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ABSTRACT 

Every year a numerous quantity of waste is produced from the fruit and vegetable industries and is discarded without any treatment in the environment. 

These waste materials are the source of environmental pollution. It is reported that an outsized amount of vegetables and fruits also are lost during the 

post-harvest processing as an example the peels and pulp that are obtained from the fruits and vegetables goes unutilized.In soybean food industry 

soyabean curd residue (okara) and tofu whey is the main surplus material of soybean food industry, and it is often disposed as waste. About 1.1kg of fresh 

okara is produced from every kilogram of soyabean. The tofu whey contains a certain amount of nutrients and has high water content, it required further 

treatment before it is disposed of into the sewage and this waste water treatment is an expensive process that contributes significantly to the tofu 

manufacturing cost. Although these by-products from the fruits and vegetables (F&V) are the rich source of biomolecules, phenolic compounds, minerals, 

vitamins etc. The compounds have various properties like anticancer, antiviral, antimicrobial, anti-tumor, and antioxidant activities which will even 

be usable as neutraceuticals, pharmaceuticals, chemicals, and cosmetics and extremely important for preparing functional food s. 
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1. INTRODUCTION 

 A by-product is a secondary product derived from a 

production process, manufacturing process or chemical reaction; it is 

not the primary product or service being produced. A by-product can 

be useful and marketable or it can be considered waste; for example, 

bran, which is produced from milling of wheat into refined flour, is 

sometimes composed of burned for disposal, but in other cases, it 

can be used as a nutritive ingredient in human food and animal feed. 

The fruits and vegetables processing industries generate 10-60% 

waste or by-products in both solid and liquid form. Waste from 

fruits and vegetables can be used as such or often after some 

treatment. Fruits and vegetable wastes can be improved to value 

added products like essential oil, edible oils, polyphenols enzymes, 

pigments, anti-carcinogenic compounds, single cell proteins, bio-

degradable films etc. A large number of by-products are produced 

from food industries. These are secondary products generated during 

manufacturing primary products. This includes peels, seed, leaves, 

residual pulp, stems, stones, and discarded pieces of variety of 

sources. These by-products are the good source of bioactive 

compounds, neutraceuticals and other functional foods.  

Higher production and growth, and the lack of proper 

handling methods and infrastructure have led to huge losses of 

waste of these important food commodities, as well as their 

components and by-products and residues. For example, United 

Nation Foods and Agricultural Organisation (FAO) has projected 

that at least one third of the food produced in the world is 

(estimated 1.3 billion metric tons) is lost and wasted every year 

and losses and wastes of horticultural commodities are the highest 

among all types of waste, reaching upto 60% (Narashans et al., 

2018). As the waste of the fruits and vegetables are perishable, 

their wastes get rotten quickly. So, the waste disposal is a serious 

problem as it causes files and rats around. Therefore waste needs 

to be utilised properly and efficiently. By-products from food 

industries are rich in nutrients so have many health benefits 

(Pratiksha  etal., 2017). 
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2. Bioactive compounds from fruits and vegetables waste 

Fruits and vegetables are rich sources of phytochemicals 

and have been studied for the extraction of phenolic compound, 

dietary fibres and other bioactive compounds. In many fruits and 

vegetables only pulp is consumed, but studies have revealed that 

significant amount of phytochemicals are present in the seeds, 

peels and other components of fruits and vegetables that are not 

consumed properly. For example the peels of lemons, oranges and 

grapes have more than 15% of phenolic content. The following are 

some of the important bioactive components that are examples of 

important bio molecules that can be isolated from fruit and 

vegetable waste (Galanakis, 2012). 

2.1 Dietary fibres  

  By-products (stems and floret) of cauliflower was 

analysed for non starch polysaccharide (NSP), and stems 

contained higher amounts than florets. In both the types of waste, 

insoluble fibres were higher than soluble fibres. Apple peel has a 

high amount of dietary fibre content (0.91%) than the pulp. The 

percentage of insoluble and soluble fibres was 0.46% and 0.43% 

respectively. Grapes pomace also found to be rich source of 

dietary fibre, namely hemicelluloses and cellulose, and small 

proportions of pectin (Ncobela et al., (2017).  

