  

 

Market the 

technology to 

various RCN  and 

CNSL processors 

 

19. 

 

Shell Based fuel briquette 

 

UAS(B) 

 

2010-

2011 

 

Pilot plant study that 

could show 

successful production 

fuel briquettes from 

cashew shell cake  

 

Fully carbonized 

briquettes from 

CSK that can be 

used as an 

alternative fuel. 
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Objective 5: Packaging standardization, evaluation and promotion of developed technologies, 

quality certification and entrepreneurship development 

SI 

No: 
Monitoring 

indicators 

Executin

g 

agencies 

Year 

 

Expected 

OUTPUT 

Expected OUTCOME 

 

20. 

 

Packaging condition 

standardization  

 

 

 

CEPCI & 

KSCDC 

 

2009-

2013 

 

 

Studies with 

respect to 

clumping and the 

(%) water activity 

tolerable for 

cashew kernels 

(CK) can help 

develop 

guidelines for CK 

before packaging. 

 

 

Universal packaging 

standardisation   

 

21. 

 

1 Rural industry 

(Entrepreneur) 

development 

programme 

 

Various Publicity of 

technology / 

machinery 

 

1 No. of field 

demonstrations 

 

Gathering feed back 

 

Quality 

Certifications etc. 

 

CEPCI, 

DCR, 

UAS(B), 

KSCDC 

 

2011-

2012 

 

Increased 

awareness among 

stake holders 

 

Hygenic practices  

 

More awarness 

among the 

farmers and 

processors 

regarding the 

novel tchnologies 

developed 

 

 

Promoting rural cashew 

processing industry through 

entrepreneurship program 

 

Scientific – Industrial 

collaboartions for 

implementation and 

marketing of value added 

and processing technologies 

developed 
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4. BASELINE ANALYSIS  

As part of baseline survey; information was collected from 60 locations from 3 dominant cashew 

processing states viz. Tamil Nadu, Kerala, Karnataka (Fig 1-A, B, C). Samples consisting of 

various subsamples, totaling 600- 700kg were collected from these locations. These processing 

and production locations were quizzed for eliciting information pertaining to various aspects of 

the cashew industry. The major areas covered were as follows: 

 

 Gender focus and empowerment of women and weaker section in the working class of the 

cashew processing industry,  

 Raw Cashew Nut (RCN) storage practices,  

 Present status of cashew processing technology,  

 Awareness among public about the innovation in technology for cashew processing, 

environmental and social auditing,  

 Sustainable livelihood of the working force,  

 By-products etc.  

 

          
 

 

 

 

                                        
 

                

 

 

 

Fig 1(A): Baseline Sample collected from 

Kollam district (Kerala); as denoted in red    

Fig 1(B):Baseline Sample collected from 

Kanyakumari district (TamilNadu); as denoted 

in red    

Fig 1(C): Baseline Sample collected from Dakshin 

Kannada district (Karnataka); as denoted in red    
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Major features of baseline survey are given below.   

 The age of the employees working in processing units varied with the states. Maximum 

workers fell under the age group of 26- 40 in most of states surveyed. Female and male 

respondents were analyzed separately the maximum women respondent‟s average age in 

Kerala and Tamil Nadu was 31-35. In most of the states maximum number of male 

respondent‟s age group was 36- 40. However, female respondents were employed more in 

cashew processing units than male respondents. Maximum employees were observed 

between the range of 250 -500. (Table 1 and Graph 1). 

 

Age 

Frequencies 
Tamil Nadu  Karnataka  Kerala  

W M W M W M 

20-25  0  0  2  0  0  0  

26-30  1  0  6  4  1  1  

31-35  9  0  2  5  9  5  

36-40  4  14  5  5  1  1  

41-45  0  0  1  2  0  4  

46 above  0  0  2  0  0  0  

Table1: Age of respondents in the cashew processing units (W=Women; M=Men) 

 

 

 
Graph 1: Distribution of employees in Cashew processing unit (W=Women; M=Men) 

 

 Duration of storage extends from one month to 12 months in the states studied. Length of 

storage is directly related to quality of kernel and hence storage in quality Go-downs will be 

very much warranted. 50% of the sampled units in different states showed Pucca ventilated 

buildings; while 40% used moderately non ventilated houses as storage houses. Majority of 

the units in surveyed states; had their cashew bags in floor of the store house. Where as in 

few units used wooden pallets or iron pallets for staking the bags.  Few units in all the states 

surveyed were not at all using any control measures like fumigation, pesticide spraying and 

combination of both for controlling storage pests. 
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Fig 2: The storage practices of RCN observed in some of the surveyed processing centers 

 

 The analysis showed that maximum import is from Africa viz. Benin, Ivory Coast, CDJKL, 

Gambia and Senegal. Along with this exported and domestic Raw Cashew Nut [RCN] 

(produced in India) the heterogeneity among them is too huge and difficult to assess. RCN 

processing capacity of units in the surveyed states ranged from 320 -640 kg/day. RCN 

processing was carried out either by steam roasting or drum roasting. The cutting operation 

was done by manual or mechanical. But more emphasis was on given to breakage; hence 

most preferred manually skilled laborers.  

 

 Environmental and social safe guard issues were of less priority among some of the RCN 

processor companies surveyed. Most processing units had contamination problems caused by 

cashew nut shell liquid [CNSL] (Graph 2). 
 

 

Graph 2: Awareness level of environmental safeguards 
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 Regarding income an average of Rs100/day was observed in most of the states. In Kerala the 

workers were getting a maximum of Rs140 to Rs 150/day in few processing units. The 

survey on the number of earning members of the respondent‟s family indicated that they have 

other income sources. In most cases the earnings gained by the women folk was not the only 

financial source of the families. 

 

 Among the by-products Cashew Nut Shell Liquid (CNSL) was one of the most wasted of 

processing by-product. No proper technology was available for handling CNSL. While some 

cashew processing companies reported selling the cashew shells for paper and hard board 

making companies. But mostly they were just wasted or burned away. 

 

 

 

         

                  
 

Fig 3:  Photo Illustrations of the Survey carried out in Cashew Industries  
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5. RESEARCH ACHIEVEMENTS WITH SUMMARY 

 

The project was oriented and implemented with value addition to the cashew industry as 

a whole; as the key idea.  Thus five major objectives were proposed to be achieved through this 

project. The work done and the achievements obtained by this project are as follows.  

Objective 1: To develop standards and storage management for raw cashew nut 

Though the quality of Indian cashew nut is generally acceptable to the industry, there is 

wide variation in the quality of raw nuts available from different markets. The development of a 

grading and marking system for RCN can help the farmers with assured fair pricing and the 

processors with fair quality.  

As part of improving the linkage of the cashew farmers to the processors a study 

regarding development of a Grading system for raw cashew nuts was initiated.  This was done 

by carrying out heterogeneity studies of RCN from various origins and also by assessing its 

various quality parameters. In order to address the variability and problems in existing storage 

conditions for RCN a uniform Storage management protocol for RCN was developed. To 

address the problems faced during procurement of RCN or kernels; a Portable moisture meter 

was fabricated and standardized. The details are as follows. 

Activity1 (A):- Procurement of various varieties of Raw Cashew Nut (RCN)                     

              (DCR, Puttur and KSCDC, Kollam) 

 

KSCDC and DCR collected Raw Cashew Nuts of various origins; both domestic and imported. 

Some of the origins were (domestic collected from Kerala, Karnataka, Tamil Nadu, Goa, 

Maharashtra, Andhra Pradesh, Orissa and West Bengal) Vengurla-1, Vengurla-2, Vengurla-3 

Vengurla-4, VRI-1, VRI-2, Ullal-1, Ullal-2, NRCC Selection-1, NRCC  Selection-2, VTH, 

NDR, K-22, BLA-39, BLA-139 and Imported varieties were from Indonesia, Ivory Coast, 

Nigeria, Dar-Ess-Salam, Tanzania, Venezuela and Vietnam.  

 

 

Fig4: Various RCN verities 

 

 

 

 

Indonesia CDJKL Gambia  
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Activity1 (B):- Identified parameters to assess the quality of RCN 

             (DCR, Puttur and KSCDC, Kollam) 

 

Certain physical parameters related to quality of RCN were identified and its descriptions are given 

below. These were compiled based on the discussions held with various processors, traders and 

farmers involved in cashew business chain. These parameters were considered to be crucial in 

compiling a metadata on heterogeneity existing among RCN. 

Number of 

Nuts 

Counting of the number of nuts per kilogram (higher the number of nuts per 

kilogram, poorer was their quality)  

Extraneous 

Matter 

Dust, dirt, stones, earth, chaff, straw and any other impurity mixed with the nuts are 

termed as extraneous matter. It can be regarded as a discounting quality factor of 

grade and price. 

Void Nuts Nuts in which there are no kernels (Number /kg). 

Broken and 

Damaged 

Nuts 

Nuts which were broken/internally-damaged or discolored affecting the quality 

(Number /kg). 

Cutting Test A random sample of a kilogram of raw nuts is taken from the bulk and cut open 

using hand-cutting tool. Based on the kernel in terms of surface colour i.e. white, 

shriveled, dotted or reject (spoiled), the percentage of good kernel can be calculated 

and it has direct influence of quality of nuts.  

Floating 

Test 

One kilogram of sample was put in a vessel containing water, after continuous 

stirring floaters were collected and counted. Immature nuts due to low density than 

water, improperly filled nuts and deteriorated nuts floats. Higher the percentage of 

floaters, poorer was the quality of cashew nuts. It was a discounting factor for both 

quality and price. 
Size It was determined with the help of length, width, and thickness of the nut. Bigger 

the size better is the quality.  

Moisture The moisture (%) in cashew nuts inversely affects the price and grade.  

Kernel 

recovery 

Out of 1-kg of raw nuts with shell and without shell are weighed and percentage of 

nuts without shell is calculated. Higher the percentage better is the quality of 

cashew nuts. It is a factor contributing to higher price and better grade for cashew 

nuts. 

 

All these parameters were analyzed by using the following methods: 

RCN condition RCN were to be dried under sun for two days before any measurements of 

physical dimensions (Sample size - 25 nos.). 

Moisture content determined by 'Chemical distillation method' 

Axial dimensions measured using Mitutoya 'Digital Vernier Caliper (Least count - 0.01)  

Weight found out by 'Digital weighing balance' (LC-0.001) - Sartorius BS 1248  

Volume determined by water displacement method 

Shell thickness measured using 'Micro meter' ( LC - 0.01) – Mitutoya 

Shelling (%) equal to quotient of good kernels to raw cashew nuts 
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Activity1 (C):- Assessment of heterogeneity of RCN (DCR, Puttur) 

 

 Physical parameters assessment of the RCN collected; utilizing the above mentioned 

protocols revealed the below given results (Table 2).  

 Initial moisture content of RCN varied from 3.00 to 8.48 % d.b and size in terms of number 

of nuts per kg ranged from 90 to 210.  

 In a similar manner, weight of the nut and corresponding kernel varied from 4.77 to 11.13 g 

and from 1.46 to 3.25 g respectively.  

 Besides, shelling percentage i.e. proportion of nut to kernel also showed wide variation in 

the range of 24.46 to 33.99. 

 

Table 2: Certain physical parameters of raw cashew nuts 

Sl. 

No. 

Varieties / 

Imported nuts 

No.of 

nuts/kg 

M.C (%) 

d.b. 

Weight (g) Size (mm) Shelling 

(%) RCN Kernel RCN Kernel 

1 Ullal – 1 141 6.07 7.11 2.35 24.6 18.3 33.10 

2 Ullal – 2 167 4.67 6.01 1.99 24.07 17.72 33.14 

3 Ullal – 3 130 8.48 7.80 2.61 25.32 18.76 33.76 

4 Ullal – 4 110 5.91 9.11 3.02 26.07 19.23 32.60 

5 Vengurla – 1 165 4.16 6.07 2.12 23.57 17.63 35.01 

6 Vengurla – 3 161 4.85 6.22 2.07 24.05 17.80 33.35 

7 Vengurla – 4 132 4.62 7.59 2.42 25.54 18.73 31.92 

8 Vengurla – 7 97 4.30 10.24 3.48 27.62 19.96 33.99 

9 Selection – 1 130 4.90 7.72 2.44 25.59 18.92 31.36 

10 Selection – 2 93 7.97 10.80 3.25 28.97 20.43 30.27 

11 Bhaskara 128 5.03 7.86 2.62 25.76 18.94 33.49 

12 Dhana 106 7.73 9.50 2.54 26.61 18.48 26.77 

13 Kanaka 160 4.68 6.22 1.97 24.54 0.74 31.64 

14 Priyanka 90 6.48 11.13 2.81 29.92 21.10 25.21 

15 Madakathara – 2 112 6.26 8.88 2.80 27.06 19.21 31.55 

16 VRI -3 154 5.55 6.52 2.13 24.05 17.63 32.70 

17 CDJKL 171 3.49 5.84 1.87 22.79 16.59 32.24 

18 Guinea Bissau 197 3.20 5.18 1.65 22.75 16.45 32.37 

19 Gambia 210 3.01 4.77 1.46 21.78 15.73 30.62 

20 Ivorycoast 174 3.00 5.82 1.46 23.40 14.59 24.46 

21 Indonesia 173 4.14 5.85 1.87 22.85 16.66 32.07 

22 Tanzania 165 4.04 6.09 1.90 23.24 17.04 31.21 
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The average dimension of three principal axes viz., length, width, thickness and mass ratio, at 

same moisture content (for various RCN and kernels) were worked out and presented in Table 3.  

 The average sphericity of RCN and Kernel were worked out to be 0.737 and 0.633 

respectively.  

 100-nuts mass of RCN varied between 610.6 to 735.1 g and it increased linearly with 

increased moisture content.  

 The porosity increased from 48.03 to 52.33%, while the bulk density decreased from 

624.2 kg m
-3

 to 591.9 kg m
-3

 as the moisture content increased from 3.15% to 20.06% db.   

 The true density of nuts followed a linear correlation with moisture content. It increased 

from 1201 kg m
-3

 to 1240 kg m
-3

 in the specified moisture range.  

 The static co-efficient of friction for nuts increased linearly with moisture content 

irrespective of surface employed viz., glass (0.19 to 0.25), aluminum (0.25 to 0.30), 

galvanized iron (0.25 to 0.30) and cardboard (0.25-0.31). The reason for the increased 

static co-efficient of friction at higher moisture content may be owing to the water present in 

the nut offering a cohesive force on the surface of contact.  

 

Table 3. Size distribution of RCN and kernels of various varieties and origins at  

8.46 % d.b 
Particulars Ungraded      Size category 

Large Medium Small 

Length of Nut 23.06 to 

40.06 

> 35mm 30-35mm < 30mm 

Percentage of sample   36.5 52 11.5 

By number 200 23 (11.5) 104 (52.0) 73 (36.5) 

By mass 1193 162.80 (13.7) 668.86 (56.1) 361.34 (30.3) 

NUT 

(a) Length (L) mm 36.889 ± 1.655 31.868 ± 1.132 27.971 ± 1.454 

(b) Width (W) mm 24.681 ± 1.629 23.270 ± 1.597 21.726 ± 2.068 

(c) Thickness (T) mm 17.623 ± 2.046 17.297 ± 1.638 16.157 ± 1.655 

(d) Mass (M) g 7.209 ± 2.245 6.447 ± 1.001 4.904 ± 0.842 

KERNEL 

(a) Length (l) mm 28.169 ± 1.585 25.424 ± 1.473 22.548 ± 1.438 

(b) Width (w) mm 12.491 ± 1.830 12.873 ± 2.662 13.300 ± 2.832 

(c) Thickness (t) mm 12.556 ± 1.893 12.301 ± 1.350 11.578 ± 1.330 

(d) Mass (m) g 2.353 ± 0.375 1.994 ± 0.356 1.611 ± 0.296 

SHELL 

(a) Shell thickness 3.810 ± 1.117 4.041 ± 1.134 3.733 ± 0.423 
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Output of the study (1 A,B,C): 
 

Table 4 represents the correlation coefficient worked out for various dimension of raw cashew nut 

and kernel for the selected origins. Even though a strong correlation could not be observed; this 

study confirmed the heterogeneity of raw cashew nuts in terms of physical parameters irrespective 

of varieties or nuts obtained from domestic or other countries. 

 

 

Table 4: Nut and kernel dimensions ratio at 8.46% moisture content (db) 

 
Ratio Mean value Minimum value Maximum value Standard 

deviation 

Correlation 

coefficient 

L/W 1.359 0.922 1.652 0.112 0.597 

L/T 1.846 1.285 2.597 0.218 0.330 

L/M 5.317 3.664 2.576 0.916 0.681 

l/w 1.971 1.184 2.991 0.398 0.131 

l/t 2.067 1.393 2.999 0.258 0.353 

l/m 13.474 7.341 2.152 0.291 0.719 

L/l 1.257 1.016 1.541 0.062 0.867 

W/w 1.824 1.247 3.02 0.362 0.213 

T/t 1.407 1.168 1.768 0.083 0.881 

M/m 3.204 2.659 4.668 0.374 0.638 

 

 

 

Activity2:- Maturity standards for RCN [Developing quality based colour chart]   

                   (DCR, Puttur) 

 

 

Quality starts in the field with the time of harvest and depends on properly following subsequent 

steps after harvest as it has the potential to either maintain or reduce quality. Grade standards 

identify the degree of quality in a commodity that is basis of its usability and value. The study too 

was conducted as part of standardizing a quality standard for RCN. 

 

RCN of two different varieties viz., Bhaskara and Ullal; harvested at various stages of maturity i.e. 

10, 20, 30, 40, 50 days [after flowering (DAF)] and fully matured were used for the study. The 

details are as follows 
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Study 1: Based on the spatial dimensions of the individual nuts, equivalent diameter and 

sphericity were worked out. Moisture content and individual nut weight were also determined in 

order to find out the changes during its maturity. 

  

 Average individual nuts weight decreased from 8.56 to 4.80 g in the case of Ullal variety 

and from 11.36 to 5.54 g in the case of Bhaskara variety primarily due to loss of moisture 

during the nut growth phase.  

 Average values of equivalent diameter and sphericity decreased from 25.86 to 21.56 mm 

and 77.81 to 77.12 % for Ullal variety respectively, whereas in the case of Bhaskara 

variety, values recorded also showed decreasing trend i.e. equivalent diameter from 28.72 

to 22.21 mm and sphericity from 74.32 to 71.56 %.  

 Significant change in the equivalent diameter clearly indicates that nut hardening takes 

place while growing from pea nut stage (10 days after DAF) to full maturity (Ripened 

fruit). 

 

 

 
 

Fig 5: Different stages of nut development 
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Study 2: Using light reflectance values in terms of [L, a, b] changes in the surface colour 

characteristics were found out. Considering RCN at pea nut stage as standard, changes in the 

surface colour (∆E) were worked out.  

 

 Values of ∆E ranged from 1.11 to 113.41 and 3.51 to 107.42 for Bhaskara and Ullal 

variety respectively. This indicated that change in the surface colour schemes (green colour 

to grayish colour) for both varieties were similar; during nut formation towards maturity. 

(Graph 3 and Fig 5).  

 

 
Graph 3. Change in the surface colour of RCN at various stages of maturity 

 

 

Study 3: Cutting energy and peak force were determined for the RCN of selected varieties in 

different orientation viz., concave, convex, apex and stem end using textural profile analyzer.  
 

 Cutting energy found to be in the range of 0.82 to 5.33 kg-mm and 2.79 to 15.10 kg-mm 

for Bhaskara and Ullal variety respectively; irrespective of orientation in which uni-axial 

compression force was applied.  

 As for as the nut orientation is concerned, concave or convex side required higher energy 

than stem or apex end for the varieties investigated.  

 Total contact area available for compression force applied through the BSK blade with 45° 

bevel angle could be underlying factor.  

