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Abstract 
Aonla and bael come under the category of highly nutritious fruits with a high 
therapeutic value. Blending of pulp was undertaken in order to prepare a 
product rich in vitamins, minerals and antioxidants. Preparation of bael and 
aonla blended leather is a low cost technique because being underutilized these 
fruits are cheaper in the market. Bael: Aonla fruit leather (2: 1 + 10% sugar) 
was prepared with the aonla and bael pulp containing 2000ppm KMS and was 
packed in two types of packaging materials viz. aluminium laminated pouches 
and polyethylene pouches. The non enzymetic browning maximum recorded in 
the products packed in polyethylene pouches at 90 days of storage. Products 
packed in aluminium laminated pouches showed a slower increase in NEB as 
compared to those packed in polyethylene pouches. A continuous loss was 
recorded in the ascorbic acid content from 386.65mg/100g to 350.73mg/100g 
in laminated pouches in comparison to 346.16mg/100g in polyethylene 
pouches. Total phynolic content decreased from an initial value of 448.41 to 
424.34mg/100g in leathers packed in polyethylene pouches against 
435.16mg/100g in those packed in laminated. A continuous decrease was 
recorded in the colour score of the samples during storage however, a better 
colour score was recorded for the leathers packed in laminated pouches as 
compared to those packed in polyethylene pouches. Similar findings were 
recorded for flavour, texture and overall acceptability of fruit leather. Besides, 
the leather is easy to handle and distribute and requires no special storage 
conditions. Small entrepreneurs and rural women can easily prepare it at home 
and make it available throughout the year. 

 

INTRODUCTION 

Bael (Aegle marmelos L.) is an underutilized fruit of 
the Indian subcontinent. The fruit is difficult to eat 
out of hands because of its hard shell, mucilaginous 
texture and numerous seeds. The bael fruit pulp 
contains many functional and bioactive compounds 
such as carotenoids, phenolics, alkaloids, coumarins, 
flavonoids, terpenoids, and other antioxidants, which 
may protect us against chronic diseases. In addition, it 
also contains many vitamins and minerals including 
vitamin C, vitamin A, thiamine, riboflavin, niacin, 
calcium, and phosphorus. Aonla (Emblica officinalis 
Gaertn) is one of the most important non-traditional 
and underutilized fruits of Indian origin, having 
immense potential for cultivation on marginal or 
waste lands.  The fruit is highly nutritive and it is the 
richest source of vitamin C among fruits after 
Barbados cherry (Asenji, 1953) and has antioxidant 
effect on human beings. The fruit contains a chemical 

substance called leuco-anthocyanin or polyphenols, 
which retards the oxidation of vitamin C (Singh et al., 
1993).  

Both of these fruits are known for their 
therapeutic/medicinal and nutritive properties.  
Blending of bael and aonla pulp could be of great 
economic as well as nutritional and therapeutic value. 
Thus, the need was perceived to develop bael and 
aonla based blended fruit leather with bioactives 
having high antioxidant potential without sacrificing 
taste or convenience to make available a variety of 
functional foods of choice at reasonable prices to the 
domestic consumers and for export purpose. 

MATERIALS AND METHODS 

Raw material 

Freshly harvested and fully mature bael fruits of 
uniform size were procured from farmer’s field, Distt. 
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Kushinagar, Uttar Pradesh while fully mature aonla 
fruits were purchased from local vegetable market, 
New Delhi.  

Physico-chemical parameters 

Ten randomly selected bael and aonla fruits were 
analyzed for the following characteristics: 

Weight  

The weight of bael and aonla fruits was measured on 
top pan balance individually and an average weight 
was calculated and expressed in grams (g).  

Pulp percentage 

Pulp percentage was recorded by weighing the final 
weight of the pulp and it was calculated as per cent 
(%) by taking the weight of the fruit as initial value. 

Peel percentage 

Peel percentage was recorded by subtracting the final 
weight of the pulp from weight of the fruit. It was 
calculated as per cent (%) by taking the weight of the 
fruit as initial value. 

Moisture 

Moisture content was determined by drying a known 
quantity of the sample in an oven at 55 ± 5oC till it 
gave a constant weight.  It was calculated and 
expressed in %, taking the weight of fresh sample as 
initial weight (Ranganna, 2009). 

