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Part-I: General Information of Sub-project 

 

1. Title of the sub-project: A value chain on aloe vera processing 

2. Sub-project code:  

3. Component: 2 

4. Date of sanction of sub-project: 15.04.2009 

5. Date of completion: 30.06.2012 

6. Extension if granted, from _______NA________________to__________________ 

7. Total sanctioned amount for the sub-project: Rs. 390.9698 lakhs 

8. Total expenditure of the sub-project: Rs. 224.61468 Lakhs 

9. Consortium leader:  

Professor P. P. Chakrabarti 

Indian Institute of Technology, Kharagpur – 721302 

Phone : +91 3222 282002, Fax : +91 3222 282000 

ppchak@cse.iitkgp.ernet.in, www.iitkgp.ac.in  

 

10. List of consortium partners: 

Consortium 

partners 

Name of CPI/ 

CCPI with 

designation 

Name of organization and address, 

phone & fax, email 

Duration 

(From-To) 

Budget 

(` Lakhs) 

IIT, Kharagpur Dr. P. P. 

Srivastav, 

Assistant 

Professor 

Agricultural & Food Engineering 

Department, IIT, 

 Kharagpur-721302 (WB) 

Mobile: 9434043426 

Phone: 03222-283134 

Fax: 03222-282244 

E-mail: pps@agfe.iitkgp.ernet.in  

15 April 

2009 – 30 

June 2012 

287.8620 

UAS Raichur 

(Dharwad) 

Dr. C. T. 

Ramachandra, 

Assistant 

Professor 

Department of Agricultural 

Processing and Food Engineering, 

PB No. 329, Raichur-584102, 

Karnataka 

Mobile: 9449627325 

Phone: 08532-221577 

Fax: 03222-28220079 

E-mail: ramachandract@gmail.com 

15 April 

2009 – 30 

June 2012 

79.9450 

Society for 

Woman, 

Agriculture and 

Rural Development 

(SWARD) 

 

Mr. K Veeresh  

NGO Secretary 

Society for Woman, Agriculture  

and Rural Development (SWARD) 

No. 8-11-180/228, Vidyanagar, 

Raichur 584 103 Karnataka 

Phone: 08532-240228 

Mobile: 09449613491 

E-mail: sward83_rcr@yahoo.com  

15 April 

2009 – 30 

June 2012 

8.9250 

Midnapore Cultural Mr. N. K. Jana Midnapore Cultural and Welfare 15 April 8.9250 

mailto:ppchak@cse.iitkgp.ernet.in
http://www.iitkgp.ac.in/
mailto:pps@agfe.iitkgp.ernet.in
mailto:ramachandract@gmail.com


2 of 121 

 

& Welfare 

Association 

NGO Secretary Association, Midnapore-721101 

(WB) 

Phone: 9434162704 

E-mail: nikhil_jana@yahoo.com  

2009 – 30 

June 2012 

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

 

11. Statement of budget released and utilization partner-wise (` in Lakhs): 

Consortium 

partners 

CPI/ CCPI Name, designation & 

address) 

Total budget 

sanctioned 

Fund 

released 

(up to 

closing 

date) 

Fund 

utilized 

(up to 

closing 

date) 

IIT, Kharagpur Dr. P. P. Srivastav, Assistant 

Professor Agricultural & Food 

Engineering Department, IIT, 

Kharagpur-721302 (WB) 

291.6380 234.63659 143.40601 

UAS Raichur 

(Dharwad) 

Dr. C. T. Ramachandra, Assistant 

Professor 

Department of Agricultural 

Processing and Food Engineering, PB 

No. 329, Raichur-584102, Karnataka 

79.9450 76.1545 71.2328 

M/s. Eternity 

Herbals, Gadag 

Karnataka 

Mrs. Pushpa Neelannvar, 

Entrepreneur 

Eternity Herbals, 35/B, Hubli Road, 

Hirebana, Lakshmeshwar-582116, 

Shirahatti (Tq), Gadag (Dist) 

Karnataka 

8.9250 1.18125 1.18125 

Midnapore 

Cultural & 

Welfare 

Association 

Mr. N. K. Jana, NGO Secreatary 

Midnapore Cultural and Welfare 

Association, Midnapore-721101 

(WB) 

8.9250 7.63215 8.87800 

Total  385.6570   

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

1. Introduction 

 

The genus Aloe belongs to the Liliaceae family, including the species Aloe barbadensis 

Miller, commercially known as "aloe vera". It has turgid green leaves joined at the stem in a 

rosette pattern. Aloe vera leaves are formed by a thick epidermis (skin) covered with cuticle 

surrounding the mesophyll, which can be differentiated into chlorenchyma cells and thinner 

walled cells forming the parenchyma (fillet). The parenchyma cells contain a transparent 

mucilaginous jelly, which is referred to as Aloe vera gel.  

Aloe vera has thick, fleshy leaves covered with fleshy spikes and bears hanging, tubular, 

yellow flowers (Martínez et al., 1996). The plant is xerophylous, being well adapted in dry land 

areas, and has tissues highly modified for water retention and storage (Denius and Homm, 1972).  

The adaptation for water retention quality of Aloe vera leaf favors the formation of a dense 

gel, containing 0.985 g water/g wet basis. The gel is protected from evaporation by a film of a 

substance known as aloe, composed mainly of resin and aloins (Vega et al., 2005). The gel of the 

plant has traditionally been employed by people for its content of substances known for healing, 

and other properties. It is rich in mucilages formed by galacturonic and glucuronic acids, linked to 

sugars such as glucose, galactose and arabinose. Other polysaccharides are present which contain 

high amount of uronic acids, fructose and other hydrolyzable sugars. Its chemical composition 

also includes phenolic components with high antioxidant property, generally classified as 

cromones and anthraquinones.  

The potential use of Aloe vera products often involves some processing, e.g. heating, 

dehydration and grinding. Processing may cause irreversible modifications in the polysaccharides, 

affecting their original structure, which may promote important changes in the proposed 

physiological and pharmaceutical properties of these constituents. Processing of Aloe vera gel 

derived from the leaf pulp of the plant has become a big industry worldwide due to its application 

in the pharmaceutical, cosmetic and food industry.  

In the food industry, aloe vera has been utilized as a source of functional food, especially 

in the preparation of health drinks and other beverages, including tea. These drinks/beverages 

contain Aloe vera gel and have no laxative effects. The amount of Aloe vera that finds its 

application in the pharmaceutical industry is not negligible as far as the manufacturing of topical 

ointments, gel preparations, tablets and capsules are concerned (Mortan, 1961). Aloe vera gel also 

finds its application in the cosmetic and toiletry industries, where it is used as a base in the 

preparation of creams, lotions, soaps, shampoos, and facial cleaners. 

Aloe vera gel is also used in other food products, for example, milk, ice cream 

confectionery, and so on. However, Aloe vera gel juice was not very popular due to their laxative 

effect and majority of them contained absolutely no active mucilaginous polysaccharides or 

acemannan. Although colour changes have little relation to the therapeutic effectiveness of 

stabilized gel, they are rarely acceptable psychologically by the users. The colour change is totally 

unacceptable in some products. It, therefore, becomes imperative that a simple but efficient 

processing technique be developed, especially in the aloe beverage industry for improving product 
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quality, for preserving and maintaining almost all the bioactive chemical entities naturally present 

in the plant during processing. 

Generally, the production process of aloe products involves crushing, grinding or pressing 

of the entire leaf of the Aloe vera plant to produce an Aloe vera juice, followed by various steps of 

filtration and stabilization. The resulting solution is then incorporated in or mixed with other 

solutions or agents to produce foods, pharmaceuticals, or cosmetic products. 

Unfortunately, because of improper processing procedures, many of these so-called aloe 

products contain very little or virtually no active ingredients, namely, mucopolysaccharides 

(Douglas and Reynolds, 1986). In view of the known wide spectrum of biological activities 

possessed by the leaves of the Aloe vera plant and its widespread use, it has become imperative 

that the leaf be processed with the aim of retaining essential bioactive components. 

Aloe vera gel is commercialized as powdered concentrate. Traditionally, Aloe vera gel is 

used both, topically (treatment of wound, minor burns and skin irritations) and internally to treat 

constipation, cough, ulcers, diabetes, headache and immune system deficiencies. The powder is 

widely used in food products. It is presently used in health drinks, sport beverages, soft drinks, 

candies and chewing gum. It is even used to prepare hangover remedy. A few examples of the 

product applications in food and beverage products are aloe soft drink (with electrolytes), diet 

drink with soluble fibre, hangover drink, healthy vegetable juice, tropical fruit juice with Aloe 

vera, yogurt and yogurt drinks, Aloe vera jelly desserts with chunks of aloe, instant Aloe vera tea 

granules, Aloe vera gums for sore or bleeding gums, Aloe vera candy, Aloe vera sherbet with 

citrus juice and Aloe vera fruit smoothies (http://www. aloecorp. org). 

The high temperature during drying of Aloe vera gel leads to irreversible modifications in 

the active substances, affecting their original structure, which may promote important changes in 

the food and pharmacological properties of Aloe vera gel. To retain higher degree of product 

freshness and retention of biological activity, the low-temperature dehydration has very good 

potential to retain high level of heat-stable components and sensory attributes than any other 

dehydration process. Presently, spray-drying and freeze-drying technologies are commonly 

followed in aloe industries, which are time consuming and are of high-end cost (He et al., 2002). 

To find an alternative technology to these, desiccant-drying system is thought of which is expected 

to retain the essential food and pharmacological properties of Aloe vera gel to a great extent.  

2. Overall Sub-project Objectives 

1. Characterization and selection of suitable genotype(s) for processing. 

2. Development of mechanized systems for gel extraction.  

3. Process technology development for different aloe products and utilization of by-products. 

4. Development of pilot scale aloe processing facility and its economic analysis. 

5.  Capacity building and skill development of the stake holders to improve value chain. 
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3. Sub-project Technical Profile 

Objective – 1 

Physicochemical, thermal and biological characterization of Aloe gel during various stages of 

cultural practices and processing to optimize the process parameters. 

a) Physico-chemical and thermal characterization 

i. Evaluation of water retention and gel swelling capacity. 

ii. Thermal analysis of gel to determine the changes during thermal applications and 

glass transition temperature. 

b) Biological activity of aloe gel 

i. Determination of total polysaccharide, lignin, protein, total phenols and aloin 

ii. Tyrosinase inhibition, antioxidant potential 

Objective – 2 

Development of mechanized systems of extraction of aloe vera gel  

a) Design and development of aloe vera leaf grading and washing machines 

b) Design and development of a continuous type aloe vera gel filleting machine 

c) Optimization of machine parameters for aloe vera gel filleting 

Objective – 3 

Process technology development for innovative aloe products suitable for domestic and 

international markets. 

a) Development of process technology for production of processed gel 

b) Development of process technology for production of aloe powder through desiccant air 

dehydration followed by cryogenic grinding. 

c) Reconstitution/ rehydration of gel powder and its characterization. 

d) Use of processed gel for various aloe based products and process technology for aloe based 

fruit (Amla, Jamun, Water Melon, Mango and Pineapple) beverages.  

e) Drug release mechanism for various aloe products developed. 

Utilization of Aloe vera rind in formulation of cosmetics, fruit coatings, fish feed and vermi-

composting. 

4. Baseline Analysis  

Baseline Data 

The project aims at promotion of Aloe vera processing in the farm lands of Raichur district 

Karnataka envisaged in the work plan. For the selection of taluks, villages and farmers, purposive 

sampling procedure was followed based on logistics. In the said district five taluks, namely 

Raichur, Manvi, Sindanur, Lingsagur and Devdurga representing as clusters were selected. Only 

the farmers who are willing to take up Aloe vera production and processing were selected for the 
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project as sample farmers and they represent different villages in the taluk. Using pre-tested 

interview schedules, the base line information at farmer’s taluk and district level were collected. 

The information regarding population status, land use pattern and other factors were collected 

from various sources. The village level information was collected from farmers through direct 

interviews. 

A. Population statistics   

According to population census 2001, the population of Karnataka is about 52,850,562 

contributing 5.3 per cent of India’s population. The male and female population of the state is 

26,898,918 and 25,951,644 respectively. The population of Raichur district is 1669762. The 

population of the operational zone is as shown in Table 4.1. 

Table 4.1: Taluk wise area and population of the operational district 

Sl. No. Taluk Area      

(sq. km)  

No. of villages Population 

(Census 2001) 

1 Devdurga 1508 173 222457 

2 Lingasagur 1948 186 321042 

3 Raichur 1535 147 330719 

4 Manvi 1793 164 435380 

5 Sindanur 1599 160 360164 

 Total 8383 830 1669762 

i) Distribution of population in the sample villages 

The population status in the study villages indicated that 25 villages represented more 

female population; 41 villages represented 95–99 female as against 100 male and seven villages 

represented lower female population of less than 90 for 100 male (Table 4.2).  

Table 4.2: Classification of villages based on population male: female ratio 

 

     

Sl. No. 

Class 

(No. of females per 100 

males) 

No. of 

villages 

1 >100 25 

2 95-99 41 

3 90-95 12 

4 <90 07 

   Source: Census of India, 2001 

ii) Distribution of population based on sex and age  

A total of 530 respondents were interviewed in Raichur district as outlined in the 

methodology and depicted in Tables 4.3 and 4.4. Out of 530 respondents, around 94 per cent of 

the respondents were male and around 5 per cent are female. This implies that the distributions of 

respondents were skewed towards more of male populations being engaged in farming activities.  
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Table 4.3: Distribution of respondents based on sex 

Sl. No. Sex Respondents 

No. Percentage 

1 Male 500 94.34 

2 Female 30 5.66 

Total 530 100.00 

Table 4.4: Distribution of respondents based on age 

 

 

 

 

The distribution of respondents based on age ranged from young (less than 25 years) to old 

(more than 50 years). However, 50 per cent of the respondents were below the age group of 25 

years. In total, around 50 per cent of the respondents are from the middle and old age category 

implying that farming experience is the major driving force for adoption of Aloe vera cultivation 

and processing. 

51%

32%

17%

Young (up to 25)

Middle (26 to 50)

Old (Above 50 years)

  

   Fig.4.1. Distribution of respondents based on age 

BASE LINE INFORMATION ON KNOWLEDGE ON ALOE VERA PROCESSING 

The farmers in the sample villages are interviewed with pre-tested skills, knowledge test 

questionnaire in order to assess the knowledge on Aloe vera processing among user groups. 

Similarly accessibility information is also discussed. 

 

Sl. No. Age Respondents 

No. Percentage 

1 Young (up to 25) 270 50.94 

2 Middle (26 to 50) 170 32.08 

3 Old (Above 50 years) 90 16.98 

Total 125 100.00 
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Knowledge test:  

The knowledge test was conducted among 530 respondents using well prepared 

questionnaire. The results indicate that the knowledge on Aloe vera processing is ranged between 

25–30%. The results of knowledge test indicates that the knowledge level of farmers ranged 

between 25–30% only which needs to be improved through intervention by the current NAIP sub-

project to inculcate the knowledge on Aloe vera processing through capacity building, field visits 

and demonstration on Aloe vera processing in a decentralized manner across the various clusters 

(Table 4.5). 

Table 4.5: Knowledge level of the respondents 

Sl. No Knowledge score 
Respondents 

No Percentage 

1 0–25 500 94.34 

2 25–30 30 5.66 

3 31–59 0 - 

4 60-100 0 - 

 

Information Sources: 

The 300 respondents out of 530 got information sources from TV, radio and news papers 

and others through other sources.  

Baseline value for the knowledge in the project operational zone i.e. Raichur is 25–30%. 

BASE LINE STATUS OF HARVEST, POST HARVEST AND VALUE ADDITON 

Harvest 

An Aloe plantation gives commercial yield from third year of transplanting. Generally 3-4 

pickings per year can be taken up depending upon the growth of the plants. On an average 15-20 

t/ha fresh leaf is obtained from third year plantation. However, well managed irrigated crop can 

give up to 30-35 t/ha fresh leaf. Fully developed mature leaves should be harvested for extraction 

for aloe juice.  Manual harvesting of Aloe vera leaves is most commonly practiced method among 

the respondents; however, there is scope for mechanization of leaf harvesting due to shortage of 

labours in future.   

Post-harvest  

Care must be taken in preparing the leafy plant material for gel extraction and drying or 

distillation. Freshly harvested plants are generally allowed to wilt and loose moisture in the field 

before transporting, although some volatiles are lost. Wilting is noticed normally within 24 to 72 

hours. But the plant should be kept dry and cool to prevent fermentation or mould growth.  A 

concrete floor under shade can be used. The best oil is in the top leaves. 

Gel extraction/filleting is one of the important post harvest practices in Aloe vera 

processing. Presently, hand filleting is most commonly followed at the catchment level/primary 
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processing level, which is to be mechanized in order to obtain good quality gel with improved 

efficiency. 

The term ‘Aloe’ used in medicine stands for the dried juice, which flows from the 

transversely cut bases of the leaves. For processing of “Aloe”, the juice is allowed to drain from 

the cut leaves into vessels and then concentrated by evaporation, either by spontaneously or 

frequently by boiling. Sun dried or concentrated “Aloe” juice over a fire gives an amorphous, 

opaque waxy extract called ‘hepatic’ or ‘livery’ aloe. When the juice is concentrated rapidly over  

a strong fire, the product obtained on cooling is amorphous and semi transparent and is called 

‘glassy’ or ‘vitreous’ aloe. 

Besides the dried juice, gel is also important product of Aloe vera. The mucilaginous pulp 

from the leaf, which is mainly carbohydrate in nature, is used in food, pharmaceutical and 

cosmetic industries and also in treatment of many human diseases. The leaves left over after the 

removal of their exudates is cut open and mucilage is scraped out with a blunt edged knife for 

isolation of gel. Extracted mucilage is stirred vigorously in a blender to make it homogenous 

mixture (solution). This mixture is strained with the help of muslin cloth and then filtered. The gel 

is precipitated from the extract by slowly adding acetone while stirring. This whole content is kept 

for overnight and the gel is isolated by centrifugation. 

By-product utilization 

At present the base line value of by-product utilization of Aloe vera processing is zero. 

Rind is the by-product which constitutes about 30-40% of total processing. NAIP team will 

intervene at appropriate levels for efficient utilization of the rind to increase its base value.  

The knowledge of post harvest practices of Aloe vera processing among the respondents is 

meager, however, awareness is to be created among the farmers by conducting 

training/experiential learning and skill development of the farmers. 

Value addition 

Aloe vera products 

The base line value for value addition and preparation of Aloe vera products is minimum. 

The Aloe vera products like, Aloe vera fruit juice, Aloe vera gel powder, Aloe vera jam etc., can 

be prepared by the farmers and they can get remunerative price for value added products. 

However, the proper training is skill development in these areas essential for farmers to add value 

to the existing supply chain. The intervention of NAIP team at appropriate levels will strive post 

sustainable value chain on Aloe vera processing. 

OUT PUT AND OUT COME INDICATORS OF ALOE VERA PROCESSING 

The concept of Aloe vera processing is being promoted and demonstrated in consortium 

approaches which will have significant impact on the issues related to processing and marketing of 

Aloe vera and Aloe vera products. This besides, the role in price middleman and contractors play 

significant role in price information, fixation, market and trade which results in poor return to the 

grower. 
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Under such circumstances, the intervention of current project at various levels of 

processing and marketing will have serious and significant impact at the end of the project period. 

The baseline values for various indicators and the proposed and possible impact are furnished. The 

baseline values are indicated based on survey using pre tested questionnaire and direct visit to 

cultivation sites.  

Table 4.6: Baseline values for processing and supply chain variables 

Sl. No. Variables Baseline value Impact 

I Processing and value addition variables 

1 Harvest type Manual Mechanical 

2 Filleting process Manual Mechanical  

3 Drying process Spray and freeze-dried Low cost desiccant 

dehumidified air dried 

4 Primary processing 0.0 Processed Aloevera 

products 

5 Knowledge on value addition 0.0 100 beneficiaries 

II Supply chain 

1 Existing supply chain 0.0 Value chain 

2 Price supportive mechanism 0.0 Assured contract price 

3 Price information system 0.0 Through website 

 

PHOTO ILLUSTRATIONS  

Survey carried out in farmer field at Krishnapur Village by NAIP, Raichur team 

The consortium team of the NAIP Raichur centre visited the farmer’s filed located at 

Krishnapur, TQ: Surpur, Dist: Yadagiri, those who have planted the Aloe vera. The detailed 

survey work was conducted regarding the agronomic practices of the Aloe vera plant and social 

involvement of the farmers. The farmers were used the following manures; farm yard manure, 

waste material generated in their farm, compost and vermin compost etc., to grow the Aloe vera 

plant. The photo illustrations are shown hereunder. 
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5. Research Achievements with Summary 

IIT Kharagpur 

Objective – 1 Characterization and selection of suitable genotype(s) for processing 

 

Seasonal influence on the physico-chemical properties of aloe gel 

 

Introduction: 

Aloe vera L.  (Aloe barbadensis Miller) belongs to Asphodelaceae family t h a t  possesses 

therapeutic and antioxidant properties. Aloe vera leaves are widely used in skin care products 

and as health supplement. Tropical Africa is the original habitat of this Aloe species  but  now  

these  plants  are  cultivated  in  warm  climate  areas  of  Asia,  Europe  and America. Colorless 

parenchymotous leaf gel from aloe is used as skin treatment substance and the anthrone rich 

exudates from the inner epidermal cell layers are used as purgative ingredient in the herbal 

medicine.   In addition to a large amount of water (more than 98%) this gel mainly composed 

of polysaccharides. 

Presently aloe plants are cultivated in India to meet the need of aloe gel for booming 

aloe industry. Since, there is no data base is available for ideal harvesting time in Indian 

climate, aloe leaves are harvested in an unorganized manner. Due to this reason, the product 

quality and consistency of the product affects seriously. This is one of the main barriers for 

certification of Indian Aloe vera products in domestic and international markets. AS little 

information is available on the quality of the aloe gel (physical, chemical and biological 

activities) for Indian cultivar of Aloe vera and the seasonal influence on gel quality a study 

has been made for  the  seasonal  variation  of aloe  gel  in its physical, chemical and biological 

attributes. 

Preparation of samples- Aloe babadensis Miller or Aloe vera L. was cultivated in Agricultural 

farm of IIT, Kharagpur, Paschim Midnapore, West Bengal, India. Artificial irrigation system 

was used to maintain the water requirements to the cultivated plants whenever necessary. 

Healthy and fresh leaves having a length of 30-40 cm were harvested from 1
s t

 whorl position 
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of 2.5 year old aloe plants. Aloe leaves are harvested in three different seasons of the year. 

The whole leaves  were  washed  with  running  tap  water  and  distilled  water  to  remove  dirt  

from  the epidermis  of the leaves.  After removing the spikes, the leaves were cut transversely 

into pieces and the thick epidermis was carefully separated from the parenchyma using a 

scalpel shaped   knife.   To   obtain   the   lyophilized   material   (LY),   the   mucilaginous   gel   

was homogenized and lyophilized for 72 hours. The lyophilized samples were ground into fine 

powder and stored in a closed air tight containers at –20 °C until further use. 

Measurement of gel yield- The gel yield data is expressed in terms of Raw Gel Figure (RGF). 

Measurement of physical properties- Physical characterization of aloe gel was conducted 

following evaluation of swelling capacity (SW), water retention (WRC) and fat absorption 

(FAC) capacity according to the method of Femenia et al. (2003). 

Differential Scanning Calorimetric analysis:- DSC was carried out in Perkin-Elmer DSC (USA) 

at a heating rate of 10 °C/ min to evaluate the thermal transition of aloe gel gelatinization.  

Melting point of indium and n- dodecane was used for temperature and heat quality capacity 

calibration. An empty pan was used as reference to balance the heat capacity of the sample pan. 

Estimation of chemical properties- Total phenolic content (TPC) of each sample was estimated 

according to the method of Zin et al. (2006). LY materials were dissolved with 50% methanol 

for 24 h at 40 °C and centrifuged at 4500 rpm for 15 min. The supernatant was collected for total 

phenol content estimation. Total phenolic contents were expressed as µg GAE/ mg dry weight 

of lyophilized gel. 

Amount of soluble polysaccharides in lyophilized samples were determined using the 

phenol sulphuric acid method (Dubois et al., 1956). Estimated values were expressed as µg 

polysaccharide content per mg lyophilized sample. 

Results 

Estimation of Gel yield- Gel yield ranged from 52.2 to 66.6% in different sizes of leaves. 

Measurement of physical properties- Physical characterization data are shown in Table 5 .1. 

WRC values varied from 36.21 g/g to 37.11 g/g for lyophilized gel (Table 5.1). In case of 

swelling capacity, detected values ranged from 54.33 ± 3.21 ml/g to 56.67 ± 4.16 ml/g. The 

estimated values for FAC were found to be 4.63 ± 0.46 g/g, 4.38 ± 0.54 g/g and 4.35 ± 0.48 g/g 

for summer, winter and rainy season, respectively. 

Evaluation of Thermal properties- Thermal properties of aloe gel are shown in Table 5 . 2. 

Glass transition temperature ranged from 75.61 to 111.75 °C. 

Estimation of chemical properties- Total phenol content and total soluble polysaccharide content 

values are indicated in Table 5.1. Total  Phenolic  contents  varied  from  3.39  ±  0.33  to  8.92  ±  

0.55  µg  GAE/mg lyophilized gel. The amount of total soluble polysaccharide content was 

found to be 527.67 ± 18.03 µg/mg for summer season and 513.20 ± 24.00 µg/mg for rainy 

season. 
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Table 5.1 Physico-chemical characterization of aloe gel collected in three different seasons (Rainy, winter 

and summer season) under Indian climate.  

Name of the experiments conducted Summer season Rainy season Winter season 

RGF (g/g) 0.574 0.522 0.666 

WRC (g/g) 38.94 ± 3.70 36.21 ± 3.76 37.11 ± 3.60 

SW (ml/g) 56.67 ± 4.16 54.33 ± 3.21 56.33 ± 3.51 

FAC (g/g) 4.63 ± 0.46 4.35 ± 0.48 4.38 ± 0.54 

Total phenol content (µg/mg) 8.92 ± 0.52 3.39 ± 0.33 4.01 ± 0.31 

Total soluble polysaccharides (µg/mg) 
527.67 ± 18.03 513.20± 24.00 518.78 ± 21.10 

RGF – Raw gel figure 

SW – Swelling capacity, 

WRC- Water retention capacity, 

FAC – Fat adsorption capacity 
  

 

 
Fig. 5.1 DSC heating thermogram of aloe gel obtained from 2.5 year old aloe plants during summer 

season. Tg = glass transition. 

  

Table 5.2 Thermal properties of aloe gel collected in summer, rainy and winter seasons. 

Season Onset temp °C End temp °C Tg   °C Delta Cp (J/g* °C) 

Summer 111.91 113.10 111.75 2.263 

Rainy 87.98 121.69 88.08 2.01 

Winter 73.78 77.16 75.61 0.412 

An analysis of the influence of age of the plants and gel collection seasons on antioxidant 

activity of AG. A consolidated effort has also been made to study the phenolics and 

polysaccharide distribution, and to detect the predominant functional groups of gel at different 

growth periods (2, 3 and 4-year-old plants) of A. vera. 
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Healthy and fresh leaves having a length of 35–45 cm were reaped from 1st whorl position 

of the plants. Gleaned leaves were washed with double distilled water to remove dirt. After 

removing the peripheral spikes, the leaves were cut transversely into pieces and thick epidermis 

was care- fully separated from parenchyma. The resulting mucilaginous gel was homogenized and 

allowed to freeze at −20 ◦C for solidification followed by freeze-drying for a consecutive 72 h. 

Pulverized freeze-dried (FD) parenchymatous gel obtained from 2, 3 and 4-year-old plants during 

summer were assigned as S2, S3 and S4 respectively. R3 and W3 represent the FD-gel prepared 

from 3-year-old plants during rainy and winter season, respectively. FD-AG was used in all of the 

analyses to evaluate the antioxidant potential followed polysaccharide and phenolics distribution, 

FTIR analysis and 1 H NMR study. 

FD-AG exhibited considerable antioxidant activities, with reference to different 

antioxidant assays. The antioxidant potential of gel was affected by the influence of age of the 

plant and gel harvesting season. The differences in the distributions of phenolics and the degree of 

acetylation of the component polysaccharides at different harvesting regimens are found to play a 

decisive factor in the regulation of the antioxidant potential of the foliar gel of A. vera. A 

significantly higher antioxidant activity in 3-year-old aloe of summer season accounts for a 

relatively higher concentration of phenolics and a higher degree of acetylation in the component 

polysaccharides of respective gel. Collectively, it appears that the 3-year-old A. vera and gel 

harvested in summer could be considered as an ideal source for onward processing with reference 

to the pertained antioxidant activity with high polysaccharide content. 

 

Flow behavior of Aloe Vera (Aloe Barbadensis Miller) gel with added gums 

Materials and Methods 

Raw Material - Matured leaves of Aloe Barbadensis Miller variety were collected from IIT, 

Agricultural farm by maintaining uniformity and cleanliness in the leaves required for 

experiments. 