 Peak force observed to be high for Bhaskara than Ullal variety and recorded highest value 

of 45.42 in the convex direction (Table 5 and 6).  
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Table 5. Peak force of RCN at different maturity stages during quasi-static compression loading 

 
Variety Bhaskara Mean Ullal Mean 

Orientation Stem Apex Concav

e 

Convex Stem Ape

x 

Conca

ve 

Convex 

Stages 

1 20.45 20.78 13.71 9.82 16.19 16.3

4 

22.9

3 

12.02 11.37 15.67 

2 17.45 23.80 14.64 10.51 16.60 17.3
2 

27.9
8 

17.83 17.22 20.09 

3 33.53 40.10 40.10 26.22 34.99 23.0

3 

39.1

1 

26.68 20.04 27.21 

4 32.87 42.80 23.42 30.63 32.43 32.7
0 

33.2
7 

30.58 21.68 29.56 

5 36.60 36.97 30.75 36.15 35.12 32.9

5 

31.3

6 

26.71 17.03 27.01 

6 44.67 45.42 28.87 31.76 37.68 29.8

8 

30.3

7 

28.85 17.08 26.54 

Mean 30.93 34.98 25.25 24.18 28.83 25.3

7 

30.8

4 

23.78 17.40 24.35 

Sources SEm LSD 

Variety 0.52 1.45 

Stages 0.89 2.50 

Orientation 0.73 2.04 

Variety X Stages 1.26 3.52 

Variety X Orientation 1.03 NS 

Orientation X Stages 1.78 4.98 

Var X Stag X Ori 2.52 7.05 

 

   Table 6. Cutting energy during quasi-static compression loading of RCN at different maturity 

 
Variety Bhaskara Mean Ullal Mean 

Orientation Stem Apex Concave Convex Stem Apex Conca

ve 

Convex 

Stages 

1 84.44 96.75 138.32 79.89 99.85 92.26 130.7

1 

107.48 80.38 102.71 

2 68.18 168.68 110.41 70.42 104.42 72.70 102.0
8 

129.76 146.33 112.72 

3 157.71 183.58 252.40 165.74 189.86 107.4

2 

187.3

9 

188.89 126.16 152.47 

4 170.25 187.36 142.98 106.71 151.83 128.3
1 

91.53 254.05 141.37 153.81 

5 191.47 295.33 202.47 86.42 193.92 148.9

1 

100.4

1 

133.34 75.43 114.52 

6 197.58 209.83 209.77 190.41 201.90 154.4
6 

148.5
3 

157.54 152.97 153.38 

Mean 144.94 190.26 176.06 116.60 156.96 117.3

4 

126.7

7 

161.84 120.44 131.60 

Sources SEm LSD 

Variety 4.68 13.15 

Stages 8.11 22.77 

Orientation 6.62 18.60 

Variety X Stages 11.47 32.22 

Variety X Orientation 9.36 26.29 

Orientation X Stages 16.22 45.56 

Var X Stag X Ori 22.94 64.44 
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Output of the study (2): 
 

 Hardness of the nut could be considered while assessing the quality of RCN. 

 Surface colour could serve as quality parameter to evaluate nut quality irrespective of 

the variety.     

 Data generated from Cutting energy and Peak force study on RCN using textural profile 

analyzer proved that the cutting force can be a quality parameter for assessing RCN 

verities. This data also could be used for designing an appropriate tool to adjudge the 

maturity of RCN.  

 

 

 

Activity 3:- Developing Empirical relationship among the assessed parameters of various  

                    varieties RCN studied and arriving protocols for various grades of RCN 

         (KSCDC, Kollam and DCR, Puttur) 

 

With the data generated from Activity 1 (A, B, C) and 2 (A); KSCDC tried to create an empirical 

formula using a hierarchical method called cluster analysis.  This technique was used to generate 

a grading system for Raw Cashew Nut (RCN).  

 

Dendogram:- The correlations among various parameters of RCN varieties were calculated to 

produce a graphical dendogram. Given below are some of the instructions followed in the 

graphical analysis. 

 

 The horizontal axis is labeled distance and refers to distance measure between spots or spot 

clusters. The distance measure between two clusters is calculated as follows: 

D = 1 – C; Where D = Distance and C = correlation between spot clusters. 

 If the spots are highly correlated, they will have a correlation value close to 1 and so D = 1 – 

C will have a value close to zero. Therefore highly correlated clusters are nearer the bottom 

of the dendogram.  

 Spots that are not correlated have a correlation value of zero and a corresponding distance 

value of 1. 

 As we move up the dendogram, the spot clusters get bigger and the distance between spot 

clusters increases in value. It becomes difficult to interpret distance between spot clusters 

when spot clusters increase in size.  
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Graph 4: Dendogram Analysis Results 
 

 

 

 

 

From the cluster analysis carried out the best dendogram (medium degree of similarity) 

provided the best set of cluster of RCN. The results are represented in the Graph 4 and Table 7 
 

 

 DENDOGRAM USING AVERAGE LINKAGE BETWEEN GROUPS  
 

Rescaled distance cluster combine 
 

 0  5 10  15 20 25 

 

Vengurla 4           7 

Bhaskara            11 

Ullal 3                 3 

Selection 1 9 

Ullal 1 1 

Ullal 4 4 

Madakathara 2      15 

Dhana                12 

Vengurla 7 8 

Slection 2          10 

Priyanka            14 

Guinea Bissau   18 

Gambia              19 

CDJKL              17 

Indonesia           21 

Vengurla 1 5 

Vengurla 3 6 

Tanzania            22 

Ullal 2 2 

VRI 3                 16 

Ivory Coast        20 

Kanaka               13 

 

 

 

The cases circled are very similar with moderate level of similarity. Thus all variety can 

be classified into 3 groups. 
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Here the Dendogram was cut at a distance of 10, three clusters were formed and they are as follows: 

Table 7: Cluster of various RCN varieties 

 

Cluster 1 Cluster 2 Cluster 3 

Vengurla 4 Guinea Bissau CDJKL 

Bhaskara Gambia Indonesia 

Ullal 3  Vengurla 

Selection 1  Vengurla 3 

Ullal 4  Tanzania 

Madakathara  Ullal 2 

Dhana  VRI 3 

Vengurla 7  Ivory Coast 

Selection 2  Kanaka 

Priyanka   

 

 

 

Output of the study (3): 
 

 Successful establishment of various parameters to assess the quality of the RCN and the 

appreciation on the market. 

 Table 8 established the cluster in which the studied RCN can be grouped. 

 The below mentioned table can be used as a standard for RCN 

 

Out-turn / 

Yield 

It is the quantity of almonds we can get 

after to have decorticated 80 kg of raw 

cashew nuts. The count is in pounds per 

80kg. 

A good out turn is from 43 

to 48 lbs. 

An excellent out turn is from 

48 to 55 lbs. 

Nut count It is the number or raw cashew nuts per kg 

Note: It is necessary to balance this 

information with the out-turn. 

- In India most of the RCN, depending the 

year, have a nut count from 160 to 190. 

170 excellent 

180-190  very good 

190-200  good 

200-210  middle 

230  limit acceptable 

Higher  poor 

  

Moisture / 

Humidity 

For export 10% and less otherwise there are risks for the goods during the 

shipping 

Foreign matter 5% max 

Defective Lower than 10% 
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Activity 4:- Designing and fabrication of a grader for RCN 

         (DCR, Puttur) 

Quality indicators of raw nut are moisture content, fractions of defective nuts, size and 

extraneous matter. Grading is a process of separation of mixtures in to their more homogeneous 

parts (fractions). Screens of various designs are widely used for size separation process.  

Considering the irregular shape of raw cashew nuts, a rotary sieve cylinder grading assembly 

was developed in view of minimizing clogging of nuts, compactness, self agitation and more 

opportunity to register with screen holes to grade RCN based on its size.      

Specifications: 

 Floor space required: 3.0 x 1.2 m 

 Electrical power supply: 1.25  hp DC motor   

 Capacity per hour: 227 kg hr
-1

  

 Grading efficiency: 92.8 per cent 

 

Salient technical features: 

 This unit consisted of bucket elevator with controller, concentric rotary sieve drums 

and product outlets.  

 Blinding of nuts inside the sieve wholes can be prevented by rotary motion due to 

gravitational fall.  

 Hopper bottom facilitate collecting the graded nuts just below each concentric rotary 

drum.  

 The effective width of the nut is used as criteria to size grading. 

 

Fig 6: Rotary sieve cylinder grader for RCN 
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Performance results (Table 8): 

 
 Cylinder length Vs grading efficiency Grading efficiency was found to increase 

significantly as the cylinder / screen length was increased from 0.6 to 1.2 m. As the length 

increased within this range, opportunity for the nuts to register with the sieve perforations 

increased. Optimum length of the sieve cylinder was computed as 1.2 m for a fixed feed 

rate. 

 

 Rotational speed (RPM) Vs grading efficiency: Nut movement in the grading area depends 

on the rotational speed of the sieve cylinder and it influenced the grading efficiency. 

Increasing trend in the grading efficiency was observed for the decreasing rotational speed 

of the sieve cylinder. Lesser the relative motion (drag effect) between the nuts and the 

cylinder at lower speeds ensure ample opportunity for nuts to pass through the sieve 

perforation. 

 

 Bulk density Vs grading efficiency: Bulk density of raw cashew nuts significantly 

influenced the response variable of sieve cylinder. When the feed mixture was denser, the 

amount of under size nuts in the feed material became lesser. As the ratio increases, the 

oversize nuts are more successful in reducing the number of sieve holes available for under 

size nuts and tend to convey the under size nuts further down the rotary screen.   

 

 Cylinder slope Vs grading efficiency: Relatively higher response found between angle of 

inclination and grading efficiency of rotary screen grader for raw cashewnut. Purity of the 

material obtained at the outlet showed a significant variation in the performance of the 

grader as the angle of sieve cylinder increased from 0.1 rad (6º) to 0.26 rad (18º). Tendency 

of the entering nuts gaining higher momentum at higher slope and missing the screen 

perforations in the upper layer lowered efficiency. Residence time of nuts inside sieve 

cylinder increased as the slope decreased and it provided greater opportunity for the nuts to 

register in the sieve holes during its travel from feed to discharge end. 

 

 Feed rate Vs grading efficiency The effect of feed rate Vs Grading efficiency was 

determined keeping other independent variables constant. The effectiveness of grading (E) 

showed a decreasing trend with increasing feed rate. Experimental data revealed that it could 

be possible to achieve grading efficiency up to 92.58% using developed rotary grader for 

RCN (Graph 5).  
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Table 8. Performance of concentric drum type rotary sieve grader for raw cashew nuts 
 

Feed 

rate 

Kg h
-1

 

Purity of the product at 

outlets (Pi) 

Fraction yield of material in 

product outlets (Fri) 

Degree of extraction (Exi) Effectiven

ess (E), % 

>24.

1 

mm 

22.1 

- 

24.0 

mm 

20.1 

- 22 

mm 

<20 

mm 

>24.

1 

mm 

22.1 - 

24.0 

mm 

20.1 - 

22 

mm 

<20 

mm 

>24.1 

mm 

22.1 - 

24.0 

mm 

20.1 

– 22 

mm 

<20  

mm 

100 1.00 0.96 0.86 1.00 0.25 0.26 0.28 0.20 1.000 1.000 0.98 0.83 0.932 

150 1.00 0.95 0.85 1.00 0.25 0.26 0.28 0.20 1.000 1.000 0.97 0.81 0.931 

200 0.99 0.95 0.86 1.00 0.25 0.26 0.28 0.20 1.000 0.998 0.97 0.80 0.928 

250 0.99 0.95 0.83 1.00 0.25 0.26 0.29 0.19 1.000 0.993 0.97 0.78 0.917 

300 0.95 0.91 0.84 1.00 0.25 0.27 0.28 0.19 1.000 0.988 0.95 0.77 0.904 

 
Graph 5: Feed rate Vs grading efficiency 

 

 

 

 

 

 

 

 

 

 

 

 

 

Output of the study (4): 
A low cost concentric drum-type rotary sieve grader for RCN was developed 

Cost of machine Rs 1,20,000/- 

Cost of grading 

(Economics) 

Rs 0.34 per kg of raw cashew nuts (1 Skilled and 1 unskilled personnel are 

required for operation and 1.25 hp 3-phase electric power supply is needed)  

Financial risk Break-even point is worked out to be 1 Year and 3 months 

Social / 

environmental 

analysis  

Graded cashew nuts reduces work load in shelling, peeling and grading 

processes to achieve the goal of maximizing whole kernel recovery. One of 

the major problems in cashew processing industries in India is the non-

availability of work force at various stages of processing. Grading helps the 

machinery manufacturers to develop suitable machinery to overcome the 

labor shortage. 
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Activity 5:- Storage management of raw cashew nuts to improve shelf life 

                    (CEPCI, Kollam and DCR, Puttur) 

 

From the baseline study conducted it was clear that the storage of the raw cashew nuts does not 

follow a universal methodology. So as part of determining storage management protocol 

moisture sorption isotherm for RCN was initiated.  

Study 1: Moisture sorption isotherm for Raw Cashew Nuts (RCN) 

A nut which superficially seems to be „healthy‟ may carry disease along with it. Among 

various micro organisms, fungi seem to be the predominant ones i.e. Aspergillus sp., Fusarium 

sp., Paecitomyces sp., and Rhizopus sp. eight isotherm models were selected for fitting the 

experimental data of adsorption and desorption isotherms of raw cashew nuts. These models 

have two, three or four parameters and were estimated by using ∑-plot (Statistical package for 

curve fitting) software. Analysis of residuals was carried out in order to select the best model. 

Examination of the residuals detects inconsistencies between the data and the models. In the 

statistical analysis, it is assumed that the residuals are independent, have a zero mean and 

constant variance, following normal distribution. A plot of the residuals versus the predicted 

values helps to discover an adequacy in the model. The residuals were examined graphically by 

plotting each residual against predicted values. Any pattern other than a uniform band around 

zero is an indication that one or more of the assumptions are violated.  

The concept of stability isotherm describes that the first derivative of the moisture 

sorption isotherm curve (dM / daw) when plotted against water activity (aw) result in the point 

where food products hold minimum moisture and this is important for storage. Change in free 

energy during moisture exchange between the cashew nuts and the surroundings is the energy 

required to transfer water molecules from vapour state to solid surface, or from solid surface to 

the vapour state. This is the quantity, which can be considered a measure of work done by the 

system to accomplish the adsorption or desorption process. 

 

Binding energy: An Arrhenius plot of ln (aw) against 1/T gave the following equation  

 

The slope of the above equation i.e. -2405.30 was multiplied by R-value (8.314 kJ kg
-1

 

mol
-1

K
-1

) to get the binding energy related to primary bound water of raw cashew nuts. 

The value obtained was -19997.66 KJ kg
-1

 mol
-1

; which indicated that the binding energy 

was exothermic (Graph 6). 

 

 

 

 

ln (aw) = -2405.30 (1/T) + 5.1068 with a R
2
 value of 0.997 
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Graph 6: Binding energy of raw cashewnuts during desorption process 

 

 

Table 9. Estimated parameter of isotherm models fitted to the sorption data of in-shell 

Cashew nuts 
 

Sorption 

model 

Parameter 

A B C Em Es R2 ei 

A D A D A D A D A D A D A D 

Oswin 40.512 34.382 1.247 1.196 - - -8.666 -8.970 0.104 0.104 0.890 0.890 Systematic Systematic 

Smith 1.506 1.531 7.224 6.345 - - 0.025 0.027 0.036 0.036 0.952 0.957 Random Random 

Halsey 2.244 2.488 1.481 1.589 - - 0.049 0.056 0.011 0.011 0.999 0.999 Random Random 

Henderson  0.205 0.204 1.463 1.542 - - 0.000 0.000 0.067 0.067 0.966 0.966 Random Random 

Modified 

Henderson 

0.275 0.274 0.076 0.076 1.463 1.542 0.000 -0.001 0.082 0.082 0.966 0.966 Systematic Systematic 

Modified 

Halsey 

1.101 1.106 1.131 1.158 1.482 1.589 0.035 0.038 0.014 0.014 0.999 0.999 Systematic Systematic 

Modified 

Chung and 

Pfost 

1.272 1.335 0.231 0.267 0.188 0.182 -0.002 0.000 0.094 0.094 0.955 0.955 Systematic Systematic 

Modified 

Oswin 

0.840 0.918 1.414 1.389 1.751 1.661 -0.038 -0.044 0.185 0.185 0.825 0.825 Systematic Systematic 

A is Adsorption; D is Desorption; a, b, c are estimated parameters; Em is Mean relative percent deviation; 

Es is Standard error of estimate; R
2
 is coefficient of determination and ei residual plot pattern 

 

 

Study 2: Storage management of raw cashew nuts to improve shelf life 

Based on the data generated from baseline survey, moisture sorption isotherm studies, 

biochemical quality assessment and Investigations in to causes of rejects due to storage of 

raw cashew nuts (RCN) in godown conditions; storage management protocols for RCN 

have been developed. This was the output of the study and they are as follows. 
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Output of the study (5): Table 10. Storage management protocols 
Characters Standards developed for storage shed 

Humidity of the storage 

shed 

Humidity should be around 67%. In places where outside humidity is 

very items enhancing humidity should be avoided inside the storage 

shed.  

Ventilation Maximum cross ventilation should be provided so as to reduce humidity 

and temperature. 

Temperature  Temperature inside the storage shed to be maintained at 30
0
C so as to 

keep the raw cashew nut without any chemical change  

Aeration Proper aeration to be provided so as to reduce humidity inside the 

storage place 

Leak proof The storage shed should be free from any leaks .During rainy season the 

raw nuts gets wet and starts degradation of quality 

Waste storing place The storage place for the waste like cashew shell and testa should be as 

far away from the raw nut storage place. The waste storage place 

become the breeding ground for many of storage pests particularly 

Tribolium castaneum 

In and around storage 

shed 

The spills over of the CNSL in and around create contamination of 

surroundings. Application of microbial techniques reduces the 

contamination and creates green atmosphere  

Hygiene condition to be 

followed 

Personal and environmental hygiene should strictly adhered 

Use of pallets Chemically untreated wooden pallets or metallic pallets of 2.5 to 3” 

height should be used so as to give aeration around the sacs. 

Stacking of bags away 

from  wall 

Stacking should be 2” away from the wall 

Providing space 

between stacks 

A minimum of 1.5” space should be provided 

Duration of raw 

cashew nut stocking 

under go down 

condition 

3months preferred but maximum 4 months 

Moisture content of 

store cashew nuts 

Moisture  content of the raw cashew nut should be at 8% .The studies 

showed that as the moisture content increases the PV is found be 

increased leading to the formation of rancid kernels. 

Pre processing 

treatment of raw 

cashew nuts 

Do not use any chemicals for pre processing treatment of raw cashew 

nuts. Preprocessing treatment with antioxidants like BHA have 

significantly reduced formation of rejects but on the long run this may 

be giving problems like formation of 5chlorophenol, anisols etc in the 

cashew kernels 
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Activity 6:- Fabrication of a cutting tool to assess quality of cashew kernel 

                     (UAS, Bangalore) 

 

 

 

 

 

 

 

 

A prototype Cashew Cutter, improved over a traditional cutter, was developed & tested for 

performance.  

Output of the study (6): The improved Cashew Cutter took 6.30 minutes for cutting 100 

nuts where as traditionally used arecanut cutter took 15 minutes for cutting the same.  

 

Activity 7:- Developing moisture meter for RCN and Kernel 

                    (CEPCI, Kollam in collaboration with EMCON, Ernakulam) 

 

Moisture content or percentage of RCN and Kernel is crucial in the cashew processing 

industry. As not only this affects the storage condition requirement and duration; but also its 

processing condition and packaging of kernels. Hence the need of moisture meter capable of 

analyzing both RCN and kernels. A portable moisture meter will be of great value and use; as 

such an instrument can be used for RCN purchases and validation. 

On fabrication of the moisture meter for RCN and Kernels respectively by EMCON, 

Ernakulam; the calibration of the Moisture meter was carried at CEPCI, Kollam. The calibration 

study was done by analyzing RCN and kernels of different moisture. Inorder to calibrate 

Moisture meter for cashew kernels (CK) and RCN (800g to 900 g approx) at different moisture 

contents were measured by the toluene distillation method; which was compared with the 

EMCON moisture meter. 

Note: (The EMCON moisture meter readings were taken in a lab room having a room 

temperature of 25-32°C).  