2.2 Phenolic compound  

  Phenolic compounds are plant secondary metabolites 

responsible for sensory characteristics and contribute to nutritional 

quality of fruits and vegetables (Table 1). Phenolic compounds are 

among the largest class of bioactive compound with diverse and 

important biological function. The rind, peel, seeds of vegetables 

possess high amount of phenolic compounds (Choi et al., 2016). 

The citrus industries produces major amount of seeds and peel 

residues, which constitute about 50% of total fruit. Citrus waste is 

a rich source of phenolic compounds because citrus peel contains 

a higher quantity of polyphenols in comparison to the edible part 

of the fruit.  

2.3 Organic acid  

Organic acids are important bio molecules used in the food, 

cosmetic, and chemical industries. Citric acid and lactic acid are 

the most important components of food and pharmaceutical 

industries. Citric acid can be produced by fermentation using 

various molds, yeasts, and bacteria. However, A.niger remains the 

most common species for the production of citric acid. Coffee 

husk and cassava bagasse were used to produce citric acid using 

A.niger by SSF process (John et al., (2006). Lactic acid has an 

important place in carboxylic acid groups because it has various 

applications in the food as well as in non-food industries. The 

main problem of lactic acid production is the cost of raw 

materials. Hence it was found that under optimised conditions the 

total sugars of cassava bagasse can be converted into 99% of lactic 

acid by Lactobacillus delbrueckii using SSF technique. Lactic acid 

can be produced by various microbes using by-products of fruits 

and vegetables. Lactobacillus casei, Lactobacillus delbrueckii, 

and Lactobacillus plantarum have been used to produce lactic acid 

by utilising potato peel, sweet corn, mango, orange, pea peels and 

cassava residues as substrate (Narashans Alok Sagar, Sunil Pareek 

et al., 2018, (Dorta and Sogi 2017).  

3. Biotechnological method for utilisation of soybean by-

products  

 The soyabean is a species of legume native to East Asia, widely 

grown for its edible bean, which has numerous uses. Soyabean 

contain significant amounts of phytic acid, dietary minerals and 

vitamin B. The most common by-product of soyabean consists of 

tofu whey, Okara and soyabean hull. 

3.1 Tofu whey  

Tofu is made up of soyabean and serves as a popular 

protein source for vegetarians, but the way it is usually processed 

results in significant waste. This involves curdling of boiled soya 

milk, cooling it and removing excess water by pressing it into a 

solid block. This is when the whey is produced, but most tofu 

companies discard this whey, which have a negative effect on the 

environment. Tofu whey is an abundant source of nutrient rich 

waste water regarded as an excellent alternative medium in 

fermentation (Fig.1). Our study indicated that just by a simple pH 

adjustment, tofu whey can be used as culture media for 

autotrophic, heterotrophic and Mixotrophic modes as compared to 

that of green algae medium, BG11. The algal biomass produced 

from the tofu whey can be used to extract high value added 

compounds (Shikaiet al., 2018). Protein is a major component of 

tofu whey. From the input soyabean, 68-76%  protein is recovered 

in tofu as the main product while 4-6% protein end up as whey, 

therefore protein content in tofu whey ranges from 1 to 6g-protein 

in whey (Widyarani et al., 2019). 
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3.2 Okara 

Okara could be a residue of hydro soluble extract from 

soyabean used for producing tofu and soy drinks and have a high 

nutritional property (Fig.2). The food that is enriched with Okara 

presents β carotene compounds with high antioxidant activity in 

its composition (Rafaiane et al., 2018). Okara includes a 

moisture content of 70%-80%, most of the water is bound to 

fibre. Amount of free carbohydrates is low at 4-5%. Protein 

content is 15.2-33.4% of Okara and also the true main proteins 

are 7S globulin and 11S globulin. Some important aspects of 

Okara utilization are as follows; 

 

3.2.1 Fungal Fermentation of Okara 

Okara is found to be suitable for the fungal 

fermentation process because it provides a surface for the 

fungal adherence and growth. Filamentous fungi produce 

cellulolytic enzymes, breaking down the lignocellulosic 

compounds like Okara. This produces two benefits; fungal 

growth is observed on Okara and also the Okara that is 

degraded has better digestibility. 

3.2.2 Production of bioactive compounds  

Fermenting Okara with the strain of Aspergillus sp. 