Type of Gums - Three different types of gums viz. Carboxy Methyl Cellulose (CMC), Pectin, 

Carrageenan and Xanthan were used in the investigation of rheological properties of aloe vera 

juice due to their nutritive value, easily available and worldwide acceptability. 

Instrumentation - Instruments used in preparation of sample and determination of rheological 

properties of aloe vera juice are discussed here. 

Rotary Vacuum Evaporator - The aloe vera gel extracted was subjected to concentration at 50
o
C 

using a batch scale laboratory model rotary vacuum evaporator (750mL/batch) by varying the 

inside vacuum  from 760mm Hg abs. to 50mm Hg abs. as time elapsed and concentrated  juice 

was further used for freeze drying purpose.  

Freeze Dryer - Freeze dryer consisted of three main parts namely, (a) Vacuum chamber, (b) 

Condenser and (c) Vacuum pump. It works on sublimation principle where freezing of the sample 

is the pre requisite of this process 

Sample Preparation- The sample used for this investigation was raw aloe vera juice obtained from 

matured and healthy leaves Aloe barbadensis Miller. The leaves are next cut transversally at the 
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bottom. Soon after cutting, they kept vertically to remove the Aloin. After this filleting or peeling 

operation is carried out, then pulp is crushed in mixer and juice is prepared.  The viscous clear 

transparent juice is then passed through a filtration muslin cloth to get clear, water white,  

transparent juice. 

Rheological Measurements - Rheological properties were measured using a Malvern Rheometer. 

This instrument is fully automatic provided with Bohlin Software to record the data. Measuring 

System: DG26.7-SN24836; d=0 mm (cup and bob); is used for aloe vera juice without thickening 

agent and Measuring System PP50-SN24598; [d=0.2 mm] (cone and plate) used for aloe vera 

juice with thickening agent. Temperature effects were evaluated at six levels (20, 30, 40 and 50 
0
C). Shear rate of 200 to 1,000s

-1
 is used for present investigation. 

Analysis and modeling - The experiments were conducted in triplicates. Mean values were 

calculated using Microsoft Excel 2007 (XP Edition, Microsoft Corporation, USA). Analysis of 

data is done in Origin Pro 8.6 software by giving a user defined function and operations were 

performed by using non linear regression tool.  

Determination consistency coefficient (K) and flow behavior index (n)- To find the value of n and 

K, the graph is plotted between apparent viscosity against shear rate and values of flow behavior 

index and consistency index were determined from Eqn. (5.1). 

 

Where,  

 = shear stress exerted by the fluid (Pa), 

K = the consistency coefficient, 

 = shear rate (1/s) and  

n = the flow behavior index. 

Determination of the effect of temperature on consistency coefficient- Investigation of consistency 

coefficient of aloe vera juice as a function of temperature at various concentrations can be done by 

plotting the curve between consistency coefficient and inverse of absolute temperature and well 

fitted in Arrhenius model as given in Eqn. (5.2).  

K= A0 e
 (Ea/RT)………      

(5.2) 

Where, 

A0 = Constant 

Ea = Activation energy of flow (kJ/mol K)
  

R =Universal gas constant (8.314 J/mol K)  

T = Absolute temperature (K)
 

Determination of activation energy- Activation energy is required for flow of fluids and it can be 

determined by using Arrhenius equation. For this purpose Ea/R can be determined by Arrhenius 

equation between consistency coefficient and inverse of absolute temperature (1/T) and 

subsequently activation energy was determined.  

(5.1) 
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Total solids- After the extraction of juice, they were concentrated by adding gums and were used 

in the investigation  

Table 5.3: Concentration of aloe vera gel (% total solids) 

Type of gel 

Concentration of added gums (% total solids) 

I ii iii iv 

Aloe vera gel with CMC 0.1 0.2 0.3 0.4 

Aloe vera gel with Xanthan 0.1 0.2 0.3 0.4 

Aloe vera gel with Carragennan 0.1 0.2 0.3 0.4 

Reconstituted aloe vera gel 1 2 3 4 

 

Shear rate and Viscosity and determination of rheological constants 

The variation of viscosity with shear rate is deciding factor for the flow behavior of the 

fluid. Here, apparent viscosity of reconstituted aloe vera gel was plotted against shear rate at room 

temperature for all concentrations 1%, 2%, 3% and 4% as shown in Fig 5.2 and 5.3.  

     

Fig 5.2: Variation in apparent viscosity of aloe vera gel with 

increasing shear rate. 

Fig. 5.2 reveals that as shear rate increased, the apparent viscosity decreased for all 

concentrations signifying inverse relation between apparent viscosity and shear rate at particular 

temperature and hence the fluid is non Newtonian and the similar behavior was also found with 

other concentration of the aloe vera gel (aloe vera gel with gums). Increase in shear rate with 

decrease in the apparent viscosity of fluid leads to shear thinning.  

The values of apparent viscosity were plotted against of shear rate for the aloe vera juice, 

using Eq. (5.1) and a typical curve for aloe vera juice having different solid concentration of food 

stabilizer is presented at particular temperatures in Fig. 5.2 to Fig.5.5. The curve is a straight line 

with negative slope at all temperatures, indicating non-Newtonian characteristic of the aloe vera 

juice. A similar trend was observed for the aloe vera juice at other levels of solid concentration of 

food stabilizer. The flow behavior index (n) and consistency coefficient (K) were estimated from 

slope and intercept of these straight lines and their values are given in Table 5.4 at various 

concentrations. However, increase in the concentration resulted into decrease in the values of flow 

behavior index values, signifying increase in the pseudoplasticity of aloe vera juice.  
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Fig 5.3: Variation in apparent viscosity of aloe vera gel 

with increasing shear rate for various concentration 

aloe vera gel. 

 Fig. 5.4: Variation in apparent viscosity of aloe vera 

gel with increasing shear rate for various 

concentration of CMC in aloe vera gel 

 

 

 

Fig 5.5: Variation in apparent viscosity of aloe vera gel 

with increasing shear rate for various concentration of 

Xanthan in aloe vera gel 

 Fig 5.6: Variation in apparent viscosity of aloe vera 

gel with increasing shear rate for various 

concentration of Carageenan in aloe vera gel. 

Effect of temperature on viscosity of concentrated aloe vera juice- Temperature plays an important 

role in rheological studies of non Newtonian fluids when a material is subjected to a variety of 

temperature of shear rate in processing. Therefore, it is essential to know the viscosity at proposed 

temperature for selected aloe vera gel.  

Log of Apparent viscosity of reconstituted aloe vera gel was plotted against different 

temperature (20
o
C, 30

 o
C,40

 o
C and 50

 o
C) for all concentrations of different gums.  

It was referred form fig 5.8 to 5.10 that as the temperature increased the apparent viscosity 

decreased for all concentrations signifying inverse relation between apparent viscosity and 

temperature at particular shear rate and hence the fluid is non Newtonian.  

Similarly, for other combination of aloe vera gel, (aloe vera gel with gums) the data of 

apparent viscosity were plotted temperature at particular shear rate for all the concentrations of all 

the gums and results obtained similar to aloe vera gel.  

The values of apparent viscosity were plotted against temperature for aloe vera juice by 

using power law model and typical curves is presented in Fig.5.7, 5.8, 5.9 and 5.10. The curve is 

with negative slope at all concentrations of thickening agent, indicating non Newtonian 

characteristic of aloe vera juice. The values of activation energy were calculated from the graph. 

However, values of activation energy are increasing with increasing concentration of aloe vera 

juice. A decrease in the consistency index was observed with increase in temperature at all levels 
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of solid concentration, which meant a decrease in the apparent viscosity of aloe vera juice, with 

increase in temperature. The consistency index (an index to apparent viscosity) of the aloe vera 

juice varied considerably with temperature and concentration (Table 5.4). which obeys the 

Arrhenius model. 
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Fig 5.7: Effect of temperature on viscosity at shear 

rate 50 per second. 

 Fig 5.8: Variation in apparent viscosity of aloe vera 

gel with increasing temperature for different total 

solid concentration of CMC in aloe vera gel 

 

 

 

Fig 5.9: Variation in apparent viscosity of aloe vera 

gel with increasing temperature for different total 

solid concentration of Xanthan in aloe vera gel 

 Fig 5.10: Variation in apparent viscosity of aloe vera 

gel with increasing temperature for different total 

solid concentration of Caragennan in aloe vera gel. 

Flow behavior index, consistency coefficient and activation energy- The values of apparent 

viscosity were plotted against shear rate for aloe vera juice by using power law model and typical 

curves is presented in Fig.5.2. The curve is with negative slope at all concentrations of thickening 

agent, indicating non Newtonian characteristic of aloe vera juice. The values of flow behavior 

index (n) and consistency coefficient (k) were estimated from graph. All the calculated values are 

given in Table 5.4. The value of flow behavior index was less than 1(0.3-0.8) in each case, 

implying to pseudoplastic nature nature of aloe vera juice. However, values of consistency index 

are increasing with increasing concentration of aloe vera juice. The value of consistency index or 

consistency coefficient ranges from 200 to 700.  
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Table 5.4: Flow behavior index, consistency coefficient and activation energy 

Type of juice Concentration n K Ea R
2 

Aloe vera with CMC 0.1% 0.36 358 5.8987 0.997 

0.2% 0.39 460 2.51 0.989 

0.3% 0.37 562 6.55 0.999 

0.4% 0.33 641 7.57 0.987 

Aloe vera with  Xanthan 0.1% 0.63 281 4.447 0.994 

0.2% 0.62 349 4.18 0.990 

0.3% 0.7 449 5.92 0.998 

0.4% 0.802 641 6.25 0.999 

Aloe vera with  Carrageenan 0.1% 0.52 361 2.39 0.992 

0.2% 0.56 380 4.206 0.987 

0.3% 0.57 456 3.957 0.995 

0.4% 0.68 524 3.608 0.997 

Reconstituted Aloe vera 0.1% 0.46 211 6.25 0.994 

0.2% 0.58 250 6.59 0.985 

0.3% 0.60 256 7.58 0.986 

0.4% 0.61 278 8.25 0.986 

Pure aloe vera gel 0.43 201 2.61 0.99 

Flow behavior index showed a decreasing trend with temperature as well as with concentration 

while consistency index showed positive correlation with inverse of absolute temperature and it 

also increases non-linearly with rise in concentration. Apparent viscosity decreased faster at higher 

concentration than at low concentration as a function of ascending shear rate suggesting that 

‘‘Aloe Barbadensis Miller’’ juice was pseudo plastic in nature. 

Conclusions 

Fresh Aloe Vera gel (0.9˚Bx) extracted by hand filleting technique was taken for vacuum 

concentration. Then experiments were carried out at different temperature viz. 20 C 30˚C, 40˚C 

and 50˚C and different concentration of different gums. The effect of concentration time and 

temperature on different rheological properties of the juice was studied. The effect of temperature 

and concentration on rheological properties of fruit juices have been subject of globally important 

for industrialization of food technology for quality, understanding the structure, process 

engineering application and correlation with the sensory evaluation, designing of transport system, 

equipment design, deciding pump capacity and power requirement for mixing etc.  

To study the effect of temperature and concentration on rheological properties of aloe vera, gel 

and three gums were selected. The gel was extracted from aloe vera and concentrated in 

concentrator and dried in freeze dryer. The samples of desired concentration were prepared by 

dilution with water.  
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Observations were taken at appropriate shear rate and temperature using Rotational rheometer 

under following constraints: 

I. Temperature range: 20 C to 50 C in steps of 10 C. 

II. Shear rate: 0.1 to 1000 s
-1

  

III. Concentration of gums: 0.1% to 0.4% total solids in 4 steps 

IV. Concentration of aloe vera gel: 1% to 4% total solids in 4 steps 

The experiments were conducted in triplicates. Mean values were calculated using Microsoft 

Excel 2007 (XP Edition, Microsoft Corporation, USA). Analysis of data is done in Origin Pro 8.6 

software by giving a user defined function and operations were performed by using non linear 

regression tool. Curve fitting was performed in Origin Pro 8.6 the generalized code to determine 

the rheological parameters. The best fitted line with minimum sum of square errors (SSE) was 

used as the sole criteria during curve fitting.  

The results obtained at various stages of the investigation are summarized as follows:  

a. At given constant temperature, apparent viscosity decreases faster at higher concentration 

than at low concentrations as a function of ascending shear rate in all types of 

concentrations of aloe vera gel. 

b. In the each case Arrhenius curve shows positive correlation between consistency 

coefficient and inverse absolute temperature.  

c. With increasing temperature and shear rate viscosity of aloe vera gel decreases in each case 

implying non Newtonian behavior of aloe vera gel. 

d. The value of flow behavior index was less than 1 (0.3-0.8) in each case, implying to 

pseudoplastic nature nature of aloe vera juice. 

e. Activation energy found in the range of 2 to 9 kJ/mol K.  

f. Consistency coefficient as a function of concentration increased non linearly with rise in 

concentration at a given temperature.  

g. Aloe vera juice under study was pseudoplastic in nature at all concentration and 

temperature in every case.  

The extracted aloe vera gel concentrated and then freeze dried in freeze dryer. From the present 

study it was concluded that good quality aloe vera gel powder can be successfully made using 

freeze drying technique.  

 

A panoptic study of antioxidant potential of foliar gel at different harvesting regimens of 

Aloe vera L 

 

Materials and Methods 

Chemicals- Folin–Ciocalteu’s reagent (FCR), ferric chloride, potassium ferricyanide, 

trichloroacetic acid   and methanol were procured from Merck (Darmstadt, Germany). 2, 2-

diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma Chemical Co. (Sigma–Aldrich, 

Germany). Other chemicals were obtained from SRL, India.  All chemicals and solvents used in 

the study were of analytical-reagent grade. 

Plant materials- A. vera gel and gel harvesting from different growth periods of A. vera 

Evaluation of antioxidant activity of A. vera gel  

DPPH radical scavenging activity- 
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Radical scavenging activity (%) = 1- (Absorbance of sample at 517nmx100)/absorbance of control 

at 517nm 

Reducing power assay- The absorbance was measured at 700 nm. Gallic acid (0.001–0.25 mg/ml) 

was used as positive control. 

Metal chelating assay-  

   = 1- (Absorbance of sample at 562nmx100)/absorbance of control at 562nm  

Superoxide radical scavenging assay- The ability to scavenge the super- oxide radicals was 

calculated using the following equation: 

= 1- (Absorbance of sample at 590nmx100)/absorbance of control at 590nm 

 

Hydroxyl radical scavenging activity-- The ability to scavenge the hydroxyl radicals was 

calculated using the following equation: 

   = 1- (Absorbance of sample at 520nmx100)/absorbance of control at 520nm 

FTIR spectroscopy for predominant functional group detection- An FTIR analysis of the FD-gel 

was carried out following KBr pasting method (Vazquez et al., 2008) by using Perkin Elmer RX1 

Spectrometer (Germany). The spectrum was recorded within 4000–450 cm−1 wave number region 

at a resolution of 4 cm−1 . 

Assessment of degree of acetylation by 1 H NMR spectroscopy of freeze-dried gel-  1 H NMR 

analysis at 200 MHz was carried out with FD-AG sam- ples at different growth periods following 

the procedure of previous investigations (Bozzi  et al., 2007; Ray and Aswatha, 2013). 

  

Statistical analysis- The data were presented as mean ± SD of three determinations. Data were 

statistically analyzed, using MSTAT-C software package (ver.  1.41, Michigan State University) 

by one-way ANOVA followed by Fisher’s least significant difference (LSD) test at 95% 

confidence interval (p ≤ 0.05). 

 

 

 

Fig. 5.11. DPPH radical scavenging activity of freeze-

dried A. vera L. gel from different growth periods. 

Values are mean ± SD (n = 3). Freeze-dried gel from 

2, 3 and 4-year-old plants during summer was assigned 

as S2, S3 and S4 respectively. R3 and W3 represent 

the freeze-dried gel from 3-year-old plants at rainy and 

winter season, respectively 

 Fig.  5.12.  Reducing power of freeze-dried gel from different growth 

periods of A. vera L. Values are mean ± SD (n = 3). 
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Results and discussion 

Antioxidant potential of A. vera gel- Different methods have been employed to explore the antiox- 

idant potential of natural sources of antioxidants. The complex nature of the composite mixture of 

phyto-origin and the mecha- nisms of different antioxidant assays make the evaluation process 

difficult by any   single assay. In the present study, antioxidant activity of AG has been evaluated 

following the DPPH, superoxide and hydroxyl radical scavenging assays. Transition metal 

reducing capacity and chelating activity of the gel have also been evaluated systematically. 

DPPH assay- The dose–response curves of DPPH radical scavenging activity of the gel from 

different growth periods of A. vera are shown in Fig. 5.11. The DPPH radical scavenging effect of 

AG was increased with the concentrations ranging from 0.2   to   10 mg/ml, and significantly 

highest (p ≤ 0.05) scavenging activity of 13.52 ± 0.53% was observed in S3, while S2 was found 

to be a relatively poor DPPH radical scavenger. The scavenging effect of S3 at a concentration of 

10 mg/ml was nearly equal to that of 0.05 mg/ml   -tocopherol with 13.05 ± 0.37% of scavenging 

activity. Scavenging abilities of gel on DPPH radicals were in descending order: S3 > S4 > S2 > 

W3 > R3. 

 

 

 

Fig.  5.13. Metal chelating activity of freeze-dried A. vera L. gel from different 

growth periods. Values are mean ± SD (n = 3). 

 Fig.  5.14. Superoxide radical scavenging activity of freeze-dried aloe gel from 

different growth periods. Values are mean ± SD (n = 3).  

 

 

 

Fig.  5.15.  Hydroxyl radical scavenging activity of gel from different growth 

periods of A. vera L. Values are mean ± SD (n = 3). 

 Fig.  5.16.  Polysaccharides (at 490 nm) and phenolics (at 725 nm) distribution in gel  at different 

growth periods of A. vera L. Different small letters under same parameter share significant 

differences at p ≤ 0.05 (Fisher’s Least Significant Difference Test). 
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Moreover, seasonal influence is also apparent in the present investigation and gel harvested in 

summer appeared with higher scavenging activity against DPPH radicals reducing power of gel 

from different periods of growth followed the similar trend with DPPH assay. 

Metal chelating assay- All the samples demonstrated their ability to   chelate Fe2+ ions in a dose-

dependent manner (Fig.  5.13). The gel of S3 and W3   chelated Fe2+ ions by 81.27 ± 0.10% and 

71.32 ± 0.43% at 10 mg/ml, whereas S4 showed a poor chelating ability of 64.86 ± 0.34% at the 

same concentration. The chelating abilities of FD-gel on Fe2+ ions followed the trend S3 > W3 > 

S2 > R3 > S4. None of the gel samples appeared to be better chelators of Fe2+   ions than the 

positive control (here EDTA) in this assay system. EDTA showed excellent chelating ability of 

99.10 ± 2.10% at a concentration as low as 0.05 mg/ml. 

Superoxide radical scavenging assay- The   scavenging activities of AG on   superoxide radicals 

are shown in Fig. 5.14. Superoxide-scavenging activity has increased dose dependently in the 

present study. The gel of S3 exhibited significantly higher activity (p ≤ 0.05) of 53.86 ± 1.01% at 

10 mg/ml, while minimum activity of 39.60 ± 0.72% was obtained with R3. Among the samples 

the trend observed was S3 > S4 > W3 > S2 > R3.   

Hydroxyl radical scavenging assay- The dose-response curves of radical scavenging activities of 

gel and reference gallic acid on the hydroxyl radicals is depicted in Fig. 5.15. The hydroxyl radical 

scavenging activity of AG increased in a dose dependent manner (5–20 mg/ml). S3 scavenged 

hydroxyl radicals by 11.74 ± 0.27% at 20 mg/ml, which is comparable with= the scavenging effect 

of gallic   acid   (12.27 ± 0.59%) at 2 mg/ml concentration. R3 exhibited significantly (p ≤ 0.05) 

poor scav- enging effect as   compared to   the other growth periods. The scavenging abilities on 

hydroxyl radicals were in following order: S3 > S4 > W3 > S2 > R3.                                                

Phenolics and polysaccharide distribution in A. vera gel- Phenolic specific absorbance at 725 nm 

(Zin et al., 2006; Ray et al., 2012) by AG–FCR conjugate varied with the age of the plant and the 

season of the tested gel   samples, the absorbance of reaction mixture was evidently maximum 

(significant at p ≤ 0.05) with S3 and minimum with R3.  Paradigmatic shift in absorbance at 725 

nm of wave-length were in descending order: S3 > S4 > S2 > W3 > R3. A significant variation in 

polysaccharide content was observed with the age of the plants, and the gel of S3 possessed 

signifi- cantly high (p ≤ 0.05) concentration of polysaccharide followed by S4 and S2 (Fig. 6). 

TSP was also affected by season, and significantly (p ≤ 0.05) low O.D. at 490 nm was found in 

R3. The change in polysaccharide concentration in AG along with the growth periods might be 

asso- ciated with the temperature and light regimens which modulate the carbon assimilation, 

allocation, and partitioning in parenchy- matous gel  (Wang and Strong, 1995; Paez  et al., 2000; 

Park  and Kwon, 2006), which led to the variation in polysaccharide contents in aloe parenchyma. 
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Fig.  5.17.  FTIR spectra of freeze-dried gel at different growth periods (S2,  S3, S4, R3 and W3) 

of A. vera L. 

FTIR spectroscopy- The  IR spectra of FD-gel  at different growth periods of A. vera were  

basically indistinguishable  in  the  wave-number  range of 4000–400 cm−1 , only with subtle 

differences in  the intensity of bands (Fig. 7). Different polar groups such as–OH (corresponds to 

3400.10 cm−1 ), CH2 (corresponds to 2940 cm−1 ),   CO (corresponds to  1608.99 cm−1 ),    

COO− (corresponds to  1405.97 cm−1 ),    COC (corresponds to  1080.20 cm−1 ) appeared in  the 

FTIR spectrum of AG. Phenolic OH stretching frequency appeared with strong and broad intensity 

of bands at around 3400.10 cm−1 , what is in accord with the findings of Chun- hui  et al. (2007).   

CO stretching at 1637.72 cm−1 appeared with medium intensity and broad shaped bands 

indicating the presence of carbonyl compounds (Femenia et al., 2003). Weak absorption peaks in 

between 647.62 cm−1 might be associated with CH bending indicating the presence of 

polymerized carbohydrates and the phenolics in AG. The IR response around 1608.99 cm−1 and 

1080.20 cm−1 were more pronounced in S3, what imply the higher acetylation in the same 

(Femenia et al., 2003; Ray and Aswatha, 2013). 

 

Fig.  5.18.  1 H NMR spectrum of freeze-dried gel from 3-year-old A. vera L. in summer. Inset: 

peak at 2.05 ppm represents acetylation 
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1 H NMR spectroscopy- 1 H  NMR  assisted detection of  acetylation of  AG was carried out to  

validate the observation made from IR response around 1608.99 cm−1 and 1080.20 cm−1 ; the 

proton shift at 2.05 ppm corresponds to  acemannan moiety with varying intensity of  peak, which 

validate the presence of  acemannan in  AG with different concentration at various growth periods. 

The representative 1 H NMR profile of S3 is shown in Fig. 5.18. The high intensity of proton shift 

at 2.05 ppm for S3 complies with the increased transmittance in IR spectrum at around 1608.99 

cm−1 and 1080.20 cm−1 of the same. The resultant products of acemannan degradation, namely 

acetic acid, lactic acid, succinic acid etc.  was not detected in NMR spectrum, which proves the 

freshness of the tested gels  (Ray  and Aswatha, 2013). 

Moreover, the acetylation in AG has found to play a critical role in regulating the propensity of 

hydrogen donation and resultant free radical scavenging activity of the tested gel samples, a 

relatively higher concentration of phenolic compounds accompanied by abundant acetyl groups in 

S3 attributes to the higher antioxidant potential in the same. 

Conclusions 

In the present investigation, we have satisfactorily evaluated the antioxidant potential of FD-AG at 

different harvesting regimens. FD-AG exhibited considerable antioxidant activities, with reference 

to different antioxidant assays. The antioxidant potential of gel was affected by the influence of 

age of the plant and gel harvesting sea- son. The differences in the distributions of phenolics and 

the degree of acetylation of the component polysaccharides at different har- vesting regimens are 

found to play a decisive factor in the regulation of the antioxidant potential of the foliar gel of A. 

vera. A significantly higher antioxidant activity in 3-year-old aloe of summer season accounts for 

a relatively higher concentration of phenolics and a higher degree of acetylation in the component 

polysaccharides of respective gel.  Collectively, it appears that the 3-year-old A. vera and gel 

harvested in summer could be considered as an ideal source for onward processing with reference 

to the pertained antioxidant activity with high polysaccharide content 

Chemometric studies on mineral distribution and microstructure analysis of freeze-dried 

Aloe Vera L. gel at different harvesting regimens 

Materials and Methods  

Chemicals- Double deionized water obtained from Milli-Q water purifica- tion system (Millipore) 

was used in all of the dilutions. The standard element solutions were prepared by   serial dilution 

of multi- element standards obtained from Merck (Darmstadt, Germany). HNO3, HCl and HClO4, 

and other reagents were also procured from Merck (Darmstadt, Germany). All reagents and 

solvents were of analytical reagent grade. 

Plant materials- A. Vera gel harvesting from different growth periods of aloe vera plants during 

Summer (April–May), rainy (July–August) and winter (December–January). 

Swelling capacity- Swelling capacity was measured as   increased bed volume after equilibration 

in excess buffer (Femenia et al., 2003). Equilibration the swelled volume was recorded and 

expressed as ml/100 mg of FD-gel (ml/100 mg). 
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Microstructural and elemental analysis- This analysis was done with SEM and detection of 

elements by SEM-EDS. Elemental analysis of gel at different growth periods of A. vera: 

Estimation of total carbon (C) and nitrogen (N) content by the N content of FD-gel was estimated 

by the modified Kjeldahl distillation method (Miranda et al., 2009) and determination of mineral 

content Concentrations of Ca, Mg, Cu, Zn, Fe, Al, Mn, Cd and Se were esti-mated by atomic 

absorption spectroscopy 

Statistical analysis and chemometrics- Three different gel  samples from each of the growth 

periods, which were  analyzed individually in  triplicate, and data were reported as mean ± SD. 

Analysis of variance and Fisher’s least significant difference (LSD) test at 95% confidence 

interval (p ≤ 0.05) were conducted to  identify significant differences among the means using 

MSTAT-C software package (ver.  1.41, Michigan State Uni- versity). Chemometric studies 

(multivariate statistical technique) have been carried out with mineral concentration data by 

considering the techniques of the principal component and cluster analysis. A principal component 

analysis (PCA) was performed at 95% con- fidence interval to analyze the mineral distribution in 

gels from different growth periods. In cluster analysis, we consider the AG samples from different 

growth periods, with reference to their normalized mineral profiles; normalization was carried out 

with MATLAB (ver.  7.0). Similarity between the gel samples obtained from different growth 

periods was depicted by using the dendo- gram with Euclidean distance as the considered 

measure. 

Results and discussion 

Swelling capacity and microstructure of freeze-dried gel FD-AG exhibits significant variation in 

water holding potential as evidenced from the swelling of gel  at various growth periods of the 

tested gel samples, the swelling varied from 5.67 ± 0.42 to 6.30 ± 0.26 ml/100 mg and S3 showed 

significantly higher (p ≤ 0.05) swelling than S2 (Fig. 1). Seasons did not have any significant 

contribution toward the swelling activity of AG. 

A fibrillar appearance in a SEM micrograph with a number of switchers was noticed in S2, 

whereas the micrograph of S3 appeared to be flake like and overall topog- raphy was smooth with 

undulating depressions. S4 appeared to be granular with wavy surface and ridges. Smooth texture 

with luster, and friable particles were observed in R3. Small chinks or crannies were evident in 

W3. 

 
Fig. 5.19. Swelling of freeze-dried (FD) gel  at different growth 

periods of A. vera L. Bars with the same small letter did not 

share significant differences at p ≤ 0.05 (Fisher’s least 

significant difference test). 
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The amorphicity of the FD-gel has been validated by XRD analysis, and representative XRD 

profile of S2 is shown in Fig. 5.21b.  

Total organic C and N content- Total  C content was influenced by  the age  of  the plants and 

ranged from a  high of  28.23 ± 0.37%  to  a  low   of  24.92 ± 0.34% (Fig.  5.22 a). S3 possessed 

significantly higher (p ≤ 0.05) content of organic C than those of S2 and S4. Total C content 

varied signifi- cantly (p ≤ 0.05) with the season, and declined level of C content was noticed in 

rainy season. N content varied from 0.50 ± 0.004 to 0.67 ± 0.007% (Fig. 5.22b). Significant 

variation (p ≤ 0.05) in N content was noted among the FD-gel  at different growth stages. . 

High N accumulation was noted in S2 followed by the other age groups. Seasonal influence was 

also apparent in N concentration, and high N content was found in rainy season, followed by the 

summer and winter. Total N concentration in gel has been influenced by  the concentrations of 

inherent amino acids and proteins varying at different harvesting regimens.  