 

 

Fig. 7 Arecanut Cutter Fig. 8 Cashew Cutter 
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Graph 7: The graph represents the linearity of the results obtained by Moisture meter readings  

                 compared to the actual moisture readings (Toluene distillation) of RCN and kernels. 

 

 
 

Output of the study (7):  The EMCON-moisture meter (RCN and kernels) did show good 

sensitivity to the change in moisture percentage in raw cashew nut and cashew kernels.  The 

moisture meter of RCN showed fluctuations of + 0.3 to 0.5 and for kernels + 0.2 to 0.4. Thus 

successful production of Portable moisture meter for both RCN and Kernels was made plausible.  
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Fig. 9 Portable Moisture Meter 
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Objective 2: To develop high performance cashew processing system 

The processing technology involves both manual and mechanically operated machinery.  As part 

of evaluating the manual operated cashew sheller; a modified less ergonomic pedal operated 

cashew sheller was to be developed. Inorder to address the lack of manual operated cashew 

kernels - testa peeler; a study on possibility of developing such an instrument was carried out. 

Development and fabrication of a pollution preventing system to reduce the pollution caused by 

drum roasting RCN processing units. Bioremediation studies to remove the irritant CNSL mainly 

in RCN processing units were also studied. A novel non thermal method for RCN cutting and 

peeling (processing) was also studied; which could help in overcoming the problem of 

environmental pollution caused by the existing drum roasting processing. Various automated 

cashew processing systems were evaluated. 

Activity 8: Performance studies of existing and assessment of problems faced by  

        various cashew processing technologies 

                    (DCR, Puttur and CEPCI, Kollam) 

 

Study 1: Energy budgeting of raw cashew nut processing industries in India (DCR, Puttur) 

Energy requirement of RCN processing units in the line of processing i.e. human (man 

power), electrical and thermal energy were worked out based on the responded technical 

questionnaire from various regions viz., West Bengal (83), Tamil Nadu (30), Odisha (41), Kerala 

(12), Karnataka (11), Andhra Pradesh (18), Maharashtra (15) and Goa (20) [Table 11]. Observations 

are given below 

 Thermal and Human energy utilization was higher in case of drum roasting method than 

steam boiling method of RCN processing in all the states studied. Most RCN processing plants 

(Drum roasting or steam boiling or for kernel drying) does use the partially burnt Cashew 

shells or Cashew Shell Cake for thermal power generation. But this methodology does cause 

pollution.  

 

 It was evident that Maharashtra utilized maximum man power (0.048 MJ per kg of RCN). 

This was mainly due to the states widespread small scale RCN processing units. Man power 

utilized in Kerala and Karnataka for drum roasting and steaming method of processing 

cashew could serve as bench mark level.  

 

 The introduction of electrically operated machinery viz., Shelling, Kernel Drying, Peeling, 

Grading and Packaging, Power consumption increased and reflected on increased 

utilization of electrical power; generally in all states. Irrespective of the mode of processing, 

total human energy required was found to be higher in peeling i.e. in the range 0.69 to 44.75 

MJ per kg of RCN followed by shelling process which is in the range of 0.53 to 36.72 MJ per kg 

of RCN depending on the region.  

 

Output of the study (8): Various technical problems associated with processing (energy 

utilisation and kernel recovery); irrespective of mode of operation, were identified in this study. 

This was the basis on which further improvements on RCN processing systems were designed and 

worked out in this project. 
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Study 2: Pollution Preventing System [PPS] for cashew drum roasting units  

               (CEPCI, Kollam) 

Indicated in the Part II – Technical Details; 6.Innovation A. 

Activity 9: Improved cashew kernel dryers. (DCR, Puttur) 

 

Study 1: Thin layer drying characteristics of raw cashew nuts in convective dryer  

    (DCR, Puttur) 

 

Prior to removing the shell, drying is an important process in the post-harvest practice of cashew 

nuts to improve the shelf life and obtain whole kernels as the final products. Drying 

characteristics of freshly harvested RCN under convective air drying was studied at laboratory 

level and following were observed. 

 

 Small, medium and large size nuts samples were dried to less than 8% moisture from 

11.64%, 16.69% and 17.69% respectively. 

 

 Rapid diffusion of moisture observed in the beginning i.e. first 30 min of drying and 

slowed towards end of drying (owing to more availability of free moisture on the surface 

during initial period of drying). 

 

 Size of the nuts significantly influenced the drying time. Total surface area available in the 

given mass of nuts sample for drying could be the contributing factor for the faster rate of 

drying with respect to size of the raw cashew nuts 

 

 The drying rate increased with the increase in air temperature from 40 to 60
o
C; from 2.54 x 

10
-4

  to 7.38 x 10
-4 

(Large RCN), 1.92 x 10
-4

 to 6.23 x 10
-4

 (Medium sized RCN) and 1.55 x 

10
-4

 to 3.96 x 10
-4

 (Small sized RCN) gram of water/min/gram of the dry matter 

respectively. Moisture loss increased at higher drying temperature i.e. 60˚C than at lower air 

temperature of 40˚C. 

 

 Time required to reduce the moisture content of < 8 per percent (d.b.), which is 

considered to be safe level moisture for long period storage was found out to be 100, 430 and 

460 min. for small size and 240, 1150 and 1450 min. for large size raw cashew nuts exposed 

to air temperature of 60, 50 and 40˚C respectively.  

 

Output of the study (9-study 1):  The results showed that drying air temperature and size 

of the nut significantly influenced the total drying time. The best temperature and time periods 

for various sized nuts were calculated and can be used as future references; for all cashew 

farmers and all cashew processing units that stores RCN. These data are been made available 

in the project website; and has been already deemed useful by many RCN buyers. 
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Study 2: Drying behavior of unpeeled cashew kernels in steam assisted cross flow dryer   

               (DCR, Puttur) 

 

The performance of the steam assisted cross flow dryer employed in Indian cashew nut 

processing industry for drying unpeeled cashew kernels was assessed in terms of their drying rate 

as compared to peeling efficiency. The observations are given below 

 

 The rate of removal of moisture from unpeeled cashew kernels significantly varied with the 

location inside the dryer. Cashew kernels placed in close proximity to heat exchanger showed 

faster diffusion of moisture than other locations inside the dryer.  

 

 Moisture content of unpeeled cashew kernels was reduced to less than 3.0 per cent (d.b) after 

9 h of drying from the initial moisture content of 7.0 per cent (d.b).  

 

 Significant difference was found in the peeling efficiency of unpeeled cashew kernel dried up 

to 9 h; while kernels dried for 3 or 6 h period could not attain the required moisture level to 

ease manual peeling.  

 

Output of the study (9-study 2):  Total energy required to operate steam assisted cross 

flow dryer was found to be 16.49% lesser than existing type of dryers in Indian cashew nut 

processing sector (like brick constructed dryers). Further, attaining desired temperature within 

a short period of time and automatic control over air temperature inside are the principal 

advantages over existing brick constructed dryer. Hence comes highly recommended. 

 

 

Activity 10: Improved cashew nut processing technology and machinery 

                     (DCR, Puttur and UAS Bangalore) 

 

Study 1A: Performance evaluation of mechanized shelling machine for steam treated RCN    

                  (DCR, Puttur) 

 

Shelling is the process of extracting edible cashew kernel from pre treated RCN. Manual 

cracking of drum roasted nuts using mallet is the oldest method followed in India. Hand cum 

pedal operated shelling gadgets is predominantly used for extraction of cashew kernel from 

steam treated nuts. Extraction of whole kernels is the ultimate aim in cashew nut processing as it 

fetches premium price in the market. In order to overcome the problem of labor scarcity, 

mechanized shelling machine is introduced in the line of processing. The study dealt with the 

performance of the mechanized shelling machine (Fig 11) in terms of operational capacity, 

shelling efficiency, whole kernel recovery and kernel intactness. 
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Output of the study (10-study 1A):  Shelling was performed in three different modes viz., 

Manual, Mechanical (AF) and Mechanical (MF) and compared. On an average operational 

capacity was found to be 8.07, 11.39 and 9.25 kg h
-1

 irrespective of the size of the nuts for three 

different methods of shelling investigated. Time taken to manipulate the size, proper positioning 

of nut and application of force to penetrate the blades in to the shell without damaging the kernel 

are the major factors influenced the manual shelling process. Channel design to position the nuts 

and precise adjustments of shoe movement for shelling are the principal reasons for increased 

operational capacity. Although whole kernel recovery found to be non-significant, Mechanical 

(MF) showed better results (95.63 %) than other two methods employed. As for as the shelling 

efficiency is concerned, manual system showed better result due to constant attention of person 

operating with the shelling unit. Mechanical system recorded 18.98 per cent of kernel intact 

which is 37.9 per cent lower than manual method. Cost of production reveals that mechanical 

system is 5.16 times superior to manual method of shelling.  

 

 
                   Fig 10. Mechanised shelling machine for steamed cashew nuts 

 

 

Study 1B: Performance evaluation of Fabricated mechanized shelling machine for steam  

                  treated RCN (UAS, Bangalore)   

 

A prototype continuous automatic cashew nut sheller was fabricated to shell 20 kg/h 

cashew nuts (Fig 12 and 13). Fully matured, good quality Ivory Coast origin cashew nuts (small, 

large and ungraded) were procured from M/S Kalbhavi Cashews Industries, Mangalore were 

used for the experiments.  
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The shelling studies were conducted on pretreated RCN by steaming in steam cooker at different 

pressures (0.0, 1.0, 1.5, 2.0, 2.5 kg/cm
2
) for variable steaming durations (15, 20, 25, 25, 30 and 

35 min) and tempered in an open environment for 20 to 24 h. The study revealed the following 

results.  

 

 The range of shelling capacity of automatic cashew sheller for different graded nuts viz., 

small, medium and ungraded nuts values varied from 6.67 to 6.82 kg per hour, 7.89 to 8.55 

kg per hour and 7.33 to 9.20 kg per hour, respectively.  

 

 The shelling efficiency was high in the ungraded nuts compared to the small and medium 

nuts. In case of small nuts the efficiency varied from 42.18 to 74.11 per cent.  

 

 The whole kernel recovery was high in the medium nuts (96.21%) compared to the small 

(93.86%) and ungraded nuts (85.47%).  

 

 The mean breakage of kernels was significantly lower (3.79 %) in medium nuts as compared 

to small (6.10 %) and ungraded nuts (14.52 %).  

 

 Pressures of 0.0 and 2.0 kg/cm
2
, the broken kernel percentage was minimum as compared to 

other pressures in shelling of graded and ungraded nuts. 

 

 
 

Fig. 11: Steam Cooker with pressure gauge Fig. 12: Automatic Cashew Sheller 
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Output of the study (10-study 1B):  The interaction of steaming pressure and steaming 

duration has significant on the shelling efficiency for all types of nuts. It was also clear that the 

combined effect of steam pressure and steaming duration was important to achieve lower broken 

kernel percentage. The Cost-Benefit Ratio of shelling steam cooked cashew nuts using automatic 

cashew sheller was 1:1.57. The above values indicated that it is beneficial to use the automatic 

cashew sheller, where ever applicable i.e., in areas where the relative machines are being used 

currently for shelling steam cooked nuts. 

 

 

Study 1C: Semi Automatic Cashew nut Sheller Modified 

                  (UAS, Bangalore)   

 

A) Semi Automatic Cashew nut Sheller 

with Splitting Mechanism 

B) Semi Automatic Cashew nut Sheller 

with Twisting Mechanism 

The gadget is an improvement over the conventional tool currently used in many cashew 

industries for shelling steam cooked nuts 

The units consist of a table frame to support a pair of cutting blades and the foot pedals. 

The blades are shaped like the contour of a nut that will cut and then split or twist the nuts 

through the operation of foot pedals. The steam cooked nut is cut between two blades, one 

fixed and the other movable, by operating a foot pedal as in the traditional gadget. 

The rectilinear motion of foot pedal is transformed into rotational (twisting) movement on 

one of the cutting blades using rack (ratchet) and pinion arrangement 

Dimensions are: length-55 cm; width-57.1 

cm; height-79 cm. 

Dimensions are: length-30 cm, width-35 cm 

and height-42.5 cm. 

 

  
Traditional Modified Traditional Modified 

 

Fig. 13 Semi Automatic Cashew nut Sheller 

with Twisting Mechanism 

 

Fig. 14 Semi Automatic Cashew nut Sheller 

with Splitting Mechanism 



 

 A Value Chain on Cashew for Domestic and Export Markets 

 

51 

 

 

Output of the study (10-study 1C):   

Process A) Semi Automatic Cashew nut 

Sheller with Twisting Mechanism 

B) Semi Automatic Cashew nut 

Sheller with Splitting Mechanism 

Performanc

e results 

Shelling Capacity  : 5.12 kg/h 

 (Steam cooked nuts) 

Shelling Efficiency: 97.7%. 

Whole Kernel Recovery: Up to 92.6% 

Broken Kernel Percentage: 25.8.0% 

Shelling Capacity  : 4.75 kg/h  

(Steam cooked nuts) 

Shelling Efficiency: 96.9%. 

Whole Kernel Recovery: Up to 95.0% 

Broken Kernel Percentage: Approx. 

12.0%  

Cost of 

machine 

Rs.5000/- Rs 3,500/- 

Cost of 

Shelling 

(Economics) 

Approx. Rs 3.00/- per kg raw nut Approx. Rs 3.20/- per kg raw nut 

Financial 

risk 

Developed gadget involves low capital investment and durable. Hence, the 

financial risk is negligible in this case. 

Social / 

environment

al analysis  

The operation is carried out only with women labour and involves drudgery. 

Operator fatigue is also common since the woman use both leg and hand for 

splitting the nut in the conventional cashew sheller. Whereas in the developed 

gadget, hand operation for splitting is replaced with foot operation and hence, the 

operator fatigue is minimized. 

 

 

 

 

Study 2A: Comparative performance of mechanized peeling machines in India  

                   (DCR, Puttur) 

 

Peeling that is one of the most important RCN processing step is the process of removing 

the outer skin called “testa” to obtain edible kernels; which in India is generally done  manually 

using wooden pellets or knives. Mechanization of cashew nut processing in India has become 

inevitable due to growing problem of non-availability of work force at various stages of 

processing and to enhance rate of production.  

The study dealt with the performance evaluation of three different mechanized peeling 

machines viz., shear type (Fig 15), brush type (Fig 16) and abrasion type (Fig 17) available in 

the line of processing in terms of operational capacity, peeling efficiency and whole kernel 

recovery. RCN of three origins were used for the study. The observations are given below  
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Output of the study (10-study 2A):  Operational capacity found to be in the range of 108 to 

332 kg h
-1

 for the type of peeling machines and origin of the cashew nuts investigated. Variation 

in the adherence of testa with the kernel after pre treatment would be the key factor influencing 

the operation capacity with respect to different origin considered. Mean values of whole kernel 

recovery (70.1) and peeling efficiency (79.1) recorded for shear type peeling machine (M1) and 

RCN obtained from Maharashtra (O1) found to be higher than all other trials. Whole kernels 

obtained at the end of peeling process are higher during the 1
st
 pass than the 2

nd
 pass. Possibly, 

the forces viz., impact or shear or abrasion force depending on the type of peeling machine, acted 

on these kernels during 1
st
 pass, once again applied with the same intensity during 2

nd
 pass 

resulted in a marginal reduction in the whole kernel recovery. Increase in the net benefit is 

recorded as 53.9, 68.4 and 47.4% respectively over manual system by the three mechanized 

peeling machine assessed (Table 12). 

Table 12: Comparative cost economics of various peeling systems 

Assumptions 

Average peeling capacity per head per day, kg  11.2 

Electrical cost per unit  (Rs) 6.5 

Wages for peeling per h  (Rs) 16.8 

Repair and maintenance cost (%) 5 

Average price of whole kernels  (Rs) 408 

Average price of broken kernels (Rs) 263 

 Productio

n day-1 

Peeling output 

(%) 

Production 

cost      (Rs) 

Gain 

over 

manu

al 

peelin

g (%) 

Sales 

realization               

(Rs) 

Loss 

over 

sales 

realized 

(%) 

Net 

benefi

t per 

day 

(Rs) 

% 

increase 

over 

manual 

peeling 
Whole Broke

n 

Manu

al 

Mecha

nical 

Manu

al  

Mecha

nical 

Shear type 

(M1) 

237.0 70.1 18.8 20191 3604 82 36706 33523 8.67 19770 53.9 

Brush type 

(M2) 

230.0 66.1 19.5 22096 1608 93 36706 32088 12.58 25107 68.4 

Abrasion 

type (M3) 

212.0 59.0 26.0 14257 2682 81 36706 30884 15.86 17397 47.4 
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Fig 15. Impact and shear type peeling 

machine 

Fig 16. Brush type mechanized 

peeling machine 

 
Fig 17. Abrasive type mechanized peeler 

 

 

 

Study 2B: Development of mechanized peeling machine for better whole kernel recovery 

                  (UAS, Bangalore) 

 

Performance evaluation of 3 mechanized peeling machines was performed in 3 different 

cashew processing industries situated in Karnataka with different origin nuts (M/s Gajanana 

Cashew Industries, Siddapura; M/s Gokul Cashew Industries, Machattu, Amasebail, Siddapura 

and M/s Mangalore Cashew Industries, Siddapura). 

 

 

 

 

 

 

 



 

 A Value Chain on Cashew for Domestic and Export Markets 

 

54 

Output of the study (10-study 2B):  The Whole kernel recovery after peeling (%) in all the 

trials did not exceed 65% for multiple passes.  Based on the trials, it was concluded that the 

current designs need some modifications/ improvement to enhance the efficiency as well as 

capacity. Pretreatment studies for easy peeling of testa layer of cashew kernel are being 

conducted in order to reduce kernel breakage in the existing peeling system. 

 

Table 13: Performance of different automatic cashew kernel peeling machines 

Peeling Machine Peeling 

capacit

y 

(kg/h) 

Nut Origin Peeling 

efficiency (%) 

Whole Kernel 

Recovery (%) 

I pass II pass I pass II pass 

Gajanana Cashew 

Industries, 

Siddapura  

350 Kerala  64.73 73.55 60.68 68.66 

Tanzania 1  60.43 65.28 47.70 56.34 

Maharashtra  66.94 75.57 62.21 70.27 

Gokul Cashew 

Industries, 

Siddapura  

120 Tanzania 1  39.01 65.64 34.08 55.28 

Tanzania 2  43.36 70.54 37.90 59.30 

Mangalore Cashew 

Industries, 

Siddapura  

250 Tanzania 1  73.61  66.87  

Tanzania 2  71.37  64.69  

 

 

Activity 11:-Fabrication of a Cashew kernel (Testa) peeling machine  

                     (CEPCI, Kollam) 

 

In cashew processing industries, peeling of cashew is done predominantly manually. In market 

some of the peeling machines developed has been priced around Rs. 7-13 Lakhs. So to reduce 

the cost, a simpler and cheaper peeler for cashew production has been manufactured using air 

blower and a brush (Fig.18).  

 
Fig 18: Cashew peeler designed and fabricated 
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Output of the study (11): This manually operated peeling machine that has been priced 

significantly cheaper; could find potential in small scale cashew processing units.  

 Table.14: Properties of fabricated peeling machine 

1 Peeling capacity of the machine,  50-60kg/hr  

2  Cost of the peeling machine  Rs 40,000  

3  Operation  Manual  

4  Percentage of breakage in first trial  20-25%  

5  Percentage of breakage in second  trial 15-20%  

 

 
 

Activity 12:- Non Thermal processing technology for Raw Cashew Nut (CEPCI, Kollam) 

 

Indicated in the Part II – Technical Details; 6.Innovation B. 

Activity 13:- Bio remediation of CNSL containing waste water (CEPCI, Kollam) 

 

The waste water and effluents from the Cashew processing factories are mostly contaminated 

with Cashew Nut Shell Liquid (CNSL) which causes environmental pollution (Fig 11), irritation 

to the workers and on polymerization forms hard uneven surfaces on the floor. Hence the need to 

bioremediate these effluents garnered prime importance.  