HK-388 isolated from the soil. The bioactive compound isolated 

was 8-hydroxydaidzein at about 30mg/kg Okara on wet basis. 

This compound can inhibit the activity of tyrosinase and 

reductase, and incorporates a potential to be employed in 

pharmaceutical and cosmetic industries. 

 

3.2.3 Production of fungi fermented food stuffs 

     Okara are often fermented by fungi to supply food products. 

An indigenous food that is produced by fermented Okara is 

meitauzawhich is produced by steamed Okara and covered with 

rice straw at 20ºC for about 8 to 14 days under natural  

fermentation. Another food that is produced from fermented 

Okara is tempeh, which is produced by whole soyabean 

fermented with the strain of Rhizopus oligosporus In Asia Okara 

is first fermented with Aspergillus oryzae and then the mould 

fermented soyabean mass is named koji. Koji is added as a flour 

substitute within the cupcakes and bread which increases the 

period of time in high fat baked goods. 

3.2.4 Bacterial fermentation  

   In most of the studies Bacillus species is 

employed for the bacterial fermentation of Okara, due to their 

ability to supply alkaline protease. 

3.2.4.1 Production of bioactive compounds 

Bacillus natto is sometimes ferment whole soyabean to 

supply a standard food product. .It has many of health benefits, 

but by replacing whole soyabean with Okara can reduce the 

effect of free radicals and also the inflammation. Another area of 

research was the α-glycosidase activity inhibitory action of 

fermented Okara. α- glycosidase catalyses the breakdown of 

starch and disaccharides of glucose, and its inhibition can reduce 

the absorption of dietary carbohydrates. This bioactive 

compound is employed as a vital therapeutic agent for the 

disease related to hyperglycemia, such as obesity and diabetes. 

 

3.2.4.2 Use of dried Okara as prebiotics 

        After being consumed, prebiotics selectively stimulate the 

growth of certain gut microbes that confers the health benefits to 

the host. Okara is used as a prebiotics by using the strain 

Bifidobacterium bifidum and Lactobacillus acidophilus. Okara 

provides a surface to the bacterial cell to adhere. The extent of 

fermentation was more in the Bifidobacterium bifidum than in 

the Lactobacillus acidophilus. Treatment of the Okara with β 

glucanase increased the soluble dietary fibre content in the 

Okara enhancing the fermentation by B.bifidum.  

3.2.5 Yeast Fermentation 

    Yeast Offer great potential for transforming Okara, yet the 

research of fermentation of yeast has received very little 

research attention with very few reports. Yeast fermentation of 

Okara today is much intensive on the final consumer products 

with enhancenutrition as well asflavor. The effect of Okara to 

the preparation of idli, a traditional Indian steamed cake was 

studied. Idli batter is usually fermented by natural yeast and 

lactic acid bacteria. In some study the batter was mixed with 

dried Okara at about 11-12.5%in the dry mix, and then allowed 

to ferment. As a result, the Okara fortified batter was enriched in 

the count of yeast and mould than the normal control. Also a 

larger volume of carbon dioxide was trapped in the batter, 

finallysubsequent in softer and spongier idli (Wenget al., 2016). 

The undesirable odour of okara is because of the presence of 

huge amount of green leaf volatile profile typically aldehyde. 
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Biotransformation was done by using yeast species for the solid 

state fermentation of okara (Weng and Liu, 2016). 

 

3.2.5.1 Soya hull       

Soya hull is a by-product of soyabean processing for oil or 

meal production. It comprises roughly of 8% of whole seed, 

12% of crude protein, 2% of fat, and 61% of neutral detergent 

fibre. It is used as a supplemental feed for the dairy animals 

since they have low lignin and their cellulose is highly 

digestible (Fig.3). In some study soy hulls was used to observe 

some major compounds that are present in them like protein 

content, total phenolic content, antioxidant activity and water 

holding capacity.Soya hulls contain water (6.56%), protein 

(9.96%), lipids (1.54%) and ash (4.87%), the remaining content 

is estimated to contain fibbers and carbohydrate (77.07%).The 

phenolic compound (1.76mg/g) was found in the soyabean 

hulls and it was significantly higher than the oat bran. Also the 

soyabean hull show substantially higher amount of antioxidant 

(Sean et al., 2019). 