Fibre 

Fibre was determined by subjecting the sample paste 
to simultaneous acid-base treatments, cooled in 
desiccators and weighed to determine the percentage 
crude fiber content (AOAC, 2004). 

Total soluble solids (TSS) 

TSS was determined with the help of hand 
refractometer of range 0-32oB (Model ERMA). The 
results were expressed as oBrix (Ranganna, 2009). 

Titratable acidity 

Titratable acidity was estimated by titrating a known 
volume of the sample against standard 0.1 N NaOH 
solution by using phenolphthalein as an indicator up 
to the end point (pink colour). The titratable acidity 

was expressed as per cent malic/citric acid (AOAC, 
2004). 

Ascorbic acid 

Ascorbic acid content was determined as per AOAC 
(2004) method using 2, 6- dichlorophenol indophenol 
dye. A known volume of the sample extracted in 3% 
m-phosphoric acid was titrated with dye to pink 
colour end point. Results were expressed as mg per 
100 g of sample.  

Total phenolics content (TPC) 

The amount of total phenolics in the fruits was 
determined with the Folin-Ciocalteu reagent 
according to the method of Bray and Thorpe (1954) 
using catechol as a standard.  Optical density of the 
sample was recorded at 650nm with the help of UV-
Vis spectrophotometer. The concentration was 
determined as per the standard procedure from the 
standard curve. The standard curve was prepared 
using different concentrations (8-32 μg/mL) of 
catechol and results were expressed as mg per 100 g.  

Non-enzymatic browning (NEB) 

Non-enzymatic browning of the products was 
evaluated as per the method of Ranganna (2009). 
Ethanolic extract of the fruit leather sample was 
prepared and its optical density was measured at 
440nm wavelength. 

Organoleptic evaluation 

Nine point Hedonic scale method as given by 
Amerine et al. (1965) was followed for conducting 
the sensory evaluation of fruit leathers. The panel of 
judges was selected with care to evaluate the leather 
for sensory parameters such as colour, flavour, 
texture and overall acceptability.  

Preparation of pulp 

Bael fruits were washed and their rind was broken by 
striking them against a hard object. Pulp was 
extracted as per the method standardized by Roy and 
Singh (1979b) (Fig 1). Pulp was preserved with 
1000ppm KMS followed by packing in double 
layered polyethylene bags and stored in deep freezer 
at -18oC. Aonla pulp was extracted as per the method 
given by Nath (1999). Flow chart for the preparation 
of aonla pulp has been given below (Fig 2). 
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 Preparation of fruit leather 

Pulp of aonla and bael were blended in different 
proportions and sugar was added (Table 1) and pulp 
was dried at 60±5oC. Pure bael and aonla leather were 
also prepared for comparative study (Fig 3). 

Standardization of potassium metabisulphite 
concentration in blended leather 

Different concentrations of potassium metabisulphite 
(KMS) were added to the pulp used 

for preparation of fruit leather and the best 
concentration was selected on the basis of 
organoleptic as well as NEB evaluation. 

Fig 1. Flow chart of bael pulp extraction 

  

Fig 2. Flow chart of aonla pulp extraction 

 

Fig 3. Flow chart for preparation of bael: aonla fruit 
leather 

Standardization of potassium metabisulphite 
concentration in blended leather 

Different concentrations of potassium metabisulphite 
(KMS) were added to the pulp used for preparation of 
fruit leather and the best concentration was selected 
on the basis of organoleptic as well as NEB 
evaluation. 
 
Packaging and storage of fruit leather 
 
The best product, selected on the basis of non 
enzymatic browning and preserved with standardized 
concentration of KMS, was packed in different 
packaging materials viz. aluminium laminated 
pouches and polyethylene pouches. Packed product 
was subjected to storage of 90 days under ambient 
conditions and was evaluated at intervals of 0, 45 and 
90 days. 