Various bacterial strains were isolated from the soil containing CNSL and other effluents; 

collected from 5 different Cashew processing companies in Kollam, Kerala. Of which 

Pseudomonas pseudoalcaligenes showed the best agent in bioremediating CNSL containing 

waste water (Cardol, Methyl-Cardol, mainly Cardanol and trace amounts of Anacardic acid). 

The Pilot scale study of bioremediation was carried out in concordance with that of Pollution 

Preventing System (PPS) study. The effluent water collected from PPS; installed at RCN Drum 

roasting unit (India Food Exports, Kulachal, TamilNadu); was collected in a Tank and 

immobilized microbial treatments study was carried out.  

Pseudomonas pseudoalcaligenes which was immobilized on baked clay beads was found to be 

active and stable in aqueous media of CNSL. The BOD and COD rates were analyzed for 

bacterial growth and degradation rate of CNSL. The rate of Methanogenesis was determined for 

samples at various days; using initially by water displacement study (Fig 20) and confirmed by 

GC-MS analysis. 
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Output of the study (13): Immobilized Pseudomonas pseudoalcaligenes was successful in 

biodegrading the CNSL contaminated effluent water. The (BOD) / (COD) ratio (Table 14); 

sulphate and nitrate content of CNSL contaminated water before and after treatment revealed 

that selected strain treated water was safe for reusing (for agricultural purposes etc.) 

Table 15: BOD and COD values of CNSL contaminated waste water from cashew industry  

                 before and after treatments compared  

Treatments BOD(mg/L) COD(mg/L) 

Before Treatment 38.18 2020 

After Treatment 11.96 860 

 

 

Objective 3: Development of quality standards for cashew kernels 

Various quality standards existing in India and in International markets for cashew kernels; were 

evaluated for introducing a universal quality standards for domestic and export markets.  The 

study on Bio-sensor development for detection of cashew kernel contamination was not fruitful.  

Activity 14. Quality standards for different grades of cashew kernels (CK) 

                  (KSDC and CEPCI, Kollam, Kerala; DCR, Puttur) 

 

Cashew kernels classification Cashews are graded on how white they are and how broken the 

kernel is. There are four color grades, four styles of break on the kernel and six sizes (or 

maximum number of kernels per pound) 

  

Fig 20: Water displacement study to 

test methane production by 

Pseudomonas pseudoalcaligenes   

Fig 19: CNSL containing waste 

water 
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Classification Method 1 - Classified according to grades / with or without basing on number of 

kernel per kilogram.  Cashew kernels have been classified according to 6 quality levels. (Table 

16) 

Explanation of cashew grade terminology: The alphabets at the front represent a word 

descriptive of the form of cashew – W for whole, B for Broken, S for Split etc. The numbers that 

follow the alphabets (where present) usually represent the number of kernels per pound. Hence, 

to give an example, W 210 implies that it is a whole cashew kernel which gives 210 kernels per 

pound. 

Classification Method 2 – Based on whether the cashew kernel is whole or broken         

Plain Natural Wholes - Cashew is graded in three categories based on color. (Table 17). 

 

Natural Halves - Cashew Kernels broken evenly into 2 parts are less expensive than wholes. 

They are used in economy packs and also for candy bars, sweets and pastry. Splits are crisper 

than wholes and sometimes preferred for that reason.   

 

 

Table 16:  Classification 1 

Quality Classified according to grades / with or without basing on number of 

kernel per kg. 

First quality W210, W240, W320, W450, WB, WS, LWP, SWP 

  Second 

quality 

LBW210, LBW240, LBW320, LBW, SW210, SW2440, SW320, SW, 

SB, SS, LP, SP 

  Third quality DW320, DW350, DW 

  Fourth 

quality 

DW2, DW3DW2, DW3 

  Fifth quality SW2, SSW2, SW3, DW, DWTW3, DW, DWT 

  Sixth quality CS, SK, SK2, TPN, TPN2, TPB, DW4CS, SK, SK2, TPN, TPN2, TPB, 

DW4 
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Table 17:  Classification 2 

Category Grade Name 

     W-240   

White Wholes 

  
Whole W-320 

  W-450 

     

Scorched Wholes 

  

SW-320 Scorched Wholes 

SW-450 Scorched Wholes 

SSW Scorched Wholes Seconds 

   Splits FS Fancy Splits 

Splits SS Scorched Splits 

   Butts FB Fancy Butts 

Butts SB Scorched Butts 

   Pieces LWP Large White Pieces 

Pieces SWP Small White Pieces 

  

Scorched Pieces 

  

  

SP Scorched Pieces 

SPS Scorched Pieces Seconds 

SSP Scorched Small Pieces 

BB Baby Bits 

    

 White Wholes - “W” appearance – white, pale ivory  

 Scorched Wholes - “SW” – slightly reddish 

 Scorched Wholes Seconds - “SSW” – discolored  

 W and SW Wholes are graded according to size, i.e. number of nuts per Pound;  

 Super Premium – W 150;  

 Premium – W 210;  

 Regular – W 450;  

 Economy – SW 450 

 

 

The different varieties are: Fancy Splits (FS): White halves split lengthwise; Fancy Butts (FB): 

White halves broken crosswise; Scorched Splits; Scorched Butts   Natural Broken‟s - Natural 

Cashew pieces are used in economy packs and also in confectionery, pastry, ice creams & 

cooking; Large White Pieces (LWP); Scorched Pieces (SP); Scorched Pieces Seconds (SPS) 
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Technical Requirements for Cashew Kernels: The following are some of the typical technical 

requirements of cashew kernels that are traded in the various parts of the world: 

 

 The kernels should be dry and should have the characteristic shape. While depending on 

the grade they can be either scorched or unscorched, wholes or broken, they should be 

free from oil (CNSL) and the thick outer skin. 

 Cashew kernels should be completely free from living insects, moulds, from rodent 

contamination and insect damage 

 Cashew kernels should have natural smell, and should be free of rancid or any other 

unnatural smell. 

 Moisture content: The cashew kernels should have moisture content not greater than 5% 

by weight. 

 

Cashew Kernel Preservation: Cashew kernels should be preserved in a dry clean place, far 

from heat resource. The storage of preservation should be closed, dry clean, free from foreign 

smell, no insect, rodents. 

Cashew Kernel Transportation:  Cashew kernels should be transported by dry, clean, closed 

transport facilities that free of foreign smell. The loading operations should be done gently, with 

care. 

Cashew Kernel Standards: have been laid down by the following organizations:  

 AFI (Association of Food Industries of New York) 

 TCVN 4850 1998 - Vietnam Cashew Nuts Kernel and Technical Request 

 CENTA 

 Grade Specification for Indian cashew Nuts kernel 

 

 

Surface colour characteristics of cashew kernels:  Preliminary level investigation was carried 

out to determine luminance values viz., L, a, b of cashew kernels using spectrophotometer.  

Presently available various industrially processed cashew kernel grades such as WW 180, WW 

210, WW 240, WW 320, WW 400, SW 180, SW 210, SW 240, SW 320, SW 400, SSW and DW 

were selected for the experiments and colour values were worked out in terms of L (Brightness), 

Hue and WI (Whiteness Index)  
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Surface colour showed superior values for L, hue and WI for the white whole cashew 

kernels and it ranged from 78.1 to 76.4, 84.2 to 83.9 and 64.6 to 63.4 respectively. Other grades 

considered for the investigation i.e. SW, SSW and DW found to be inferior to standard value 

(Unprocessed cashew kernel) in terms of L, hue and WI due to darkening or surface roughness. 

As the marked difference was observed among the various grades, surface colour characteristics 

of cashew kernels could serve as quality indicator. 

 

 In a secondary level experiments conducted, it was observed that the surface colour of 

cashew kernels obtained after different stages of processing (subjected to steaming process) 

showed minimal changes for the indigenous nuts i.e. Karnataka and Kerala  compared to 

imported nuts viz.,  Nigeria, Benin and Ivory coast (Graph 8).  Change in the whiteness index of 

cashew kernel indicates that environmental factors or handling methods needs to be controlled 

towards obtaining better quality at packaging stage. Therefore it is recommended to develop a 

database on surface colour characteristics of cashew kernels obtained from various origins with 

optimum processing parameters. Nevertheless, the data generated will assist processor to follow 

the protocols to maximize the profit. 

 

Graph 8:  Change in the whiteness index of cashew kernel at different stages of processing  
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Output of the study (14): Colour grading system (charts) for different grades of CK 

 
White wholes-

180 

 
White wholes-

210 

 
White wholes-

240 

 
White wholes-320 

 
WW-450 

 
 WW -500 

 
 SW 

 
 SW-180 

 
 SW-210 

 
SW-240 

 

  
 SW-320 

 
SW-450 

 

  
SW-500 

 

  
 SSW 

 

 
 DW 

 

 

  
Butts(B) 

 
Splits(S) 

 

  
 LWP 

 

  
 SWP 

 

 
Baby 

Bits(BB) 

 
 SB 

 

 

  
SS 

 

  
 SP 

 

 
SSP 

 

 
 SPS 

http://www.cashewcorporation.com/productdetails.php?id=28&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=29&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=30&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=31&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=32&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=33&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=34&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=35&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=36&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=37&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=38&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=39&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=40&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=41&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=42&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=43&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=44&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=45&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=46&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=47&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=48&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=49&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=50&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=51&pgid=6
http://www.cashewcorporation.com/productdetails.php?id=52&pgid=6
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Activity14 A: Performance evaluation of colour sorter for cashew kernels (DCR, Puttur) 

Surface colour of cashew kernels is one of the physical attributes to determine the quality in 

cashewnut processing industry. Although, grading of cashew kernels is followed in Indian 

cashew processing system, mechanized colour grading machine is gaining importance due to 

shortage of skilled man power. A high speed colour sorter suitable for cashew kernel is evaluated 

for its performance in terms of operational capacity and purity index. Certain grades of whole 

kernel and broken kernel grades with different proportions were used in the present investigation.  

Performance of colour sorter was evaluated in terms of operational capacity and grading 

efficiency or purity index based on the data collected using certain identified cashew kernels 

grades viz., WW 210, WW 320, WW 450, S, LWP and BB. Whiteness index of the above 

mentioned cashew kernel grades ranged from 38.74 to 23.21. Value of whiteness index ≥20 was 

considered as „Accepts‟ and <20 as „Rejects‟ for preparing samples of cashew kernels of 

identified grades to evaluate the performance of the colour sorter.  

Quantity of cashew kernels graded per unit time found to be non-significant for the particular 

grade of cashew kernels irrespective of proportions of accept and rejects in the sample. 

Operation capacity found to be more or less uniform for the given size of the cashew kernels but, 

decreased as the kernel size decreased from WW 210 to BB. Operational capacity recorded for 

WW210 was found to be in the range of 152 to 156 kg h
-1

 whereas it recorded between 49 and 52 

kg h
-1

 for BB for the various proportions investigated. This illustrates that the colour sorter can 

perform better for larger size kernels wherein product flow is uniform across viewing area of 

optical chamber.  

Grading efficiency of colour depends on quantity of rejects collected in the accept outlet and 

accept in the reject outlet. Purity index worked out representing the grading efficiency of various 

grades selected for the colour sorter is shown in Table 13. Data recorded for various grades of 

cashew kernels and proportions found to be significant at P<0.05. It was observed that purity 

index for the largest size cashew kernel i.e. WW 210 decreased from 1.0 to 0.68 whereas purity 

index recorded between 1.0 and 0.41 for smallest cashew kernels i.e. BB for the different 

proportion of accept and rejects considered. Uniformity in shape which can be detected by the 

camera is the principal reason for the higher purity index for whole kernels than the broken 

kernels. As far as proportion of cashew kernels are concerned, obviously kernel proportion with 

more quantity of „accept‟ showed better purity index than increased proportion of „rejects‟ in the 

sample. Synchronizing the kernel passage across viewing camera and operation of pneumatic 

ejector can be adjusted to improve overall efficiency of the colour sorter irrespective of size of 

the grades.           

Output of the study (14A): Operational capacity recorded significant difference among the 

grades investigated with higher value of 156 kg h
-1

 for the largest kernel (WW 210) and 52 kg h
-1

 

for the smallest kernels (BB). Purity index showed dependency on size of kernel and influenced 

by proportion of the kernels. Cost economics indicated that mechanical grading saves 40% of the 

total cost incurred for manual grading of cashew kernels. 
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Objective 4: Identification/ Development of value added products of cashew kernels, 

utilization of by-products 

Value addition of various by products of cashew processing like cashew shell, testa, 

CNSL and allied product (residol) were developed. Similarly high quality value added products 

from cashew kernels; that can be sold at affordable prices were also developed  

Activity 16: Identification/development of commercially promising value added products 

from cashew kernels- (KSCDC, Kollam) 

 

As a part of NAIP project, KSCDC collected and also developed more than 20 varieties of value 

added products of cashew from various markets in Kerala. The content of cashew varied in each 

product. Each product had different characteristics. The move of the product depended upon the 

price and taste. CEPCI later analyzed these products for its acceptance and conducted a detailed 

study over their organoleptic properties. Then we collected sensory and technological evaluation 

reports on the basis of the products taste, shape and acceptability from customers. 
 

 Chemical Analysis: Some food products moisture content played an important role. Greater the 

moisture content lesser was the shelf life of a food product. This was because presence of 

moisture creates a favorable condition for the growth of micro – organisms. Moisture%, Protein%, 

Fat%, Carbohydrate% and Ash% of the products were studied  

Sensory Evaluation: Today‟s consumers are discerning demanding and more knowledgeable 

about food and expect products which are safe, good value and of high sensory quality. 

Therefore knowing consumers preferences and perceptions of the sensory characteristics of food 

products is very important to food manufacturers and retailers. Hence their opinions as well as of 

a scientific panel were noted.  

Output of the study 16: 

The products developed were : Cashew Burphy, Cashew vita, Coconut Coated Cashew, Kajoo  

Kasatta , Spanish Tomato,  Hot n sour cashew, Cashew Mysore Pak, Cashew soup mix, Cream 

onion,Cashew Crimpy Cashew powder,  Tangy chilly garlic, Cashew roll, Japanese Crunch, 

Pepper roasted nut, Cashew snow, Chocolate coated cashew,  Spanish Chilly, Cashew bits, 

White chocolate cashew,  Honey coated nuts.     

 

Based on reports of chemical analysis and technological evaluation two products were selected 

as they were very popular among customers also:- 

 Paprika Flavored Cashew 

 White Pepper Flavored Cashew 
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Output of the study 16 continued: 

Table 18: Comparison of the Nutritional Facts of these two Value Added Products with  

Cashew nut 

Sample Moisture% Protein% Fat% Carbohydrate%  Energy Kilocalories / 

100gm 

Cashew Nut 5 10 19 20 581 

Paprika 2.8 20.7 44.1 29.6 598 

White Pepper 3 22.4 43.3 28.6 594 

 

Shelf Life Report: It was observed that the white pepper flavored cashews showed rancidity 

at the end of second month and the paprika flavored cashews showed the rancidity at the end 

of first month in normal packed Tins. If the packets were nitrogen filled the products may had a 

shelf life of six months, but due to the time limit for further studies were limited.  

 

 

 

 

 

 

 

 

Fig 21: Value added products from cashew kernels 
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Activity 17A: Development of polymerized biodegradable products from the  

                        CNSL waste residol (CEPCI, Kollam) 

 

Cardanol is the distilled product of cashew nut shell liquid. CNSL is heated at low pressure to 

distill out cardanol. The residue will be rich in cardol and is generally known as residol, which is 

conveniently used in the preparation of friction dust for brake linings and have better properties 

than technical CNSL. 

 

Few polymerized products were developed from residol. Reinforcement of polymerized product 

of residol with fibers like cotton, coconut husk fiber, jute fiber was also developed (Fig 22-

25). Polymerization of residol was carried out in the presence of polymerizing agents like Urea 

and formaldehyde at various proportions and their characteristics were studied. Different 

combinations were tried to select the best ones. A novel and cheaper liquid crystalline polyester 

has been synthesized that can substitute for polymer fibers and films in specialty applications. 

    

       

Fig 22:  Moulding of the polymerized residol      Fig 23: Polymerized residol with white cement 

       

Fig 24: Product from cotton fiber reinforced      Fig 25: Product from coconut fiber reinforced 
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Output of the study 17(A):  Table 19: Different combinations were tried 

and the better combination is as follows  

Residol  Urea Formaldehyde Result  

7 g 2 g 1 ml polymerized 

7 g 1 g 2 ml Jelly nature formed 

 

The products obtained from residol have many advantages over these manufactured from other 

substituted phenols. Using residol, a novel and cheaper liquid crystalline polyester has been 

synthesized that can substitute for polymer fibers and films in specialty applications. Liquid 

crystalline (lc) polymers have attracted much attention in recent years because of their potential 

use as high performance materials. Sheets with 1mm thickness were developed from this 

invention and can be used for mulching the agricultural field.  By this invention the utilization 

and value addition of cashew industry by-product was possible. 

 

Activity 17B: Production of biocatalyst (Cellulase, Pectinase and Tannase)  

                        from cashew industry by product- (CEPCI, Kollam). 

 

The non edible cashew shell that forms approximately 60% of the total weight of cashew nut is 

one of the major by product of the cashew industry. The Cashew Shell Cake (CSK) is the by-

product of extracting Cashew Nut Shell Liquid from this Cashew shell. It is currently used as a 

burning fuel mostly by cashew industries or by certain cottage industries; while the remaining is 

just wasted away.  The cellulose content in Cashew Shell Cake has been calculated to 11 to 16%. 

The pectin content in Cashew Shell Cake has been calculated to 3-4%. Testa- Inside the Cashew 

shell is the kernel wrapped in a thin skin known as the testa. Testa is the good source of tannins. 

Cashew testa has almost 45% tannin content. 

 

Innovations: The main purpose of the study was to provide a value addition; to a cashew 

industry by-product:- Cashew Shell and Cashew testa. The Pectin content, Cellulose content in 

the Cashew Shell and Tannin content in Testa was utilized for the production of a bioenzyme 

Pectinase, Cellulase and Tannase induced by Aspergillus niger using the Solid-state fermentation 

(SSF). The technology uses microorganism that has been isolated from trace CNSL containing 

soil; hence they will be able to survive even in phenolic conditions. 
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Cost Economics: Demand for the technology is mainly from entrepreneurs having established 

laboratory and equipments. If these enzymes can be produced by an already established firm, it 

needs only an additional investment of Rs. 11, 45,000/- where these enzymes will be an 

additional product to the firm. Financial indicators based on such an analysis showed that, it is a 

highly profitable venture.   

Output of the study (17 B): 

Table 20: Enzyme activity and Yield 

Enzymes Specific Activity (U/mg) Yield (%) 

Cellulase 15.322 20 

Pectinase 2.38 12 

Tannase 10.22 48 

 

Benefits and Utility of the technology- The SSF technology for production of all the enzymes 

developed is highly user friendly. No sophisticated fermentor‟s (Simple Tray Fermentor) will be 

required for the implementation of this technology. The major beneficiary of this technology is 

the cashew industries and the major benefit is the re use and recycling of the cashew by products 

cashew shell cake.  
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Output of the study (17 B) continued: 

If the technology is implemented along with non thermal cashew processing system; 

followed by extraction of anacardic acid from cashew shell; the remaining cashew shell 

devoid of CNSL can also be used for production of cellulase and pectinase.  

The technology is user and environmental friendly that can be carried out by any personnel after 

being trained properly The left over solid substrate after fermentation can be sterilised, dried into 

fine powder and can be used as manure also. Hence no waste material is generated from this 

technology. Thus the communities and labourers will benefit immensely from this non pollutant 

technology. 

 

 

Activity 17C: Synthesis of Nanocellulose from cashew shell 

            (CEPCI, Kollam). 

Cashew shell contains a good amount of cellulose. By applying microbes the cellulose is initially 

split into nanoparticles by the possible action of cellulase enzyme produced by the microbes. The 

size of nano particles was observed by TEM images. Nanocellulose finds its use in medical 

purpose, designing of nanostructures, control of interfacial interactions & assembly into systems 

development 

Output of the study (17 C): Nanocellulose extraction method was standardized using 

chemical method and the compound was analyzed using TEM and XRD. Amount of cellulose in 

cashew shell is about 13-17 %. The recovery percentage obtained for nanocellulose from cashew 

shell was 10 %. 