Although, S4 has been demonstrated with significantly higher (p ≤ 0.05) N content compared to 

S3, S2 is observed with significantly highest concentration (p ≤ 0.05) of N than the other age 

groups. A correlation was observed between various minerals, with the correlation values of the 

first and second principal components (PC1 and PC2) being 42.29 and 27.30%, respectively. The 

score of the principal components described 69.59% of the variance in AG mineral distribution. In 

the bi-plot, PC1 correlated positively with Na, Mn, Zn, Se and Cd, whereas PC2 positively 

correlated with Ca, Mg, K and Cu and negatively with P and Fe. Gel samples from S2 were 

clustered around the elements namely, K, Mg, Ca and Cu. The distribution of Zn, Se and Cd was 

more predominant in S3. 

The gel samples assigned as S4 clustered around Al, and the samples pre- pared from three-year 

old  aloe in  winter (W3  samples) were in the close proximity with Mn and Fe. Compared to 

PC1–PC2 projec- tions, a lower percentage of variance of various minerals could be explained by 

the third and fourth PCs, which is found to be 18.50% and 10.59%, respectively. Therefore, PC3–

PC4 combination could explain 29.09% of the total variance in the pertained mineral dis- 

tribution. As shown in Fig. 5.25b, PC3 correlates positively with Ca, Se, Mg, K, P and Zn, 

whereas PC4 correlates with all of the minerals tested, except Zn and Cu. With reference to PC3–

PC4 bi-plot, FD gel samples from S2 and R3 are clustered around the elements Zn and Cu, 

respectively. 
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Fig. 5.20. SEM micrographs of FD-AG from different growth periods (S2, S3, 

S4, R3 and W3) of plants, and re-hydrated gel of S3 (RH). 

 

The gel samples of S4 are found to be clustered around Al. Also, the prominence of Se in aloe 

samples is justified in the bi-plot of PC3–PC4. 
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Fig.  5.22.(a) Total organic carbon content of FD-gel at different growth periods of A. vera L. (b)nitrogen content in 

FD-AG from different growth periods of plants. Bars with the same small letter did not share significant differences at 

p ≤ 0.05 (Fisher’s least significant difference test) 

The results obtained have been depicted as a den- dogram in Fig. 5.26. The distance among the gel 

samples from any particular growth period were marginal as compared to different growth 

periods, accounting to close mineral distribution at similar growth periods. 

 

Fig.  5.23.  Mineral contents(   g/g) of  FD-gel at different growth periods of  A. vera L. (a)  macro-elements (Ca,  

K, Mg  and P)  and Na; (b)  microelements  (Mn, Fe,  Zn  an Cu); and (c) Se, Al and Cd. Values (mean ± SD) are 

average of three different samples of each growth periods, analyzed individually in triplicate (n = 1 × 3 × 3).  

Different letters on the bars with same mineral indicate the significant differences at p ≤ 0.05 (Fisher’s least 

significant difference test). 
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Fig. 5.24. EDS spectrum of FD-gel from two-year-old A. vera L. in Summer season (S2) 

 

Table 5.5 Eigen values of first nine principal components and the percentage of variance 

Explained by them for mineral analysis with A. vera gel sample  

PCs Eigenvalues Percentage of variance Cumulative (%) 

    

1 5.0746 42.29 42.29 

2 3.27659 27.30 69.59 

3 2.21963 18.50 88.09 

4 1.27133 10.59 98.68 

5 0.07994 0.67 99.35 

6 0.05741 0.48 99.83 

7 0.0098 0.08 99.91 

8 0.00617 0.05 99.96 

9 0.00401 0.03 100.00 

 

 
Fig.  5.25.  Principal component loading bi-plots of PC1–PC2 (a) and PC3–PC4 (b) based on elemental analysis 

data showing the mineral distribution in FD-gel at different growth period of A. vera L  
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Fig.  5.26  Dendogram of cluster analysis based on of the mineral distribution in FD AG from different growth 

periods of plants. 

Apart from the concentration of polysaccharides in  AG, the higher level of Ca2+  content at 

younger age  group of plants (S2) also  restrict the swelling activity of the FD-AG. Presumably, 

the variation in the elemental concen- tration at different harvesting regimens indicates the 

differential requirement of elements necessary for plant growth, which should be taken in account 

at the outset of AG processing. 

Conclusion 

The present study shows that A. Vera gel is a potential source of different mineral components. 

The contents of different minerals of A. vera L. gel change as a function of age of the plants and 

climatic seasons. Unorganized, dispersed and amorphous microstructure of freeze-dried gel 

accounts for the degradation of compact parenchy- matous cell-wall structures by   sublimation at 

freeze-drying. Post-rehydration cross-linking between the component polysac- charides render a 

uniform topography in the microstructure of swelled-gel. A maximum accumulation of Ca, K, Mg 

and P were detected in the younger age group (here two-year-old aloe). Three- year-old A. vera 

possessed higher content of total organic C and Se, and exhibited maximum swelling as well, 

whereas, N content was found to be high at two-year-old aloe. The knowledge of mineral 

distribution in aloe gel at different periods of growth can be utilized to optimize the component of 

the value chain on A. Vera process- ing with reference to the pertained usage of the foliar aloe gel 

as the functional ingredient in food and in cosmeceutical applications with desired level of 

necessary mineral components. 

Evaluation of anti-oxidative activity and UV absorption potential of the extracts of Aloe vera L. 

gel from different growth periods of plants 

Chemicals 

Folin–Ciocalteu’s reagent, ferric chloride, potassium ferri- cyanide, trichloroacetic   acid and 

methanol were purchased from Merck (Darmstadt, Germany). 2,2-Diphenyl-1-picrylhydrazyl 

(DPPH)  and aloin were purchased from Sigma Chemical Co. (Sigma–Aldrich, Germany). The 

rest of the chemicals were obtained from SRL, India. All chemicals and solvents used in the 

present study were of analytical reagent grade. 
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Plant materials and freeze-dried- A. vera gel preparation from different growth periods of plants. 

In summer season (April–May), rainy (July–August) and winter (December–January). 

Preparation of the methanolic extracts from freeze-dried AG 

Aqueous-methanol (80%, v/v) was used as the potential men- struum to  obtain the galenical 

extract from AG with a maximum content of phenolics. 

Antioxidant activity evaluation- The antioxidant potential of the gel-extract was estimated 

following the evaluation of DPPH, superoxide and hydroxyl radical scavenging assays. Metal 

chelating activity and reducing power assay were also carried out. Superoxide radical scavenging 

assay was done according to the method of Bafna and Mishra (2005). Res of the antioxidant 

assays were conducted following the method of Ozsoy et al. (2008). 

UV–vis spectroscopy and fluorescence spectroscopy- Shimadzu UV-1800 spectrophotometer 

(Japan) for the wavelength range 200–700 nm.  Considering the UV absorption of the methanolic 

extract, fluorescence spectral analysis was carried out by using Perkin Elmer LS-55 luminescence 

spectrophotometer (USA). 

Attenuated total reflectance Fourier transform infrared- (ATR-FTIR) spectroscopy for functional 

group detection. The spectrum (4000–450 cm−1 ) was recorded at the resolution of 4 cm−1 . 

Determination of total phenolic compounds, flavonoids and flavonols- Total phenolic content 

(TPC) in  the gel-extract was estimated with Folin–Ciocalteu reagent. Total  flavonoids and 

flavonols content of the gel-extract were estimated on  the basis of  an  aluminum tri-chloride 

colorimet- ric  assay. 

Aloin fingerprinting- This was done by RP-HPLC. 

Statistical analysis- Total phenol, flavonoids, flavonols and aloin contents, and each of the data 

points for different anti-oxidant assay were analyzed in triplicate, and expressed as mean ± SD. 

Analysis of variance and Fisher’s least significant difference (LSD) test at 95% confidence 

interval was conducted to  identify significant differences among the means by ANOVA (p ≤ 0.05) 

by using MSTAT-C software package (ver.  1.41, Michigan State University). 

 

 

 

Fig.5.27. DPPH radical scavenging activity of the methanolic 

extracts of AG at different growth periods of plants. Values are 

mean ± SD (n = 3). 

 Fig. 5.28. Superoxide radical scavenging activity of  the 

methanolic extracts of  AG at different growth periods of 

plants. Values are mean ± SD (n = 3). 
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Results and discussion 

Antioxidant potential of the methanolic extracts of A. vera  gel- Several methods have been 

proposed to evaluate the antiox- idant potential of natural sources of antioxidants. The complex 

nature of phytochemicals and the mechanisms of different antioxidant assays make the evaluation 

process incomplete by   any single method. In the present analysis, antioxidant activities of the 

gel-extracts were analyzed following the DPPH, super-oxide and hydroxyl radical scavenging 

assays. Reducing capacity and metal chelating activity of the gel-extracts were also evaluated 

systematically. 

DPPH assay- The dose–response curves of DPPH radical scavenging activity of the gel-extract 

from different growth periods of A. vera are shown in Fig. 5.27. The scavenging effect was 

increased with the studied concentrations ranging from 0.025 to 1 mg/ml, and significantly higher 

(p ≤ 0.05) free  radical scavenging activity was noted with W3M and S3M,  and the activities were 

10.24 ± 0.10% and 10.01 ± 0.10%, respectively; S2M exhibited a poor response to scavenge 

DPPH radicals as compared to  the other gel-extracts.  - tocopherol appeared to  be  more potent 

DPPH  radical scavenger than that of the different gel-extracts. The similar influence of plant 

growth stages in regulating DPPH scavenging activity has been observed in the present study. 

Superoxide radical scavenging assay- The scavenging activity of the gel-extracts on super-oxide 

radi- cals is shown in Fig. 5.28. Among the different growth periods, the gel-extract from three-

year-old aloe in summer (S3M) exhibited maximum scavenging activity of 31.72 ± 0.88%, which 

was followed by W3M at a concentration of 0.1 mg/ml. The super- oxide radical scavenging 

potential of the gel-extracts were found to be significantly lower (p ≤ 0.05) than that of the same 

dosage of gallic acid (87.19 ± 0.49%). The scavenging activity of gel-extracts against superoxide 

radicals followed the trend S3M > W3M > R3M > S4M > S2M. 

Hydroxyl radical scavenging assay- The hydroxyl radical scavenging activity was increased in a 

dose dependent manner (0.2–2 mg/ml). Among the seasons, W3M Showed significantly high (p ≤ 

0.05) effectiveness at the concentration of 2 mg/ml (48.01 ± 0.43%), which was followed by  S3M 

and R3M.  However, S2M exhibited poor response at the same concentration, and  the  scavenging 

activity  was  noted  to   be 34.59 ± 1.36% at 2 mg/ml. 

 

 

 

 

Fig.  5.29. Hydroxyl radical scavenging activity of the 

methanolic extracts of  AG  at different growth periods of plants. 

Values are mean ± SD (n = 3). 

 Fig.  5.30. Reducing power of the methanolic 

extracts of AG at different growth periods of 

plants. Values are mean ± SD (n = 3). 
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Reducing power assay- Compared to Gallic   acid   (positive control), a weak reducing power was 

observed with the gel-extracts (Fig.  5.30). All of the extracts demonstrated an ability to reduce 

Fe
3+ 

ions in a dose- dependent manner. Among the different gel-extracts, significantly high (p ≤ 

0.05) reducing power was noted in W3M and poor reducing   activity was with S2M; the rest of 

the samples exhibited comparable Fe
3+

 reducing potential.  

Metal chelating assay- S3M chelated Fe
2+

   ions by 48.02 ± 1.07% at 1.5 mg/ml  of  concentration  

and which was non-significant (p ≤ 0.05) with W3M (Fig. 5.31). EDTA exhibited excellent 

chelating ability of 99.10 ± 2.10% at a concentration as low as 0.05 mg/ml. The present study 

indicates that the gel-extract had a good capacity for iron binding, making it an antioxidant with 

reference to transition metal binding potential. The chelating ability of the gel-extracts fol- lowed 

the trend S3M > W3M > R3M > S4M > S2M. 

 

 

 

Fig.5.31. Metal chelating activity of the methanolic 

extracts of AG at different growth periods of plants. 

Values are mean ± SD (n = 3). 

 Fig. 5.32. UV–vis spectra of the methanolic 

extracts of freeze-dried A. vera gel obtained from 

different growth periods of plants. 

UV–vis and  fluorescence spectroscopy of the gel-extracts- In Fig.  5.32, gel-extracts showed three 

UV absorption peaks at around 260 nm (within UV-C range), 300 nm (within UV-B range) and 

360 nm (within UV-A range). UV absorption increased expo- nentially from 400 nm to  350 nm,  

which corresponds to  the UVA range. High absorption of UV radiation was mainly associated 

with the extracts of three-year old plants. Among the seasons, winter has been identified with high 

UV radiation absorbing potential fol- lowed by summer and rainy season at three-year-age group.  

When gel-extract from three- year-aloe at winter, excited at 360 nm of UV radiation an emission 

spectrum appeared in the wavelength of 365–555 nm,   and the emission maxima was noted 

around 426 nm. Presumably, flavonoids, flavonols and anthraquinones moiety may attribute the 

fluorescence properties in the gel-extract.  

Functional group distribution by ATR-FTIR spectroscopy- Different predominant functional 

groups namely   OH,    CO and C H, were detected by analyzing the FTIR spectrum (Fig. 5.33). 

Strong and broad intensity of the band at around 3447.92 cm−1 was assigned to phenolic    OH 

stretching which was associated with the presence of aloe specific phenolics e.g. flavonoids, 

anthraquinoes etc.  The weak and short intensity of inflection attributed to aliphatic C H group 



35 of 121 

 

stretching (at   around 2371.08 cm−1) was also   noted. A broad shaped band with moderate 

intensity was due to CO stretching around1637.27 cm−1 indicating the presence of carbonyl 

compounds. A weak and short inflection in between 700 and 610 cm−1 might be due to the CH 

bending by the polymerized phenolics in gelextract.(Ray et al., 2012). Phenolic   OH showed 

dominance in the FTIR pro- files of all of the gel-extracts, appeared with a very broad and high 

intensity of band, which was followed by    CO and C H. The absorption band at around 3477.92 

cm−1 was most pronounced in the IR spectrum of W3M, what is in accord with the high phenolic 

content in the same (Vazquez et al., 2008).  

 

Fig.  5.33. ATR-FTIR spectra of the methanolic extracts of freeze-dried gel at 

different growth periods of A. vera. 

Extractable total phenols, flavonoids and flavonols content- Phenolic content of the gel-extracts 

ranged from a   high of   35.77 ± 1.07    g GAE/mg   to   a   low   of 30.11 ± 1.89    g GAE/mg.  

The effect of growth periods was evident in TPC and the trend was W3M > S3M > R3M > S4M > 

S2M. Flavonoid content changed with the age  of  the plants and sea- son,   and ranged  from  a   

low   of   11.00 ± 0.88    g   RE/mg   to   a high of  29.75 ± 0.88    g/mg. Compared  to   S2M  and 

S4M,  S3M showed significantly higher content (p ≤ 0.05) of flavonoids. Among the seasons, 

W3M was found with high flavonoids content.  

Fingerprinting of aloin- Quantitative HPLC analysis showed that aloin content in gel-extract 

varied with the growth periods, and S3M possessed significantly higher (p ≤of aloin as compared 

to S2M and S4M (Fig. 5.35). Among the seasons, high aloin content was estimated in W3M 

followed by S3M. Of the tested gel-extracts, W3M and S3M have been screened with high 

antioxidant activity and UV absorbing potential. Presumably, presence of conjugated double 

bonds in the phenolic ring, and the integral phenolic -OH exhibited synergistic effect on the 

expression of UV absorption and antioxidant potential in the gel-extract. 
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Fig. 5.35. Aloin content of methanolic extracts of freeze-dried gel at different growth 

periods of  A. vera. Different letters above the bars indicate significant differences (p ≤ 

0.05). 

Conclusions 

Characterization of the methanolic extract of A. vera L. gel at different growth periods by 

antioxidant assay, functional group detection and UV–vis spectroscopy provides a succinct 

overview of the biochemical properties of the phenolic rich fraction of AG. Conjugated double 

bonds in molecular structure and high availabil- ity of phenolic   OH attribute to the UV 

absorption and antioxidant potential of the gel-extracts, respectively. UV absorption, fluores- 

cence and anti-oxidative properties of the methanolic extracts of gel are implicitly regulated by the 

quantitative nature of the phenolics and the integral functional group distribution of the same. 

Different free radical scavenging activities of the methanolic extracts are   more pronounced in 

three-year- old   aloe at win- ter followed by summer season at same age group. Apart from the 

cathartic activity, UV absorbing and antioxidant potential of AG–extract suggests the enhanced 

applicability of aloe in the pro- duction of ayurvedic medicine with potential antioxidant activity. 

Investigation of the UV radiation protecting activity and antioxi- dant potential of the AG–extract 

in vivo can be a scope of future work. 

Isolation and characterization of potent bioactive fraction with antioxidant and UV 

absorbing activity from Aloe barbadensis Miller gel 

The objective of the present work is to evaluate antiox-idative activities and UV absorbing 

potential of various chromatographic fractions from leaf gel extract of Aloe vera in relation to 

their total phenolic contents. Characterization and preliminary identification was conducted to 

detect the predominant compounds responsible for biological activity (i.e. antioxidant and UV 

light absorbing potential) in aloe gel. 

The removed gel (1,133.28 gm) was stored at −20 °C overnight and subjected to freeze drying for 

three consecutive days. The freeze dried materials (11.22 gm) were stored in deep-freezer at −20 

°C. To obtain methanolic extracts, 11.22 g of freeze -dried material is mechanically agitated in 

300 ml of 90 % methanol for 4 h. This step was repeated 3 times for complete extraction. Then the 
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mixture is centrifuged at 10,000 rpm for 10 min. The supernatant was concentrated by subjecting 

to rotary vacuum evaporation at 40 °C to obtain the sticky brown methanolic extracts (3.40 g).  

Dried methanolic extract (0.65 g) was fractionated using a silica gel-60 column (1.5 cm diameter 

and 18 cm height, mesh size 120). 0.65 gm of extract was dissolved in 1 ml of methanol and silica 

gel and introduced to the column ported to Frac 920 G.E. healthcare fraction collector. 

Chloroform-ethanol (3:1, v/v) solution was used as mobile phase. Total 30 fractions were 

collected (each of them contained 2 ml) at the time of chromatographic separation. The 

absorbance of the fractions was measured using an UV–VIS-NIR Spectrophotometer (Perkin-

Elmer, USA, Model Lamda-900) for the wavelength range of 200–400 nm. The fractions having 

the same type of spectrum were pooled together. There were total ten pooled fractions.  

Total phenolic contents of each pooled fraction were estimated following the method of (Zin et al.  

2006). Absor-bance of the reaction mixture was measured at 725 nm. Freshly prepared methanolic 

solution (3.9 ml) of the DPPH (6×10
−5

 M) was incubated with 0.1 ml solution of pooled fractions 

(1 mg/ml) for 45 min at room temperature (Ozsoy et al.  2008). The change in absorbance was 

measured at 517 nm. Ascorbic acid was used as positive control. Radical Scavenging Activity was 

calculated by the following for-mula: Percent inhibition (%) 0(1−At)/A0 ×100, Where, A0 – 

absorption of blank sample at 517 nm, At — absorption of tested sample at 517 nm. 

The absorbances of the pooled fractions in 95 % ethanol were measured in UV-1800 UV–VIS 

Shimadzu Spectropho-tometer. Among the ten chromatographic fractions, only first five fractions 

showed the considerable UV absorption, are subjected to fluorescence spectral analysis using 

Perkin Elmer LS-55 luminescence spectrometer. FTIR analyses of the potent fraction were 

conducted by using Thermo Nicolet Nexus 870 spectrometer, at a resolution of 3 cm
−1

. 

Quantitative estimation was carried out for aloin as pos-sible marker compound present in aloe 

gel. 3
rd

 fraction was analyzed with HPLC using  

Antioxidant potential of the ten pooled fractions was estimated by DPPH free radical scav-enging 

assay. Antioxidant assay values were shown in Fig.  5.36. Total phenol content was estimated with 

ten pooled fractions (Fig. 5.37). Among the fractions, 3rd pooled fraction showed maximum 

phenolic absorption at 725 nm followed by 4th, 5th, 6th and 2nd fractions. DPPH radical 

scavenging assay and total phenolic content were well positively corre-lated. This observation 

indicated that the phenolics present in aloe having the potential to scavenge DPPH free radicals 

and phenolics are the major contributor of the antioxidant activity in aloe gel. This kind of positive 

correlation between the phenolic contents and the antioxidant potential was also observed by Zin 

et al.  2006 in other plant materials. 

UV spectrum of the third pooled fraction revealed absorp-tion peaks at 255 nm (UVC region), 270 

nm (UVC region), 290 nm (UVB region) and 350 nm (UVA region) as shown in Fig.  5.38. 

Absorption of UV radiation of the pooled fractions affirms the presence of conjugated double 

bonds. Moreover, it can be said that the absorption band between 320 and 380 nm indicates the 

presence of phenolic compounds (Ozsoy et al.  2008). Prolong exposure to UVB (315–280 nm) 

radiation can cause various deleterious impacts on human skin and some-times may cause skin 

cancer.  
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Fig. 5.36 Antioxidant activity of ten silica gel column 

chromatographic pooled fractions from methanolic 

extracts of aloe gel. Plots and bars show mean ± sd 

(n03) 

 

Fig. 5.37 Elutes, following silica gel column 

chromatography, of leaf gel extract of Aloe vera: 

samples were separated into ten major fractions based 

on absorbance of phenolics following color 

development at 725 nm. Plots and bars show mean ± sd 

(n03) 

 

 

 
Fig. 5.38 UV-Visible absorption profile (200–700 nm) 

of 3rd pooled fraction showing maximum absorptions 

in UV region (200–400 nm) 

 Fig. 5.39 The fluorescence spectral profile of first five 

pooled fractions (1st, 2nd, 3rd, 4th and 5th pooled 

fraction) 

So, this fraction may be used as an ingredient in the sun screen products to reduce sun light 

induced skin damage, as an UVB protecting reagent and helps in skin rejuvenation. UV protecting 

activity of aloe gel was evaluated by Kumar et al.  2009.  

Third pooled fractions shows highest fluorescence emission and it gives characteristics emission 

maxima at 448 nm (when excited at 365 nm) (Fig.  5.39). After the forth pooled fraction, 

fluorescence behavior was not detected among the samples. This suggests that 3rd pooled fraction 

contain highest concentration of fluoro-phore compounds presumably, flavonoids, flavonols and 

anthraquinone moiety. 

FTIR was conducted to identify predominant functional groups present in the potent fraction. The 

assignments were compared with the pre-existing reports for validation purpose. FTIR profile 

(Fig. 5.40) indicates the presence of different polar groups such as –OH (corresponds to 3,433.10 



39 of 121 

 

cm−1), 0CO (corresponds to 1,637.72 cm−1), -COC (corresponds to 1,013.91 cm−1) etc. and 

these functional groups are responsible for the polar nature of the phenolic compounds in 

methanolic extracts of aloe gel.  

Strong and broad intensity of bands around 3,433 cm−1 was assigned to phenolic –OH stretching 

frequency (Chun-hui et al.  2007). Phenolic –OH group stretching imply the presence of aloe 

specific phenolics compounds e.g. flavonoids, anthraquinoes etc.  

 

 
Fig. 5.40 FT-IR profile of the vacuum dried 3rd pooled chromatographic fraction 

 

 
Fig. 5.41 HPLC profile of standard aloin (i) and third pooled fraction (ii) 

RP-HPLC was conducted for biochemical investigation of the fractions (Fig.  5.41). The aloin 

concentration present in potent pooled fraction was calculated to be an anthraquinone 

672.112±0.02 μg/mg 3rd fraction.  
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Objective – 2 Development of mechanized systems for gel extraction 

Based on the existing information available on Aloe vera gel filleting machines, a three channel 

gel filleting machine was conceptualized (as shown in below figures) using single shaft mounted 

with three sets of rollers and designs were made. However, the difficulties faced during operation 

of the preliminary design were leaf struck up in individual channels leading to stopping of entire 

machine. Hence, another modified version having individual roller system and different sets of 

meshing gear with a common drive shaft powdered by a single motor was designed. Also a 

feeding mechanism was designed with semi-automatic convey mechanism which will sort out 

earlier difficulties apart from increasing filleting efficiency and throughput compared to the 

previous design. 

Design parameters for three channel aloe vera gel filleting machine and drawings have been 

finalized. 

Performance evaluation pending due to non-availability of the machine 

The final design of the machine consists of the following major components: 

Frame 

Feeding channels 

Rollers (top and bottom) and gear teeth sets 

Filleting knives (bottom and top) 

Gel collection troughs 

1. Rind collection troughs (top and bottom) 

2. Conveying and feeding mechanism 

3. Motor and speed control system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.42 Three channel aloe vera gel filleting machine (Modified) 
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Fig. 5.42 Three dimensional (3-D) view of multi-channel Aloe vera filleting machine 

 
Plate: 1 Demonstration of single channel Aloe vera gel filleting machine during Research scholars day to World 

renowned Agril. Engineer and Vice-Chancellor of Lovely Professional University, Punjab Dr. Rameshwar S. 

Kanwar 

 

Fig. 5.43 Multi Channel Aloe Vera Gel Filleting Machine (Top View) 
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Objective – 3 Process technology developments for different aloe products and utilization of by-

products 

Freeze and vacuum drying of Aloe Vera (Aloe barbadensis miller) gel 

Materials and Methods 

Selection of Fresh Aloe Vera Leaves - Manually harvested aloe vera (Aloe barbadensis miller) 

leaves from the stem of 2 – 3 years old plant grown in the aloe vera field of the Department 

Leaves were selected maintaining the homogeneity in their maturity, size and colour and with the 

length from 0.2 – 0.3 m. The gel was extracted by removing the upper and lower rind with a 

stainless knife and subjected to certain preliminary investigations regarding its physicochemical 

properties and thermal behaviour. 

Properties of the fresh aloe vera gel - The properties of the gel as found out included its proximate 

composition, ascorbic acid content, colour, pH, acidity, water activity and the antioxidant 

capacity. The respective procedures followed are discussed elsewhere in this chapter.  

Differential Scanning Calorimeter (DSC) - Fresh aloe vera gel samples were scanned in a 

Differential Scanning Calorimeter (DSC 204 Phoenix, Thermische Analyse, NETZSCH, 

Germany) to study its heating and cooling behavior.  

Drying Experiments - Fresh aloe vera gel samples were prepared and dried separately by hot air 

drying, vacuum drying and freeze drying procedures as described below. 

Sample preparation for drying - Rinds of the freshly harvested aloe vera leaves were manually 

removed using a knife and the inner gel was cut into cubical pieces of side 10 mm. The sample 

pieces of aloe vera gel were immediately put into the refrigerator at 4
o
C and drying should be 

carried out before 24 h. 

Drying operation - Drying operations were carried out by Hot air drying, Vacuum drying and 

Freeze drying  

Processing of the Drying Data - Drying data as obtained after different drying runs was processed 

to obtain the moisture contents (g water/g d.m.) by busing the following euation. 

s

t

t
w

w
X   

Where, Xt = water content of the sample at time t (g water/g d.m.), 

 wt = water present in the sample at time t (g) 

and wt = dry matter in the sample (g). 

Finally, the above obtained drying data was used to study the drying kinetics and to model 

them in the cases of vacuum drying experimental runs. 

Study of the drying kinetics - The drying kinetics of each of the hot air drying, vacuum drying and 

freeze drying runs was studied as the final moisture content attained and the time taken to attain 

that moisture level along with the levels at intermediate hours. This study also included the 

changes in drying rates over time in hours which were found out as: 
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dt

XX
DR tdtt 

   

where, DR = drying rate at time t = t hrs., 

 Xt  = moisture content of the sample at t = t hrs. (g water/g d.m.) 

and dt = length of each time-interval at which moisture data were taken (hrs.) 

Model for the vacuum drying data - Page model was used to predict the moisture ratio (MR) and 

hence, the moisture level X (g water/g d.m.) at any time t (hr.) within the drying period. The 

model is shown below. 

)exp( nktMR   

e

et

XX

XX
MR






0

 

Here, Xt = moisture content of the gel after drying for t hrs. (g water/g d.m.), 

X0 = initial moisture content of the gel (g water/g d.m.) 

and Xe = equilibrium or final moisture content of the gel (g water/g d.m.). 

Values of the model constants k and n along with the coefficient of determination (R
2
) 

were found out by fitting straight line on a ln(-ln(MR)) versus ln(t) using Microsoft
®

 Office Excel 

2003 for vacuum drying at each temperature level. The root mean square error (RMSE) and the 

reduced chi-square (χ
2
) values for each of the model equations were computed as given below. 
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Here, MRi, cal  = calculated value of moisture ratio at the i
th

 data point, 

MRi, exp = experimental value of moisture ratio at the i
th

 data point, 

 N  = number of data points in the drying data set, 

and z  = number of model constants. 

Effective moisture diffusivity - Considering liquid diffusion of moisture from inner pulp to the 

surface of the aloe vera gel cubes as the controller of the drying rate in the falling-rate vacuum 

drying of the gel cubes and for longer drying times, the following equation can be used for the 

same. 

 212
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 Taking Napier’s logarithm over base e of both the sides of the above equation and 

rearranging gives the equation shown below. 



44 of 121 

 











22

1

2
8

ln.
4

ln



t

x

D
MR L  

 Here, MR=
e

et

XX

XX





0

 = moisture ratio at time t = t hr. 