Fully ripe bael fruit

Washing

Breaking of hard shell

Scooping of pulp with seed and fibre

Addition of water equal to the weight of pulp

Addition of citric acid (titratable acidity 0.5%, pH 4.3)

Kneading

Heating at 800C for 1 minute

Passing through a stainless steel sieve of 20 mesh 

Pulp collected in container 

Packaging/Storage 

Fully mature aonla fruit

Washing

Pressure cooking at 10 lbs. pressure for 5 minutes

Manual removal of Aonla seeds

Addition of water to the flakes and mashing with a SS crusher 

Blending of pulp in the mixer 

Passing through a stainless steel sieve 

Packaging/Storage 

Blending different proportions of bael and aonla pulp (Table 1)

Addition of sugar to the blended pulp (Table 1)

Heating of whole mixture on hot plate for 1-2 minutes to dissolve the sugar

Pouring of pulp on to butter smeared steel trays

Drying of pulp at 60 50C for 22 hours

Cutting of leather in to small pieces

Packaging and storage of leather at room temperature
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RESULTS AND DISCUSSION 
 
Physico-chemical characteristics of bael and aonla 
fruits: 
 
Data recorded for physico-chemical characteristics of 
bael and aonla fruits have been given in Table 2.  
Bael fruit contained moisture 61.25%, fibre 1.29%, 
TSS 31.80oB, acidity 0.25%, ascorbic acid 
19.25mg/100g and total phenolics 92.84mg/100g on 
fresh weight basis. In case of aonla, moisture, fibre, 
TSS, acidity, ascorbic acid and total phenolics 
content were recorded as 84.69%, 2.97%, 11.00 oB, 
2.15%, 456.35mg/100g and 286.50mg/100g, 

respectively, on fresh weight basis. 
 
Table 2. Physico-chemical characteristics of bael and 
aonla fruits 
 
Standardization of proportions of bael and aonla 
pulp in blended fruit leather 
 
In the present study the organoleptic property of bael: 

aonla blended leather was evaluated (Table 3). 

Leather prepared by blending of bael and aonla pulp 

in the ratio of 2:1 scored the highest sensory score on 

Hedonic rating scale. On the basis of organoleptic 

evaluation conducted at Amity University, four 

samples of leather viz. T2: Bael + Aonla Leather (2: 

1+ 10% sugar); T8: Bael leather (10% sugar); T9: 

Aonla leather (20% sugar) and T1: Bael + Aonla 

Leather (1: 1+ 10% sugar) were selected.  

These first four samples selected in order of overall 

acceptability score, were taken to Vietnam to get the 

opinion of  international evaluators T2: Bael + Aonla 

Leather (2: 1+ 10% sugar) was adjudged best with the 

highest overall acceptability score of  6.46, followed 

by and T9 (Fig 4). On the basis of oraganoleptic value 

Bael + Aonla Leather (2: 1+ 10% sugar) was found to 

be the best.  

 

 
 
Table 3: Standardization of bael and aonla pulp in 
blended fruit leather on the basis of overall 
acceptability score given by national participants 
 

 
 
 
Fig 4. Standardization of bael and aonla pulp in 
blended fruit leather on the basis overall acceptability 
score given by international participants at Vietnam 
workshop 
 

 
 
Fig 5. Effect of blending on non enzymatic browning 
of  Bael and Aonla leather 
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 Effect of potassium metabisulphate (KMS) 

concentration on the quality of bael and aonla 
fruit leather 
 
A considerable browning was noticed in the Bael + 
Aonla leather (2: 1+ 10% sugar) (Fig 5). In order to 
reduce the browning, different concentrations of 
KMS viz. 1000ppm (control), 1500ppm, 2000ppm 
and 2500ppm were added in the bael: aonla (2: 1) 
leather and its effect on the NEB of the product was 
evaluated.  
 
Effect of KMS concentration on non-enzymatic 
browning of the bael: aonla leather has been 
presented in Fig 6. Data showed that the extent of 
NEB decreased with increase in KMS concentration. 
NEB was the maximum in control (1000ppm) while it 
was the minimum in case of 2500ppm KMS. In fact 
the extent of reduction in NEB was taken as key 
factor. However, in addition to this, safety should 
also be considered. Therefore, 2000ppm KMS was 
preferred over 2500ppm for the preservation of fruit 
leather. It was also found that this dose of KMS is 
under the limit as permitted by Fruit Products Order 
(FPO, 1955). 
 