 

                Fig 26: TEM of Nanocellulose particles from Cashew shell (magnification 30K) 
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Activity 18:- Low cost method for the extraction of Anacardic acid from Cashew nut shell 

                      (CEPCI, Kollam) 

 

Indicated in the Part II – Technical Details; 6.Innovation C. 

Activity 19:- Pilot study on production of fuel briquettes using cashew shell cake 

          (UAS, Bangalore) 

 

Biomass briquetting is the process of converting low bulk density biomass into high density and 

energy concentrated fuel briquettes. Briquettes are good substitute of coal / wood in industrial 

boiler and brick kiln for thermal application. Biomass briquettes are non-conventional source of 

energy, renewable in nature, eco-friendly, non-polluting and economical. It does not require any 

binder or addition of chemicals. Briquettes have very high specific density and bulk density 

compared to loose biomass. Briquettes have high calorific value ranges between 3500-4500 

KCal kg
-1

.  

Compared to fire wood or loose biomass, briquettes give much higher boiler efficiency because 

of low moisture and higher density. Briquettes are widely used for any type of thermal 

application in different type of industries for steam generation in boilers, heating purpose etc. It 

can replace conventional fuels at any thermal applications in various industries like Ceramic 

Industries, Solvent Extraction Plant, Dyeing Units, Food processing Industries, Textile Unit, 

Brick making units, Refractory, Chemical Industries, Milk plants, Leather industries, Rubber 

Industries etc. Use of Briquettes / White Coal / Bio-Coal as a fuel for energy has shown proven 

results and may eventually replace coal or wood based heat generating / producing systems and 

furnaces permanently. Bio-coal / Biomass Briquettes are forthcoming fuel of world as a non-

conventional energy concept.  

Output of the study (19): 

 

Proximate analysis of cashew shell cake: The moisture content of cashewnut shell and its cake 

were found to be 3.07 and 1.98 % d.b. which ideally suits for densification processes. Proximate 

analysis was carried out to find out the ash, volatile and fixed carbon present in the raw materials 

to be used in the gasification process. Average values of ash, volatile and fixed carbon were 

determined as 7.8 %, 19.9 % and 70.6 % respectively for cashew shell and 13.3 %, 26.0 % and 

57.4 % respectively for cashew shell cake. Average calorific values of cashew shell and its cake 

with moisture content in the range of 2 to 3% d.b., were determined to be 5810 Kcal kg
-1

 and 

4403 Kcal kg
-1

 respectively.  

 

Densification of (fuel briquettes) using cashew shell cake Pilot plant level trials were 

conducted with screw extruder (Make: Sree Engineering Company, India) to make briquettes 

from cashew shell cake indicated that presence of oil content i.e. residual oil after expelling 

CNSL from cashew shell (Steam treated) ensured densification through compression.  
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Output of the study (19) continued: 

But due to the presence of heating element in the densification zone, fumes generated 

leading to blockage at the outlet ceasing the operation. Trials conducted with ram type briquette 

making machine (Fig 27) (Make: Sree Engineering Company, India) revealed that briquettes 

could be made using cashew shell cake (pulverized) and saw dust with the impact force i.e. 1200 

kg cm
-2

, but developed  cracks at disc joints of the briquettes (Fig 28). Particle size of cashew 

shell cake, moisture content of saw dust, feed rate, stroke length and oil content of mixture 

influences the formation of briquettes and its stability. 

 

  

Fig27: Ram type briquetting machine Fig 28. Cashew shell cake based fuel  

Cashew shell cake could be converted in to carbonized form by pyrolysis process (Fig 30.) and 

the brittleness of carbonized cashew shell cake and its composition confirmed that carbonized 

briquette could be prepared using roller press. These results indicated that cashew shell obtained 

from drum roasting process (partially burnt shell) can be carbonized completely by retort method 

and converted in to carbonized briquette using roller press for value addition to cashew 

byproduct.  

 

  

Fig 29 . Natural form of cashew shell cake Fig 30. Carbonized cashew shell cake  
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Objective 5: Packaging standardization, evaluation and promotion of developed 

technologies, quality certification and entrepreneurship development 

Facilitating market development through promotional activities, after studying 

consumer preference and forecasting demand for cashew kernel based value added products also 

enhanced the marketability and profitability of the products which was indirectly helped the 

farmers to a greater extent. TFR studies of the most important and viable technologies were 

conducted as part of evaluation. Standardization of protocol for good packaging practices 

was studied. 

Activity 20:- Packaging condition standardization of Cashew Kernels 

           (KSCDC and CEPCI, Kerala) 

 

The primary purpose of packaging is to protect the quality of cashew kernels during handling, 

shipping and merchandising.  It is an essential link between the food product and the consumer 

and unless performed correctly the quality of the product suffers and customer‟s goodwill is lost. 

Normally a modified atmospheric package (MAP) is followed in the cashew industry.  The 

following complaints are normally received from the Buyers : 

1. Clumping 

2. Extraneous matter (Foreign matter) 

3. Moisture 

4. Off flavour / taste 

5. Insect infestation 

 

Based on the survey done in cashew processing units in Kollam (10) and Kanyakumari (5); the 

Observations recorded in packaging units of cashew kernels are given below. This data helped 

analyze the existed conditions:  

1. More than 60% units were having above 10% o2 in the case of tin packaging.  More than 54% 

units were having above 10% O2 in the case of flexible packaging. Carbon dioxide and 

Nitrogen cylinders available at Kollam and Kanyakumari (K.K) districts are practically pure 

for the purpose. 

2. Nitrogen cylinders contain comparatively more amounts of oxygen than carbon dioxide 

cylinder. Nitrogen cylinders available in K.K. District have consistency in composition. 

3. The barrier properties of the flexible material used by the industry are quite satisfactory. The 

oxygen content of the packages is high and therefore it is not effective to control infestation. 

No blocking was observed in 74% samples of Brazil, 80% samples of Vietnam and 7% 

sample of India. 

4. Strong blocking was observed in 30% of samples of India and only 2% samples of Brazil.  

Strong blocking was not observed in Vietnam samples. Moisture content 3.5- 4.0 % was 

observed in 45% of Vietnam Origin and 24% of Brazil origin.  Only 9% of Indian cashews 

kernel is having 3.5- 4.0 % level.  36% of Indian cashew is having high moisture content (4.5 

– 5.0 %) 
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5. Residual vacuum, less than 125mm of Hg (5 inches) was observed in 44% Brazilian pouch, 

54% Vietnam pouch and 20% Indian pouches.  Residual vacuum above 175mm of Hg (7 

inch) was observed in 53% of Indian pouch, 21% Brazil pouches and 16% in Vietnam 

pouches. 

 

Clumping and Role of Moisture Study (CEPCI, Kollam) 

The moisture content in the cashew is about 6-8% and is reduced to very low level during 

processing. Before packing the moisture level of the kernels are kept at 4.5 to 5.0% and these 

kernels are tend to absorb moisture from the atmosphere if it not kept in air tight situation. These 

kernels will try to reach equilibrium with the normal ambient moisture of the storage places. 

Once the moisture is absorbed the brittleness of the kernels is lost and becomes pliable which 

may not be able to detect with normal techniques. Under pressure either negative or positive 

pressure, the pliable kernels inside the polypack will get close, pressed against each other, 

contact surface between kernels will be more. This will enhance the chances for adhesion 

between the surfaces. While creating vacuum in   the initial stage in the polypack to above 

700mm hg the contents by moisture, phenolic compounds and fat will be oozed out through the 

capillary tubes distributed on the flesh of the kernel to the surface. After filling with CO2 and 

Nitrogen to the tune of 80% and 20%and keeping a residual vacuum of about 200-250mm of hg 

the situation is maintained as created earlier. During transit the reaction is being continued. There 

is every possibility of formation of emulsion on the surface of the kernels. The oozed out 

emulsion of sticky nature coupled with the enlarged surface area of contact may be paving way 

for adhesion. The adhesion force will be further strengthened by the excess residual vacuum 

allowed in polypack. 

                   

Fig 31: Clumping of cashew kernels under vacuum with different levels of packaging 
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Output of the study (20): 

There is no specific work instruction available in the industry for operating the machine and 

packing the product.  Since industry is using different kind of machines (Powervac, Indvac, 

Vanleer, Altremare, Sepack. etc), operational procedures are different for different machines.   

Therefore each packing centre should follow a written down work instruction, based on the 

technology used in their machine. 

a) In order to assure the quality of the packaging, machine should be checked periodically 

for the performance by service personnel.   

b) The vacuum gauges should get calibrate by an authorized agency.   

c) Gas lines should be checked for the leakage.   

d) Purity of the gases and composition of gas inside the pouches should be checked 

periodically.   

e) Vacuum pump used for purpose should be able to vacuumise the chamber within a short 

time. 

f) The personnel involved in the packaging process should be aware of the importance of 

setting up initial vacuum, final vacuum / end vacuum, CO2 level, N2 level, sealing time 

etc.   

g) The optimum moisture content inside the pouch is 3-4%.  Normally the product is having 

more than 4% moisture, when packed.  This would cause clumping off-flavour, off taste, 

colour variation etc.   

h) The kernel must be packed at a moisture level between 3-4% to avoid deterioration 

during transportation and storage.  The kernel must be subjected to borma drying at 60-

70
0
C for 2 hours before packing. 

 

To prevent clumping and further damage of the packed cashew kernels due to clumping 

follow good packaging practices given below.  

1) Clean packaging materials and packing machine before packing. 

2) Use only certified pouches by an approved laboratory 

3) Cashew kernels before packing subject to borma for 2 hrs at 65 to 70
0
 C. 

4) Make sure the kernels are having only 4% moisture. 

5) Make sure that there is no infestation by insects 

6) Check the purity of gases (Carbon dioxide  and Nitrogen) 

7) Check the machines are set properly – vacuumize the pouch up to 650mmof hg. Nitrogen 

up to 450mm of hg. Carbon dioxide up to 200 mm of hg (final vacuum). 

8) Check the sealing machine is perfect. 

9) Use only certified carton by a laboratory   
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Activity 20:- Evaluation and promotion of developed gadgets / machineries and  

                      Technologies (CEPCI and KSCDC, Kollam; DCR, Puttur; UAS, Bangalore) 

 

 

The evaluation of the gadgets developed under the sub project was done by carrying out 

interactive session and discussion with invited industrialists and cashew processors. This was 

organized during February 18-20
th

, 2013 at CEPCI seminar hall. All the products were exhibited 

and requested the audience to operate and assessed their opinion. Experts from various fields and 

Staff from CEPCI were functioning as moderators. Dr CSP Iyer Chemist BARC (Rtd.), Dr CA 

Jayaprakash, Principal Scientist and Head Crop protection Division, CTCRI Trivandrum and 

Smt. Mayarani Microbiologist, CEPCI were moderating the session. 

 

Output of the study (21): 

Technology transfer (TOT) and entrepreneurship development: Transfer of technology 

developed under the subproject was organized along with the Evaluation and promotion meeting 

conducted on February, 2013. Those participants who were interested   in the technologies were 

made aware of the details of the technologies.  

Table 21:  Ratings given by the participants 

No Technology/products Rating given by the 

participants (out of 100) 

1 Extraction and purification of Anacardic acid  95 

2 Production of enzymes like, Pectinase, Cellulase 

Tannase and Nanocellulose, 

80 

3 Value added products from cashew kernels 75 

4 Raw cashew nut grader (Model) 80 

5 Pollution Preventing system for drum cashew 

roasting units (Model) 

95 

6 Technology for Non thermal cutting opening of 

raw cashew nut Raw cashew nut, 

80 

7 Raw cashew nut pedal operated cutting tool 

(Model) 

80 

8 Moisture meter for assessing moisture in raw 

cashew as well as kernels. 

75 
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Training classes as part TOT at CEPCI, Kollam 
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SUMMARY of RESEARCH ACHIEVMENTS 

 

 The grading system for RCN will help in creating a linkage between the farmer and 

processor; that can be introduced by farmers association /agency to collect and distribute the 

required grade of raw cashew nut to processor. Thus will help for better pricing system of 

raw cashew nut; that could lead to better income to farmers. 

 Developed and evaluated a concentric drum type rotary sieve grader for RCN. 

 Developed and standardized a portable Moisture meter for RCN and Kernels. 

 Developed two manual pedal operated cashew shelling machines – (a) splitting & (b) 

twisting mechanism. 

 Fabricated and developed manual operated mechanical peeler for testa peeling from 

cashew kernels. 

 Pollution preventing system was designed, fabricated, installed and evaluated for reducing 

the pollutants caused by the smoke generated from drum roasting RCN processing units. 

 A bioremediation technology to reduce the CNSL contaminants was developed. 

 A new technology was standardized for cutting open the RCN (raw cashew nut) without 

thermal application. 

 Evaluated and modified certain viable processing technologies and machineries to extract 

high value edible kernels for exports that meet International Standards. 

 Refined universal cashew kernel grades for domestic and export markets. 

 Processing technology for extraction of anacardic acid without thermal application was 

standardized. 

 Production of nanocellulose from cashew shell was standardized. 

 Biocatalyst s like cellulase, pectinase & tannase from wasted cashew industry by product 

like cashew shell and testa respectively was produced and application study were conducted.  

 Produced improved quality biodegradable polymers, resins & composites from CNSL 

components.  

 Developed numerous varieties of flavours of cashew kernels. Facilitating market 

development through promotional activities, studying    consumer preference and forecasting 

demand for cashew kernel based value added products 

 Technology feasibility studies of the technologies were conducted for the selected viable 

technologies. 

 A Pollution preventing system was installed at India Food exports at Kuzhithurai at KK 

district TN as part of the fabrication and installation study. Currently the fabrication of PPS 

is done by Indira Engineering Works, Parassala based on MoU signed between CEPC 

and the company. 

 Various workshops, seminars, trainings and participation in exhibition were also carried 

out as part of promotion of the technologies. 

 9 patent applications were submitted and are under processing; yet to be filed.  
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SUCCESS STORY 

PPS fabricating rural industry - Indira Engineering Works:  

An MoU was signed between CEPCI and the company; for technology transfer. Based on this 

the PPS fabricating unit was established in Parassala, Trivandrum, Kerala (Indira 

Engineering Works) 

. The NAIP project contributed Rs 3 Lakhs; to the company development.  

The company has been successful in making a small niche of customers within Tamil 

Nadu and Kerala; with 8 companies (20 Units) already installed and using PPS.  

The PPS fabricating company requires the services of 15 personnel with 4 technical 

skilled workers; and guarantees 200 mandays/year of work.  

Thus with a significant amount of small scale (rurally established) cashew processing 

industries in India does use drum roasting methods for RCN. Hence the demand for PPS 

will continue to grow. 

The subproject has generated Rs 0.1 Lakh of revenue from the sale of PPS. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Indira Engineering Works 



 

 A Value Chain on Cashew for Domestic and Export Markets 

 

78 

 

6. INNOVATIONS 

The three most valued and important innovation are given below 

 

(A) POLLUTION PREVENTING SYSTEM [PPS] FOR CASHEW DRUM ROASTING UNITS 

       (CEPCI, Kollam) 

 

The commercial activity related to cashew processing had its origin in India and during 

the last ten decades of its existence, the processing objectives as well as methods underwent 

several changes in tune with the demands of its customers- ranging from drum roasting 

techniques to steam roasting. 

 

Scope and importance of PPS: Drum roasting technique of raw cashew nut processing is one of 

the most primitive techniques; but is highly cost effective method practiced in India. The 

atmospheric pollution (caused by smoke generated from roasting of RCN) is one of the major 

problems that face the drum roasting cashew processing units in India. The national pollution 

board has stopped working of many such units in many states. As the cashew processing is 

employing mainly women folk - estimated 6 lakhs, closure of processing units will directly affect 

the working population.  

 

Technological innovation: 

 

 A Pollution Preventing System for controlling the effluents emitted from the traditional 

“Drum Roasting” process in cashew factories.  

 The system is designed to remove heavy carbon particles as well as the polluting gases 

generated during the conventional drum roasting process. That is by removing the particulate 

matter leaving only steam outside. 

 The system consists of a Gas Scrubber and a Biological Engine. 

 In the scrubber, the undesirable components of the effluent gasses are absorbed in water and 

removed. The stay time of the gases in the scrubber is approximately 2 to 3 seconds. 

Benefits and Utility of PPS- The outlet water from the scrubber containing carbon particles and 

dissolved chemicals are settled, filtered and re-cycled. The sulphate and nitrate content of the 

water in the collecting tank after part filtration has been analyzed and found to be well within the 

accepted limits for reusing.  The technology not only ensures low emission of pollutants to the 

atmosphere; but also makes sure that the absorbed pollutants in the water are decomposed 

biologically. This was done by the bioremediation (microorganisms) of biologically degradable 

hydrocarbons into CO2 and H2O and thereby recycling the contaminated water too. These two 

features have certainly helped in a more responsible and better industrial practice. 
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Environmental impacts on labourers and community- The communities and labourers have 

slowly but steadily understood that the pollution has come down considerably and thereby has 

resulted good working conditions and an increase in inhabitants in the surrounding communities.  

Since the PPS being a very highly user friendly to work with and also the technology being 

cheap and helping in a greener environment, it‟s certainly bound to continue. 

 

Business Potential:  India process about 1.18 million Metric Tonne of raw cashew seeds through 

3650 cashew processing industries scattered in many states of country. Approximately 1500 of 

this cashew processing unit‟s use drum roasting method for raw cashew nut processing. Hence 

the business potential for this technology is enormous.  

 

Market potential: 1500 companies x 4 lakhs  = 60 Crores Approx. 

 

Sales revenue:  

PRODUCT QUANTITY (Kg) Rate/Kg VALUE (Rs in lacs) 

Monthly Annual  Monthly Annual 

PPS 1 12  4 Lakhs 4  48  

     (Considering production 6 days/ week) 

 

Cost of production per PPS is estimated only Rs. 2,13,890 per PPS and the sale price is Rs. 

4,00,000/ PPS. From PBT analysis showed a negative cash flow during the first year as 

production takes place only for 6 months as first 6 months is for the establishment of the 

production unit. BEP is before 15 units of production of PPS and breakeven value is less than 60 

lakhs. Margin of safety – a measure of risk- much higher (87.5%) which shows the company can 

withstand any fluctuations in sales. IRR –the rate of return on investment- is very high which 

shows the high financial and economic viability of the project. All the financial indicators are 

very high showing that PPS production unit is a highly profitable venture. 

 

 

Output of the study (A): Pollution controlling system for drum roasting cashew processing 

units. A system that was capable of reducing the effluents emitted through the drum roasting 

unit‟s chimneys. This technology will thereby help reduce the environmental pollutions caused 

by these cashew processing units. Thus after designing a PPS, fabrications were to be carried 

out in a suitable company who has expert knowledge and experience in building and marketing 

the product. Thus M/s India Food Exports in their drum roasting units at Colachal allowed the 

trial to be carried out and was found successful. The fabrication of the system was done by M/s 

Indira Industries at Parassala. The company has been successful in making a small niche of 

customers within Tamil Nadu and Kerala; with 8 companies (20 Units) already installed and 

using PPS.  
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                                               Fig 32: Water scrubber before installation  

                                                                                                      
   Fig33: Smoke and particle matter emerging                  Fig34:  Smoke after treatment PPS   

               scrubber from cashew processing unit  
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(B) NON THERMAL PROCESSING TECHNOLOGY FOR RAW CASHEW NUT 

      (CEPCI, Kollam) 

 

The roasting system for Raw Cashew Nut processing has been evolved through a number 

of stages such as sun drying on rock surface, pan roasting, drum roasting, oil bath roasting and 

steam roasting (Russell, 1969). In cashew processing unit a big amount of energy is utilized for 

drum roasting as well as steam cooking of raw cashew nuts. Presently, the most preferred 

method is that of steam roasting, where better control on roasting can be applied. The 

disadvantage of the above mentioned processing systems is the decarboxylation of the higher 

amount of anacardic acid (90%) present in the cashew nut shell liquid (CNSL) and the pollution 

caused by this decarboxylated CNSL. Anacardic acid content (90%) is high in RCN shell which 

undergoes decarboxylation to cardanol during the extraction of the shells at high temperature. 