 As the moisture diffusivity (DL) varies over time with moisture content, temperature and 

humidity, the effective moisture diffusivity (D) was obtained from the slope of the best fit straight 

line plot of the experimental drying data of ln MR versus the drying time t (hr.) for each of the 

drying runs. The diffusivity values were finally reported in m
2
/s after dividing the figures in m

2
/h 

by 3600. 

Functional properties - Functional properties measured of each dried sample included hydration 

properties such as water retention capacity (WRC), swelling (SW) and fat absorption capacity 

(FAC).   

Water retention capacity: WRC was expressed as the amount of water retained by the dry matter 

(Thibault et al., 1992). Each of the samples weighing 0.25g was suspended for 24 hrs. in 5ml of 

phosphate buffer solution and was then centrifuged at 15000 rpm for 15 minutes. Residual solids 

in the supernatant were recovered by filtration over a GF/C paper and recombined with the pellet. 

The pellet was weighed as P1 and dried at 102
o
C overnight in a gravimetric oven. After cooling, 

the dry weight was determined as P2. Finally, the WRC was calculated as: 

 
 kP

PP
WRC






2

21  

where, k = a (P1 – P2)/ρ, with a = 2.8 × 10
-2

 g salt (phosphate)/ml and ρ = density of water at STP 

(1 g/ml). 

Swelling: SW was measured as bed volume after equilibration in excess solvent (Kuniak and 

Marcessault, 1972). Samples in 0.5g each were weighed into a graduated conical tube with an 

excess of buffer. The suspension was stirred and after equilibration in 16 hrs, the volume was 

recorded and expressed as ml/mg d.m. 

Fat absorption capacity: FAC was measured as the amount of vegetable oil retained by the dry 

matter (Caprez et al., 1986). Samples in 0.25 g each were mixed with 5 ml of sunflower oil and 

left overnight at room temperature. The samples were then centrifuged at 15000 rpm for 10 min. 

The excess supernatant was then decanted. Finally, the FAC for each sample was expressed g oil/g 

d.m. 

Scanning Electron Microscopy - Scanning electron microscopy of each of the dried aloe vera gel 

samples was carried out at CRF, IIT Kharagpur with a scanning electron microscope (JEOL JSM-

5800 SCANNING MICROSCOPE, Japan). The dried samples were gold plated because of their 

non-conducting nature of electrons. Finally, the samples were fitted into the microscope and were 

scanned for to obtain their microscopes at 100 times magnification. These microscopes were then 

studied to understand the changes in the structure of the samples like structural collapses and 

scratches over the inner surface. 
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Texture Profile Analysis - Texture profile of each of the dried gel samples was analysed to obtain 

its hardness. A texture profile of a sample gave information about the force (g) exerted by the 

probe at different times (s) during the two rounds of successive compression and relaxation. The 

profiles were obtained by a Texture Profile Analyser using Texture Expert software. The pre-test 

speed of the probe was chosen as 10 mm/s while the test speed and post-test speed were chosen as 

0.5 mm/s each. Each stroke was set to be 5 s long. The peak force exerted by the probe during the 

first compression was taken as the hardness (g) of the sample. 

Gel Recovery from the Fresh Aloe Vera Leaves - Average weight of one fresh aloe vera leaf was 

found to be 0.345 kg. One such leaf gave on an average 0.225 kg of the fresh gel stored in the 

inner parenchyma. This means, a fresh aloe vera leaf contained approximately 65.22% of the gel 

used for the experimentations. 

Thermal Behaviour of Fresh Aloe Vera Gel - Thermal behaviour of a fresh aloe vera gel sample 

was studied through a Differential Scanning Calorimeter (DSC). The thermogram obtained is 

shown in Figure 5.44. It represents the variations in differential heat flow (DSC) to or from the 

sample along with the temperature of the sample with time during heating or cooling respectively.  
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Figure 5.44: Thermogram of fresh aloe vera gel obtained by DSC 

The above thermogram was then used to study the changes in specific heat capacity value of fresh 

aloe vera gel sample during heating in the range of -40
o
C to 100

o
C. Two peaks were observed at 

1.2
o
C and 81.9

o
C as shown in Figure 5.45. This could be due to the phase transformations of 

liquid water when latent heat is absorbed at a constant temperature. From the figure, it can also be 

observed that the specific heat capacity value increased as the temperature increased above the 

room temperature upto 81.9
 o

C as the liquid to solid ratio decreased as temperature went up. This 

shows that the energy required to dry the gel will increase as it is dried above the room 

temperature. 
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Figure 5.45: Specific heat capacity of fresh aloe vera gel versus temperature 

Characteristics of the Drying Methods- This section has the results of various drying experiments 

done on aloe vera gel. 

Hot air drying - Fresh aloe vera samples were dried from 69.592 to 0180 g water/ g d.m. by hot air 

drying in 10 hrs (Figure 5.46). This dried sample was then used to measure the changes in its 

nutritional contents and physico-chemical properties in parallel to the vacuum and freeze dried 

products. 

   
Figure 5.46: Hot air drying 

characteristics of aloe vera gel at 

60
o
C. 

Figure 5.47: Vacuum drying 

characteristics of fresh gel at 30
o
C at 

40 mm of Hg abs 

Figure 5.48: Vacuum dring 

characteristics of fresh gel at 40
o
C 

at 40 mm of Hg abs 

 

Vacuum drying - Figures 5.47 to 5.50 show the drying behaviour of aloe vera gel in vacuum. 

Moisture contents at different times of drying (at an interval of 1hr.) have been plotted in the 

figures. From the figures, it can be found that both the equilibrium moisture content of and the 

time taken to reach that by, the fresh aloe vera gel samples decreased as the operating temperature 

increased. 
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Figure 5.49: Vacuum drying characteristics of 

fresh gel at 50
o
C at 40 mm of Hg abs 

 Figure 5.50: Vacuum drying characteristics of 

fresh gel at 60
o
C at 40 mm of Hg abs 

Respective drying rate curves at different temperature levels as achieved by the vacuum drying at 

40 mm of Hg absolute. Normally, drying rate at a particular temperature decreased with time as 

free moisture in the sample decreased. However, the drying rates at lower two temperature levels 

of 30 and 40
o
C showed increment after 2 hrs. of decrement. This would have happened because of 

a combined effect of vacuum and lower heating rate where heating started affecting after a lapse 

of time. 

Freeze drying - Figures 5.51 and 5.52 show the moisture contents of fresh aloe vera gel sample at 

different times in the two stages of primary and secondary freeze drying. No change in moisture 

content was taken because of the deep freezing done earlier. Primary drying continued up to 12 

hrs. for the circulating hot water temperature of 30
o
C (Figure 5.51) and up to 10 hrs. for the 

circulating hot water temperature of 40
o
C (Figure 5.52). 

Respective drying rate curves at different circulating hot water temperature levels as 

achieved by the freeze drying have been presented in Appendix E. Normally, drying rate at a 

particular water temperature decreased with time as the ice layer in the sample depleted. 

Modeling of Vacuum Drying Kinetics - The Page model constants were determined from the MR 

versus time data of vacuum drying of the fresh aloe vera gel samples at different temperature 

levels using the best fit straight lines of ln(-ln(MR)) versus ln(t). The plots are shown in Appendix 

A. The model constants k and n were determined for each drying process and the fitness of the 

model was evaluated in the terms of R
2
 value tabulated in Table 5.6. 
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Figure 5.51: Freeze drying characteristics of fresh gel 

with circulating water at 30
o
C 

 
Figure 5.52: Freeze drying characteristics of 

fresh gel with circulating water at 40
o
C 

Table 5.6 Effect of temperature level on Page model constants in vacuum drying 

Temperature (
o
C) k-value n-value R

2
 RMSE χ

2 

30 0.0792 1.6067 0.9568 0.0540 0.00345 

40 0.1043 1.6311 0.9157 0.0629 0.00495 

50 0.5145 1.2618 0.9658 0.0167 0.00037 

60 0.6248 1.2574 0.9772 0.0150 0.00032 

Comparison of experimental and calculated values of moisture ratio (MR) at different points of 

time (hr.) has been presented in Appendix F. The graphs so obtained showed a good fit of the 

drying data with the model. 

Effective moisture diffusivity - Effective moisture diffusivity of fresh aloe vera gel samples 

subjected to vacuum drying at different temperature levels were calculated by the best fit straight 

line method of ln(MR) versus time plot of the actual drying data. 

Table 5.7 Effective moisture diffusivity of fresh gel at different temperature levels at 40 mm of Hg 

abs 

Temperature 

(
o
C) 

Intercept Slope of the  

best fit line 

Effective moisture  

diffusivity (m
2
/s) 

30 -0.21 -0.3264 3.69 × 10
-9 

40 -0.21 -0.4354 4.92 × 10
-9

 

50 -0.21 -0.8129 9.17 × 10
-9

 

60 -0.21 -0.9236 1.04 × 10
-8

 

From Table 5.7, it can be found that the effective moisture diffusivity of fresh aloe vera gel sample 

increased with temperature. This can be validated from the fact that as temperature increases, the 

vapor pressure inside the food sample increases, thereby favouring the moisture diffusion. 

 



49 of 121 

 

Physico-chemical Properties- This section presents the changes in certain physico-chemical and 

nutritional properties of fresh aloe vera gel over drying. 

Water activity- Following Table 5.8 gives the water activity values of fresh and dried aloe vera gel 

samples. Water activity of the gel considerably decreased upon drying with minimum values 

obtained by freeze drying with circulating water at 40
 o

C. 

Table 5.8 Water activity values of fresh and dried samples 

 

Sample type 

Moisture content  

(gw/g d.m.) 

Sample temperature 

(
o
C) 

Water 

activity 

Fresh 69.59 25.4 0.977 

AD60 0.18 25.7 0.270 

VD30 0.20 25.5 0.284 

VD40 0.18 25.8 0.279 

VD50 0.18 25.7 0.275 

VD60 0.17 25.2 0.263 

FD30 0.13 25.9 0.216 

FD40 0.13 26.1 0.214 

pH and acidity: Table 5.9 given below shows the changes in pH and acidity values fresh and dried 

aloe vera gel samples. It can be noticed in the table that as pH decreased, acidity of a sample 

increased. 

Table 5.9 pH and acidity values of fresh and dried samples 

Sample type Temperature (
o
C) pH Acidity (g malic acid/ 100 g dm) 

Fresh 30.0 4.74 0.065 

AD60 29.7 4.84 0.048 

VD30 29.4 4.83 0.053 

VD40 29.9 4.84 0.050 

VD50 29.6 4.86 0.047 

VD60 29.5 4.87 0.042 

FD30 29.6 4.83 0.054 

FD40 29.7 4.82 0.052 

Proximate composition - Results obtained from the proximate analyses of fresh and dried aloe 

vera gel samples are shown in Table 5.10. All the figures are expressed on % (wb). With 

increasing temperature, protein content decreased following its denaturation. 
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Table 5.10 Proximate compositions of fresh and dried samples 

Sample  

type 

Moisture  

(%) 

Fat 

(%) 

Protein  

(%) 

Ash  

(%) 

Carbohydrates (%) 

(by difference) 

Fresh 98.58 0.17 00.37 0.02 00.86 

AD60 15.25 0.31 13.37 0.09 73.98 

VD30 17.15 0.43 14.41 0.10 67.91 

VD40 15.54 0.41 14.29 0.12 69.64 

VD50 14.75 0.34 13.85 0.15 70.91 

VD60 13.94 0.29 13.82 0.19 71.76 

FD30 11.82 0.47 15.42 0.14 72.15 

FD40 11.58 0.44 15.39 0.17 72.42 

Ascorbic acid content - Figure 5.53 represents the changes in ascorbic acid contents of fresh and 

dried samples. With temperature, the ascorbic acid contents decreased in both the vacuum and 

freeze drying procedures. However, this decrease in vacuum drying was more severe. There was 

observed a significant loss in vitamin C of the gel with increase in vacuum drying temperature as 

an increased level of temperature caused degradation of vitamin C (Di Scala and Crapiste, 2008; 

Vega-Galvez et al., 2008). The loss of vitamin C, which is a thermo-sensitive compound, was 

likely due to the elevated processing temperature (Sigge et al., 2001; Hawlader et al., 2006) and 

the period of exposure (Miranda et al., 2009). Vitamin C can also be lost during rehydration as it is 

hydrosoluble (Vinson et al., 2005). Freeze dried products were likely to suffer least losses of 

vitamin C because of the lower operating temperature. Vacuum dried gel at 60
o
C suffered lesser 

loss of vitamin C than the air dried product at same temperature because of the reduced period of 

exposure to drying. 

127.6

26.5

64.1
59.25

38.21

29.87

84.7

73.9

0

20

40

60

80

100

120

140

Fresh AD60 VD30 VD40 VD50 VD60 FD30 FD40

Sample type

A
s
c
o

r
b

ic
 a

c
id

 (
m

g
 A

A
/1

0
0
 g

 d
.m

.)

 

 
14.7

4.29

6.42

9.63
10.24

1.47 1.63

0

2

4

6

8

10

12

14

16

AD60 VD30 VD40 VD50 VD60 FD30 FD40

Sample type

∆
E

 
Figure 5.53: Changes in ascorbic acid contents from 

fresh in dried samples by drying 

 Figure 5.54: Colour changes as seen from fresh in 

rehydrated samples by drying 

Colour changes and NEB - Vacuum drying temperature showed a direct relationship with changes 

in colour and the NEB (Figures 5.54 and 5.55). This could happen because of the release of amino 
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acids from the proteins following denaturation, which could then react with other compounds such 

as sugars to produce dark brown-coloured polymers called melanoidines via the Maillard reaction 

(Lee and Shibamoto, 2002; Perera, 2005). Miranda et al. (2005) reported similar relationship of air 

drying temperature with NEB as with increasing temperature, the NEB increased. However, the 

NEB was higher in hot air drying, as in vacuum drying there was an absence of air and hence, no 

oxidative browning was favoured. As expected, NEB was found least and negligible in freeze 

dried products because of the freezing of the sample and consequently a lower temperature the 

sample could attain during drying. 
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Figure 5.55: NEB values of different dried samples 
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Figure 5.56: Absorbance values of DPPH incubated 

fresh and dried gel samples 

 Figure 5.57: Antioxidant capacity of fresh and dried gel 

samples as % scavenging 

Antioxidant capacity - The antioxidant capacity of each of the fresh and dried aloe vera gel 

samples was calculated as the % scavenging effect on DPPH free radicals by methanol extract of 

the sample. As expected, fresh aloe vera gel sample exhibited lowest absorbance (Figure 5.56)  

and hence highest antioxidant activity (Figure 5.57) followed by the freeze ried samples. With an 
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increase in vacuum drying temperature, there was an increase in the absorbance value and 

correspondingly, a decrease in the antioxidant capacity.   

Similar results were obtained in hot air drying of aloe vera gel where an increase in air drying 

temperature caused an increased absorbance at 500 nm, suggesting a decreased value of 

antioxidant activity (Miranda et al., 2009). Higher temperature caused the thermal degradation of 

vitamin C and other phenolic compounds leading to an inhibited antioxidant capacity. Among all 

the dehydrated aloe vera gel products, the freeze dried products exhibited highest values of the 

antioxidant activity because of the least and subzero operating temperature. 

Rehydration Characteristics 

Rehydration kinetics - Figure 5.58 shows the moisture level of each of the vacuum and freeze 

dried samples as observed during rehydration at room temperature for 10 hrs. Freeze dried sample 

at 30
o
C got maximum moisture recharge among all the dried samples followed by the freeze dried 

sample at 40
o
C, vacuum dried samples at 30

o
C and 40

o
C, air dried sample at 60

o
C and the vacuum 

dried samples at 50
o
C and 60

o
C. The reason for this behavior is the various degrees of shrinkage 

due to structural collapse during different drying procedures. 
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Figure 5.58: Rehydration characteristics of different dried gel samples 

Solubility - Solubility of each dehydrated product was measured as total soluble solids. 

Table 5.11 Total soluble solids as 
o
Brix in aqueous dried gel solutions 

Sample type TSS (
o
Brix) 

AD60 0.7 

VD30 1.1 

VD40 0.9 

VD50 0.5 

VD60 0.4 

FD30 1.8 

FD40 1.4 
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From Table 5.11, it could be seen that the operating temperature had a negative impact on 

the dried product’s solubility in vacuum drying. This can be attributed to the shrinkage of the cell 

matrix during vacuum drying because of the rapid vapour transfer out of the product. Freeze dried 

products showed an excellent solubility as the frozen ice in the pores of the sample expanded the 

cell wall and caused least collapse upon drying. 

Functional properties - Functional properties measured in this study included WRC, SW and FAC. 

From the Table 5.12, it could be observed that all the three hydration related functional properties 

of vacuum dried aloe vera gel samples reduced with temperature. Best results for each property 

were observed in freeze dried products with very low reduction over temperature increment. This 

could happen because of the least collapse in cell wall that happened with freeze dried products 

because of the formation and sublimation of ice crystals which helped open up and retain much of 

the pore spaces in the gel. Air dried sample showed higher results than the vacuum dried product 

at 60
o
C. This might be because of the faster fluid diffusion in vacuum drying resulting into more 

shrinkage. 

Table 5.12 Functional properties of different dried gel samples 

Sample type WRC (g/g d.m.) SW (ml/mg d.m.) FAC (g/g d.m.) 

AD60 12.96 32.32 05.96 

VD30 13.72 57.41 06.37 

VD40 12.93 49.24 04.92 

VD50 11.35 37.81 04.28 

VD60 09.41 30.92 03.66 

FD30 14.47 77.81 10.17 

FD40 14.19 76.90 09.82 

Scanning Electron Microscopes - Changes in the inner solid structure of the hot air, vacuum and 

freeze dried aloe vera gel samples were studied and compared through their SEMs. There were 

observed the least cell wall collapses in the solid structure of the freeze dried products among all 

the dried samples. For vacuum dried products, there were observed structural collapses and more 

thread formation at higher drying temperature levels. For the vacuum dried product at 60
o
C, there 

was found some breakage and scratches over the solid surface. This could be attributed to the 

faster moisture transfer through the solid at a higher temperature in vacuum. Hot air dried product 

at 60
o
C suffered a considerable shrinkage of the cell wall. 

Hardness of Dried Gel Pieces - Hardness of the vacuum dried aloe vera gel pieces was found to 

increase with the temperature of drying (Table 5.13). This could be due to the increasing 

compaction of the dry matter with temperature as faster mass transfer through the solid caused 

shrinkages in the solid matters (refer to the SEMs). In freeze dried products, however, there were 

least shrinkages; hardness figures were greater than those of the vacuum dried products at two 

lower temperature levels. This might be because of the lesser moisture content in them and hence 

more solid dryness. Appendix G includes the texture profiles of the freeze and vacuum dried 

samples. 
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Figure 5.61: SEM of freeze dried product 

with circulating water temperature at 40
o
C 

 Figure 5.62: SEM of vacuum dried product 

at 30
o
C and 40 mm of Hg abs 

 

 

 

Figure 5.63: SEM of vacuum dried product 

at 40
o
C and 40 mm of Hg abs 

 Figure 5.64: SEM of vacuum dried product 

at 50
o
C and 40 mm of Hg abs 

Figure 5.59: SEM of hot air dried product at 

60
o
     

 Figure 5.60: SEM of freeze dried product                                                                                

with circulating water temperature at 30
o
C 
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Figure 5.65: SEM of vacuum dried product 

at 60
o
C and 40 mm of Hg abs 

  

Table 5.13 Hardness of dried aloe vera gel pieces 

Sample type Moisture content (g water/g d.m.) Hardness (g) 

VD30 0.207 57.3 

VD40 0.184 80.4 

VD50 0.173 277.8 

VD60 0.162 400.8 

FD30 0.134 84.7 

FD40 0.131 126.1 

This information can also be used while assessing the powder formation characteristics of the 

dried aloe vera gel samples. A sample with higher hardness will require higher energy to crush 

into powder. Stickiness, an unfavorable attribute of the sample for powder formation, was absent 

from each dried sample of aloe vera gel as seen in their texture profiles showing no curves below 

the time axis.  

Conclusions 

Fresh aloe vera gel leaves were procured from aloe vera field of the department. The gel in 

the inner parenchyma of the leaves were then extracted and cut into the cubes of each side 10 mm. 

Such samples were then dried by hot air, vacuum and freeze drying procedures. Hot air drying was 

conducted at 60
o
C with an air flow of 1.5 m/s perpendicular to the sample bed. Vacuum drying 

experiments were conducted in a closed chamber at maintained at 720 mm of Hg at four 

temperature levels viz. 30
o
C, 40

o
C, 50

o
C and 60

o
C. Freeze drying of the gel was conducted by 

first freezing the sample at -40
o
C for 20 hrs and thereby, subjecting it to a chamber also 

maintained at -40
o
C. A vacuum pump was connected to the chamber to maintain a vacuum level 

of 0.150 mbar. Hot water at two temperature levels of 30
o
C and 40

o
C were used to circulate into 

the drying chamber through the hot water tubes. Finally, the dried sample was again subjected to 

drying at room temperature in a region maintained at 0.100 mbar. Variations in the sample 

moisture content were recorded during each drying experiment at known time intervals. All the 

dried products obtained were cooled and packed into polyethylene envelopes and kept into 

desiccators for further analyses. Physicochemical properties of fresh as well as hot air, vacuum 
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and freeze dried samples were measured to compare the changes over drying. The following 

results were obtained. 

 Fresh aloe vera gel sample was dried from 69.592 to 0.180 g water/ g d.m. in 10 hrs. by hot 

air drying at 60
0
C while in case of vacuum drying moisture content of the gel reached to 

0.207, 0.184, 0.173 and 0.162 g water/g d.m. at 30
0
C, 40

0
C, 50

0
C and 60

0
C respectively. 

The respective times consumed were 13, 10, 8 and 7 hrs. respectively.  

 Final moisture content of freeze dried product was brought down to 0.134 and 0.131 g 

water/g d.m. with circulating water temperature at 30
0
C and 40

0
C respectively. The 

respective times consumed were 18 and 16 hrs. respectively. 

 Page model described well the moisture content variation during vacuum drying with R
2
 

value being more than 0.95, except at 40
o
C where this figure was around 0.91. 

 Effective moisture diffusivity during vacuum drying increased with temperature from 3.69 

× 10
-9

 at 30
o
C to 1.04 × 10

-8 
m

2
/s at 60

o
C. 

 There was a significant reduction in water activity of all the dried products with a 

maximum reduction from 0.977 to 0.214 in the case of freeze drying using hot water at 

40
o
C. 

 pH of the gel increased over drying with maximum increment from 4.74 to 4.87 in the case 

of vacuum drying at 60
o
C while the acidity of the gel decreased over drying with 

maximum decrement from 0.065 to 0.042 g malic acid/ 100 g dm over the same drying. 

 Proximate analysis of the fresh and dried samples showed reduction in protein content with 

temperature due to denaturation. In freeze drying, such denaturation was the least. 

 Ascorbic acid content of gel decreased by 50 to 70% by vacuum and hot air drying 

methods. The decrement was more at higher temperatures for it being much sensitive 

compound to temperature. This reduction was lower by freeze drying to around 30% at 

30
o
C. 

 Change in colour was considerable for the hot air dried product and the vacuum dried 

products at 40, 50 and 60
o
C being maximum 14.7 in the case of the hot air dried product. 

Non-enzymatic browning of gel increased with temperature in the case of vacuum drying 

while the freeze dried product showed least browning. 

 The antioxidant capacities of all dried products were less in comparison to the fresh gel 

with freeze drying affecting the least. 

 Solubility of the gel decreased with increasing drying temperature. Freeze dried samples 

exhibited the best solubility along with all other hydration related functional properties 

taken in this study like WRC, SW and FAC. 

 Based on the scanning electron microscopy (SEM), the dry matter structure of the gel was 

badly damaged over hot air and vacuum drying procedures. Vacuum drying at higher 

temperature levels was found to severely damage the solid structure. 

 Texture profile analyses of the dehydrated gel samples exhibited increasing hardness with 

increasing operating temperature and decreasing moisture content. 

Conclusively, freeze drying affected the least to all the qualitative properties of aloe vera gel along 

with its nutritional contents. However, the drying time was the highest and required more energy 

consuming equipments making it most expensive in comparison to vacuum drying  
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Foam mat drying of Aloe vera (Aloe barbadensis Miller) gel 

Materials and Methods 

Concentration of gel: Concentration of extracted aloe vera gel was concentrated by Rotary 

Vacuum Evaporator 

Analysis of the concentrate - The analysis of the concentrated gel samples was completed within 

1-2 h of concentration. Samples were analyzed for total solids, total soluble solids, pH, titratable 

acidity, ascorbic acid etc. following standard analytical methods.  

Foaming of pulp- The Aloe vera gel was converted into stable foam using different foaming 

additives. A laboratory model continuous whipping/foaming device having the provision for air 

incorporation was developed. The Fig. 5.66 represents schematic view of experimental set up for 

continuous foaming. 

Continuous foaming device- The laboratory scale continuous foaming device (Fig. 5.66), 

consisting of four main parts- mixing jar, motor, peristaltic pump and a compressor was, 

developed by modification of a kitchen grinder. The continuous foaming device was made up with 

the principle of volume displacement method. The mixing jar consists of material inlet, material 

outlet and three air inlets. The air inlets were made with 3 copper valve pins. The material inlet 

was made with a copper tube having 10 mm outer diameter. The material outlet was made up with 

aluminum sheet (thickness 2 mm) and developed in such a way that the inside width 90 mm and 

height 17 mm and the outward length of 50 mm. All the inlets and outlets were fixed with 

synthetic adhesive (Araldite). The out let was placed at such a position so that the gel must have 

sufficient residence time (2 min). A whipping blade made of stainless steel (1.6mm thick) was 

used to agitate the material in the jar. A precalibrated rotameter was installed for monitoring 

compressed air flow rate and a stroboscope was used to measure the rotational speed of the 

whipping blade. 

1. Peristaltic pump 2. Material container 

3. Motor 4. Rotameter 

5. Compressor 6. Material inlet 

7. Air inlet  8. Material outlet  

9. Mixing jar  10. Stand 

Production of foam – Foamed gel was produced by foaming device and foaming characteristics 

were studied in terms of foam density (FD), Foam drainage volume and foam expansion.  

Foam expansion - The per cent foam expansion (FE) was calculated from the height/depth of 

material in the vessel before and after whipping using following formula 

% Foam expansion (FE) = 
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Fig. 5.66: Schematic view of experimental Set up for continuous foaming 

Drying of foam: The foamed Aloe vera gel samples obtained from the foaming device at its 

optimized levels of operating conditions were subjected to air-drying at varying levels of drying 

air condition. A dryer having provisions to vary air temperature and velocity was used for the 

purpose and drying of foam was carried by recicultaory convective air drying method.    

Conditioning and grinding - The dried samples immediately after termination of the drying 

operation were placed along with the trays in a desiccator containing silica gel desiccant. In about 

1-2 h the samples attained thermal equilibrium with the environment. The samples were then 

ground in a domestic kitchen grinder for about one minute. The powdered product, collected in 

self sealing polythene pouch, was placed inside a desiccator for further studies. 

Analysis of dehydrated Aloe vera gel powder - Immediately after drying, samples (5-10 g) of 

dehydrated Aloe vera gel powder were collected in self sealing polythelene (90 µm) bags and 

placed inside a desiccators until analyses. These samples were analysed for their chemical 

constituents, viz. acidity, ascorbic acid, pH etc. 

Process Technology for preparation of Aloe vera gel powder- Based on the results obtained at 

different stages of investigation viz., juice extraction, concentration of juice, foaming of 

concentrate, air drying, cooling/conditioning and conversion into powder, a process technology for 

the preparation of dehydrated Aloe vera gel powder was developed and a material balance was 

worked out. Experiments were conducted to prepare Aloe vera gel powder using optimum process 

parameters. The experimental and theoretical data were compared. The powder obtained was 

analysed for various physico-chemical properties, like moisture content, ascorbic acid, acidity and 

rehydration characteristics using standard method. 

Effect of process variables on physico-chemical properties - Fresh Aloe vera gel extracted by hand 

filleting technique was taken for vacuum concentration. Then experiments were carried out at 

different temperature viz. 45
o
C, 50

o
C, 55

o
C and 60

o
C and different concentration time viz. 0, 15, 
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30, 45 and 60 min time gap. The effects of ascorbic acid and total soluble solids on concentration 

are presented below.  

Total soluble solids- The effect of temperature and time on total soluble solids (TSS) of Aloe vera 

gel juice during concentration is shown in Fig.5.67.  The increase in TSS followed a linear 

relationship for greater part of the time except at the end of the cycle where its rate of increase was 

very low. At 45
o
C the gel juice could be concentrated up to 2.5

o
Bx only, whereas it was possible 

to concentrate up to 4.5
o
Bx at 60

o
C.  The time required for achieving juice concentration of 2.5

o
Bx 

at 45
o
C and 4.5

o
Bx at 60

o
C were one hour each. Beyond this period, the rate of increase in 

concentration was very small. Moreover, the material started sticking to the vessel surface and 

could not be agitated easily. 