 
 
Control: 1000ppm KMS;  A: 1500ppm KMS; B: 
2000ppm KMS;  C: 2500ppm KMS   
 
Fig 6. Effect of potassium metabisulphite 
concentration on non enzymatic browning of Bael 
and Aonla blended (2: 1 + 10% sugar) leather 
 
Effect of storage and packaging material on 
quality of bael: aonla leather 
 
Bael: Aonla fruit leather (2: 1 + 10% sugar) was 
prepared with the aonla and bael pulp containing 
2000ppm KMS and was packed in two types of 
packaging materials viz. aluminium laminated 
pouches and polyethylene pouches. The product was 
subjected to the storage of 90 days under ambient 

conditions (27±3oC). The product was evaluated at 
intervals of 0, 45 and 90 days.  
 
Non-enzymatic browning (NEB) 
 
A gradual increase in the NEB of fruit leather was 

recorded with the advancement of storage period (Fig 

7). The maximum increase was recorded in the 

products packed in polyethylene pouches at 90 days 

of storage. Products packed in aluminium laminated 

pouches showed a slower increase in NEB as 

compared to those packed in polyethylene pouches. 

 

 
 
Fig 7. Effect of storage and packaging material on 
non enzymatic browning of Bael and Aonla blended 
(2: 1 + 10% sugar + 2000ppm KMS) leather 
 
Ascorbic Acid 
 
A continuous loss was recorded in the ascorbic acid 
content of the leather during storage (Fig 8). It 
decreased from 386.65mg/100g to 350.73mg/100g in 
laminated pouches in comparison to 346.16mg/100g 
in polyethylene pouches the end of storage. 
 

 
 
Fig 8. Effect of storage and packaging material on 

ascorbic acid content of Bael and Aonla blended (2: 1 

+ 10% sugar + 2000ppm KMS) leather 
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Fig 9. Effect of storage and packaging material on 
total phenolics content of Bael and Aonla blended (2: 
1 + 10% sugar + 2000ppm KMS) leather 
 
Total phenolics content (TPC) 
 
Total phenolics content of the leather also decreased 
with the advancement of storage period (Fig 9). TPC 
decreased from an initial value of 448.41 to 
424.34mg/100g in leathers packed in polyethylene 
pouches against 435.16mg/100g in those packed in 
laminated pouches at the end of 90days. 
 
Sensory value 
 
Data showing the effect of storage and packaging 
material on colour score of the bael: aonla leather (2: 
1) has been presented in the Fig 10. A continuous 
decrease was recorded in the colour score of the 
samples during storage however, a better colour score 
was recorded for the leathers packed in laminated 
pouches as compared to those packed in polyethylene 
pouches. Similar findings were recorded for flavour, 
texture and overall acceptability of fruit leather (Fig. 
11, 12 and 13). 
 

 
 
Fig 10. Effect of storage period and packaging 
material on colour score of Bael and Aonla blended 
(2: 1 + 10% sugar + 2000ppm KMS) leather 
 

 
 
Fig 11. Effect of storage period and packaging 
material on flavour score of Bael and Aonla blended 
(2: 1 + 10% sugar + 2000ppm KMS) leather 
 

 
 
Fig 12. Effect of storage period and packaging 
material on texture score of Bael and Aonla blended 
(2: 1 + 10% sugar + 2000ppm KMS) leather 
 

 
 
Fig 13. Effect of storage period and packaging 
material on overall acceptability score of                   
Bael and Aonla blended (2: 1 + 10% sugar + 
2000ppm KMS) leather 
 
CONCLUSION 
 
Aonla and bael come under the category of highly 
nutritious fruits with a high therapeutic value. At the 
same time it is difficult to eat aonla and bael as table 
fruits. Bael has been reported to be rich in riboflavin 
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 while aonla is rich in antioxidants and vitamin C. 

Therefore blending of pulp was undertaken in order 
to prepare a product rich in vitamins, minerals and 
antioxidants. Preparation of bael and aonla blended 
leather is a low cost technique because being 
underutilized these fruits are cheaper in the market. 
Besides, the leather is easy to handle and distribute 
and requires no special storage conditions. Due to its 
good taste it can be readily acceptable to children and 
therefore, can be included as a nutritious sweet item 
in the mid day meal. Small entrepreneurs and rural 
women can easily prepare it at home and make it 
available throughout the year. Blended leather also 
adds a new variety of functional foods (being rich in 
riboflavin, antioxidants and vitamin C) in the market 
ensuring good returns to the growers.    
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