The shell liquid if obtained by low temperature treatment contains only anacardic acid and cardol 

with anacardic acid (Highly valued product) as the major component.  

CEPCI planned to develop a non thermal based technology for raw cashew nut 

processing. Thus by the use of hydroxyl ion radicals producing mixture (under continuous 

aeration) at room temperature for about 30 minutes to 2 hours (time varies depending on variety 

of RCN) was successful in expanding the RCN shell (Fig 35). It was observed Hydroxyl (OH) 

radicals readily cause the scission of wall polysaccharides in vitro (Fig 36). The cutting opening 

of RCN could be carried out manually immediately after treatment (as the inner lining of RCN 

will be softer) or can be dried for hardening of RCN shell and cut using Manual RCN cutter or 

Automatic RCN Cutters. The peeling of testa was also found successful by hand easily from the 

cashew kernels. Cashew nut shell liquid (CNSL) can also be separated from fragmented 

honeycombed cashew shell material without employing thermal techniques. 

 

 

 

 

 

 

 

 

 

  

Fig 36: Manually Cut opened 

RCN 

     Fig 35: Expanded RCN 
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Cost Economics: 

QUANTITY of kernals (Kg) Price (Rs/kg)  VALUE (Rs ) 

Whole Broken  Monthly Annual 

18900 1800 Whole=1130 

Broken=517 

1857300 22287600 

Considering production 6 days/ week) A total of 75,000kg of RCN can be converted annually 

producing 18900 kg of whole kernels and 1800kg of broken kernels 

It is expected that Rs. 22287600/- can be earned per year from the sales of kernals per year. Cost 

of production estimated is with an annual cost of Rs. 545/-. Annual net profit before taxes shows 

is Rs 127.61Lakhs 

 

Output of the study (B): Based on the studies conducted a novel, eco-friendly, time-saving 

and non-thermal processing for raw cashew nuts cutting and peeling; was made possible using 

hydroxyl ion radicals producing mixture. The recovered Cashew Kernel exhibited similar 

properties to that of normal thermal processing techniques (Table 13). A pilot scale study of 

the novel method was also conducted to determine the repeatability and efficiency of the 

technology. The Technology Feasibility Report (TFR) of revealed that implementation of 

technology will yield profit from the 2
nd

 Year of commencement and then it can withstand any 

potential fluctuation in the markets also. This technology which is very user friendly and eco 

friendly has huge potential and is highly recommended alternative to the existing raw cashew 

nut processing techniques. 

Table 22: Comparison of Non thermal and thermally processed cashew kernels  

                  characteristics and their anacardic acid content  

Analysis Newly processed 

(Non Thermal) 

Un processed Thermal processed 

(Drum& steam) 

Colour White White Off white 

Smell Good Good Good 

Taste Good Good Good 

Moisture (%) 3-5  6-8 3-5 

Carbohydrates (%) 23  24.62 21.4 

Protein (%) 15.73  17.12 13.9 

Fat (%) 46  43 36 

ANACARDIC acid 77.67 % 77.67 % 55.16 %(only from steam 

cooking) 
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(C) LOW COST METHOD FOR THE EXTRACTION OF ANACARDIC ACID FROM CASHEW 

NUT SHELL (CEPCI, Kollam) 
 

Cashew nut shell liquid (CNSL) is one of the sources of naturally occurring phenols. It is 

obtained from the shell of a cashew nut. About 30-35% CNSL is present in the shell, which 

amounts to approximately 67% of the nut. CNSL is traditionally obtained as a by-product during 

the process of removing the cashew kernel from the nut. The phenolic components in CNSL are 

anacardic acid and cardol. Anacardic acid content (90 %) is high in raw cashew nut shell which 

undergoes decarboxylation to cardanol during the extraction of the shells at high temperature. 

The shell liquid if obtained from Cashew Nut Shell (Non Thermal RCN Processing) by low 

temperature treatment contains only anacardic acid and cardol with anacardic acid as the major 

component. Anacardic acids do have many industrial and medicinal applications with established 

anticancer activity and the cost of which falls on a higher side.  

 

Existing conditions for extraction: Anacardic acid is extracted from natural CNSL by 

supercritical carbon dioxide (scCO2) or by solvent extraction with high temperature from CNSL. 

But both these process are costly as well as time consuming. 

 

Innovation: Anacardic acid was extracted from raw cashew nut shell processed into small pieces 

using medium polar solvents and was precipitated with saturated salt solution (salt of  

anacardate); which was converted into anacardic acid by acid treatment and extraction with 

organic solvent. The identity of anacardic acid was later confirmed with HPTLC in comparison 

with standard. 

Fig 37: Salt of Anacardate 
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Market potential: The technology innovated; if implemented with concurrent Non thermal 

Cashew cutting method; this technology could turn out to be extremely economically viable. The 

compound anacardic acid has the anticancerous properties; that has huge potential in 

international pharmaceutical drug market. 

 

Cost Economics: 

Cost of production per gm of anacardic acid is estimated as only Rs. 275,942,751/- per year (408 

gm) with a net profit of Rs. 61,881,249 per year at sale price is  Rs. 828000 per gm. All the fixed 

costs and variable costs for 6 months are covered by the sale of anacardic acid from 6 months 

production (204 gm) showing a net return of Rs. 163,847,473 during first year itself. Cost of 

production per gm of anacardic acid is estimated as Rs.6,76,330/- resulting in a net profit of Rs. 

1,51,670/- per gm. The very high net returns itself shows that the project is highly profitable and 

hence no need for further financial analysis.  

Turnover per year 

Sales Qty. Rate (Rs/gm) Total ( Rs) 

 

Anarcadic acid 408 gm 828000 337824000 

 

 

 

Output of the study (C): 

 The newly invented method is quick (around 2 and1/2 hr) as well as less expensive than 

the existing methods of extraction.  

 The product can be stored as salt of anacardate for long storage and the yield obtained 

was also good and pure as confirmed using HPTLC. 

 By the new method more than 60% of anacardic acid in its 98% purity can be 

obtained. 

  The waste raw material from cashew industry can lead to a foreign exchange earner 

compound by this simple quick & low cost method. 

 The compound anacardic acid have the property of anticancerous, antibacterial etc. 

And also used in chemical industry for the production of cardanol, which is used for 

resins, coating and frictional materials.  
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7. PROCESS/ PRODUCT/TECHNOLOGY/ VALUE CHAIN/ RURAL INDUSTRY 

DEVELOPED  

SI. No. (Process/Product/Technology/ 

Value Chain/ Rural Industry 

Developed 

Adoption/ Validation/ 

Commercialization, etc. 

Responsible 

Partner 

1. Pollution Preventing system 

(PPS)- 

 

Commercialized and MoU signed with 

Indira Engineering works, Parassala, 

Trivandrum. 

Technology adopted by 8 companies 

(20 Units) 

 

CEPCI 

2 Developed  value added product: 

White pepper flavored cashew 

Commercialized by KSCDC outlets, 

Kerala 
KSCDC, 

Kollam 

3 Improved method for Anacardic 

acid extraction from cashew shell 

and CNSL. 

Ready for commercialization.   

CEPCI 

4. Cellulase, Pectinase and Tannase 

from cashew by products. 

Ready for commercialization. CEPCI 

5. Non thermal technology for 

cashew cutting and peeling 

Ready for commercialization. CEPCI 

6. Portable Moisture meter  for RCN 

and Kernel 

Ready for commercialization. CEPCI 

7. Development of concentric drum 

type rotary sieve grader for raw 

cashewnut 

Demonstrated to cashew processors and 

for commercialization, proposal 

submitted to Office of DCR, Puttur. 

 

DCR, Puttur 

8. Methodology to evaluate the 

performance of certain cashew 

processing machinery viz., 

shelling, peeling and grading are 

standardized. 

Validated at cashewnut processing 

industries following steaming of RCN 

as preliminary conditioning process. 

 

DCR, Puttur 

9. Developed  value added product: 

White pepper flavored cashew 

Commercialized by KSCDC outlets, 

Kerala 
KSCDC, 

Kollam 

10. Semi automatic Pedal Operator 

Cashew nut Sheller with twisting 

and splitting mechanism. 

Ready for commercialization UAS, 

Bangalore 

 

*The Information required as per Proforma 1, 2 and 3: are included in the research 

achievements and Innovation pages respectively; for the above mentioned 10 technologies.  
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8. PATENTS (FILED/GRANTED) 

SI. 

No. 

Title of Patent  Inventor(s) (Name & 

Address) 

Filed/Published/Grante

d (No./Date)  

Responsibl

e Partner 

1. Pollution controlling drum 

roasting cashew processing 

units 

Dr.V.P.Potty ,Muneer 

A.M,and Dr. Sabna 

Prabha.S 

 

Patent applied through 

NRDC (On Processing) 

Regd. #IPR/ 

FA/10064/2011                                            

CEPCI, 

KOLLAM 

2.  Low cost method for the 

extraction of anacardic acid 

from cashew nut shell 

Dr.V.P.Potty, Mr.Kutti 

Raja M, Dr.Sabna 

prabha.S, Mr.Sisu 

Pramod S 

Patent applied through 

NRDC Regd. #IPR/ FA/ 

10076/2011 

CEPCI, 

KOLLAM 

3. New technology for cashew 

cutting and peeling  

Dr. V.P.Potty, 

Dr.Sabna Prabha.S, 

Mr.Vincent Vineeth 

Leo, Mr. Vinod 

Viswanath.  

Patent applied through 

TIFAC 

T.I. (8)/TIFA/2012 

 

CEPCI, 

KOLLAM 

4. Production of bio-catalytic 

enzyme – “Pectinase” from 

Cashew industry biowaste                                           

“Cashew Shell” by using 

Aspergillus niger 

Dr.V.P Potty, Sabna 

Prabha.S, Vincent 

Vineeth Leo, Vinod 

Viswanath and 

Dr.C.Prabhakumari 

Patent applied through 

KSCSTE 

No 052/PF-

PIC/2012/KSCSTE  

CEPCI, 

KOLLAM 

5. Production of bio-catalytic 

enzyme– “Cellulase” from 

Cashew industry biowaste                                           

“Cashew Shell” by using 

Aspergillus niger. 

Dr.V.P Potty, Sabna 

Prabha.S, Vincent 

Vineeth Leo, Vinod 

Viswanath and 

Dr.C.Prabhakumari 

Patent applied through 

KSCSTE 

No 053/PF-

PIC/2012/KSCSTE 

CEPCI, 

KOLLAM 

6. Production of bio-catalytic 

enzyme– “Tannase” from 

Cashew industry biowaste                                         

“Cashew Shell” by using 

Aspergillus niger 

 

Dr.V.P Potty, Sabna 

Prabha.S, Vincent 

Vineeth Leo, Vinod 

Viswanath and 

Dr.C.Prabhakumari. 

Patent applied through 

KSCSTE 

No 038/PF-

PIC/2013/KSCSTE 

CEPCI, 

KOLLAM 

7. Development of 

Bioremediation technology for 

CNSL Polluted surface of the 

cashew processing unit 

Dr.V.P Potty, Sabna 

Prabha.S, Vincent 

Vineeth Leo, Vinod 

Viswanath and 

Dr.C.Prabhakumari 

Patent filed through 

NRDC 

(On Processing) 

CEPCI, 

Kollam 

8. Recycling of waste water from 

cashew processing industry 

through immobilized 

bioremediation technology. 

Dr.V.P Potty, Sabna 

Prabha.S, Vincent 

Vineeth Leo, Vinod 

Viswanath and 

Dr.C.Prabhakumari 

Patent Applied through 

NRDC 

(On Processing) 

CEPCI, 

KOLLAM 

9. 
Development of polymerised 

product from the CNSL wastes 

RESIDOL.  

Dr.V.P Potty, Sabna 

Prabha.S, Vincent 

Vineeth Leo, Vinod 

Viswanath and 

Dr.C.Prabhakumari 

Patent applied through 

NRDC 

(On Processing) 

CEPCI, 

KOLLAM 
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9. LINKAGES AND COLLABORATIONS  

SI. 

No. 

Linkages developed 

(Name & Address of Organization) 

Date/Period 

From-To 

Responsible 

Partner 

1. M/s Indira Industries, Automobile Fabrication, 

Engineering works, Station Road,Parassala, 

Trivandrum,Kerala-695502 

2011-2012 CEPCI 

2. M/s. Aneesh Industries, Killikollur, 

Kollam 

2010-2012 CEPCI 

3. M/s.Emcon, Kadavanthara, Cochin, Kerala 2012-2013 CEPCI 

4. Kallbavi Cashews, Mangalore, India 2009-2013 DCR, Puttur 

 

10. STATUS ON ENVIRONMENTAL AND SOCIAL SAFEGUARD ASPECTS 

Technology Environmental benefits Social 

Positive benefits Negative 

benefits 

Mitigation 

measures  

Non thermal 

technology 

 

 

Anacardic acid 

extraction from 

cashew shell 

 

 

Enzyme production 

from the remaining 

CNSL- free; cashew 

shell and testa. 

I. The non thermal 

technology would overcome 

the problem of environmental 

pollution caused by the 

existing drum roasting 

processing 

 

II. This technology is highly 

energy conservative 

 

III. The compound anacardic 

acids have the property of 

anticancerous, antibacterial 

etc. 

 

IV. The waste raw material 

from cashew industry by 

enzyme technology can lead 

to a foreign exchange earner 

compound. 

a) Is highly user 

friendly 

b) Its less time 

consuming 

c) These 3 

enzymes can 

be purchased 

by less cost 

compared to 

the existing 

market price. 

 

Economic 

Feasibility 

of the 

enzyme 

technology 

The production 

of 3 enzymes 

will make the 

enzymes 

technology 

feasible 

 

 

Moisture Meter for 

RCN and kernels 

NA a) A non 

destructible 

technology for 

checking the 

moisture of 

both RCN and 

kernels. 

b)  Easy to use 

and portable. 

Nil Nil 

PPS a) Green technology 

b) Less pollution 

 

 

a) User friendly 

b) Socially 

acceptable (no 

noise) 

nil nil 
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11. CONSTRAINTS, IF ANY AND REMEDIAL MEASURES TAKEN 

CEPCI, Kollam:  The development of biosensor has been deemed unsuccessful  

     (Objective 3 Activity 15) 

A biosensor that was capable of detecting the presence of any microorganism‟s infection on 

cashew kernels was not successful. The PLFA- Phospholipids fatty acids in the microorganisms 

cell membrane was the target of biosensor development.  Changes in specific PLFAs can be used 

as indicators of changes in specific organism groups. The failure to detect sufficient fluorescence 

or radiation produced by PLFA of the microorganism; by an IR source was the major reason for 

this failure. 

12 (A). PUBLICATIONS 

SI 

No. 

Authors, Title of the paper,   

Name of Journal, Year, Vol. & Page No. 

NAAS 

Ratings  

Responsible 

Partner 

1. Sabna Prabha S., Sisu Pramod S and Potty V. P, Isolation, identification and 

methanogenesis of cnsl degrading bacteria and immobil ized bioremediation 

techniques  of CNSL and its contaminated water from cashew industry, 

Middle-East Journal of Scientific Research, 2011, 10 (3): 327-331, ISSN 1990-

9233, © IDOSI Publications.  

 

- CEPCI, 

KOLLAM 

2. Sabna Prabha S., Muneer A. M and Potty V. P. ,Shelf life of cashew kernels 

stored under different antioxidants, International Journal of Agriculture and 

Food Science Technology (IJAFST), 2011 , Vol.2, Number 1, pp.29-33, ISSN 

2249-3069 

 

1.223 CEPCI,KO

LLAM 

3. Sabna Prabha S and and Potty V. P. , Thermal stability of CNSL by   TGA and 

HPTLC, International Journal of Biotechnology and Biochemistry,2011, 

Volume 7, Number 5, pp. 607-616, ISSN 0973-2691. 

 

 CEPCI,KO

LLAM 

4. Sabna Prabha S., Sisu Pramod S., Muneer A. M and Potty V. P. ,    Recycling of 

waste water from cashew industry using isolated escherichia coli strain by using 

immobilised bioremediation techniques, International Journal of Applied 

Biotechnology and Biochemistry (IJABB), 2011,Volume 2, Number 2 (2012) 

pp. 87-93, ISSN 2248-9886. 

 

 CEPCI,KO

LLAM 

5. Prabhakumary C., Potty., V.P., Rekha Sivadasan Effectiveness of gamma 

radiation for the control of Tribolium castaneum, the pest of stored cashew 

kernels.. Current Science, 1533. ,2011,. Vol.101 (12), 25. 

 

7.2 CEPCI,KO

LLAM 

6. Sabna Prabha S., Sisu Pramod S., Muneer A. M and Potty V. P. Effect of 

storage temperature and humidity on moisture, carbohydrate, protein, fat, 

peroxide value and iodine value of raw cashew nuts, Journal of Food Science 

and Technology  (Communicated) . 

- CEPCI,KO

LLAM 

 

 

7. 

Sabna Prabha S., Sisu Pramod S., Muneer A M., Vinod Viswanath., Vincent 

Vineeth Leo and Potty V. P. ,Isolation, Identification and efficiency of new 

Escherichia coli bacterial strain for the degradation of CNSL and its 

contaminated water from cashew industry. J Chem Eng Process Technol, 

OMICS group, Volume S1: 021(2011) /Special Issue 2011,doi: 10.4172/2157-

7048.1000001 

 

 

5.04 

 

 

CEPCI,KO

LLAM 

http://www.ripublication.com/ijafst.htm
http://www.ripublication.com/ijafst.htm
http://www.ripublication.com/ijafst.htm
http://dx.doi.org/10.4172/2157-7048.1000001
http://dx.doi.org/10.4172/2157-7048.1000001
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8. Vincent Vineeth Leo., Vinod Viswanath., Sabna Prabha S., Muneer A. M and  

Potty V. P , Production purification and characterization of tannase from 

cashew testa using Aspergillus niger. Journal of Microbial and Biochemical 

Technology (JMBT), OMICS group, ,2011,. Volume S1: 034(2011) /Special 

Issue 2011, doi: 10.4172/1948-5948.1000001. 

 

 

5.51 
CEPCI,KO

LLAM 

9. Vinod Viswanath., Vincent Vineeth Leo., Sabna Prabha S.,Prabhakumari.C and 

Potty V.P (2013). Characterization of a novel Pectinase from cashew shell cake 

using Aspergillus niger with unique kinetic properties, International Journal of 

Agriculture, Environment and Biotechnology (IJAEB);(Accepted). 

 

3.9 CEPCI,KO

LLAM 

10. Vincent Vineeth Leo., Vinod Viswanath., Sabna Prabha S., Prabhakumari.C 

and   PottyV.P (2013). Cellulase from Cashew Shell Cake using Aspergillus 

niger- Production, Purification and Potential Applications. International 

Journal of Agriculture, Environment and Biotechnology (IJAEB);(Accepted). 

 

3.9 CEPCI,KO

LLAM 

11. Vinod Viswanath., Vincent Vineeth Leo., Sabna Prabha S.,Prabhakumari.C and 

Potty V.P (2013) Cashew testa for Tannase production by Aspergillus niger 

under Soild state Fermentation. Journal of Food Science and Technology 

(Springer);(under review). 

 

  

12. Vinod Viswanath., Vincent Vineeth Leo., Sabna Prabha S.,Prabhakumari.C and 

Potty V.P (2013)- Production, Partial Purification And Characterisation Of 

Tannase From Cashew Testa Using Aspergillus niger- Journal of 

Microbiology and Biotechnology (Submitted) 

 

  

13 Balsubramanian, D and T N Sandeep, 2010. Thin layer drying characteristics of 

raw cashewnuts in convective dryer. Jl. of Plantation Crops 39(1):252-255. 

 

4.7 DCR, 

Puttur 

14 Balasubramanian, 2012. Development of concentric drum type rotary sieve 

grader for raw cashewnuts. Cashew News, 17(1):2-4. 