The relationship between total soluble solids (TSS) and total solids (TS) is shown in Fig. 

5.68 It is clear from the figure that the TSS and TS in Aloe vera gel juice were linearly related to 

each other. Further, the relationship between TSS and TS at any time was found to be independent 

of concentration temperature and time. A good coefficient of determination (r²=0.998) existed 

between TSS and TS. 

   
Fig. 5.67: Effect of concentration 

time on total soluble solids (°Bx) of 

Aloe vera gel 

Fig. 5.68: Relationship between total 

soluble solids (
0
Bx) and total solids 

(%) of Aloe vera gel concentrate 

Fig.  5.69: Effect of concentration 

time on Ascorbic acid fraction 

pH and acidity- The pH of Aloe vera gel juice concentrate ranged from 5.30 to 5.35. A slight 

decrease in pH was observed during the concentration process at all concentration temperatures.  

The acidity of the Aloe vera gel juice (0.0268% as malic acid, total solid basis) increased slightly 

with concentration.  

Ascorbic acid- The effect of process time and temperature on retention of ascorbic acid (AA) 

during concentration of Aloe vera gel juice is shown in Fig.5.69. Destruction of ascorbic acid was 

influenced by both temperature and time of processing. The destruction rate of ascorbic acid 

increased with increase in temperature. At 45
o
C and 50

o
C it followed a linear relationship for 

greater part of the concentration cycle, while at 55
o
C and 60

o
C the relationship is nonlinear.  

Optimization of process variables - Since ascorbic acid (AA) is considered to be the most heat 

labile component in the products of plant origin (Labuaza and Riboh, 1982: Johnson et al., 1995), 

its maximum retention in the concentrate was taken as criteria for optimization of the 
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concentration process variables. It was assumed that the process parameters retaining maximum 

ascorbic acid (AA) will also preserve the other components maximally. 

Here,  for optimization taking two independent variables viz. temperature and time and 

five dependent variables viz. ascorbic acid fraction, total soluble solids (TSS) , total solid (TS) , 

acidity and pH with five time levels viz. 0, 15, 30, 45 and 60 min factorial design was carried out. 

The results from experiments were confirmed by deriving numerical solution. Design-Expert 

program 7.0 of the stat-Ease software was utilized and was used to perform numerical operation 

and simultaneous optimization of the multiple responses. The desired goals for each variable and 

responses were chosen to get the different desirability function. Table 5.16 shows that software 

generated five optimum conditions of independent variables with predicted values of responses. 

Solution No.1, having the maximum desirability value was selected as the optimum conditions for 

concentration of Aloe vera gel juice. The solution was obtained for the optimum concentration 

condition covering the criteria as temperature 55
0
C and 60 min time of concentration, ascorbic 

acid 4.095%, TSS 3.6 ºBx, TS 3.7 %, acidity 0.0698 %(as malic acid) and pH 4.97. The ANOVA 

data are presented below. 

Table 5.14 ANOVA data showing effect of process variables on all responses during 

concentration of Aloe vera gel juice 

ANOVA DATA 

for all responses 

Source 

 

Sum of 

squares 
df 

Mean 

square 

F 

value 

p-value 

Prob.> F 
R-Squared 

ANOVA for 

Ascorbic acid 

Model 24.30 7 3.47 19.78 < 0.0001
***

 0.920 

A-Temp 8.13 3 2.71 15.44 0.0002
***

  

B-Time 16.17 4 4.04 23.03 < 0.0001
***

  

Residual 2.11 12 0.18    

Cor. Total 26.40 19     

ANOVA for 

TSS 

Model 18.37 7 2.62 20.25 < 0.0001
*** 

0.922 

A-Temp 2.69 3 0.90 6.92 0.0059
** 

 

B-Time 15.68 4 3.92 30.25 < 0.0001
*** 

 

Residual 1.56 12 0.13    

Cor. Total 19.92 19     

ANOVA for 

acidity 

Model 0.00559 7 0.0008 39.91 < 0.0001
*** 

0.959 

A-Temp 0.00023 3 0.00008 3.87 0.0380
* 

 

B-Time 0.00536 4 0.00134 66.94 < 0.0001
*** 

 

Residual 0.00024 12 0.00002    

Cor. Total 0.00583 19     

ANOVA for 

total solids 

Model 17.93 7 2.56 20.05 < 0.0001
*** 

0.921 

A-Temp 2.79 3 0.93 7.28 0.0049
** 

 

B-Time 15.14 4 3.79 29.63 < 0.0001
*** 

 

Residual 1.53 12 0.13    

Cor. Total 19.47 19     

ANOVA for pH 

Model 0.441 7 0.063 25.98 < 0.0001
*** 

0.938 

A-Temp 0.051 3 0.017 7.01 0.0056
** 

 

B-Time 0.390 4 0.098 40.21 < 0.0001
*** 
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Residual 0.029 12 0.002    

Cor. Total 0.470 19     
***

p<0.001; 
**

 p<0.01; 
*
 p<0.05; 

ns
=Not-significant. 

Table 5.15 Constraints set for Numerical solution of optimum concentration conditions 

Process parameter/Response Constraints 

Ascorbic acid (mg/100 g) Maximum 

TSS (%) Maximum 

Total Solids (%) Maximum 

Acidity (%) In range 

pH In range 

Table 5.16 Numerical Solutions for concentration of Aloe vera gel juice 

Sl. 

No. 

Temp 

(⁰C) 

Time 

min 

Ascorbic acid 

(mg/100 g) 

TSS 

(ºBx) 

Acidity 

(%) 

TS 

(%) 
pH Desirability 

1 55 60 4.095 3.6 0.0698 3.7 4.97 0.571 

2 50 60 4.484 3.3 0.0733 3.4 4.93 0.571 

3 55 45 4.521 3.1 0.0581 3.3 5.06 0.549 

4 50 45 4.669 3.0 0.0693 3.1 4.96 0.537 

5 45 60 4.910 2.8 0.0616 2.9 5.02 0.526 

Foaming of Aloe vera gel concentrate- Investigations were carried out on performance of Aloe 

vera gel concentrate in the developed continuous foaming device, determination of optimum 

operating and machine parameters for maximum foam expansion and on the effect of foaming 

additives on foaming properties of aloe vera gel concentrate. 

Effect of Additives on foaming Properties of Aloe vera gel concentrate - Sample of Aloe vera gel 

concentrate were subjected to whipping. It was observed, during preliminary experiment, that 

whipping of Aloe vera gel without any foaming agent produce very little foam which collapsed 

completely within short time at room temperature. When whipped with foaming agent, an 

appreciable foam expansion was obtained, which remained stable over a period of time. This 

necessitated the use of a suitable foaming agent and foaming stabilizer for the formation of stable 

foam. 

Selection of suitable foaming agent - Different chemicals viz. GMS and MC (1:1), pectin, egg 

albumin and MC (1:1) and pectin and MC (1:1) were evaluated as foaming additives for Aloe vera 

gel concentrate. The effect of these additives and their concentration on foam expansion and 

drainage volume of Aloe vera gel concentrate (3.8
0
Bx) are presented in Fig. 5.70 and Fig. 5.71 

respectively. The foaming expansion depended on the type of foaming additives and its 

concentration in Aloe vera gel. From Fig.5.70 it can be observed that foam expansion increased 
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with the increase in concentration of GMS and MC (1:1), pectin, egg albumin and MC (1:1), 

pectin and MC (1:1) from concentration range 0.25 %w/w to 1 %w/w. 

 
Fig. 5.70: Effect of type of foaming additives and their concentration on foam expansion 

volume of Aloe Vera gel concentrate (3.8°Bx) 

 

 

 

Fig. 5.71: Effect of type of foaming additives and their 

concentration on drainage volume of Aloe Vera gel 

concentrate (3.8°Bx) 

 Fig. 5.72: Effect of type of foaming additives and their 

concentration on Foam density of Aloe Vera gel 

concentrate (3.8°Bx) 

Drainage volume (DV) - It reflects the water holding capacity of foam. DV of the foam during 

experiment varied from 0 mL to 1.2 mL. Drainage volume (DV) decreased with the increase in 

additive concentration irrespective of the type of chemical (Fig.5.71). In case of MC and pectin, it 

followed non-linear relationship with concentration, while for the other three additives the 

relationship was almost linear. In the Fig 5.71 the additive MC and pectin (1:1) shows drainage 

volume 0 at 0.75%w/w and 1% concentration, these were optimum. 

Foam density (FD) – It is commonly used to evaluate whipping properties. Higher the amount of 

air incorporated during whipping, lower will be the foam density and the foam will have higher 

whippability (Falade et al., 2003). Density of the foam in this experiment varied from 0.42 g cm
-3

 

to 0.94 g cm
-3

. In Fig 5.72, there is decrease in foam density with increase in additive 

concentration. For the additive GMS and MC the foam density decreases from 0.76 g cm
-3

 to 0.46 

g cm
-3

. But for pectin and MC the foam density decreases from 0.56 g cm
-3

 to 0.42 g cm
-3

. 
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Optimization of foaming process variables - Numerical optimization was carried out for the 

process parameters for foaming of Aloe vera gel concentrate to obtain the best result. The results 

of experimental data were confirmed by deriving numerical solution. Design-Expert program 7.0 

of stat-Ease software was utilized and was used to perform numerical operation and simultaneous 

optimization of the multiple responses. The desired goals for each variable and response were 

chosen (Table 5.18) to get the different desirability function. Table 5.19 shows that software 

generated five optimum conditions of independent variables with predicted values of responses. 

Solution No.1, having the maximum desirability value was selected as optimum conditions for 

foaming of Aloe vera gel concentrate. The solution was obtained for the optimum foaming 

condition covering the criteria as pectin and MC concentration (1:1) 1%w/w, foaming density   

0.39 g cm
-
³, drainage volume 0.15 mL and expansion volume 122.53%. The ANOVA data for 

foaming of Aloe vera gel concentrate is presented below. 

Table 5.17 ANOVA data showing effect of process variables on all responses during foaming of 

Aloe vera gel concentrate 

ANOVA 

DATA for 

all responses 

Source 

 

Sum  of 

squares 
df 

Mean 

square 

F 

value 

p-value 

Prob > F 

R-

Squared 

ANOVA for 

foam density 

Model 0.469 6 0.078 57.04 < 0.0001
*** 

0.974 

A-Add type 0.394 3 0.131 95.88 < 0.0001
*** 

 

B-Add conc. 0.075 3 0.025 18.19 0.0004
*** 

 

Residual 0.012 9 0.001    

Cor. Total 0.481 15     

ANOVA for 

drainage 

volume 

Model 2.11 6 0.352 26.38 < 0.0001
***

 0.946 

A-Add type 0.85 3 0.283 21.25 0.0002
***

  

B-Add conc. 1.26 3 0.420 31.50 < 0.0001
***

  

Residual 0.12 9 0.013    

Cor. Total 2.23 15     

ANOVA for 

expansion 

volume 

Model 20387.88 6 3397.98 49.56 < 0.0001
***

 0.971 

A-Add type 15827.79 3 5275.93 76.95 < 0.0001
***

  

B-Add conc. 4560.10 3 1520.03 22.17 0.0002
***

  

Residual 617.04 9 68.56    

Cor. Total 21004.92 15     

***
p<0.001; 

**
 p<0.01; 

*
 p<0.05; 

ns
=Not-significant 
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Table 5.18 Constraints set for numerical solution of optimum foaming conditions 

Process parameter/response Constraints 

Foam density Minimum 

Drainage volume Minimum 

Expansion volume Maximum 

Table 5.19 Numerical Solutions for foaming of Aloe vera gel concentrate 

Sl. 

No. 

Additive 

type 

Additive 

conc. (%) 

Foaming 

density (g/cm³) 

Drainage 

volume (mL) 

Expansion 

volume (%) 

Desir-

ability 

1 Pectin+MC 1 0.39 0.15 122.53 0.998 

2 Pectin+MC 0.75 0.41 0.15 113.52 0.928 

3 EG+MC 1 0.45 0.05 106.46 0.919 

4 EG+MC 0.75 0.47 0.35 97.44 0.792 

5 Pectin+MC 0.5 0.51 0.3 95.15 0.779 

Drying of Foamed Aloe vera gel- Experiments were conducted to study the drying characteristics 

of foamed Aloe vera gel. The drying characteristics of foamed Aloe vera gel were studied under 

different drying conditions. Three levels of foam thickness (2, 4 and 6 mm), drying temperature 

(50, 55 and 60
0
C) and air velocity (1 and 2 m s-1) were taken for experiments. In order to 

understand effect of process variables on drying characteristics, experimental data were analyzed 

and plots between moisture content (db) and drying time (min) were drawn.  Fig.5.73 presents the 

pictorial view of partially or finally dried mat of foamed Aloe vera gel concentrate. 

4.3.1 Effect of process parameters on drying time:-The plots between the moisture content (db) 

and drying time (min) were drawn to understand the effect of process variables on time required to 

dry foamed Aloe vera gel mat to desired final moisture content. Eighteen experiments were 

conducted and their final results are shown in the Table 5.20. The time at which the drying rate 

reached close to zero was taken as the final drying time and the corresponding moisture content as 

the final moisture content. The change in the values of moisture content with time for different 

sample thickness at different air temperatures and air velocities are presented in Figures 5.74 to 

5.79 

It is observed from Fig. 5.74 to 5.79 that the moisture content of foamed Aloe vera gel reduces 

exponentially with drying time at any drying condition. The reduction in moisture content of 

foamed Aloe vera gel concentrate at any point of time during drying increased with the decrease in 

foam thickness at different temperature and air velocity.  The nonlinearity of the drying curves 

indicated multiple stages of drying process, which might have been caused due to the periodic 

bursting of successive layers of foam bubbles as drying progressed. When a layer of bubbles burst, 

the mat possibly attains an open porous structure resulting in acceleration of moisture diffusion 

from the upper most layer. 
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A constant rate period might be present at the beginning of each experiment, but it perhaps too 

short. The critical moisture content of fruits and vegetables are considerably higher than those of 

inorganic materials as reported by Sarvacos and charm (1962), which may be ascribed to colloidal 

and hydrophobic nature of the food materials. This causes water molecule to be held tightly upon 

concentration and conversion into foam. As a consequence, during foam mat drying of Aloe vera 

gel, only falling rate period is prevalent and constant rate period was absent.  

It is evident from 5.74 to 5.79 that with increase in foam mat thickness, the drying time increased 

due to the decrease in drying rate. It is evident from Table 5.20 that at a given air temperature and 

thickness, an increase in the air velocity caused reduction in drying time. For example, the drying 

time for foamed Aloe vera gel concentrate at air velocity of 1 m s-1 was about 75 min at mat 

thickness of 2 mm and air temperature of 60
0
C, which decreased to 50 min at same mat thickness 

and air temperature when air velocity increased to 2 m s
-1

. 

Table 5.20 Drying time of Aloe vera gel concentrate foam-mat at different drying condition 

Experiment 

No. 

Drying Condition Drying 

time 

(min) Air temperature (⁰C) Air velocity (m s
-1

) 
Mat thickness 

(mm) 

1 50 1 2 120 

2 50 1 4 180 

3 50 1 6 210 

4 50 2 2 105 

5 50 2 4 120 

6 50 2 6 210 

7 55 1 2 90 

8 55 1 4 120 

9 55 1 6 180 

10 55 2 2 75 

11 55 2 4 105 

12 55 2 6 140 

13 60 1 2 75 

14 60 1 4 105 

15 60 1 6 180 

16 60 2 2 50 

17 60 2 4 75 

18 60 2 6 120 
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Effect of process variables on drying rates - The drying rate verses moisture content curves for 

foam mat drying of Aloe vera gel concentrate at varying drying conditions are presented in Figures 

5.80 to 5.85. The drying rates were calculated from experimental data by estimating the change in 

moisture content which occurred at each time interval and were expressed as g water g dm
-1

 h
-1

. 

The drying rate curves show the presence of heat up period at the early stage of drying, which was 

followed by falling rate period. A constant rate period might be present after the heat up period of 

each experimental run, but it was perhaps too short to be noticed. Non existence of constant rate 

period indicated a diffusion controlled mechanism of drying of foamed Aloe vera gel concentrate 

mat. In heat up period, the drying rate increased as the moisture content decreased. Thereafter, the 

drying rates decreased with decreasing moisture content, indicating the beginning of falling rate 

period. The immediate onset of falling rate was a characteristic of aqueous food materials. The 

falling rate period could be divided into two parts according to change in the drying rate. The 

drying rates were higher in first falling rate period because the moisture was present in abundance 

at the surface of the product. The drying rate decreased gradually with the decreasing moisture 

content with the progress of drying. The decrease in drying rate sharpened during the later part of 

the drying process indicating the existence of the second falling rate period. 

 

 

 
(a) Before drying  (b) After 30 min drying 

 
(c) After final drying 

Fig. 5.73: Foamed Aloe vera gel samples at different stages of drying 

The drying rate of Aloe vera gel foam was affected by three drying process variables viz. 

air temperature, air velocity and mat thickness. The rate of drying at a given velocity increased 

with an increase in temperature and decreased with an increase in mat thickness. An increase in air 

temperature caused an increase in the drying rate which reduced the drying time.  The increase in 

drying rate with the increase in temperature might be due to (a) a rise in vapor pressure of water 

within the drying material resulting in faster migration of moisture from interior to surface, and (b) 
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the decrease in relative humidity of drying air with increase in temperature enhancing the rate of 

moisture evaporation from the product surface. Similar effect was obtained with varying air 

velocities. In all the cases, the drying rate was higher at the beginning of the process where 

moisture was easily evaporated by the drying air. 

 

 

 
Fig. 5.74: Drying curves for Foamed Aloe vera gel at 

varying mat thickness (air velocity 1 m s
-1

) and 

Temperature (50
o
C) 

 Fig. 5.75: Drying curves for Foamed Aloe vera gel at 

varying mat thickness (air velocity 1 m s
-1

) and 

Temperature (55
o
C) 

 

 

 
Fig. 5.76: Drying curves for Foamed Aloe vera gel at 

varying mat thickness (air velocity  1 m s
-1

) and 

Temperature (60
o
C) 

 Fig. 5.77: Drying curves for Foamed Aloe vera gel at 

varying mat thickness (air velocity  2 m s
-1

) and 

Temperature (50
o
C) 
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Fig. 5.78: Drying curves for Foamed Aloe vera gel at 

varying mat thickness (air velocity  2 m s
-1

) and 

Temperature (55
o
C) 

 Fig. 5.79: Drying curves for Foamed Aloe vera gel at 

varying mat thickness (air velocity  2 m s
-1

) and 

Temperature (60
o
C) 

 

 

 

Fig. 5.80: Drying rate Vs moisture content curves for 

foamed Aloe vera gel concentrate at varying mat 

thickness (air velocity 1 m s
-1

) and temperature (50
o
C) 

 
Fig. 5.81: Drying rate Vs moisture content curves for 

foamed Aloe vera gel concentrate at varying mat 

thickness (air velocity 1 m s
-1

) and temperature (55
o
C) 

 

 

 

Fig. 5.82: Drying rate Vs moisture content curves for 

foamed Aloe vera gel concentrate at varying mat 

thickness (air velocity 1 m s
-1

) and temperature (60
o
C) 

 Fig. 5.83: Drying rate Vs moisture content curves for 

foamed Aloe vera gel concentrate at varying mat 

thickness (air velocity 2 m s
-1

) and temperature (50
o
C) 
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Fig. 5.84: Drying rate Vs moisture content curves for 

foamed Aloe vera gel concentrate at varying mat 

thickness (air velocity 2 m s
-1

) and temperature (55
o
C) 

 Fig. 5.85: Drying rate Vs moisture content curves for 

foamed Aloe vera gel concentrate at varying mat 

thickness (air velocity 2 m s
-1

) and temperature (60
o
C) 

Effect of drying conditions on quality of product - The results of preliminary experiments 

indicated that there was excessive loss of vitamin C (ascorbic acid). The Table 5.21 represents the 

experimental data of 4 mm mat samples at different drying conditions.  The Table 5.21 below  

shows that there was maximum retention of ascorbic acid at drying temperature 55
o
C and air 

velocity 2 m s
-1

. 

Table 5.21 Effect of drying conditions on retention of ascorbic acid 

Sl. No. 
Temperature of 

drying (⁰C) 
Air velocity (m s

-1
) 

Retention of ascorbic acid 

(%) 

1 50 1 49.99 

2 50 2 59.99 

3 55 1 70.99 

4 55 2 79.98 

5 60 1 70.00 

6 60 2 74.99 

Conclusions 

The whole study was aimed to evaluate different physic-chemical properties and quality 

attributes of aloe vera gel, concentrate and powder at various stages of the investigations . Samples 

of concentrate and powder were reconstituted nearly to the total soluble solids as of the original 

gel (0.9- 1.2
0
Bx), wherever necessary. 

The results obtained at various stages of the investigation are summarized as follows: 

1. Some important physic-chemical properties of Aloe vera gel were: total solids-1.1%, total 

soluble solids-0.9
0
Bx, ascorbic acid-6.478 mg/100 g, acidity-0.0268% as malic acid and 

pH- 5.18. 
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2. The total solids content of the concentrated Aloe vera gel was greatly influenced by 

process temperature and time of concentration. The maximum concentration attained at 

60
0
C was 4.5

0
Bx after 60 min. 

3. The relationship between total soluble solids (TSS) and total solids (TS) content of the 

juice was found to be independent of process temperature and time of concentration. 

4. The acidity of the juice increased slightly with increase in concentration. 

5. Contents of ascorbic acid decreased with the increase in concentration of the juice. 

6. Concentration temperature of 55
0
C was found to be optimum for the maximum quality 

retention in Aloe vera gel concentrate of 3.8
0
Bx. 

7. The developed continuous foaming device worked satisfactorily with foaming additives 

pectin and MC (1:1) within the experimental ranges of operating and machine parameters. 

8. The operating and machine parameters yielding maximum foam expansion were 

determined as whipping blade rpm 3400, whipping time 2 min, air flow rate 10 L min
-1

 and 

material flow rate as 100 mL min
-1

. 

9. Foam expansion and foam stability (Drainage volume) of the gel was dependent on type of 

additives and its concentration. Foam expansion varied from 10 to 29.56 %, 40.46 to 

101.53 %, 62.27 to 110.26 and 70.66 to 123.21 with pectin, GMS and MC, egg albumin 

and MC and pectin and MC, respectively in the concentration range of 0.25 to 1 % w/w. of 

each additive. Stability of foam was maximum incase of pectin and MC at concentration 

range 0.75 to 1 % w/w. 

10. The air drying of foamed Aloe vera gel concentrate did not show any constant drying rate 

period. It exhibited falling rate period for all the drying conditions studied. 

11. The major factor affecting the drying rate was drying air temperature and air velocity. 

12.  Maximum retention of ascorbic acid was obtained at drying conditions of drying air 

temperature of 55
0
C, air velocity 2 m s

-1
 and mat thickness 4 mm. 

In conclusion it may be stated that good quality Aloe vera gel powder could be 

successfully prepared using foam-mat drying technique. The extracted Aloe vera gel (0.9
0
Bx) 

concentrated to 3.8
0
Bx could be converted into stable foam (123.21% expansion volume and 0 mL 

drainage volume) using pectin and MC (1:1) as foaming and stabilizing agent 1%w/w. The 

prepared foam was successfully converted into free flowing powder by subjecting it to 

recirculatory convective air drying for 75-105 min using hot air temperature of 55
0
C, air velocity 2 

m s
-1

 and mat thickness in the drying tray 4 mm, followed by cooling, conditioning for 1-2 h at 

room temperature (27-29
0
C) followed by grinding. 
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Vacuum concentration on Aloe Vera (Aloe barbadensis Miller) gel juice 

The aloe vera gel juice (0.9º Bx) was subjected to concentration at different temperatures 

and vacuum levels for 20 minutes using a rising film evaporator as planned in the Table 5.22. 

Table 5.22: Experimental plan for vacuum concentration 

Experiment No. Pressure (mm of Hg 

abs) 

Temperature (° C) Sample code 

1 210 40 40VC210 

2 50 50VC210 

3 60 60VC210 

4 160 40 40VC160 

5 50 50VC160 

6 60 60VC160 

7 110 40 40VC110 

8 50 50VC110 

9 60 60VC110 

Experimental set- up- The apparatus and experimental set- up used for the concentration of aloe 

vera juice is shown in Fig. 5.86. 

1. Vacuum Gauge     2. Vacuum chamber 

3. Evaporator (calandria)    4. Recirculatory pump 

5. Steam inlet      6. Condenser  

7. Condensate storage     8. Temperature indicator  

9. Vacuum pump     10. Feed inlet- cum- product outlet 

 
Fig 5.86: Pictorial view of experimental set- up for vacuum concentration of aloe vera juice. 
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Physico-Chemical Analysis - The analysis of fresh and concentrated aloe vera juice samples was 

done as described below. 

Percent Concentration- The initial amount of aloe vera gel juice fed into the evaporator and 

volume of concentrated product were measure by a measuring cylinder. The amount of water 

evaporated and hence the percent of concentration was calculated as below. 

 

pH- The pH of each of the fresh and concentrated samples were measured by pH meter at room 

temperature. 

TSS: The total soluble solid of fresh and concentrated aloe vera juice samples were measured by 

hand refractrometer having range 0- 32 and expressed as º Brix. 

Acidity- For acidity measurement, 0.01 N NaOH solution was prepared by dissolving 0.4 g of 

NaOH in 100 ml distilled water and making 10 ml of this solution to 100 ml by distilled water. 

The aloe vera juice was titrated using the above solution and titer values for each of them were 

noted down. The acidity value of the samples were calculated as given below and expressed as g 

malic acid per 100g dm. 

 

 Here, the equivalent weight of malic acid was taken as 67. 

Proximate analysis- The moisture content of fresh and dried aloe vera juice samples were 

determined by vacuum oven drying method. The crude protein content was determined by kjeldhal 

method with protein to nitrogen conversion factor of 6.25. The fat contents of the samples were 

analysed gravimetrically using Soxlet extraction method. The crude ash contents were determined 

by incinerating the samples in a Muffle furnace at 550° C for 4 hours. The total carbohydrates in 

the samples were estimated by difference (Miranda et al., 2009). 

Ascorbic acid- The ascorbic acid (vitamin C) contents of samples were determined by the 2,6 

dichlorophenol- indo- phenol tritimetric method by means of AOAC method no. 967.21 (AOAC, 

2000). Known quantity (5- 7 g) of juice was dissolved in 100 ml of 3% metaphosphoric acid. This 

solution was then titrated with the standard dye solution and ascorbic acid content of the sample 

was calculated as follows and expressed as mg AA/ 100 g dm. 

 

 Dye factor is mg of ascorbic acid per ml of dye. This is estimated by standardizing the dye 

before titration with standard ascorbic acid solution. 

Antioxidant capacity- The antioxidant capacity of each sample was determined as DPPH free 

radical- scavenging activity using a modification of the method by Wootton-Beard et al., 2011. 0.1 

mL of sample and 3.9 mL of 50 μM DPPH (prepared in methanol) were incubated in a water bath 
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at 37 °C for 30 min. After incubation, an aliquot of sample from each test tube was removed and 

placed into a cuvette to prevent occlusion of the light pathway by sediment in the juice, and the 

absorbance was measured at 517 nm in a spectrophotometer. The decrease in optical density of 

DPPH solution in relation to that of the control (blank 50 µM DPPH solution in methanol) was 

calculated the percentage inhibition of DPPH free radicals as given below. 

 

Results and Discussion 

Gel Recovery from Fresh Aloe Vera Leaves- Average weight of one aloe vera leaf was found to 

be 0.285 kg. One such leaf gave an average 0.174 kg of fresh stored gel in the inner parenchyma. 

This means, a fresh aloe vera leaf contains about 61.05 % of gel used for the experimentations. 

Remaining 38.95 % of the mass comprised the separated outer rind and drained out yellow colored 

fluid called aloin. 

Concentration of the Aloe Vera Gel juice- Figure 5.87 shows the percent concentration of the 

vacuum concentrated aloe vera gel juice samples. With increase in the temperature, there is an 

increase in concentration. Again, with the increase in vacuum or decrease in absolute pressure, 

there is a rise in concentration. At lower pressure, evaporation takes place in lower temperature, 

resulting in more concentration at lower pressure.  

 
Figure 5.87: Concentration of samples at different pressure and temperature 

Physico- chemical Properties-The section presents the changes in certain physico- chemical and 

nutritional properties of aloe vera gel juice over concentration. 

TSS- The TSS of the fresh and vacuum concentrated aloe vera juice samples are shown in fig. 

5.88 As the temperature and vacuum level of concentration rises, the TSS also increases. 

pH and Acidity-  The pH and acidity of the fresh and vacuum concentrated aloe vera gel juice 

samples are shown in Table 5.23. It can be noticed in the table that as the pH is decreased, acidity 

of sample increased. Also, with an increase in concentration of the juice sample, there is decrease 

in pH and increase in acidity (figure 5.89). 
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Figure 5.88: TSS of fresh and concentrated juice samples 

 

 
Figure 5.89: Changes in pH and acidity with concentration of aloe vera gel juice 

Table 5.23: pH and acidity of fresh and concentrated aloe vera gel juice 

Sample Type Temperature  

(º C) 

pH Acidity (g malic acid/ 100 g dm) 

Fresh 32 4.78 0.055 

40VC210 32 4.7 0.076 

50VC210 32 4.67 0.083 

60VC210 32 4.58 0.12 

40VC160 32 4.68 0.081 

50VC160 32 4.51 0.126 

60VC160 32 4.41 0.14 

40VC110 32 4.65 0.109 

50VC110 32 4.48 0.134 

60VC110 32 4.33 0.15 
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Proximate composition- Results obtained from proximate analysis of fresh and vacuum 

concentrated aloe vera gel juice samples are shown in table 5.24.  