 

- DCR, 

Puttur 

15. Balasubramanian, D and Joycy R L K.  2012. Cashewnut Processing in West 

Bengal – Current Status and Challenges, The Journal of Cashew and Cocoa, 

42(2): 14-22. 

 

- DCR, 

Puttur 

16. Balsubramanian, D and T N Sandeep, 2012. Drying behaviour of unpeeled 

cashew kernels in steam assisted cross flow dryer. Agricultural Engineering 

Today (In press). 

 

3.4 DCR, 

Puttur 

17. Balasubramanian, D. 2012. Mechanization of cashewnut processing: Present 

status and future challenges. Journal of Plantation Crops (In Press.) – 

Acceptance letter received 

 

4.7 DCR, 

Puttur 

18. Balasubramanian, D and K L R Joycy. 2012. Performance evaluation of 

mechanized shelling machine for steam treated raw cashewnuts. Journal of 

Plantation Crops (In Press.) Acceptance letter received 

 

4.7 DCR, 

Puttur 

19. Balasubramanian, D. 2012. Mechanization of cashewnut processing: 

Comparative performance of mechanized peeling machines for unpeeled 

cashew kernels – A case study. Journal of Plantation Crops (In Press.) 

Acceptance letter received 

 

 

4.7 DCR, 

Puttur 

http://dx.doi.org/10.4172/1948-5948.1000001
http://www.jmb.or.kr/submission/Source/Author/Proof.html?PT=1&tr_num=4975
http://www.jmb.or.kr/submission/Source/Author/Proof.html?PT=1&tr_num=4975
http://www.jmb.or.kr/submission/Source/Author/Proof.html?PT=1&tr_num=4975
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20. Balasubramanian, D. 2012. Optimizing Processing Parameters of Concentric 

Type Rotary Sieve Grader Using Dimensional Analysis. Journal of Agricultural 

Mechanization in Asia, Africa and Latin America (Under review) 

 

6..2 DCR, 

Puttur 

21. Balasubramanian, D. 2012. Moisture Sorption Characteristics of Raw 

cashewnuts. Journal of Food Engineering (Under review) 

 

6.4 DCR, 

Puttur 

22. Balasubramanian, D. 2012. Failure force and energy of raw cashewnuts under 

uni-axial compression loading influenced by moisture content. International 

Journal of Energy Research (Communicated) 

 

6.0 DCR, 

Puttur 

23. Saroj P L and D Balasubramanian. 2013. Cashew Industry in India – a 

sustainable road map. Indian Horticulture. 58(1):9-15 

 

5.4 DCR, 

Puttur 

24. Balasubramanian, D and K L R Joycy. 2013. Performance evaluation of high 

speed colour sorter for cashew kernels. Acta Agrophysica (In press) Acceptance 

letter received 

 

5.0 DCR, 

Puttur 

25. Balasubramanian, D and K L R Joycy. 2013. Moisture dependant physico 

mechanical properties of processed cashew kernels. Journal of Plantation Crops 

(Communicated) 

 

4.7 DCR, 

Puttur 

 

26.  Arunkumar HS, Naveen Kumar DB, Sudha Devi G, Palanimuthu V and 

Sandeep TN. Shelling studies for steam treated cashewnuts using an automatic 

cashew sheller. International Journal of Agricultural Engineering, 2013 

(Accepted). 

 

3.6 UAS, 

Bangalore 

 

12. (B). BOOKS/ CHAPTERS/ ABSTRACTS/ POPULAR ARTICLES, BROCHURES. 

SI. 

No. 

Authors, Title of the papers   

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

Responsi

ble 

Partner 

1. Sabna Prabha S, Vincent Vineeth Leo, Muneer A M, Vinod Viswanath and Potty V P A new 

processing technology for cashew cutting and peeling, Proceedings of 21st swadeshi science 

congress, ,2011,pp: 12-14, Nov 6-9, CEPCI, Kollam, ISBN 81-901740-2-10. 

 

 

CEPCI, 

KOLLAM 

2. Muneer A M, Sabna Prabha S, Vincent Vineeth Leo, Vinod Viswanath and Potty V P Causes 

for offtaste and off flavour in cashew, 21st swadeshi science congress, Nov 6-9, CEPCI, 

Kollam,2011., ISBN 81-901740-2-10. 

 

 

CEPCI, 

KOLLAM 

3. Vincent Vineeth Leo, Muneer A M, Sabna Prabha S, Vinod Viswanath and Potty V P 

Production and purification of Cellulase from cashew shell cake using Aspergillus niger, 

Proceedings of 21st swadeshi science congress, pp: 23-28, Nov 6-9, CEPCI, Kollam, 2011, 

ISBN 81-901740-2-10. 

 

CEPCI, 

KOLLAM 

4. Vinod Viswanath, Sabna Prabha S, Vincent Vineeth Leo, Muneer A M and Potty V P 

Production and purification of Pectinase from cashew shell cake using Aspergillus niger, 

Proceedings of 21st swadeshi science congress, pp: 29-39, Nov 6-9, CEPCI, Kollam, 2011,.  

ISBN 81-901740-2-10. 

 

 

CEPCI, 

KOLLAM 

5. Potty V. P. (2012). Pollution preventing system in drum roasting cashew processing unit, 

Cashew bulletin. 

CEPCI, 

KOLLAM 
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6 Sabna Prabha.S and Potty V.P. (2012) Benefits of anacardic acid, Cashew Bulletin, Vol No.4., 

April, ISSN 0008-7300, Cashew Export Promotion Council of India. 

CEPCI, 

KOLLAM 

 

7. Vincent Vineeth Leo, Muneer A M, Sabna Prabha S, Vinod Viswanath and Potty V P 

Production and purification of Cellulase from cashew shell cake using Aspergillus niger, 

Proceedings of 21st swadeshi science congress, pp: 23-28, Nov 6-9, CEPCI, Kollam, 2011, 

ISBN 81-901740-2-10. 

 

 

CEPCI, 

KOLLAM 

8. Sabna Prabha S., Sisu Pramod S., Kutti Raja M., Gentle Sebastian., Muneer A. M and Potty V. 

P (2010). Extraction of anacardic acid from cashew nut shell. 20
th

 Swadeshi Science Congress 

(6-8 Nov), CMFRI, Kochi, Kerala. 

 

CEPCI, 

KOLLAM 

9. Muneer A. M., Sabna Prabha S., Sisu Pramod S., Gentle Sebastian and Potty V. P (2010). 

Causes for formation of rejects in cashew processing. 20
th

 Swadeshi Science Congress (6-8 

Nov), CMFRI, Kochi, Kerala. 

 

CEPCI, 

KOLLAM 

10 Balasubramanian, 2010. Drying characteristics of raw cashewnuts. In. PLACROSYM XIX 

conducted at Rubber Research Institute, Kottayam, Kerala from 7th to 10th December, 2010. 

 

DCR, 

Puttur 

11 Balasubramanian, D, T N Sandeep and K K Shruthi. 2011. Manual on Quality Analysis of 

Cashew. Directorate of Cashew Research, Puttur,D.K., Karnataka. PP: 33. 

 

DCR, 

Puttur 

12 Balasubramanian, 2011. Performance evaluation of dual mode dryer for raw cashewnuts. In. 

First International Symposium on Cashewnut conducted at Agricultural College and Research 

Institute, Tamilnadu Agricultural University, Madurai, Tamilnadu from 10th to 12th December, 

2011. 

 

DCR, 

Puttur 

13 Balasubramanian, D. 2011. Advanced techniques in cashewnut processing. In. State level 

seminar on Cashew organized at Department of Horticulture, Contai, Purba Medinapur from 

28th to 29th November, 2011. 

 

DCR, 

Puttur 

14 Balasubramanian, D. 2012. Mechanization of cashewnut processing: Present status and future 

challenges. In. Abstract on Plantation Crop Symposium (PLACROSYM) XX, UPASI Tea 

Research Foundation, Coimbatore, Tamilnadu. P: 5. 

 

DCR, 

Puttur 

15 Balasubramanian, D and K L R Joycy. 2012. Performance evaluation of mechanized shelling 

machine for steam treated raw cashewnuts. In. Abstract on Plantation Crop Symposium 

(PLACROSYM) XX, UPASI Tea Research Foundation, Coimbatore, Tamilnadu. P: 127. 

 

DCR, 

Puttur 

16 Balasubramanian, D. 2012. Mechanization of cashewnut processing: Comparative performance 

of mechanized peeling machines for unpeeled cashew kernels – A case study. In. Abstract on 

Plantation Crop Symposium (PLACROSYM) XX, UPASI Tea Research Foundation, 

Coimbatore, Tamilnadu. P: 130. 

 

DCR, 

Puttur 

17 Balasubramanian, 2012. Mechanization of Shelling in Cashew Processing – An Overview. In. 

Meeting of Institute Industry Interface – DCR-KCMA conducted at KCMA Hall, Suprabath 

Building, Bejai-Kapikad, Mangalore on 16.04.2012 

 

DCR, 

Puttur 

18 Balasubramanian, 2013. Concept on quality standards for raw cashewnuts. In. Interactive 

Meeting on quality standards for raw cashewnuts organized at Directorate of Cashew Research, 

Puttur, D.K., Karnataka. 

DCR, 

Puttur 

19 Balasubramanian, D, Saroj P L, Meena  R K and K Vanitha. 2013. Status of the technological 

development of cashew research in India. In. National Conference on Cashew conducted at 

Hotel Holiday Home, Ranchi, Jharkand from 20th to 21st November, 2013. 

DCR, 

Puttur 
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20 P Arunkumar, V Palanimuthu, Adhore Ekanath Shivaji and T N Sandeep. Studies of effect of 

pretreatment on shelling properties of traditional and modified efficient cashew nut shellers 

with splitting mechanism. (in) Proceedings of 1
st
 International Symposium on Cashew Nut held 

during 9-12 December 2011 at Agriculture College and Research Institute, Madurai, India. pp: 

127. 

 

UAS, 

Bangalore 

21 V Palanimuthu, Adhore Ekanath Shivaji, P Arunkumar and T N Sandeep. An Improved 

Manual Cashew Nut Sheller to Deshell Steam Cooked Cashew Nuts. (in) Proceedings of 46
th
 

Annual Convention of ISAE and International Symposium on Grain Storage held during 27 -29 

February 2012 at Pantnagar, India. pp: 91. 

 

UAS, 

Bangalore 

22 V Palanimuthu, P Arunkumar, Adhore Ekanath Shivaji and T N Sandeep. Performance 

Evaluation of the Splitting Mechanised Traditional and Modified Efficient Cashew Nut 

Shellers.  (in) Proceedings of NCOFTECH EDITION II- A National Conference on Appropriate 

Technologies for Indian Food Processing Industries held during 5-6 March, 2012 at GKVK, 

UAS, Bangalore. pp: 57-58. 

 

UAS, 

Bangalore 

23 Arunkumar HS, Palanimuthu V, Naveen Kumar DB, Sandeep TN and Sudha Devi G. 

Evaluation of an automatic cashew sheller using steam treated cashew nuts.(in)  Proceedings of 

the 3
rd

 International Conference on Food Technology held during 4 -5 January, 2013 at IICPT, 

Thanjavur. pp: 359-364. 

 

UAS, 

Bangalore 

 

13. MEDIA PRODUCTS DEVELOPED/DISSEMINATED 

SI. 

No. 

CD, Bulletins, Brochures, etc. 

(Year wise) 

No. of 

Copies 

Distribution Responsible 

Partner 

1. CEPC.NAIP-ICAR Technologies 

(Brochures) 

200 All the CAC and CIC 

members and cashew 

Exporters 

CEPCI 

2. Two minutes video CEPC.NAIP-

ICAR Technologies 

1 NAIP Annual meet at Karnal CEPCI 

3. NAIP work manual (CD) 

(2 times) 

143 Nos. Distributed to NAIP-ICAR 

workshop. 
CEPCI 

4. Balasubramanian, D. 2012. 

Technical Bulletin on 

“Development of concentric 

drum type rotary sieve grader for 

raw cashewnuts. (P:20) 

150 Nos. DDG (Hort.), ADG (Hort.), all 

Horticultural and Ag. Engg. 

Research Institutions under 

ICAR, Consortium leader and 

Consortium partners, 

DCR, Puttur 
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14. MEETINGS/SEMINARS/TRAININGS/KISAN MELA, ETC. ORGANIZED 

SI. 

No. 

Details of 

Meetings/Seminars/ 

Trainings, etc. 

Duration 

(From-To) 

No. of 

Personnel 

Trained 

Budget 

(`Rs) 

Organizer 

(Name & Address) 

1. “Participatory rural 

appraisal workshop for 

middle level factory 

supervisors 

5th July at 

CEPC lab and 

at Kuzhithurai, 

Tamil Nadu on 

12th July 2010 

47+51=98  CEPCI, Kollam 

2. Preparation of value added 

products of cashew apple 

16th and 17
th

 

February 2012 

58  CEPCI, Kollam 

3. Workshop on 

BIOTECHNOLOGY IN 

INDUSTRY-

ACHIEVEMENTS, 

POTENTIALS AND 

CHALLENGES” 

18
th

 -20
th

 

February 2013 

69  CEPCI, Kollam 

4. Workshop on “A 

PERSPECTIVE ON 

BIOTECHNOLOGY” 

12-13
th

 

November 

2013 

77  CEPCI, Kollam 

5. Institute Industry Interface 

meeting 

16.04.12 40 nos. 5,000 Jointly organized by Directorate 

of Cashew Research and 

Karnataka Cashew 

Manufacturers Association, 

KCMA Hall, Suprabath 

building, Bejai, Mangalore, 

Karnataka 

6 Interactive meeting on 

quality standards for raw 

cashewnuts. 

28.08.13 25 Nos. 6,500 Jointly organized by Directorate 

of Cashew Research and 

Directorate of Cashew and 

Cocoa Development, Cochin, 

Kerala 

7 Training on „Preparation of 

cashew apple based 

products‟ 

29.11.11 20 Nos. 

Women Self 

Help Group) 

- Department of Horticulture, 

Contai, Purba Medinapur, West 

Bengal.(Dr D Balasubramanian, 

CCPI and Joycy Rodrigues, 

Research Associate, DCR, 

Puttur served as resource 

person) 
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15. PARTICIPATION IN CONFERENCE/ MEETINGS/TRAININGS/ RADIO TALKS 

SI. 

No. 

Details of Meetings/Seminars/ 

Trainings/Radio talk, etc.(Name 

&Address) 

Duration 

(From-To) 

Budge

t 

(Rs) 

Participant  

(Name & Address) 

1. MDP Workshop on priority setting, 

monitoring and evaluation of agriculture 

and livelihood based projects at National 

Institute of rural development, 

Hyderabad. 

30.11.2009 to 

4.12 2009 

 Dr.Prabhakumari C 

(Dy.Principal Scientist) 

CEPCI Lab, Kollam 

2. One week training programme on 

“Flexible packaging” at Hyderabad-

Indian Institute of Packaging. 

23rd to 28th 

November 

2009 

 Mrs. Haseena M 

(Senior Scientist) 

CEPCI, Kollam 

3. Training programme on Technical and 

Administrative Support for Consortia 

based research in Agriculture” organised 

by National Academy of Agricultural 

Research Management (NAARM), at 

Hyderabad under the NAIP Learning & 

Capacity Building Programme 

 

16
th
 to 22

nd
 

June, 2010 

 Mr. Rajesh Kumar R 

(Senior Clerk) 

CEPCI, Kollam 

4. Corporate training entitled “Advance 

techniques in enzymology, molecular 

biology and HPLC” at BEST BIOTECH, 

Bangalore. 

18th to 30th 

March 

2010 

 Mr.Sisu Promod 

(SRF) and Dr Sabna 

Prabha (RA) 

5. Training on “Food safety management 

system” by BSI India in Cochin 

 

25th to 29th 

April 2011 

 Dr. Maya Rani (Asst. 

Principal Scientist) 

 

6. 

Training on “Food safety fundamentals 

and the New India regulations” at AIB in 

New Delhi. 

14th to 15th 

March 2011 

 Mrs Sandhya C Nair 

(Research assistant) 

and Mrs Resmi K I 

(Research assistant) 

7. Training on “Measurement uncertainty in 

testing and calibration” organized by 

CETE at Bangalore 

2nd -3rd June 

2011 

 Mrs Kavitha Kumar P 

(Senior Scientist)and 

Mrs.Haseena M 

(Senior Scientist) 

8. Training on “ISO 17025 internal audit” 

by CETE at Bangalore. 

 

23rd to 26th 

May 2011 

 Dr V P Potty 

(Principal Scientist) 

9. Training on “Advanced Molecular 

Biology Techniques” at Amnion 

Biosciences PVT Lmtd, Bangalore 

 

23rd to 26th 

May 2011 

 Dr Rekha Sivadasan 

and Dr Anitha Jose 

(Research assistant) 

10. Training on “Nanotechnology, Genomics 

and Proteomics” at INSITE, Trivandrum 

 

 

5th March to 

7
th
 April 2012 

  

Dr Sabna Prabha (RA) 
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11. National workshop on 

Nanobiotechnology and Molecular 

Biology, University of Madras, Chennai 

(2012). 

 

26-30
th
  

November 

2012 

 Dr Sabna Prabha (RA), 

Vincent vineeth Leo 

(SRF), and Vinod 

Viswanath (Research 

assistant) 

12. Training program on Management 

Development Programme (MDP) 

“Priority setting, Monitoring and 

Evaluation of Agriculture and Livelihood 

based projects (PME) conducted at 

NIRD, Hyderabad, Andhrapradesh 

 

30 Nov to 4 

Dec, 2009 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE), Directorate of 

Cashew Research, 

Puttur, D.K., Karnataka 

13 Training on “To familiarize with 

procurement related matters and 

Financial Management” under NAIP 

conducted at National Institute of 

Animal Nutrition and Physiology 

(NIANP), Adugodi, Banglaore 

6-7 October, 

2009 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE), Mr Ganesan, AF & 

AO, Mr Jayarama 

Nayak, AAO,  

Directorate of Cashew 

Research, Puttur, D.K., 

Karnataka 

14 Plantation Crop Symposium 

(PLACROSYM)  XIX conducted at 

Rubber Research Institute, Kottayam, 

Kerala 

7- 10 

December, 

2010 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE), Directorate of 

Cashew Research, 

Puttur, D.K., Karnataka 

15 1
st
 International Symposium on Cashew 

Nut held at Agriculture College and 

Research Institute, Madurai, Tamilnadu 

9-12 December 

2011 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE), Directorate of 

Cashew Research, 

Puttur, D.K., Karnataka 

16 State level cashew seminar at Contai, 

Purba Medinapur, West Bengal 

28 – 29 

November, 

2011. 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE) and Joycy Rodrigues, 

Research Associate, 

Directorate of Cashew 

Research, Puttur, D.K., 

Karnataka 

17 Plantation Crop Symposium XX, UPASI 

Tea Research Foundation, Coimbatore, 

Tamil Nadu 

12-15 

December, 

2012 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE) and Joycy Rodrigues, 

Research Associate, 

Directorate of Cashew 

Research, Puttur, D.K., 

Karnataka 

18 Meeting of Institute Industry Interface – 

DCR-KCMA at KCMA Hall, Suprabath 

Building, Bejai-Kapikad, Mangalore, 

Karnataka 

 

 

16 April, 2012  Dr. D Balasubramanian 

Principal Scientist (AS & 

PE)  Directorate of 

Cashew Research, 

Puttur, D.K., Karnataka 
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19 Interactive meeting on quality standards 

for raw cashewnuts at Directorate of 

Cashew Research, Puttur, D.K., 

Karnataka. 

 

 

28 August, 

2013 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE)  Directorate of 

Cashew Research, 

Puttur, D.K., Karnataka 

20 National Conference on Cashew at Hotel 

Holiday Home, Ranchi, Jharkand 

20 - 21 

November, 

2013. 

 Dr. D Balasubramanian 

Principal Scientist (AS & 

PE)  Directorate of 

Cashew Research, 

Puttur, D.K., Karnataka 

 

16. FOREIGN TRAININGS/ UNDERTAKEN (INTERNATIONAL) 

 

SI. 

No 

Name, 

Designation and 

Address of 

the Person 

Place of 

Training  

Area of 

Training 

Time and 

Duration 

Total Cost 

(Rs`) 

1 Mr. Munner A.M, 

Research Assistant, 

CEPCI Laboratory and 

Technical Division, 

Kollam, Kerala. 

Lund University, 

Sweden 

Modern methods 

of food analysis 

22
nd

 September 

to 

5
th

 October 2011 

2,38,045.00 

 

 

17. PERFORMANCE INDICATORS (FROM INCEPTION TO COMPLETION) 

SI. 

No. 

Indicator Total No. 

1.  No. of production technologies released and/or adopted  6 

2.  No. of processing technologies released and/or adopted  11 

3.  Number of technologies/products commercialized based on NAIP research  1 

4.  No. of new rural industries/enterprises established/ upgraded  1 

5.  No. of product groups for which quality grades developed and agreed  1 

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

consortium  

3 

7.  No. of farmers involved in consortia activities   - 

8.  Total number of farmers‟ group developed for marketing and processing  - 

9.  Number of patent/intellectual property protection applications filed based on 

NAIP research  

9 applied but under 

processing 

10.  Number of patents/intellectual property protections granted/published based 

on NAIP research 

NIL 

11.  Number of scientists trained overseas in the frontier areas of science       

12.  Number of scientists trained overseas in consortium-based subject areas 1 

13.  No. of scientists participated in conference/seminar etc. abroad 1 

14.  No. of training organized/ farmers trained 

 

 

Training 

No. 

2 

Farmers 

No. 

105 
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15.  Success stories  3 

16.  Incremental employment generated (person days/year/HH)  Baseline Final 

NA NA 

17.  Increase in income of participating households (` per annum) Baseline Final 

  

18.  Number of novel tools/protocols/methodologies developed 7 

19.  Publications   

 Articles in NAAS rated journals 20 

 Articles in other journals 6 

 Book(s) - 

 Book chapter(s) - 

 Thesis 2 

 Popular article(s) (English)  - 

 Newspaper article(s) 1 

 Seminar/Symposium/Conference/Workshop Proceedings 19 

 Technical bulletin(s) 2 

 Manual(s) 3 

 CDs/Videos 6 

 Popular article(s) in other language - 

 Folder/Leaflet/Handout 6 

 Report(s)-  - 

 

18. EMPLOYMENT GENERATION (MAN-DAYS/YEAR) 

 

Technology No: of Personnel Man Days/Year 

PPS fabricating rural industry - Indira Engineering 

Works established in Parassala, Trivandrum, Kerala 

15 200 

. 

19. ASSETS GENERATED 
 

Sl. 

No. 

Name of the Equipment with 

Manufacturers Name, Model and Sr. 

No. 

Year of 

Purchase 

Quantity 

(Nos.) 

Total Cost 

(Rs.) 

Responsible 

Partner 

1 

Electrophoresis Equipment & its 

accessories, Spectrotech, 

Thiruvananthapuram 

2009 1No. 

2,19,881/- 
CEPCI, 

Kollam 

2 
Orbital Shaker, Infors, Switzerland 

2009 1 No. 
1,17,997/- CEPCI, 

Kollam 

3 

HPTLC with Personal 

Computer(including printer), Camag, 

Switzerland 

2009 1 No. 

23,73,104/

- 

CEPCI 

Kollam 

 

4 
Table top ultra Centrifuge, Zigma, 

Germany 
2009 1 No. 

4,98,323/- CEPCI 

Kollam 
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5 

Trinocular Microscope with one 

Personal computer(including printer 

and UPS), Medline, UK 

2009 1 No. 

 

5,53,994/- 

 

CEPCI 

Kollam 

6 

Fermentor with one personal 

computer(including printer and UPS), 

Infors, Switzerland 
2009 1 No. 

9,37,544/- CEPCI 

Kollam 

7 

Thermo Gravimetric Analyser(TGA-

50) with one personal computer, 

Shimadzu, Japan 

2009 1No. 

8,90,057/- CEPCI 

Kollam 

8 
UV -Vis NIR spectrophotometer, 

Shimadzu, Japan 
2009 1No. 

23,19,011/

- 

CEPCI 

Kollam 

9 
Water Activity Meter, Emcon, 

Ernakulam, Kerala 
2011 1No. 

3,27,739/- CEPCI 

Kollam 

10 
Workshop tools and gadgets, M/s 

Premier tools, Chennai 
2010 Set 0.518 DCR, Puttur 

11 
Humidity chamber, M/s Rays Scientific 

Instruments, Chennai 
2011 1 No. 0.844 DCR, Puttur 

12 

Single chamber Vacuum Packaging 

Machine (Indvac Custom make), M/s 

Sourabh Engineers, Ahmedabad 23. Sr. 

No: 0861011 

2011 1 No. 1.491 DCR, Puttur 

13 

Konica Minolta Spectrophotometer 

(CM-2500cc) includes Jaypack Quality 

Control Software, M/s Jay Instruments 

and Systems Pvt. Ltd, Mumbai. Sr. No. 

11763 

2011 1 No. 5.327 DCR, Puttur 

14 

Texture analyser with basic 

accessories. M/s Scientific and Digital 

system, New Dehli. Sr. No. 

2000781858 

2011 1 No. 13.447 DCR, Puttur 

15 
Variable speed motor, M/s Plus 

Marketing Co. Chennai 
2011 1 No. 1.142 DCR, Puttur 

16 

Konica Minolta Spectrophotometer 

M/s Jay Instruments and systems Pvt. 

Ltd. 

Model: CM-5; Sl. No. 110195 

2010 1 8,34,793 
UAS, 

Bangalore 

17 

Fluidized Bed Dryer 

M/s Retsch GmbH ,Germany 

Model: TG 200; Sl. No. 1210150328 

2010 1 5,15,207 
UAS, 

Bangalore 
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18 

TIG Welding Machine 

M/s Colton Industries 

Model: ARC TIG 170 (71298) 

Sl. No. 1651003262 

2010 1 67,534 
UAS, 

Bangalore 

19 
Sheet Bending Machine 

M/s Pyramid Machine Tools 
2010 1 1,96,040 

UAS, 

Bangalore 

20 
DC Motor 

M/s Pyramid Machine Tools 
2010 1 81,812 

UAS, 

Bangalore 

21 
Steam Boiler 

M/s Gayathri Industries 
2010 1 4,88,250 

UAS, 

Bangalore 

22 
Cashew Kernels Roasting Machine 

M/s Gayathri Industries 
2010 1 2,96,750 

UAS, 

Bangalore 

23 
Workshop Tools 

M/s Sri Varu Power Tools 
2010 1 15,680 

UAS, 

Bangalore 

24 
Automatic Cashew Sheller 

M/s Agro Tech Engineers 
2011 1 94,500 

UAS, 

Bangalore 

 

(i) Works 

Sl. 

No. 

Particulars of the Work,  

Name and Address of Agency 

Awarded the Work 

Year of 

Work Done 

Quantity 

(Nos.) 

Total Cost Responsible 

Partner 

1 Table with shelf 95X30X24‟, 

Mr. Rony christos , Kollam 

2009 
3 Nos 

46,500/- 
CEPCI, Kollam 

2 Book Shelf 72X36X24‟ 2009 1No. 15,500/- CEPCI, Kollam 

3 Work table with drawer and 

cupboard with granite top 

5X3X3”, Mr. Rony Christos, 

Kollam 

2010 

5 Nos 

39,420/- CEPCI Kollam 

 

4 Work table 6X3X3” with 

drawer and cupboard with 

granite top , Mr. Rony Christos, 

Kollam 

2010 

2 Nos) 

18,630/- CEPCI Kollam 

5 Work table with drawer and 

cupboard with granite top 

5X2.5X3”, Mr. Rony Christos, 

Kollam 

2010 

12 Nos 

1,00,680/- CEPCI Kollam 

6 Work table with chemical shelf 

granite top 6”X3”X3”, Mr. 

Rony Christos, Kollam 

2010 

2 Nos 

25,690/- CEPCI Kollam 

7 Steel Cupboard with glass 

door, Creative Marketing 

Agencies, Kollam 

2010 

 

28,000/- 

 

 

CEPCI Kollam 
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8 Chair (Counter),M/s. Creative 

Marketing agencies, Kollam 

 

2010 

 

19,500/- CEPCI Kollam 

9 Extension of workshop cum 

field laboratory building with 

sheet roofing. 

Sri Balakrishna Naik, PWD 

Contractor, Kappekere House, 

PO Ujjurpade, Balnadu, Puttur, 

Karnataka 

2010 LS 0.931 DCR, Puttur 

10 Aluminum partioning of food 

laboratory 

M/s Estate Branch, UAS, 

GKVK, Bangalore-560065 

2010 1 97,717 UAS, Bangalore 

 

(ii) Livestock: NIL 

 

(iii)  Revenue Generated 

SI No. Source of Revenue Year Total amount (`Rs) Responsible Partner 

1. Royalty of Pollution preventing 

System installed 

2011 10,000/- CEPCI 

2. Conducting various workshops 2013 1,30,500/- CEPCI 

3. Sale of processed cashew kernels 2013 4154/- DCR, Puttur 

 

 

20. AWARDS AND RECOGNITIONS 

SI. 

No. 

Name, 

Designation, 

Address of 

the Person 

Award/ 

Recognition (with 

Date) 

Institution/ Society 

Facilitating (Name & 

Address) 

Responsible 

Partner 

1. Mr.Vincent Vineeth Leo, 

Senior Research Fellow, 

CEPC Laboratory and 

Technical Division, Kollam 

Got Best Paper 

Presentation award 

at 3
rd

 International 

seminar- 

KVM college-cherthala, 

Alleppey, Kerala 

CEPCI, Kollam 

2. Dr D Balasubramanian, 
Principal Scientist (AS & 

PE), Directorate of Cashew 

Research, Puttur, D.K., 

Karnataka 

Best Oral 
Presentation in the 

First International 

Seminar on 

Cashewnut 

(12.12.12) 

International Society of 

Horticultural Science 

(ISHS) jointly with 

Agricultural College and 

Research Institute, 

Madurai, Tamilnadu  

DCR, Puttur 
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21.  STEPS UNDERTAKEN FOR POST NAIP SUSTAINABILITY 

1. PPS: The technology developed for pollution preventing system (PPS) was applied for 

patenting. Indira engineering works, Parassala has got the facility to develop the PPS in 

collaboration with CEPCI, Kollam. Kerala Pollution board has approved this technology. 

CEPCI continue to lend expertise help to this rural industry. 

2. Anacardic acid Extraction: This technology developed for low cost method for the 

extraction of anacardic acid and patented. Sri Mahalakshmi Fertilizers and Chemicals Manipal 

Industrial Area, Udupi are interested in a collaborative venture with CEPCI  

3. New technology for cashew cutting and peeling: This technology developed for low cost 

method for the non thermal method for cutting and peeling of raw cashew nut and patented. 

Sri Mahalakshmi Fertilizers and Chemicals Manipal Industrial Area, Udupi are interested in a 

collaborative venture with CEPCI.  

4. Organizing entrepreneurs training programme and extending technical help to the new 

entrepreneurs for establishing the technologies developed by the project. 

 

22. POSSIBLE FUTURE LINE OF WORK: 

Non thermal technology, Anacardic Acid extraction and Moisture meter field study and 

standardization. More analysis for Grading of RCN.  

 

23. PERSONNEL 

Research Management (CL) From – To (DD/MM/YYYY) 

Mr P. Bharathan Pillai 

 

17
th
 February 2009 to 23

rd
 September 2009 

Shri.T.K.Shahal Hassan Musaliar 24
th
 September 2009 to 29

th
 September 2011& 

30
th
 September 2013 to 31

st
 December 2013 

Mr Harikrishnan Nair 30
th
 September 2011 to 29

th
 September, 2013 

 

 

Scientific (CPI, CCPI, others) From – To (DD/MM/YYYY) 

1. Dr.V.P.Potty, 

        CPI, CEPCI, Kollam 

17
th
 February, 2009 to 30

th
 June, 2012. 

 

2. Dr Prabhakumari C. 

        CPI, CEPCI, Kollam 

1
st
 July 2012 to  31

st
 December 2013 

3. Dr. D Balasubramanian 

Principal Scientist (AS & PE) & CCPI 

Directorate of Cashew Research 

Puttur – 574 202, D.K., Karnataka. 

 

1
st
 April, 2009  to  31

st
 December, 2013 
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4.  Dr. V Palanimuthu 

     Research Engineer & CCPI 

      AICRP (PHT) Scheme 

     UAS, GKVK,Bangalore-560065 

 

1
st
 April, 2009 to 31

st
 December, 2013 

 

5.   Dr. KA Rateesh 

      Managing Director, 

      Kerala state cashew development cooperation, 

      Mundakkal, Kollam, Kerala-691001. 

 

 

1
st
 April, 2009 to  31

st
 December, 2013 

 

                              Contractual         

                                                                

From – To (DD/MM/YYYY) 

                    CEPCI, Kollam 

       1. Dr. Sabna Prabha.S (RA)             8
th
 June 2009 to 5

th
 June 2013 

       2. Mr.Sisu Pramod.S (SRF)      8
th
 June 2009 to 14

th
 December 2010 

       3. Mr.Vincent Vineeth Leo (SRF) 1
st
 January 2011 to 31

st
 December 2013 

       4.Mr. Vinod Viswanath (SRF) 1
st
 July 2012 to 31

st
 December 2013. 

                  DCR, Puttur 

1. Mr. Sandeep T N 

Research Associate  

5
th
 November, 2009 to 30

th
 May, 2011 

2. Mrs. Joycy Lyra Kokila Rodrigues  

Research Associate 

22
nd

 September, 2011 to 31
st
 December, 2013 

                       UAS, Bangalore 

1.Mr. Raghu K 

           Research Associate, AICRP (PHT) Scheme 

           UAS, GKVK,Bangalore-560065 

1
st
 October, 2009 to 31

st
 December, 2010 

        2.Mr. Arun Kumar P 

            Research Associate, AICRP (PHT) Scheme 

            UAS, GKVK,Bangalore-560065 

12
th
 April, 2011 to 31

st
 July, 2012 

 3.Mr. Sandeep T N 

            Research Associate, AICRP (PHT) Scheme 

            UAS, GKVK,Bangalore-560065 

1
st
  August, 2012 to 6

th
 July, 2013 

        4. Ms.Sadvatha R H 

            Research Associate, AICRP (PHT) Scheme, 

            UAS, GKVK,Bangalore-560065 

 

3
rd

 October, 2013 to 14
th
 December, 2013 

             KSCDC, Kollam 

        1.     Priya Antony 1
st
 June 2009 to 31

st
 October 2010 

        2.  Athuya Muralledharan 1
st
 November 2010 to July 30

th
 2012 

       3.    Baphy Bernard 1
st
 August  2012 to 31

st
 December 2013 

                     Office Assistants-CEPCI, Kollam 

      1. Mr. Jayaprakash 8
th
 June 2009 to 31

st
 October 2010 

      2. Mrs. Deeparani.G.S 1
st
 November 2010 to 31

st
 December 2013 
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24. GOVERNANCE, MANAGEMENT, IMPLEMENTATION AND COORDINATION 

A. Composition of the various committees (CIC, CAC, CMU, etc.) 

SI. 

No. 

Committee Name Chairman 

(From-To) 

Members 

(From-To) 

1. Consortium Advisory Committee (CAC) 

Dr K V Peter 

 
1

st
 April, 2009 to  

31
st
 Dec, 2013 

  

Mr Prakash Rao, Kalbhavi Cashes, Karnataka  1
st
 April, 2009 to  

31
st
 Dec, 2013 

Dr R T Gunjatte, Agrl. Expert, Gujarat  1
st
 April, 2009 to  

31
st
 Dec, 2013 

Mrs. Rajasree Pratap, Surya Exporters, Kerala  1
st
 April, 2009 to  

31
st
 Dec, 2013 

2. Consortium Implementation Committee (CIC) and CMU 

Dr.V.P.Potty 17
th
 February, 2009 

to 

30
th
 June, 2012. 

 

Dr.Prabhakumari.C 1
st
 July 2012 to 31

st
 

December 2013 

 

Dr S Ramanathan, CTCRI (ICAR), Kerala  1
st
 April, 2009 to  

31
st
 Dec, 2013 

Dr S N Moorthy, CTCRI (ICAR), Kerala  1
st
 April, 2009 to  

31
st
 Dec, 2013 

Dr M S Sajeev, CTCRI (ICAR), Kerala  1
st
 April, 2009 to  

31
st
 Dec, 2013 

Dr T Srinivas, CTCRI (ICAR), Kerala  1
st
 April, 2009 to  

31
st
 Dec, 2013 

 

B. List of Meetings organized (CIC, CAC, CMU, etc.) 

SI. 

No. 

Details of the 

meeting 

Date Place & Address (Where meeting was organized) 

1. CAC 06.07.2009 Hotel Vaidya, Kollam 

2. CIC and CMU 13.01.2009 Cashew Export Promotion council of India, Kollam 

3. CAC 11.01.2010 Cashew Export Promotion council of India, Kollam 

4. CIC and CMU 18.08.2010 Cashew Export Promotion council of India, Kollam 

5. CAC 17.08.2010 Cashew Export Promotion council of India, Kollam 

6. CAC 06.04.2011 Cashew Export Promotion council of India, Kollam 

7. CIC and CMU 07.04.2011 Cashew Export Promotion council of India, Kollam 

8. CAC 10.04.2013 Cashew Export Promotion council of India, Kollam 

9. CIC and CMU 10.04.2013 Cashew Export Promotion council of India, Kollam 

10 CAC Meeting 06.02.2012 Directorate of Cashew Research, Puttur – 574 202, 

D.K., Karnataka 

11. CIC  Meeting 07.02.2012 Directorate of Cashew Research, Puttur – 574 202, 

D.K., Karnataka 
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PART-III: BUDGET AND ITS UTILIZATION 

 

STATEMENT OF EXPENDITURE (Final) 

 

  (Period from 01.04.2009 to 31.12.2013) 

                

Sanction Letter No: F.No.1(5) 2007-NAIP dated 19.02.2009 

Total / Sanctioned/Revised Sub-project cost: Rs. 289.82 Lakhs 

Date of Commencement of Sub-project: 01.04.2009 

 Duration: From 01.04.2009 to 31.12.2013  

 

Funds Received in each year 

 

I Year Rs. 179.38 Lakhs 

II Year Rs. 29.34 Lakhs 

III Year Rs. 34.81 Lakhs 

IV Year Rs. 33.44 Lakhs 

V Year Rs. 16.57 Lakhs 

 

 

Total amount received   : Rs 293.54 Lakhs 

Total expenditure `         : Rs 264.56 Lakhs 
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                                                                                                     Chairman, CEPCI, Kollam 
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PART-IV: DECLARATION 
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ANNEXURE 1- VALUE CHAIN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Import

Mandi

Farmer

ProcessorProcessor

Cashew
shell

Agent

Local agent

Storage

Value chain in Cashew industry before Intervention

CNSL Cashew 
nut kernel

Testa

Processing

Storage

,

Packaging

Marketing

2

5

7
8

9

1 A. No Grading system for 

RCN and no proper 

linkages between farmer 

and processors 

1B.Poor Storage Practices –No Protocols

3. Lack of uniform 

standard. 4 B. 

Value added  

products from 

broken and other 

bits of cashew 

kernels

4 A. Wastage 

of CNSL and 

Cashew shell 

cake

2 A. Primitive 

processing 

technologies causing 

pollution; Lack of  

assessment  and 

verification of  new 

technologies in 

Indian markets; 

Innovations in 

processing

4 A.  Wastage of 

Cashew Shell and Testa

5. Lack of packaging 

standards and 

assessment

5. Lack of 

marketing, training 

and publicity for 

cashew related by 

products and their 

utilization 
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Interventions of each objective 

Objective 1  Objective 2  Objective 3  Objective 4  Objective 5 

Refer Part II Technical Details; 3 OVERALL SUB-PROJECT OBJECTIVES for partner wise 

interventions role. 
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ANNEXURE 2 - Media Publication and Promotional 

Activities 
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