All the figures are expressed on % wet basis. The carbohydrate constitutes more than 60 percent in 

the dry matter (McAnalley, 1993; Femenia et al., 1999).  

There is an increase in protein content initially may be due to the increase in dry matter content of 

the samples, but at higher temperature there was denaturation of protein, hence decreased protein 

content at 60 º C. 

Table 5.24: Proximate compositions of fresh and concentrated juice samples 

Sample 

Type 

Moisture 

(%) 

Protein (%) Fat  

(%) 

Ash  

(%) 

Carbohydrate (%) 

(by difference) 

Fresh 98.58 0.055 0.081 0.02 1.264 

40VC210 98.22 0.054 0.101 0.026 1.599 

50VC210 97.95 0.052 0.115 0.031 1.852 

60VC210 97.18 0.054 0.16 0.04 2.566 

40VC160 98.09 0.055 0.109 0.028 1.718 

50VC160 96.44 0.072 0.201 0.053 3.234 

60VC160 95.53 0.067 0.194 0.067 4.142 

40VC110 97.89 0.058 0.12 0.03 1.902 

50VC110 96.01 0.071 0.197 0.059 3.663 

60VC110 93.58 0.065 0.186 0.135 6.034 

Ascorbic acid content- Figure 5.90 shows the changes in ascorbic acid content in the fresh and 

vacuum concentrated aloe vera gel juice. With an increase in temperature, there is a significant 

decrease in ascorbic acid content. The oxidation of vitamin C lowers at reduced pressure. Figure 

5.91 shows the effect of pressure on ascorbic acid content at various temperatures. 

 
Figure 5.90: Changes in ascorbic acid contents from fresh and concentrated samples 
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Antioxidant capacity- The antioxidant activity of the fresh and vacuum concentrated aloe vera 

gel juice samples were calculated as the % scavenging effect on DPPH free radicals by methanol 

extract of the sample (figures 5.92 to 5.93). As expected, fresh sample exhibited the lowest 

absorbance and hence highest antioxidant capacity. With an increase in temperature, there was an 

increase in the absorbance value and correspondingly, a decrease in the antioxidant capacity 

(figure 5.94). Higher temperature caused thermal degradation of vitamin C and other phenolic 

compounds which attribute to the antioxidant capacity of aloe vera, leading to inhibition of the 

same. Similar results were observed with pressure. An increase in concentration pressure resulted 

in an increase of absorbance, suggesting a reduction of antioxidant activity.  

 
Figure 5.91: Effect of pressure on ascorbic acid contents of concentrated juice  

at different temperature 

 

 
Figure 5.92: Absorbance values of DPPH incubated fresh and  

concentrated samples 
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                           Figure 5.93: Antioxidant capacity of fresh and concentrated  

                            juice samples as % scavenging effect 

 

 
Figure 5.94: Effect of temperature on antioxidant 

capacity of concentrated juice at different pressure 

Optimization of process variables- Since ascorbic acid is considered as the most heat labile 

component in the products of plant origin (Johnson et al., 1995), its maximum retention in the 

concentrate is taken as the criteria for optimization of the concentration process variables. It was 

assumed that the process parameter retaining maximum ascorbic acid will also preserve the other 

components maximally. 

 Here, for optimization taking two independent variables viz. pressure and temperature and 

three dependent variables viz. total soluble solids (TSS), acidity and ascorbic acid content at three 

levels each, factorial design was carried out. The independent variables were coded from +1 and -

1. The results from experiments were confirmed by deriving numerical solution. Design- Expert 

program 8.0 of the stat- Ease software was used to perform numerical operations and simultaneous 

optimization of the multiple responses. The desired goal for each variable and responses were 

chosen (Table 5.25) to get the different desirability functions. Table 5.26 shows the effect of 

process variable and their significance on the responses during concentration. Table 5.27 shows 

that the software generated seven optimum conditions of independent variables with predicted 

values of responses. Solution No. 1, having the highest desirability value was selected as the 

optimum condition for concentration of aloe vera gel juice. The solution obtained for the optimum 

concentration condition was pressure 110 mm Hg abs and temperature 57.3º C, and the calculated 
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TSS 4.18132 ºBx, acidity 0.1117 g malic acid/ 100 gm dry matter and ascorbic acid 103.299 mg 

AA/ 100g dm. Figure 4.9, 4.10 and 4.11 represent the effect of pressure and temperature in terms 

of their coded values on TSS, acidity and ascorbic acid content of the concentrated aloe vera gel 

juice, respectively. The ANOVA data are presented below. 

Table 5.25Constraints set for Numerical solution of optimum concentration conditions 

Process parameter/ Response Constarints 

TSS Maximum 

Acidity (g Malic acid/ 100 g dm) In range 

Ascirbic acid (mg AA/ 100 g dm) Maximum 

Table 5.26 ANOVA data showing the effect of process variables on all responses during 

concentration of Aloe vera gel juice 

ANOVA 

Data for 

all 

responses 

 

Source 

 

Sum of 

Squares 

 

df 

 

Mean 

Square 

 

F 

Value 

 

p-value  

Prob > F 

 

R- 

Squared 

ANOVA 

for TSS 

Model 8.38 3 2.79 102.87 <0.0001* 0.9648 

 A-

PRESSURE 

2.80 1 2.80 103.13 0.0002* 

B-TEMP 4.86 1 4.86 178.90 < 0.0001* 

AB 0.72 1 0.72 26.60 0.0036* 

Residual 0.14 5 0.027   

Cor Total 8.52 8    

ANOVA 

for Acidity 

Model 5.622E-003 2 2.811E-003 38.02 0.0004* 0.8608 

 A-

PRESSURE 

2.166E-003 1 2.166E-003 29.30 0.0016* 

B-TEMP 3.456E-003 1 3.456E-003 46.75 0.0005* 

Residual 4.436E-004 6 7.393E-005   

Cor Total 6.066E-003 8    

ANOVA 

for 

Ascorbic 

Acid 

Model 826.97 2 413.49 16.80 0.0035* 0.6769 

 A-

PRESSURE 

362.86 1 362.86 14.74 0.0086* 

B-TEMP 464.11 1 464.11 18.86 0.0049* 

Residual 147.68 6 24.61   

Cor Total 974.66 8    

*The value of p, "Prob > F" less than 0.0500 in each case indicate model terms are significant. 

Values greater than 0.1000 indicate the model terms are not significant.   
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Table 5.27 Numerical solution for concentration of aloe vera gel juice 

 Table 5.27 shows the changes in TSS, acidity and ascorbic acid content with pressure and 

temperature as obtained from the Design Expert program where, TSS varies with pressure and 

temperature as per the 2FI (two factor- interaction) model. The equation obtained is given in 

equation no 5.3. 

TSS = 2.53333 -0.68333 * P + 0.90000 * T-0.42500* P * T         (5.3) 

Linear model suited best for acidity and ascorbic acid content. The relation of pressure and 

temperature on acidity and ascorbic acid content are shown in equation no. 5.4 and 5.5 

respectively. 

Acidity = 0.11322+ 0.019 * P+ 0.024* T                                                      (5.4) 

Ascorbic Acid = 101.92556-  7.77667* P- 8.795* T                                           (5.5) 

Conclusions 

Primarily treated samples were subjected to vacuum concentration in a batch type rising film 

evaporator. The concentration was carried out at three levels of temperature and pressures each 

viz. 40º C, 50º C and 60º C and 110 mm Hg, 160 mm Hg and 210 mm Hg absolute, respectively. 

The concentration time was fixed to be 20 minutes. All the concentrated samples were cooled to 

room temperature, degassed and their final volume was measured.   Physicochemical properties of 

the fresh as well as vacuum concentrated aloe vera gel juice samples were measured to study the 

effect of temperature and pressure over concentration. The following results were obtained. 

 Fresh aloe vera gel juice samples were concentrated upto 82 % of its initial volume. The 

concentration of the sample increased from 19.4 % at 40 º C to 63 % at 60 º C at 210 mm 

of Hg abs pressure. Similar increase in concentration of the juice samples were observed at 

160 mm Hg abs and 110 mm Hg abs pressure.  

 The concentration of sample at 210 mm Hg abs, 160 mm Hg abs and 110 mm Hg abs were 

found to be 30.6 %, 68.8 % and 70.8 % respectively, at 50 º C. Similar increase in 

concentration was observed with a decrease in pressure in the vacuum chamber of the 

evaporator at 40 º C and 60 º C. 

 The TSS of the fresh aloe vera juice was found to be 0.9 º Bx and it increased upto 4.6 º Bx 

for the sample concentrated at 110 mm Hg abs pressure and 60 º C temperature. An 

 

Sl. 

No. 

 

Pressure 

(mm Hg abs) 

 

Temperatur

e  

(º C) 

 

TSS 

(º Bx) 

Acidity  

(g malic acid/ 

100 g dm) 

Ascorbic acid  

(mg AA/ 100 

gm dm) 

 

Desirabilit

y 

1 110 57.3 4.18132 0.1117 103.299 0.671 

2 110 57.2 4.17075 0.1115 103.369 0.67 

3 110 57.1 4.15852 0.11128 103.45 0.67 

4 110 56.7 4.09788 0.11018 103.853 0.67 

5 110 58.5 4.34291 0.11462 102.226 0.67 

6 110 51.5 3.41542 0.09782 108.383 0.645 

7 110 48.5 3.01791 0.09062 111.021 0.609 
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increase in TSS was found with the increase in temperature and decrease in absolute 

pressure of the vacuum chamber. 

 The fresh aloe vera juice exhibited the maximum pH of 4.78 and hence, the minimum 

acidity viz. 0.055 g malic acid/ 100 g dm. pH of the juice decreased with increase of 

temperature and pressure and thereby, increasing the acidity.  

 pH decreased with an increase in concentration of the samples, the minimum pH being 

measured in the sample concentrated at 60 º C and 110 mm Hg abs. 

 Proximate analysis of the fresh and concentrated samples showed an increase in protein 

content as the temperature increased from 40 º C to 50 º C and then decreased at 60º C. 

The initial increase may be due to the increase in dry matter content of the samples, but at 

higher temperature there was denaturation of protein, hence decreased protein content at 60 

º C. However, samples treated at 60º C contain more protein than those treated at 40 º C. 

 The carbohydrate constitutes more than 75 % of the dry matter in fresh as well as vacuum 

concentrated samples. 

 Ascorbic acid content decreased in the concentrated juice samples. It decreased from 

153.24 mg AA/ 100 g dm in fresh sample to 84.8 mg AA/ 100 g dm in sample 

concentrated at 210 mm Hg abs pressure and 60 º C temperature, which accounts for about 

45 % loss. 

 The loss of ascorbic acid increases at higher temperature, ascorbic acid being a thermo- 

labile compound. There is less deterioration of ascorbic acid due to oxidation at higher 

vacuum or lower absolute pressure in the processing environment as it facilitates a 

relatively oxygen free atmosphere for concentration. 

 The antioxidant capacities of all concentrated products were less as compared to the fresh 

product. Higher temperature caused thermal damage to the antioxidants resulting in an 

inhibition of scavenging activity. Again, higher vacuum preserves the antioxidant capacity 

of the aloe vera gel juice.  

 Concentration pressure of 110 mm Hg abs and temperature of 57.3º C were found to be 

optimum for maximum quality retention of aloe vera gel juice and the calculated values of 

quality parameters at this condition are found to be TSS 4.18132 ºBx, acidity 0.1117 g 

malic acid/ 100 gm dry matter and ascorbic acid 103.299 mg AA/ 100g dm. 

Conclusively, vacuum concentration of aloe vera juice depends on the temperature and pressure 

applied. Higher temperature affects adversely to the quality parameters although it increases the 

solid content of the juice. Higher vacuum or lower absolute pressure increases the solid content as 

well as retains the quality of the juice. The optimum condition for concentration of aloe vera gel 

juice was found to be 110 mm Hg abs pressure and 57.3º C temperature for a concentration time 

of 20 minutes.  
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Utilization of Aloe Vera gel 

 

Use of Aloe vera  gel coating on the shelf life of Mango fruit  

 

Experimental Conditions 

 Storage Temperature : 12 °C 

 Aloe vera gel (AVG) Concentration: 1:0 (100% AVG), 1:1, 1:2, and 1:3 (AVG: Distilled 

Water). 

 Storage period: 3, 6, 9, 12, 15, 20, 25, 30, 35 and 40 days 

Conclusion 

Mango fruit coated with Aloe vera were firmer than the other treatments, indicating a 

delay in ripening.  Aloe vera gel diluted with distilled water (1:3) ratio showed best results 

compared to other treatments. In addition shiny appearance was observed in aloe vera gel-coated 

fruit as compared to the control. Overall, shelf life was extended upto 35 days by coating 

treatments due to delayed ripening and softening, reduced decay and weight loss. Aloe vera as 

edible coating, apart from acting as a gas barrier, may serve to improve food safety by inhibition 

or delay of the growth of microorganisms, giving a further step to the concept of active packaging.  

 

 

 

 

Fig. 5.96 Effect of aloe vera gel coating on 

firmness of mango fruit 

 Fig. 5.97 Effect of Aloe vera gel coating on 

physiological weight loss of mango fruit 
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Fig. 5.98: Mango fruit condition after 35 days without and with Aloe gel (Aqueous 1:3) coating  

 

Aloe vera emerging as bioreducing agents for nanotechnology and its reconstitution studies:  

Use of Biotemplate to tailor the physical properties of Multiferroics Ceramics: 

Aloe vera (Aloe Barbendensis Miller) is a well known for its multidisciplinary action in case 

of medicinal, cosmetics and food industries. Its major activity is due to its bioactive chemical 

composition. Recently aloe vera juices emerging as bio-reducing agents for nanocomposite 

formation such as gold and silver nanocomposite, Indium oxide [3], Hap powders etc. Advantages 

of these methods a) use of cheap and nontoxic bioreagents b) Simple procedure without time 

consuming-polymerization. c) It enhances the ceramics properties by decreasing the sizes range 

from 5-50 nm. However these studies play a key role in understanding the aloe vera gel utilization 

in nanomaterial formation. Since studies on major component responsible and their role during 

formation is hardly mentioned.  

Our main aim of the study was to select the suitable biotemplate and to know major 

components (such as polysaccharides) responsible for the formation of pure phases of the 

multiferroics nanocomposite Bi1-xSrxFeO3. In this study fibrous (CWP), clear juice and AIR 

(alcohol insoluble residue) removed juice were used. 
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Synthesis of multiferroics from biotemplates done in two phases: 

1
st
 phase: Production of suitable biotemplate. 

2
nd

 phase: Synthesis of BiFeO3 based multiferroics ceramics by using in presence of 

biotemplate. 

Characterization techniques used- In this present work for biotemplate juice and prepared 

ceramics characterization different techniques like Refractometry, Rheometry, X-ray diffraction 

(XRD), Scanning electron microscopy (SEM) were used.  

Results and Discussion 

A. Nature of biotemplate gel determined by measuring the pH: For all juices samples 

supplied we noticed pH is in the range of 3.5-5. This indicates acidic nature. 

B. Total soluble solids in biotemplate measured by Refractometer: For fibrous juices value 

comes between 1.5-1.3. and for clear juice it is showing 1.4-1.1. 

C. Dynamic Rheometer: Viscosity of clear juice measured with Dynamic Rheometer in 

this cup and bob geometry i.e., C25 DIN 53019 used.   

 Temperature sweep from 25-80 ºC at shear value (1/s) 10: This experiment performed to 

show that aloe vera gel viscosity decreases with increase of temperature. Arrhenius model fit for 

temperature sweep curve and data mentioned below. 

Name r Chi-square c K 

Clear aloe vera juice 0.9917 0.00004 0.0000105 3152 
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Fig. 5.99 Change in viscosity with temperature during temperature sweep study.SEM data: 
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Fig. 5.100 SEM micrographs freeze dried fibrous, alcohol insoluble residue (AIR) biotemplate powders 

In fig. 5.100.a, SEM micrograph of prepared BSFO for x = 0.10 has been shown. It is seen 

that there is uniform morphology throughout the sample. Fig 5.100.b and 5.100.c. shows the 

surface morphology of freeze dried fibrous, alcohol insoluble residue (AIR) biotemplate powders. 

Particle size reduction has also been observed. Interestingly we noticed spiral structures which are 

not mentioned earlier indicating that these structures might be responsible for nanomaterial 

formation. However their chemical characterization is under investigation. 

Conclusions:  

 Nanoparticles size reduces drastically from 100 nm to 30 nm.  

 Clear juice is responsible for pure phase formation.   

 In the absence of AIR (alcohol insoluble residue) which is rich in polysaccharides and 

protein as mentioned by Femina, pure phase formation is not obtained. This indicates that 

AIR might be responsible for nanomaterial formation. 

Synthesis of different powders and selection of suitable powders for reconstituted gels 

In this we synthesized different type of powders with an intention to form reconstituted gel as 

shown in table 5.28. Rind powder by hot air drying at 65 ºC, Yellow sap by freeze drying, Fibrous 

powder by freeze drying, Alcohol insoluble residue ( contains CWP-cell wall polysaccharide), 

Alcohol insoluble residue (devoid of CWP), Alcohol insoluble residue (contains 5% pectin), 

Alcohol insoluble residue (contains 5% CMC). 
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Table 5.28. Swelling and tilting experiments with AIR powder: 

Sample 
Type Water 

addition 

Method of 

gel 

formation 

Solubility Observation 

by tilting 

AIR 

(Heated) 

(50 mg)  

Freeze 

drying  

Up to 4 ml 

water added 

slowly  

Stirring done 

at regular 

intervals  

 Partial 

solubility was 

noticed.  

Gel formation 

noticed.    

AIR  (50 

mg)  

Deccicator 

drying  

Up to 4.5 ml 

water added 

slowly  

Stirring done 

at regular 

interval  

Not 

completely 

soluble.  

same as above  

Conclusion 

 In the above study it was noticed that Alcohol insoluble residue (AIR) which is devoid of 

CWP is suitable for hydrogel formation.   

 It was also seen that some part of insoluble residue, suitable pH buffer and salts 

concentrations are necessary for reconstituted gel formation. 

 

Development of Aloe Vera based fruit beverages 

Aloe Vera (Aloe barbadensis Miller) gel, derived from the leaf pulp of the plant, has been 

utilized as a resource of functional food, especially for the preparation of health drinks which 

contain no laxative effects. Aloe Vera contains polysaccharides mainly mannose (Acemannan), 

amino acids, vitamins and minerals which are highly used for body ailments. The clear pulp or 

inner gel of Aloe Vera leaf is widely used in medical, pharmaceutical, food industry and 

neutraceutical products. We focus our work on extraction of Aloe gel and production of Aloe 

based functional foods especially beverage were developed and analysed for some important 

properties. 

Juice 

◦   Aloe – Amla juice 

◦   Aloe – Mango juice 

◦   Aloe – Pineapple juice 

◦   Aloe – Jamun juice 

Progress of Work and Principal Accomplishments 

Aloe-based food products, especially, Aloe juices and jelly along with Amla, Jamun and Pine 

apple were prepared. Hand filleting technique was used for Aloe gel separation. 

 Washing the leaves with tap water containing  3 ppm disinfectant  solution (sodium 

hypochlorite) followed by removing the green colour  part of the leaves (rind). 

 Cutting the gel into cubes and grinding in the kitchen grinder. 

 Filtering the gel juice by double folded muslin cloth. 
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 Mixing gel juice with desired fruit in appropriate proportion for development of Aloe 

based juices 

  

Aloe-Amla Juice 

Aloe Vera (Aloe barbadensis Miller) rind part was removed and the juice was   extracted by the 

above mentioned steps. Amla (Emblica officinalis) was destoned, and the seed was removed. Then 

the Amla slices were pulped by blender and it was filtered by double folded muslin cloth. Before 

mixing, Aloe Vera juice and Amla juice were  centrifuged  at 5000rpm  for 10 minutes for clarity.  

26% of Aloe Vera gel juice and 26% of Amla juices were mixed with 47.9% sugar solution,  

0.08%  Citric acid and 0.02%  Sodium  metabisulfite. The pH  of  the juice prepared was adjusted 

to 3 and the kept in water  bath  for 25 minutes  at 60-65 °C for pasteurization  purpose.  The juice 

prepared  from the a bove mentioned  combination  shows good sensory attributes with respect to 

colour, flavour and taste and posses long shelf life period (6 months). 

 

Aloe-Mango beverage 

Aloe Vera (Aloe barbadensis Miller) rind part was removed and the juice was extracted by the 

above mentioned steps. Matured and ripened Mangoes were taken for the Aloe-Mango juice 

preparation. Approximately 500 g of Mango (Mangifera indica) was weighed and washed with 

3 ppm of disinfectant solution (Sodium Hypochlorite). The cleaned Mango was peeled out 

manually; the seed and rind were weighed.  It was near about 150 g. Then the Mango slices 

were pulped by blender and it was filtered by double folded muslin cloth. 30% of Aloe Vera gel  



87 of 121 

 

juice and 27% of Mango pulp were mixed and again 

filtered by double folded muslin cloth. To that mixture, 

42.86% sugar solution (27% Sugar), 0.08% Citric acid, 0.02% 

Sodium metabisulfite, 0.02% Lemon Yellow food colour 

and 0.02% Sweet Mango flavor were added. The pH of 

beverage was adjusted 3 and then kept in water bath for 25 

minutes at 60-65 °C for pasteurization.  The juice prepared 

from the above mentioned combination shows good sensory 

attributes with respect to colour, flavour and taste and possess 

long shelf life period (6 months).  

Aloe-Jamun beverage 

Aloe Vera juice (30%) was taken obtained by the above mentioned method. Jamun fruit was 

washed by 3 ppm Sodium hypochlorite solution and then rinsed by plain water. Then the 

washed Jamun was crushed and destoned. Crushed Jamun pulp was ground by kitchen grinder 

and filtered by double folded muslin cloth. 27% of Jamun juice was taken from the filtered 

juice and it was added with 30% Aloe juice. 47.9% Sugar solution, 0.04% Citric acid and 

0.06% Sodium benzoate were added to the Aloe –Jamun juice mixture. The pH of beverage 

was adjusted 3 and then kept in water bath for 25 minutes at 60-65 °C for pasteurization.  The  

juice  prepared  from  the  above  mentioned  combination  shows  good sensory attributes with 

respect to colour, flavour and taste and posses long shelf life period (6 months). 

Aloe-Pine Apple beverage 

Aloe   Vera   (Aloe   barbadensis   Miller)   rind   part   was removed and the juice was 

extracted by the above mentioned steps. Ripened  or  matured  Pine  apple  620  g  was  weighed  

(Ananas comosus)  and peeled  out by knife.  The peeled  part was 100 g. After peeling it was 

washed by plain water and cut into slices and pulped.  Then the Pine apple pulp was filtered 

by double folded muslin cloth. The obtained juice was 275 ml. Aloe Vera juice 30%, Pine 

apple juice 27% were added, into this 42.86% of Sugar solution  (23.3% Sugar), 0.07% of 

Citric acid, 0.04% of Sodium metabisulphite, 0.02%  Pine apple Yellow food colour and 0.02% 

Pine Apple food flavour    were  also  added.  Thoroughly  mixed  juice  was  then  proceeded  for  

bottling  and sealing.  It was kept in water bath for 25 minutes at 60-65 °C for pasteurization. 

The products prepared from the above mentioned combination shows good sensory attributes 

with respect to colour, flavour and taste and possess long shelf life period (6 months). 
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Dr. J. P. Mittal visited Aloe Vera Processing Plant at Jakpur 
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UAS, Raichur 

1) “Process Technology for Aloe vera gel powder”  

Fresh whole Aloe vera leaves of 30 and 50 cm length of more than 3 years old were used 

for preparation of Aloe vera gel powder. Leaves were selected according to uniformity in harvest, 

size and freshness. Whole leaves were washed and scrubbed to remove mud, adhering material, 

sand and bitter exudates on the rind surface. After washing, the leaves were weighed and trimmed 

for further filleting using a stainless steel knife. After trimming, the leaves were manually filleted 

to separate gel fillets from the rind and fillets were cut into uniform sized cubes of 10±1 mm. 

These  cubes  were  again washed with water. The uniform size  Aloe  vera cubes  were uniformly  

spread over the entire drying surface. These cubes were dried by tray 

dryer (40, 50 and 60 
°
C), desiccant dehumidified air dryer and 

freeze-dryer to obtain Aloe vera gel powder. The Aloe vera cubes 

were grounded and strained using muslin cloth to obtain Aloe vera 

juice. This juice was further concentrated using rotary flash vacuum 

evaporator to a concentration of about 50%. The concentrated juice 

was dried using a spray-dryer to obtain Aloe vera gel powder.  

The effects of different drying methods (tray drying: 40, 50 and 60 
°
C), desiccant 

dehumidified air drying, spray-drying and freeze-drying on the proximate composition (moisture, 

protein, fat, ash and total polysaccharides) and quality parameters (pH, water activity, aloin 

content and colour LAB values) of the Aloe vera gel powder were studied. The proximate 

composition of fresh gel and Aloe vera gel powder dried under different drying methods is 

presented in Table 5.29. The quality parameters of Aloe vera gel powder dried under different 

drying methods is presented in Table 5.30. 

Table 5.29. Proximate composition of fresh Aloe vera gel and Aloe vera gel powder dried 

under different drying methods 

 

Proximate 

composition 

(%) 

 

Fresh 

gel 

Drying method 

 

Tray drying 

Desiccant 

dehumidified 

air drying 

 

Spray 

drying 

 

Freeze 

drying 40 
°
C 50 

°
C 60 

°
C 

Moisture 98.15 3.30 3.18 3.50 3.40 2.50 2.20 

Protein 0.082 8.24 8.23 8.21 8.20 8.26 8.28 

Fat 0.074 5.20 5.21 5.18 5.17 5.23 5.26 

Ash 0.316 12.43 12.47 12.32 12.36 12.56 12.62 

Polysaccharides 1.360 70.83 70.91 70.77 70.87 71.50 71.64 
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Table 5.30. Quality parameters of Aloe vera gel powder dried under different drying 

methods 

 

 

Parameters 

Drying method 

Tray drying                  Desiccant 

dehumidified 

air drying 

Spray 

drying 

Freeze 

drying 40 
°
C 50 

°
C 60 

°
C 

pH 5.70 5.65 4.79 4.36 5.69 4.34 

Water activity (aw) 0.46 0.44 0.42 0.41 0.39 0.37 

Aloin content pm) 19.65 20.38 23.15 21.2 3.27 14.37 

Colour values L* 

                       a* 

                            b* 

74.24 73.61 74.96 78.56 74.37 75.28 

-1.21 -0.09 1.01 -0.186 -1.98 -2.02 

21.32 22.02 22.26 17.95 11.12 10.11 

L* = Lightness or Darkness 

a* = Redness or Greenness 

 b* = Yellowness or Blueness 

2) “Process technology for low temperature grinded Aloe vera whole leaf powder” 

The commercial desiccant dehumidified air dryer was procured from M/s. Bry Air (Asia) 

Pvt. Ltd., Gurgoan for drying of whole leaf Aloe vera slices.  The fresh whole Aloe vera leaves of 

30 and 50 cm length of more than 3 years old were used for preparation of whole leaf Aloe vera 

powder. Whole leaves were washed and scrubbed to remove mud, adhering material, sand and 

bitter exudates on the rind surface. After washing, the leaves were weighed and trimmed using a 

stainless steel knife. The trimmed leaves were cut into slices and dried in desiccant dehumidified 

air dryer at drying temperature of 60-65 
°
C and RH of 18%. The dehydrated slices were grinded in 

low temperature grinder. The low temperature grinder has been designed and developed by NAIP 

consortia and was fabricated at M/s. Spectra Cryogenic Systems, Kota, Rajasthan. The dehydrated 

slices were grinded in low temperature grinder to obtain whole Aloe vera leaf powder by 

circulating liquid nitrogen (LN2) at -196 
o
C. The sample grinded without circulation of LN2 was 

treated as control. 

Table 5.31. Proximate composition of whole leaf Aloe vera powder 

under different grinding methods 

Proximate 

composition (%) 

Whole leaf Aloe 

vera gel powder 

(with LN2) 

Whole leaf Aloe vera gel 

powder 

(without LN2) 

Moisture 4.98 3.82 

Protein 4.67 4.16 

Fat 6.10 5.77 

Ash 23.78 23.04 

Polysaccharides 60.47 63.21 
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Table 5.32. Quality parameters of whole leaf Aloe vera powder 

under different grinding methods 

 

Parameters 

Whole leaf Aloe vera 

gel powder 

(with LN2) 

Whole leaf Aloe vera 

gel powder 

(without LN2) 

pH 5.17 5.08 

Water activity (aw) 0.308 0.257 

Colour values L* 

                       a* 

                          b* 

63.13 66.06 

-1.36 -1.43 

25.45 26.42 

L* = Lightness or Darkness 

a* = Redness or Greenness 

  b* = Yellowness or Blueness 

Stage of technology  

 New developed 

 Tested – Nos. of Trials/Demonstrations undertaken for testing 

The proximate composition of fresh Aloe vera gel and Aloe vera gel powder dried under 

different drying methods is presented in Table 5.29. The proximate composition of fresh Aloe vera 

gel was found to be 98.15% (w.b.) (Moisture), 0.082% (Protein), 0.074% (Fat), 0.316% (Ash) and 

1.360% (Polysacchardies). The highest protein (8.28%), fat (5.26%), ash (12.62%) and 

polysaccharides (71.64%) content was found to be in freeze dried sample, followed by spray-dried 

Aloe vera gel powder protein (8.26%), fat (5.23%), ash (12.51%) and polysaccharides (71.50%) 

content and lowest content was observed to be in tray dried Aloe vera gel powder at 60 
°
C, protein 

(8.21%), fat (5.18%), ash (12.32%) and polysaccharides (70.77%) content. The nutrients were 

retained more in freeze-dried Aloe vera gel powder; it may be attributed to the low temperature (-

40 
°
C) maintained throughout the drying period. Whereas in case of tray dried Aloe vera gel 

powder the reduction in nutrient content may be attribute due to the high temperature (60 
°
C) 

maintained throughout the drying process. In comparison with tray drying with desiccant 

dehumidified air drying method, the nutrients retention was found to be more in desiccant 

dehumidified air drying method. It may be due to the use of low temperature and low relative 

humidity of air for drying the Aloe vera gel powder. 

The quality parameters such as Aloin content, pH, water activity and colour of Aloe vera 

gel powder dried under different drying methods are presented in Table 5.30. The Aloin content of 

Aloe vera gel powder was found to be 19.65, 20.38 and 23.15 ppm for tray drying at 40, 50 and 60 
°
C, respectively. Whereas for desiccant dehumidified air drying, spray drying and freeze drying it 

was found to be 21.2, 3.27 and   14.37 ppm, respectively. The decrease in the aloin content may be 

due to its heat sensitive property.  

The pH content of Aloe vera gel powder dried under different drying methods were 

observed to be 5.70, 5.65 and 4.79 for tray drying at 40, 50 and 60 
o
C respectively. Whereas for 

desiccant dehumidified air drying, spray drying and freeze drying it was found to be 4.36, 5.69 
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and 4.34, respectively. The change in pH value may be due to the differences in maturity of plant, 

harvesting conditions and freshness of gel. 

The water activity of Aloe vera gel powder dried under various drying methods were found 

to be 0.46, 0.44 and 0.42 for tray drying at 40, 50 and 60 
°
C, respectively. Whereas for desiccant 

dehumidified air drying, spray drying and freeze drying was found to be 0.41, 0.39 and 0.37, 

respectively. The decrease in water activity for different drying method may attributed due to 

decrease in moisture content which is having direct relationship with water activity.  

Although browning development might not be related to any substantial modification of 

polysaccharides from Aloe vera gel powder, undoubtedly browning would influence the 

organoleptic properties of powder and would limit their potential application. A freeze dried 

sample of Aloe vera gel powder was considered for comparison which did not show any apparent 

sign of browning. The L* values (lightness) of Aloe vera gel powder dried under different 

methods were found to be 74.24 (40 
°
C), 73.61 (50 

°
C) and 74.96 (60 

°
C), for tray dried samples. 

Whereas, for dehumidified air dryer, spray and freeze dryer the L* values were observed to be 

78.56, 74.37 and 75.28, respectively. The a* values were observed to be -1.21, -0.09, and 1.01 for 

the Aloe vera gel powder dried in tray dryer at  40 
°
C, 50 

°
C and 60 

°
C. In case of dehumidifier air 

dryer, spray and freeze dryer the a* value were found to be -1.86, - 1.98 and -2.02.  The negative 

a* values indicate that the Aloe vera gel powder was more greenish in colour as compared to the 

Aloe vera gel powder dried at 60 
°
C. The b* value of Aloe vera gel powder dried under different 

drying methods ranged between 10.11 to 22.26. The positive value of b* indicate the yellowness 

in the Aloe vera gel powder. As the temperature increased, value of b* also increased.  

The effect of different grinding methods on proximate composition of whole leaf Aloe vera 

powder is presented in Table 5.31. The proximate composition of whole leaf Aloe vera powder 

was grinded using selected grinding methods and ranged between 3.82 to 4.98% (moisture), 4.16 

to 4.67% (protein), 5.77 to 6.10% (fat), 23.04 to 23.78% (minerals) and 60.47 to 63.21% 

(polysaccharides). It was observed that, there was a significant difference in the moisture content 

of whole leaf Aloe vera powder obtained from selected grinding methods. Among the grinding 

methods, low temperature was maintained by  circulating with liquid nitrogen (-196 
o
C) around 

the dried whole leaf Aloe vera slices yielded whole leaf Aloe vera powder rich in protein (4.67%), 

fat (6.10%) and minerals (23.78%) as compared to control 4.16% (protein), 5.77% (fat) and 

23.04% (minerals), respectively. The per cent of polysaccharides was found to be highest in 

control 63.21% as compared to the low temperature grinded powder 60.47%. It may be attributed 

due to the highest nutrients composition and moisture content found in the low temperature 

grinder due to the circulation of liquid nitrogen at -196 
o
C. The loss in the nutrient composition of 

whole leaf Aloe vera powder obtained from the grinder without circulation of liquid nitrogen 

might be due to the heat generated during the grinding process. The majority of the nutrients were 

found to be retained in whole leaf Aloe vera powder sample obtained from the low temperature 

grinder which might be due to the exposure of the sample to the liquid nitrogen throughout the 

grinding process. 

The effect of different grinding methods on quality parameters of whole leaf Aloe vera 

powder is presented in Table 5.32. The pH content of whole leaf Aloe vera powder grinded using 

selected grinding methods ranged from 5.08 to 5.17. The pH content of low temperature grinded 
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whole leaf Aloe vera powder was found to be highest 5.17 as compared to the control 5.08. The 

change in pH value may be due to the difference in maturity of plant, harvesting conditions and 

freshness of whole leaf.  

The water activity of whole leaf Aloe vera powder obtained from different grinding 

methods varied between 0.257 to 0.308. The highest water activity was recorded in the sample 

obtained from the low temperature grinder 0.308 as compared to the control 0.257. The increase in 

the water activity may be due to the low temperature maintained during grinding process by 

circulating liquid nitrogen at -196 
o
C. The decrease in water activity for control sample may be 

attributed due to decrease in moisture content during process which has direct relationship with 

water activity. 

The colour value of whole leaf Aloe vera powder ranged between 63.13 to 66.06 (L*), 1.36 

to -1.43 (a*) and 25.45 to 26.42 (b*). The ‘L’ value (Lightness) of samples grinded in low 

temperature and without low temperature grinding were observed to be 63.13 and 66.06 

representing the changes in the lightness of samples. The samples obtained from low temperature 

grinder showed the highest value, indicating better colour spectrum in terms of lightness. The a* 

values were found to be -1.36 for low temperature grinded and -1.43 for control. The negative 

value of low temperature grinder indicated that the sample was more greenish in colour as 

compared to the control. The positive value of b* indicated the yellowness in the whole leaf Aloe 

vera powder. Due to the variation in the grinding method b* value has been increased (26.42) in 

case of control as compared to that of low temperature grinded sample (25.45).  

Validation 

The moisture content of the desiccant dehumidified air dried Aloe vera powder was found 

to be 3.40%. The quality parameters such as Aloin content, pH, water activity and colour of Aloe 

vera gel powder dried in desiccant dehumidified air dryer was found to be 21.2 ppm, 4.36, 0.41, 

78.56 (L*), - 0.186 (a*) and 17.95 (b*).  In comparison with tray drying, spray drying and freeze 

drying, the desiccant dehumidified air drying, desiccant dehumidified air drying method was 

found to be the best in terms of quality parameters. 

The moisture content of the desiccant dehumidified air dried whole leaf Aloe vera powder 

grinded by circulating liquid nitrogen was observed to be 4.98 and 3.82 for control. The quality 

parameters such as pH, water activity and colour of  whole leaf Aloe vera powder grinded in low 

temperature grinder was observed to be 5.17, 0.308 and 63.13 (L*), - 1.36 (a*) and – 1.43 (b*).  In 

comparison with the low temperature grinded whole leaf Aloe vera powder  and control whole leaf 

Aloe vera powder,  the low temperature grinded whole leaf Aloe vera powder  was found to be the 

best in terms of quality parameters. 

The wide gap on processing aspects of Aloe vera leaf gel has been focused. The shelf-life 

of Aloe vera has been extended in the form of Aloe vera gel powder and whole leaf Aloe vera 

powder which has wider applications in food, pharmaceutical and cosmetics industries. The 

conversion of leaf gel into gel powder not only extends shelf-life but also facilitates for easy 

handling, storage and marketing of developed products. 
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Likely Benefit  

The developed Aloe vera gel powder is used in food, pharma and cosmetic industry. Aloe 

vera inner gel powder in food industry can be used for preparation health drinks, reconstituted 

juice, milk, ice creams and other confectioners. In pharmaceuticals the whole leafpowder can be 

used in the preparation of ointments, gel preparations, tablets, capsules and creams. In cosmetic 

industries the Aloe vera gel or powder can be used in the preparation of Aloe vera soap, shampoo, 

lotions and facial cleaners. 

3) Shelf-life studies on Aloe vera gel powder under accelerated condition. 

 Aloe vera gel powder obtained from different dryers such as hot air dryer, dehumidified air 

dryer, freeze dryer and spray dryer was packed in three different packaging materials viz., 

aluminum foil (AF), biaxially oriented polypropylene (BOPP) and polypropylene (PP) of 

40 micron and the packed powder was stored under accelerated storage condition at 38+1 

oC and 90±1% RH in an incubator. 

 The shelf-life of the stored powder was estimated on the basis of the strong stability of 

powder in terms of water activity, polysaccharide content and colour. 

 The pouches were kept in a dessicator at accelerated conditions by using saturated 

potassium nitrate solution and the dessicator was placed in the BOD incubator. 

 Each packet of different packaging materials was taken out from the dessicator at every 7 

days interval up to 49 days and the sample in the pouches were assessed for quality 

parameters such as polysaccharides, water activity and colour changes. 

 The moisture content, water activity, polysaccharide content and colour values of hot air 

dried Aloe vera gel powder is presented in Table 5.33 and 5.34. The initial moisture 

content of hot air dried Aloe vera gel powder was found to be 6.05% (d.b.) and on 42nd 

day it was increased to 12.07% (d.b.) in AF, on 35th day it was found to be 12.06% (d.b.) 

in BOPP, and on 28th day it was observed to be 12.13% (d.b.) in PP. Aloe vera gel powder 

at the moisture content of 12% (d.b.), the sample lost their free flowing characteristics and 

formed lump. The attainment of moisture content above 12% (d.b.) by the hot air dried 

powder sample during accelerated storage was therefore used as an index for deciding the 

shelf-life. 

 The polysaccharide, water activity and colour of the freshly packed hot air dried Aloe vera 

gel powder was found to be 47.75%, 0.36 and 69.55 (L*), 0.88 (a*), 24.78 (b*) 

respectively. At the end of the storage period i.e., 42nd day, the polysaccharide content 

was decreased to 27.52% (AF), 25.55% (BOPP) and 25.78% (PP), respectively. The water 

activity increased to 0.70 (AF), 0.72 (BOPP) and 0.73 (PP). The L* value decreased to 

45.74 (AF), 41.45 (BOPP) and 44.88 (PP), the a* increased to 8.83 (AF), 9.43 (BOPP) and 

8.95 (PP) and the b* decreased to 18.78 (AF), 18.78 (BOPP) and 18.78 (PP). Hot air dried 

Aloe vera gel powder stored in different packaging materials on 0 and 42nd day of storage 

is presented in Plate 1. 

 The moisture content due to absorption, water activity, polysaccharide content and colour 

values of dehumdified air dried Aloe vera gel powder is presented in Table 5.35 and 5.36. 

The moisture content of fresh dehumidified air dried Aloe vera gel powder during storage 

was found to be 6.31% (d.b.) and on 49th day it was increased to 12.96% (d.b.) in AF, on 
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42
nd

 day it was found to be 12.90% (d.b.) in BOPP and on 35th day it was observed to be 

12.73% (d.b.) in PP. Aloe vera gel powder at the moisture content of 12% (d.b.), the 

sample lost their free flowing characteristics and formed lump. The attainment of moisture 

content of above 12% (d.b.) by the dehumidified air dried powder sample during 

accelerated storage was therefore used as an index for deciding the shelf-life. 

 The shelf-life under accelerated conditions (90±1% RH and 38±1 oC) of hot air dried Aloe 

vera gel powder was found to be 42, 35 and 28 days in AF, BOPP and PP, respectively. 

 The polysaccharide content of dehumidified air dried Aloe vera gel powder was reduced 

from 43% to 13.98% (AF), 13.55% (BOPP) and 13.01% (PP), respectively. Whereas, the 

water activity increased from 0.32 to 0.70 (AF), 0.72 (BOPP) and 0.73 (PP). The L* colour 

value of the dehumidified air dryer powder decreased from 68.96% to 58.74% (AF), 

58.73% (BOPP) and 59.27% (PP) and the a* increased to 8.83 (AF), 9.43 (BOPP) and 8.95 

(PP) and the b* decreased from 30.69 to 18.78 (AF), 18.78 (BOPP) and 18.78 (PP), 

respectively. Dehumdified air dried Aloe vera gel powder stored in different packaging 

materials on 0 and 49th day of storage is presented in Plate 2. 

 The shelf-life of dehumidified air dried Aloe vera gel powder was observed to be 49, 42 

and 35 days in AF, BOPP and PP, respectively. 

 The polysaccharide content of spray and freeze dried Aloe vera gel powder was not 

assessed due to stickiness of the powder which as lost its free flowing nature due to storage 

at accelerated condition. 

 The moisture content due to absorption, water activity and colour values of spray dried 

Aloe vera gel powder is presented in Table 5.37 and 5.38. The moisture content on 0th day 

in spray dried Aloe vera powder during storage was found to be 4.72% (d.b.) and on 21st 

day it was increased to 12.37% (d.b.) in AF, on 14th day it was found to be 12.58% (d.b.) 

in BOPP, and on 7th day it was observed to be 12.98% (d.b.) in PP. Aloe vera gel powder 

at the moisture content of 12% (d.b.), the sample lost their free flowing characterist ics and 

formed lump. The attainment of moisture content above 12% (d.b.) by the spray dried 

powder sample during accelerated storage was therefore used as an index for deciding the 

shelf-life. 

 The water activity of spray dried powder during storage period was increased from 0.24 to 

0.73 (AF), 0.74 (BOPP) and 0.79 (PP). The L* colour value of the spray dryer powder was 

decreased from 96.75% to 52.71% (AF), 63.51% (BOPP) and 47.23% (PP) and the a* 

increased to – 0.27 (AF), - 0.32 (BOPP) and – 0.34 (PP) and the b* decreased from 0.48 to 

1.72 (AF), 1.21 (BOPP) and 1.98 (PP), respectively after 21days of storage period. Spray 

dried Aloe vera gel powder stored in different packaging materials on 0 and 21
st
 day of 

storage is presented in Plate 3. 

 The moisture content due to absorption, water activity and colour values of freeze dried 

Aloe vera gel powder is presented in Table 5.39 and 5.40. The moisture content of fresh 

freeze dried Aloe vera powder during storage was found to be 4.70% (d.b.) and on 28th 

day it was increased to 12.90% (d.b.) in AF, on 21st day it was found to be 12.75% (d.b.) 

in BOPP and on 14th day it was observed to be 12.05% (d.b.) in PP. Aloe vera gel powder 

at the moisture content of 12% (d.b.), the sample lost their free flowing characteristics and 

formed lump. The attainment of moisture content above 12% (d.b.) by the freeze dried 
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powder sample during accelerated storage was therefore used as an index for deciding the 

shelf-life. 

 The water activity and colour of the freeze dried Aloe vera gel powder at initial stage of 

storage was found to be 0.24 and 96.74 (L*), - 0.28 (a*), 0.55 (b*),s respectively. At the 

end of the storage period (28 days) the water activity increased to 0.75 (AF), 0.76 (BOPP) 

and 0.77 (PP). The L* value decreased to 47.90 (AF), 47.32 (BOPP) and 49.86 (PP), the a* 

increased to – 0.32 (AF), - 0.32 (BOPP) and – 0.34 (PP) and the b* decreased to 1.89 (AF), 

1.53 (BOPP) and 2.04 (PP). Freeze dried Aloe vera gel powder stored in different 

packaging materials on 0 and 28th day of storage is presented in Plate 4. 

 The increase in the moisture content may be attributed due to higher relative humidity 

(90%) maintained during storage period. 

 The decrease in the polysaccharide content might be due to thermal degradation during the 

hot air drying process. The degradation leads to the disruption of the polysaccharides 

network of the cell wall (Cohen and Yang, 1995; Femenia et al., 1999; Chang et al., 2006). 

Femenia et al (2003) working with Aloe vera suggested that pectic substances were the 

type of polysacchardies that caused the highest degradation during the dehydration process, 

which was mainly due to the reaction of β-disposal provoked by heating, although 

temperature over 50 °C could also increase degradation of the enzymes of pectic 

polysacchardies. However, Chang et al (2006) working with Aloe vera juice reported that a 

decrease in polysacchardies content was observed at lower temperature during the process, 

mainly due to the enzymatic action that results in hydrolysis of long chain polysacchardies 

molecules to others of small size. 

 The lumpiness of the powder was noticed due increase in water activity which might be 

due to accelerated storage condition throughout the storage period. 

 The colour changes were found to be more pronounced in Aloe vera gel powder packed in 

aluminium foil and stored under accelerated storage condition (38 °C, 90% RH). The total 

colour change with storage period was significantly affected by storage period, 

temperature, relative humidity and type of packaging materials. After storage of 49 days, a 

greater changes occurred in Aloe vera gel powder packed in PP than in AF and BOPP. 

Table 5.33: Moisture content due to absorption, water activity and polysaccharides 

content of hot air dried Aloe vera gel powder during storage 
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Table 5.34: Colour values of hot air dried Aloe vera gel powder during storage 

 

Table 5.35: Moisture content due to absorption, water activity and polysacchardies 

content of dehumidified air dried Aloe vera gel powder during storage 

 

Table 5.36: Colour values of dehumidified air dried Aloe vera gel powder during 

storage 

 

 

 

 

 

 

 

 

 



98 of 121 

 

Table 5.37: Moisture content due to absorption and water 

activity of spray dried Aloe vera gel powder during 

storage Innovations 

 

Table 5.38: Colour values of spray dried Aloe vera gel powder during storage 

 

 

Table 5.39: Moisture content due to absorption and water 

activity of freeze dried Aloe vera gel powder during storage 
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Table 5.40: Colour values of freeze dried Aloe vera gel powder during storage 

 

 
Plate 2. Hot air dried Aloe vera gel powder stored in different packaging 

materials on 0 and 42
nd

 day of storage 

 
Plate 3. Dehumdified air dried Aloe vera gel powder stored in different 

packaging materials on 0 and 49
th

 day of 
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Process Technology for Aloe vera sweet orange juice 

 

Preparation of Aloe vera juice - The fresh whole Aloe vera leaves were washed under tap 

water to remove adhering materials. The spikes, placed all along the margin, were removed 

before slicing the leaves. The thick epidermis (skin) was carefully separated from parenchyma 

(gel fillets) using stainless steel knife. The gel fillets were cut into cubes with the help of 

stainless steel knife. The Aloe vera gel cubes were washed under running tap water to remove 

aloin content. The juice is extracted by grinding the gel in a mixer. The juice is strained using 

muslin cloth and stored in a cool place. 

Preparation of sweet orange juice - The fresh orange was washed under tap water to remove 

adhering materials. The outer pericarp was peeled by hand. The fruit was cut into two halves. 

The sweet orange juice was grinded in a juicer to extract the juice. The juice is strained using 

muslin cloth and stored in a cool place. 

Table 5.41: Treatments used for preparation of Aloe vera–sweet orange juice 

Treatments 

 

 

 

Aloe 

vera 

juice 

(ml) 

Sweet 

orange 

juice 

(ml) 

Sugar 

syrup 

 

(ml) 

Salt 

 

 

(g) 

Sodium 

benzoate 

 

(g) 

Colour 

 

 

(g) 

Flavour 

 

 

(ml) 

Aloe vera 

sweet 

orange 

juice (ml) 

T1 500.00 300.00 200.00 1.00 0.20 0.02 1.00 1000.00 

T2 600.00 250.00 150.00 1.00 0.20 0.02 1.00 1000.00 

T3 700.00 200.00 100.00 1.00 0.20 0.02 1.00 1000.00 

T4 800.00 100.00 50.00 1.00 0.20 0.02 1.00 1000.00 

Preparation of Aloe vera-sweet orange juice - The process flow chart for preparation of Aloe 

vera–Sweet orange juice is shown in Fig. 3. The Aloe vera and Sweet orange juice were mixed in 

a vessel. The sugar syrup was prepared by dissolving 500 g of sugar in 500 ml of water by 

boiling for 10-15 min. This sugar syrup was cooled to room temperature. The sugar syrup, citric 

acid, colour (lemon yellow), flavour (orange), salt and sodium benzoate (preservative) were 

added to the juice and sterilized in an autoclave at 121 °C for 15 lbs pressure and for 20 min. The 

juice after sterilization was bottled leaving 1.5 to 2.5 cm head space and sealed with cap and 

stored at room temperature. The Aloe vera-sweet orange juice standardized and stored in 

container under UAS, Raichur Brand Name is shown in Fig. 3. The process flow diagram for 

preparation of Aloe vera-sweet orange juice is given in Fig. 4. The different combination of Aloe 

vera juice, sweet orange juice and sugar syrup is given in Table 5.41.  

 
Fig. 3 Aloe vera-Sweet Orange Juice 

 



101 of 121 

 

Sensory evaluation of Aloe vera–sweet orange juice 

The developed Aloe vera–sweet orange juice was analyzed by sensory evaluation for its 

acceptability and standardization. The four treatments (T1, T2, T3 and T4) were used for sensory 

evaluation. The total number of panelists selected was five. Among the four treatments, T2 was 

found to be the best. The T2 treatment was selected for preparation of Aloe vera–sweet orange 

juice in large quantity. The detailed sensory evaluation is given in Table 5.42. 

 Table 5.42: Aloe vera-Sweet orange Juice Sensory Evaluation Analysis 
 

T1 1 2 3 4 5 Total Mean 

Appearance 8 7 7 8 8 38 7.6 

Colour 7 7 7 8 7 36 7.2 

Taste 8 7 5 8 8 36 7.2 

Aroma 8 6 6 8 7 35 7.0 

OA 9 7 6 8 7 37 7.4 

Sensory scores of T1 treatment of Aloe vera – Sweet orange juice 
 

T3 1 2 3 4 5 Total Mean 

Appearance 7 8 7 7 7 36 7.2 

Colour 7 8 6 7 6 34 6.8 

Taste 6 8 7 8 6 35 7.0 

Aroma 7 7 7 9 9 39 7.8 

OA 7 8 8 8 7 38 7.6 

Sensory scores of T2 treatment of Aloe vera – Sweet orange juice 

T4 1 2 3 4 5 Total Mean 

Appearance 6 7 7 7 6 33 6.6 

Colour 6 7 6 7 7 33 6.6 

Taste 5 8 5 8 6 32 6.4 

Aroma 6 7 6 8 6 33 6.6 

OA 6 8 6 8 6 34 6.8 
 

Sensory scores of T3 treatment of Aloe vera – Sweet orange juice 

 

Product Code Attributes 

Appearance Colour Taste Aroma Overall 

acceptability 

T1 7.4 7.4 7.4 7.0 7.4 

T2 7.6 7.2 7.2 7.0 7.4 

T3 7.2 6.8 7.0 7.8 7.6 

T4 6.6 6.6 6.4 6.6 6.8 

Mean sensory scores of T1, T2, T3 and T4 treatments of Aloe vera–Sweet orange juice 

Among the four treatments, T2 was found to be the best. The T2 treatment was selected for 

preparation of Aloe vera – orange juice.  
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Objective – 4 Development of pilot scale processing facility and economic analysis 

Only a few machines could be procured  

Objective – 5 Capacity building and skill development to the stake holders for 

improvement of value chain 

Several trainings for the operation of filleting machine and Aloe based products development 

have been done which helped in socioeconomic development of the stakeholders.  

6. Innovations 

1. Multi Channel Aloe vera filleting machine for clean Aloe vera gel extraction. 

2. Novel biotemplate for preparing nanocomposite materials using Aloe vera gel. (In 

collaboration with Prof. A Chandra, Physics Department, IIT Kharagpur) 

7. Process/ Product/Technology Developed 

  

S. No. (Process/Product/Technology 

Developed 

Adoption/ Validation/ 

Commercialization, etc. 

Responsible 

Partner 

1. Design and development of multi channel 

Aloe vera gel filleting machine 

 IIT Kharagpur 

and UAS, 

Raichur  

2 Protocol for Aloe vera surface coating on 

mango for shelf-life extension 

Validation needs to be done 

under different storage 

conditions and for other fruits. 

  

IIT Kharagpur 

3 Process Technology for Aloe vera gel  

powder by Freeze, Foam mat and 

Vacuum drying methods  

Commercialization yet to be 

done 

IIT Kharagpur 

4 Vacuum concentration of Aloe vera gel Commercialization yet to be 

done 

IIT Kharagpur 

5 Aloe based different fruit jellies  Commercialization yet to be 

done 

IIT Kharagpur 

6 Process technology for Aloe vera inner  

gel powder 

 UAS, Raichur 

7 Process technology for whole leaf Aloe 

vera powder 

 UAS, Raichur 

8 Storage and packaging technology for  

Aloe vera gel powder 

 UAS, Raichur 

9 Aloe based fruit juices from Amla, 

Mango, Pineapple 

Sale of 33,000 ltrs. Juices and 

7000 kg Jelly by the different 

producers group. Marketing 

Support have been provided 

with different Melas, stall and 

at the consumer stores by 

MCWA 

MCWA 
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8. Patents (Filed/Granted): Nil 

 

S. No. Title of Patent  Inventor(s) (Name & 

Address) 

Filed/Published/G

ranted (No./Date)  

Responsible 

Partner 

     

9. Linkages and Collaborations  

 

S. 

No. 

Linkages developed 

(Name & Address of 

Organization) 

Date/Period From-To Responsible Partner 

1 Trishna Food Products, Amla 

Gora, Gerbeta, W.B. 

15-04-2009 to 30-06-2012 IIT Kharagpur 

2 Surya Swayam Sahayata 

Samooh , Itapara, W.B. 

15-04-2009 to 30-06-2012 IIT Kharagpur 

3 M/s. Herb n Health 

Zoo Cross, Hubli Road 

Gadag 582 103, Karnataka 

Phone: 09902187060 

Website: herbnhealth.in 

15-04-2009 to 30-06-2012 UAS, Raichur 

4 M/s. Criagen Agri and 

Biotech, Asishwarya G-2 

# 38, Rest House Road 

Bangalore-560 001 

15-04-2009 to 30-06-2012 UAS, Raichur 

5 North Karnataka  Medicinal 

and Aromatic Plant Growers 

Association, Gadag, 

Karnataka 

15-04-2009 to 30-06-2012 UAS, Raichur 
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10. Status on Environmental and Social Safeguard Framework  

Environmental Safeguard:  Activities, Issues, Impact and mitigation Measures 

Activities Issues 

Anticipated level of 

Impacts 

Mitigation 

Measures 

(Negative 

Impact) Positive Negative 

Characterization and 

selection of suitable 

genotype(s) for 

processing. 

Screening best 

genotypes with 

appropriate 

composition 

4   

Development of 

mechanized systems 

for gel extraction. 

High capacity, 

Effectiveness of rind 

separation with 

minimum loss, 

improved gel quality 

and operational ease, 

drudgery elimination  

4   

Process technology 

development for 

different aloe products 

and utilization of by-

products. 

Market driven aloe 

products with increased 

income, better 

marketability, health 

aloe health products 

Improved value chain 

5   

Development of pilot 

scale aloe processing 

facility and economic 

analysis. 

Technology 

demonstration 

Adoptability of aloe 

process technology, 

economical production 

employment generation 

4 1 

Waste 

generated, if 

any, will be 

converted into 

organic manure 

Capacity building and 

skill development to 

the stake holders for 

improvement of value 

chain. 

Entrepreneur 

development, 

promoting aloe 

cultivation and 

processing 

Higher income for rural 

mass 

4   
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Social Safeguard:  Activities, Issues, Impact and mitigation Measures 

Activities
1
 Issues

2
 

Anticipated level of 

Impacts
3
 

Mitigation 

Measures 

(Negative 

Impact)
4
 

Positive Negative 

Characterization and 

selection of suitable 

genotype(s) for 

processing. 

Screening best genotypes 

with appropriate 

composition 
3   

Development of 

mechanized systems 

for gel extraction. 

High capacity, 

Effectiveness of rind 

separation with 

minimum loss, improved 

gel quality and 

operational ease, 

drudgery elimination  

4 1 

Unemployment 

created will be 

met by training the 

same group 

Process technology 

development for 

different aloe products 

and utilization of by-

products. 

Market driven aloe 

products with increased 

income, better 

marketability, health aloe 

health products 

Improved value chain 

4   

Development of pilot 

scale aloe processing 

facility and economic 

analysis. 

Technology 

demonstration 

Adoptability of aloe 

process technology, 

economical production 

employment generation 

4   

Capacity building and 

skill development to 

the stake holders for 

improvement of value 

chain. 

Entrepreneur 

development, promoting 

aloe cultivation and 

processing, higher 

income for rural mass 

5   

Environmental and Social safeguard framework is a tool in making good decisions: to screen 

projects efficiently for their environmental impacts; to understand what is needed for sustainable 

projects; and to design them effectively. The purposes of the Bank's policy and procedures for 

environmental assessment are to ensure that development options under consideration are 

environmentally sound and sustainable and that any environmental consequences are recognized 

early and taken into account in project design. 

                                                   
1 List the objective wise activities/interventions proposed in the project  

2 List the possible issues according to the project interventions  

3 State the likely impact (Positive or Negative) of activities/interventions on the level of issues identified. Put in a scale of 0-5 (very low , low, moderate, high, very 

high) 

4 State the mitigation measures planned to be taken to address the negative impact  
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11. Constraints, if any and Remedial Measures Taken: 

1. The project could be started in time because of the nexlite movement in the production 

catchment area. 

2. Late recruitment of research staff and procurement of equipments  

 

12. Publications (As per format of citation in Indian Journal of Agricultural Sciences) 

A. Research papers in peer reviewed journals 

 

S. No. Authors, Title of the paper,   

Name of Journal, Year, Vol. & Page No. 

NAAS 

Ratings  

Responsible 

Partner 

1. Roy, A. and Dutta Gupta, S. 2013. A panoptic study of 

antioxidant potential of foliar gel at different harvesting 

regimens of Aloe vera L. Industrial Crops and Products, 

51:130 – 137.   

7.7 IIT Kharagpur 

2. Roy, A., Dutta Gupta, S. and  Ghosh, S. 2013. 

Evaluation of antioxidative activity and UV-absorption 

potential of the extract of Aloe Vera L. gel from 

different growth periods of plants. Industrial Crops and 

Products, 49:712 – 719 

7.7 IIT Kharagpur 

3. Roy, A., Dutta Gupta, S. and  Ghosh, S. 2013. Isolation 

and characterization of potent bioactive fraction with 

antioxidant and UV-absorbing activity from Aloe 

barbadensis Miller. Journal of Plant Biochemistry and  

Biotechnology, 22:483 - 487  

7.0 IIT Kharagpur 

4. Roy, A., Dutta Gupta, S., Ghosh, S., Awastha, S. M. and 

Kabi, B. 2013. Chemometric studies on mineral 

distribution and microstructural analysis of freeze dried 

Aloe vera L. gel at different harvesting regimens, 

Industrial Crops and Products, 51:194 - 201 

7.7 IIT Kharagpur 

5. Nishant R. Swami Hulle, Kiran Patruni and P. Srinivasa 

Rao. Rheological properties of aloe vera (Aloe 

barbadensis Miller) juice concentrates. Journal of Food 

Process Engineering (Under review) 

7.3 IIT Kharagpur 

6. Patruni Kiran and Rao P Srinivasa. Structural and 

viscoelastic characterization of reconstituted aloe vera   

dispersions. Food Research International (Under 

Review). 

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

 

S. No. Authors, Title of the papers   

Name of Book/ Seminar/ Proceedings/Journal, Publisher, 

Year, Page No. 

Responsible Partner 

1 Prema MMM, Srivastav PP, Rao PS. 2010. Preparation of 

Aloe vera (Aloe barbadensis Miller) based food products with 

Amla (Emblica officinalis) and Pine apple (Ananas comosus). 

Presented in 44
th
 Annual Conference on Engineering 

Interventions for Food Security held during 28-30 January 

2010 at Indian Agricultuaral Research Institute, New Delhi. 

IIT, Kharagpur 

2 Prema MMM, Srivastav PP, Ahin Nag, Rao PS. 2010. 

Preparation and Nutritional Evaluation of Aloe Vera (Aloe 

barbadensis Miller) based Functional Fruit Beverage. 

Presented in International Conference on Traditional Foods 

(ICTF) held during 1-3 December 2010 at Pondicherry 

University, Puducherry 

IIT, Kharagpur 

3 Prema MMM, Srivastav PP, Ahin Nag, Rao PS. 2011. 

Formulation and Nutritional Evaluation of Aloe Vera (Aloe 

barbadensis Miller) based Functional fruit beverage with 

Mango (Mangifera indica). Presented in 45th Annual 

Convention of ISAE and International Symposium on Water 

for Agriculture held  during 17-19 January 2011at College of 

Agriculture, Dr. PDKV Campus, Maharajbag, Nagpur, 

Maharashtra 

IIT, Kharagpur 

4 
Swami H N R, Rao P S and Srivastav P P. 2011. Studies on 

Aloe Vera Gel as edible coating for shelf life extension of 

Mango (Mangifera indica L.). (in) National symposium on 

Emerging innovative technologies for assurance of quality and 

safety in processed foods, held during  24-25 February 2011 at 

Indian Institute of Technology, Kharagpur, India 

IIT, Kharagpur 

5 Patruni Kiran, S.K. Mandal, P.S. Rao and A. Chandra, Use on 

biotemplate to tailor the physical properties of multiferroic 

ceramics, Poster presented on at International Conference on 

Theoretical and Applied Physics (ICTAP) held in Department 

of Physics, IIT-Kharagpur. In the area of Condensed Matter & 

Nanophysics held during 1
st
 -2

nd
 Dec, 2011. 

IIT, Kharagpur 

6 Patruni Kiran, S.K. Mandal, P.S. Rao and A. Chandra. Effect of 

biotemplate rheology on properties of multiferroic ceramics, 

poster presented at India Singapore Joint Physics Symposium 

held in Department of Physics, IIT-Kharagpur. held during 25
th

 

to 27
th

 February, 2013 

IIT, Kharagpur 

7 Ramachandra C T,  P. Srinivasa Rao, Roopa Bai,  R. S., UAS, Raichur 
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Sharanagouda, H,  Udaykumar Nidoni and Shivabasappa. 

29010. Post harvest technology of Aloe vera leaf gel. National 

seminar on “Value Addition of Agricultural Produces and 

Current Status of Small Scale Food Processing Units”, held 

during 18-19
th

 February 2010 at MPUAT Udaipur Rajasthan. 

 

8 
Information to farmers on “Production, Processing and 

Marketing aspects of Aloe vera” Published in Raichur Vani, a 
local daily on 25-10-2010. 

UAS, Raichur 

 

9 Information to farmers on “production, processing and 

marketing of Aloe vera gel powder” published in Suddimula, 

a local daily 30-10-2010 

UAS, Raichur 

 

 

13.  Media Products Developed/Disseminated 

 

S. No. CD, Bulletins, Brochures, etc. 

(Year wise) 

No. of Copies Distribution Responsible 

Partner 

1 Aloe based fruit drinks 

preparation (CD)  

60 50 IIT Kharagpur 

2 Demonstration of  Aloe leaf 

Filleting Machine 

40 30 IIT Kharagpur 

3 Aloe vera gel powder (CD) 50 50 UAS, Raichur 

4 Aloe vera whole leaf powder 

(CD) 

50 50 UAS, Raichur 

5 Aloe vera Amla juice 

(Brochure) 

500 500 UAS, Raichur 

 

14. Meetings/Seminars/Trainings/Kisan Mela, etc. organized 

 

S. No. Details of 

Meetings/Seminars/ 

Trainings, etc. 

Duration 

(From-To) 

No. of 

Personnel 

Trained 

Budget 

(`) 

Organizer  

(Name & Address) 

 Training on aloe based 

product development 

03-07-2010 21  IIT Kharagpur and 

MCWA 

 Training on operation of 

filleting machine and aloe 

based product 

development  

16-02-2011 24  IIT Kharagpur 

 Training on operation of 

filleting machine and aloe 

based product 

development 

16-09-2011 10  IIT Kharagpur 
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 Training on operation of 

filleting machine and aloe 

based product 

development 

30-09-2011 08  IIT Kharagpur 

 Training on “Processing 

and marketing of Aloe 

vera products” 

15-09-2011 15  UAS, Raichur 

 Training on “Production 

technology for Aloe vera 

gel powder” 

13-12-2011 25  UAS, Raichur 

 

15. Participation in Conference/ Meetings/Trainings/ Radio talks, etc.  

 

S. No. Details of 

Meetings/Seminars/ 

Trainings/Radio talk, 

etc.(Name &Address) 

Duration 

(From-To) 

Budget 

(`) 

Participant  

(Name & Address) 

1 44
th
 Annual Conference 

on Engineering 

Interventions for Food 

Security held at Indian 

Agricultuaral Research 

Institute, New Delhi. 

28-30 January 2010  MMM Prema, SRF, 

AgFE, IIT, Kharagpur 

2 International Conference 

on Traditional Foods 

(ICTF) held  at 

Pondicherry University, 

Puducherry 

1-3 December 2010   MMM Prema, SRF, 

AgFE, IIT, Kharagpur 

3 45th Annual Convention 

of ISAE and International 

Symposium on Water for 

Agriculture held  at 

College of Agriculture, 

Dr. PDKV Campus, 

Maharajbag, Nagpur, 

Maharashtra 

17-19 January 2011   MMM Prema, SRF, 

AgFE, IIT, Kharagpur 

4 Emerging Innovative 

Technologies for 

Assurance of Quality and 

Safety in Processed 

Foods, IIT Kharagpur  

24 – 25
 
  February 

2011 

Nil Nishant R S H.  AgFe 

Department, IIT 

Kharagpur 

5  International Conference 

on Theoretical and 

1
 
-2

 
December 2011 Nil Patruni Kiran, AgFe 

Department, IIT 
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Applied Physics (ICTAP) 

held in Department of 

Physics, IIT-Kharagpur. 

In the area of Condensed 

Matter & Nanophysics  

Kharagpur 

6 India Singapore Joint 

Physics Symposium held 

in Department of 

Physics, IIT-Kharagpur.  

25 - 27
 
  February 

2013 

Nil Patruni Kiran, AgFe 

Department, IIT 

Kharagpur 

7 Radio Talk on 

“Production, processing 

and marketing of Aloe 

vera” during Krishi Mela 

of UAS, Raichur 

05 – 07 December 

2011 

 Dr. Ramachandra C T 

CCPI, Dept. of Processing 

and Food Engg., College 

of Agril. Engg, UAS, 

Raichur 

8   National Seminar on 

“Value Addition of 

Agricultural Produces 

and Current Status of 

Small Scale Food 

Processing Units” held at 

College of Technology 

and Engineering, 

MPUAT, Udaipur, 

Rajasthan. 

18 –
 

19
 

 February, 

2010 

 

 Er. Roopa Bai, R S 

Research Associate 

NAIP Sub-Project on “A 

Value Chain on Aloe vera 

Processing”, Dept. of 

Processing and Food 

Engg., College of Agril. 

Engg, UAS, Raichur 

 

 

16. Foreign Trainings/Visits: NIL 

 

S. No. Name, 

Designation, 

Address of 

the Person 

Visit/Training/Seminar 

its Place, Organization 

and Duration (From-

To) 

Dates of Seminar 

Delivered and  

Report 

Submitted on 

Return 

Follow up 

Action 

Total Cost 

(`) 

      

 

 

17. Performance Indicators 

S. No. Indicator Total No. 

1.  No. of production technologies released and/or adopted  0 

2.  No. of processing technologies released and/or adopted  4 

3.  
Number of technologies/products commercialized based on 

NAIP research  
1 

4.  No. of new rural industries/entreprises 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) 11 – NGO 
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participating in consortium  7 – SHG 

68 – Farmers club 

7.  No. of farmers involved in consortia activities  215 

8.  
Total number of farmers’ group developed for marketing and 

processing  
5  

9.  
Number of patent/intellectual property protection applications 

filed based on NAIP research  
NIL 

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   
NIL 

12.  
Number of scientists trained overseas in consortium-based 

subject areas 
NIL 

13.  No. of scientists participated in conference/seminar etc. abroad NIL 

14.  Success stories  NIL 

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

Baseline Final 

2 per 

day/HH 

4 per 

day/HH  

16.  Increase in income of participating households (Rs. per annum) 
Baseline Final 

123500/- 173500/- 

17.  Number of novel tools/protocols/methodologies developed NIL 

18.  Publications   

 Articles in NAAS rated journals 4 

 Articles in other journals NIL 

 Book(s) NIL 

 Book chapter(s) NIL 

 Thesis (6 - M. Tech and 1 – Ph. D and 3 Ph.D in progress) 10 

 Popular article(s) (English)  NIL 

 Newspaper article(s) 2 

 Seminar/Symposium/Conference/Workshop Proceedings 01  

 Technical bulletin(s) NIL 

 Manual(s) NIL 

 CDs/Videos 3 

 Popular article(s) in other language (Kannada) 3 

 Folder/Leaflet/Handout 3 

 Report(s) 2 

 Success stories NIL 

 

18. Employment Generation (man-days/year) 

 

S. No. Type of Employment Generation Employment Generation up 

to End of Sub-project 

Responsib

le Partner 

 
Self employment of Farmers & Women Self  

Help Group 

Sustainable farmers- 165 

Nos. 80 Women under 

producer’s group 

MCWA 
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19.  Assets Generated 

 

 

(i) Equipment    

 

 

S. No. Name of the Equipment with 

Manufacturers Name, Model 

and Sr. No. 

Year of 

Purchase 

Quantity 

(Nos.) 

Total cost 

(`) 

Responsible 

Partner 

1. CO2 Incubator  

M/s Daihan Lab Tech. India 

pvt. Ltd. 

3269 Ranjit Nagar, Pusha gate 

New Delhi 110008. 

2010 1 301994 IIT, Kharagpur 

2. Quick Freezer (module) 

Biocare Technologies Mhada 

plot no -2 D-2 near Meenatai 

thakare udyan. Kores road 

thane (west) pin 400606. 

2010 1 110409 IIT, Kharagpur 

3. Fibre Extraction and Analyzer 

with accessories  

Pelican equipments 

2
nd

 floor #38,Burkit road, T, 

nagar, Chennai pin 600017. 

2010 1 327034 IIT, Kharagpur 

4. Stability Chamber 

Biocare Technologies 

Mhada plot no -2 D-2 near 

Meenatai thakhare udyan. 

Kores road thane (        weast) 

pin 400606. 

2010 1 174937 IIT, Kharagpur 

5. Refrigerated centrifuge  

M/s Sigma 

Laborz Cntrifugen – Gmb,H 

Postfach 1713 . D.37507 

osterode-am-harz, Germany. 

2010 1 347224 IIT, Kharagpur 

6. HPTLC 

M/s Sarstedt-AG-and- Co. 

Postfach -1220,51588 

Numbrceht  Germany 

2010 1 1959573 IIT, Kharagpur 

7. Micellar Electro Kinetic 

Chromatograph and 

accessories  

Prince Technology B.V. 

P.O. box 2194, 7801, CD 

Emmen The Netherlands. 

2010 1 2287714 IIT, Kharagpur 

8. Low temperature water bath  

M/s Reco Equipment and 

Instrument pvt.ltd., Kolkata 

2011 1 87360 IIT, Kharagpur 
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9. Muffle furnace  

M/s Reco Equipment and 

Instrument pvt.ltd. 

2010 1 20800 IIT, Kharagpur 

10. Dynamic Rheometer  

Malvern Instrument pvt. Ltd. 

Grovem wood, Road Malvrn, 

Worcesterghires, wr-14-

1xz,UK 

2011 1 2001696 IIT, Kharagpur 

11. Carry 50 Bio UV visible 

Spectro photometer  

M/s Varian B.V.  P.O. Box 

8033,4330 EA 

Middleburg, Hercules weg 8, 

4338 PL. Middleburg. The 

Netherlands. 

2010 1 404320 IIT, Kharagpur 

12. HPTLC Accessories 

 M/s Cromline equipment (I) 

pvt.ltd. 

2010 1 129566 IIT, Kharagpur 

13. 1.5 Ton Split AC 

M/s Millanium Enterprise 

7/H/16, Gorapada sarkar lane; 

Ultadanga, Kolkata-700067 

2010 1 75990 IIT, Kharagpur 

14. Forced circulation vacuum 

evaporator  

M/S Lactech. Thorehat rajar 

bagan 

Thorehat Howrah 711302. 

2011 1 405000 IIT, Kharagpur 

15. Hita AHM Series On Line 

UPS System with Inolation 

Transformer.  

M/s Sayan Enterprise 

Hijli Co-operative Society  

Kharagpur 721306 

2011 1 58000 IIT, Kharagpur 

16. Aqua guard coole r cum 

purifier  

Kundu Trading 

Kharagpur 

2011 1 37000 IIT, Kharagpur 

17. Alovera Filleting machine 

(three channel) 

M/s Symbiocon 

Andul Dakshin para, Howrah 

711302. 

2011 1 293000 IIT, Kharagpur 

18. Motor for Alovera filleting 

machine, Kundu and company 

122/ B Raja Dinandra Street, 

Kolkata 700004. 

2011 1 49529 IIT, Kharagpur 

19. Furniture (Book self, File 

section) 

Front line 

F-3 IIT market. Kharagpur 

2010 1 70500 IIT, Kharagpur 
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721302 

20. Furniture (Wooden table) 

M/s Omkar enterprise 

Rathtala, Talbagicha, 

Kharagpur 721306 

2011 1 32000 IIT, Kharagpur 

21. Partition works 

M/s Millan Bhattacharya 

Hijli Co-operative Society plot 

no 183(part) Kharagpur 

721306 

2010 1 94729 IIT, Kharagpur 

22. Furniture  

M/s Girnar, 

 96 Railway Market, Gole 

Bazar, Kharagpur 721301 

2010 1 60570 IIT, Kharagpur 

23. Lab equipment 

M/s Micro Systems 

Jambani , Paschim Medinipur-

29 

2010 1 15745 IIT, Kharagpur 

24. Lab equipment 

M/s Micro Systems 

Jambani , Paschim Medinipur-

29 

2010 1 26995 IIT, Kharagpur 

25. Lab equipment 

M/s. Basundhara Enterprise 

Hijli Co-Operative Society,  

Kharagpur-6 

2011 1 19790 IIT, Kharagpur 

26. Lab equipment 

M/s. Lab Article 

Kharagur 

2011 1 35015 IIT, Kharagpur 

27. Lab equipment 

M/s. Sharma Order Supplier 

Kharagpur 

2011 1 49155 IIT, Kharagpur 

28. Microprocessor based pray 

dryer with air compressor 

Manufacturer 

M/s. Labultima, Diamond 

Industrial Estate, Building No. 

2, Ketakipada, Dahisar (East) 

Mumbai-400 068  

Model: LU 222 Advanced 

2009 1 599260 UAS, Raichur 

29. Aloe vera leaf washing unit 

Manufacturer M/s. Sajivani 

Phytopharma Pvt. Ltd, Prabhat 

Centre(Annex), Sector 1A, 

CBD, Belapur, Navi Mumbai-

400 614 

2010 1 98940 UAS, Raichur 
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30. HPLC instrument 

Manufacturer 

M/s. Agilent Technologies Pvt. 

Ltd., Singapor 

Model: Agilent 1200 series 

2010 1 796343 UAS, Raichur 

31. Spectrophotemetric colour 

measurement system 

Manufacturer 

M/s. I R Technology Services 

Pvt. Ltd. EL-91 Electronic 

Zone, Midc Mahape, Navi 

Mumabi-400 710 

Model: CFLX-45-2 

2010 1 595000 UAS, Raichur 

32. Desiccant dehumidified air 

Dryer Manufacturer M/s. Bry 

Air (Asia) Pvt. Ltd. # 20, 

Rajpur Road, Delhi-110 054 

Model: FSD 600 

2010 1 380050 UAS, Raichur 

33. Aloe vera leaf extraction and 

clarification unit 

Manufacturer 

M/s. Sajivani Phytopharma 

Pvt. Ltd, Prabhat 

Centre(Annex), Sector 1A, 

CBD, Belapur, Navi Mumbai-

400 614 

2010 1 394500 UAS, Raichur 

34. Low temperature grinder for 

Aloe vera with LN2 

Manufacturer 

M/s. Spectra Cryogenic 

System Pvt. Ltd. E- 132(A1), 

Road No. 5, IPIA 

Kota, Rajasthan 

2010 1 298000 UAS, Raichur 

35. Rotary vacuum flash 

evaporator Model PBU 6D oil 

free portable vacuum pump: 

Super fit make 

Manufacturer 

M/s. The industrial and 

laboratory Equipment Co., 

(Mysore) 

2010 1 70875 UAS, Raichur 

36. Aloe vera primary processing 

plant 

2011 1 993480 UAS, Raichur 
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Includes: Aloe vera leaf 

extractor, Juicer, Nutsche 

filter, vacuum system, juice 

decolouring unit, concentration 

vessel, moisture absorbing 

column, pulveriser, gel making 

machine, gel tube filling 

machine, vibrating sifter and 

working table 

Manufacturer 

M/s. Herbo Tek Systems 

C 209 Belapur Railway Station 

Complex, Sector 11, CBD 

Belapur, Navi Mumbai- 400 

614 

 

(ii) Works: NIL 

 

S. No. Particulars of the Work,  

Name and Address of 

Agency Awarded the Work 

Year of Work 

Done 

Quantity 

(Nos.) 

Total 

Cost 

(`) 

Responsible 

Partner 

      

 

 

(iii) Revenue Generated: NIL 

 

S. No. Source of Revenue Year Total amount (`) Responsible 

Partner 

     

 

(iv)  Livestock: NIL 

 

S. No. Details of 

Livestock (Breed, 

etc.) 

Year of 

Procurement/Production 

Nos. Total Cost 

(`) 

Responsible 

Partner 
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20.  Awards and Recognitions: NIL 

 

S. No. Name, 

Designation, 

Address of 

the Person 

Award/ 

Recognition 

(with Date) 

Institution/ Society 

Facilitating (Name & 

Address) 

Responsible Partner 

     

 

21.  Steps Undertaken for Post NAIP Sustainability 

 Commercial production of aloe based fruit drinks/beverages 

 Commercialization of Aloe vera inner gel powder 

 Commercialization of whole leaf Aloe vera powder 

 Commercialization of multi channel Aloe vera gel filleting machine 

22. Possible Future Line of Work 

 Explore the production of optimized dehydrated aloe vera powder and its suitability for 

reconstitution. 

 Explore the utilization of Aloe vera gel for nano composite materials preparation. 

 Aloe based edible gels preparation. 

23. Personnel 

 

 From – To (DD/MM/YYYY) 

Research Management (CL)  

1. Prof. P. P. Chakrabarti 15 April 2009 – 30 June 2012 

Scientific (CPI, CCPI, others)  

2. Dr. P. P. Srivastav, CPI, AgFE, IIT, Kharagpur 15 April 2009 – 30 June 2012 

3. Dr. P. S. Rao, CCPI, AgFE, IIT, Kharagpur 15 April 2009 – 30 June 2012 

4. Dr. S Dutta Gupta, CCPI, AgFE, IIT, 

Kharagpur 

15 April 2009 – 30 June 2012 

5. Dr. S. Dey, CCPI, Chemistry, IIT, Kharagpur 15 April 2009 – 30 June 2012 

6. Dr. C. T. Ramachandra, CCPI, UAS, Raichur 15 April 2009 – 30 June 2012 

7. Dr. H. Sharanakumar, CCPI, UAS, Raichur 15 April 2009 – 30 June 2012 

8. Er. Udaykumar Nidoni, CCPI, UAS, Raichur 15 April 2009 – 30 June 2012 

9. Mr. Nikhil K. Jana, Consortium Partner 15 April 2009 – 30 June 2012 

10. Mr. Balavanth V. Patil, President, North 

Karnataka Medicinal and Aromatic Plant 

Growers Association, Gadag 582 103, 

Karnataka 

15 April 2009 – 30 June 2012 

11. Mr. K. Veeresh, Society for Woman, 

Agriculture and Rural Development 

(SWARD), No. 8-11-180/228, Vidyanagar,           

15 April 2009 – 30 June 2012 
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Raichur 584 103 Karnataka 

12. Dr. Balavanth V. Patil, Proprietor, M/s. Herb n 

Health, Zoo Cross, Hubli Road, Gadag 582 

103, Karnataka 

15 April 2009 – 30 June 2012 

Technical  

13. Mr. Anirban Ray, SRF, IIT, Kharagpur 24 August 2009 – 30 June 2012 

14. Ms. Masabiel Maria Prema M., SRF, IIT, 

Kharagpur 

07 September 2009 – 30 June 2012 

15. Mr. Nishant R. Swami Hulle, SRF, IIT, 

Kharagpur 

14 December 2009 – 30 June 2012 

16. Patruni Kiran, SRF, IIT, Kharagpur 20 April 2010 – 30 June 2012 

17. Ms. Rina Singh Chanda, Project Assistant, IIT, 

Kharagpur 

14 July 2009 – 30 June 2012 

18. Er. Roopa Bai, R S (RA), UAS, Raichur 14-09-2009 to 25 May 2011 

19. Mrs. Sridevi (SRF), UAS, Raichur 21-09-2010 to 03 May 2012 

20. Er. Shivabasappa K.(SRF), UAS, Raichur 02-11-2009 to 31 July 2010 

21. Er. Shivabasappa  K. (RA), UAS, Raichur 01-12-2011 to 30 June 2012 

Contractual  

22. Mr. Himangshu Jana 01 July 2009 – 05 June 2012 

23. Mr. Ramesh Nayek 01 July 2009 – 30 June 2012 

24. Mr. Aravind 27 October 2009 to 30 June 2012 

 

24. Governance, Management, Implementation and Coordination 

A.   Composition of the various committees (CIC, CAC, CMU, etc.) 

S. No. Committee Name Chairman 

(From-To) 

Members 

(From-To) 

1. CIC Prof. P. P. Chakrabarti 

15 April 2009 – 30 June 2012 

Dr. P. P. Srivastav, CPI, AgFE, 

IIT, Kharagpur 

15 April 2009 – 30 June 2012 

 

 

  Dr. P. S. Rao, CCPI, AgFE, IIT, 

Kharagpur 

15 April 2009 – 30 June 2012 

   Dr. C. T. Ramachandra, CCPI, 

UAS, Raichur 

15 April 2009 – 30 June 2012 

   Mr. Nikhil K. Jana, Secretar, 

MCWA, Medinipur 

15 April 2009 – 30 June 2012 

   Mr. K. Veeresh, SWARD          

Raichur 

15 April 2009 – 30 June 2012 

   Senior Administrative Officer 

(Finance & Project Managemnet 
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15 April 2009 – 30 June 2012 

2. CAC Dr. Indira Chakravarty 

15 April 2009 – 21 January 

2011 

Dr. S. K. Khare 

15 April 2009 – 30 June 2012 

  Dr. R. Viswanathan 

22 January 2011 – 30 June 

2012 

Mr. Suryakant Mahapatra 

15 April 2009 – 30 June 2012 

   Dr. R. K. Goyal 

15 April 2009 – 30 June 2012 

   Dr. P. P. Srivastav, CPI, AgFE, 

IIT, Kharagpur 

15 April 2009 – 30 June 2012 

3. CMU Prof. P. P. Chakrabarti 

15 April 2009 – 30 June 2012 

Dr. P. P. Srivastav, CPI, AgFE, 

IIT, Kharagpur 

   Dr. P. S. Rao, CCPI, AgFE, IIT, 

Kharagpur 

15 April 2009 – 30 June 2012 

   Dr. C. T. Ramachandra, CCPI, 

UAS, Raichur 

15 April 2009 – 30 June 2012 

   Mr. Nikhil K. Jana, Secretar, 

MCWA, Medinipur 

15 April 2009 – 30 June 2012 

   Mr. K. Veeresh, SWARD          

Raichur 

15 April 2009 – 30 June 2012 

   Dr. Bani Chatterjee, Professor, 

Dept. of HSS, IIT, Kharagpur 

15 April 2009 – 30 June 2012 

 

A.   List of Meetings organized (CIC, CAC, CMU, etc.) 

S. No. Details of the meeting  Date Place & Address (Where meeting 

was organized) 

1. CIC  12 August 2010, 3:00PM SRIC Conference Room  

  20 August 2010, 5:00PM SRIC Conference Room 

  13 December 2010, 3:00 PM SRIC Conference Room 

2. CAC 14 March 2011  AgFE Department, IIT Kharagpur 

  23 April 2011 UAS, Raichur 

3. CMU 12 August 2010, 3:30PM SRIC Conference Room 

  20 August 2010, 5:30PM SRIC Conference Room 

  13 December 2010, 3:00 PM SRIC Conference Room 
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Part-III: Budget and its Utilization 

STATEMENT OF EXPENDITURE (Final) 
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PART-IV: DECLARATION 

 