  

3.2.5.2 Soya hull as feed ingredient in animals  

        The low lignin content present in the soyabean hull makes 

it suitable for the use of feed in animals (Hua-Minet al., 2017). 

Several studies try to estimate the palatability, coefficients of 

total tract apparent digestibility of food nutrients, metabolisable 

energy (ME), faecal characteristics, and intestinal gas production 

(IGP) of dog foods containing different fibre sources (Ranan and 

Aldrich,2019). Due to limited production of fishmeal with the 

increase of aquaculture production, the sustainable and 

economic substitutes of fishmeal become more significant and 

important. In order to provide high efficient enzymes for the 

feed product, potential producer was investigated. Different 

fungi were investigated including T. reesei, A.niger, A. 

aculeatus, and A. foetidus. A.niger NRRL 322 and A. foetidus 

NRRL 341 were selected as the most promising producer for 

producing the effective enzymes for producing the effective 

enzyme mixtures for enzymatic soy protein concentration. A. 

niger NRRL 322 and A. foetidus NRRL 341 were the most 

potent strains on the soya hull; they produced the maximal 

carbohydrases and minimal protease. As a result the soy hull can 

be used as ancompetent producer of protein and carbohydrates 

for the fishmeal. The occurrence of soy hull in the diet increased 

the consumption of neutral detergent fibre but reduced the 

consumption of non-fibre carbohydrates. (Aline et al., 2018).  

3.2.5.3 Soyabean hull as culture media  

         Cellulase has a vast application in biofuel, pulp and 

paper, detergent and textile industries. Solid state fermentation 

by fungi is a preferable method for the production of cellulase 

because of its low cost. Solid state fermentation was carried out 

on the soya hull and waste paper as a culture media. As a result 

it was observed that maximum endoglucanase activity was 

observed after 96 hours using soya hull as culture medium, 

which was four times higher than that obtained using waste 

paper at the same fermentation time. The exogluconase activity 

was also higher in the soya hulls after 96 hours, which was 

more than 9 times higher than that obtained from the waste 

paper culture. Use of soya hulls also reduced the production 

cost of the culture media (Boggioneet al., 2016). The low cost 

and availability makes the soya hull as a good substitute for 

already existing media which are readily available and 

expensive (Umedumet al., 2017).  

 

 

 
Figure 1. Tofu whey by-product                     Figure 2. Okara by-product                         Figure 3. Soya hull by product 
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Table 1- Some common phenolic compounds reported in some fruit and vegetable by-products  Lu and Foo (1998), Foo and Lu (1999), 

Matharu et al., (2016), Teleszko and Wojdylo (2015).  

 

Commodity By-products Some important phenolic compounds 

Apple Pomace Hydroxycinnamates, phloretin glycosides, quercetin glycosides, 

catechins, procyanidins 

Apple Leaves Quercetin-3-0-galactoside, phloretin-2'xylo-glucoside, phloridzin, 
chlorogenic acid,  

Banana Bract Cyanidin, anthocyanidins 

Banana Peel Carotenoids (palmitate or caprate, xanthophylls, laurate) 

Bilberry Leaves Caffeic acid, myricetin-3-0-galactoside 

Citrus fruits Peel and solid residues Eriocitrin, hesperidin 

Grapes Seeds Procyanidins 

Grapes Pomace Catechins, anthocyanins, stilbenes, flavonol glycosides 

Grapes Skin Catechin, epicatechin,epigallocatechin, picatechin gallate 

Kiwifruit Peel Caffeic acid, protocatechuic acid, p-coumaric acid 

Mango Seed kernel Gallates, gallotannins, gallic acid, ellagic acid  

Mango Peel Flavonol glycosides 

Purple star apple Peel Ferulic, sinapic caffeic, gallic, myricetin 

Carrot Pomace Carotene (α and β) 

Garlic Husk Di-ferulic acid, hydroxybenzoic acid, p-coumaric acid, caffeic acid-0-
glucoside, coumaric acid-0-glucoside, caffeoylputrescine 

Onion Skin Quercetin 3,40-0-diglucoside and quercetin 40-0-monoglucoside 

Potato Peel Chlorogenic, gallic, protocatechuic and caffeic acids 

Red beet Peel  p-coumaric and ferulic acids, cyclodopa glucoside derivatives 

Tomoto Skin  Lycopene 

 

 

 

4. CONCLUSIONS 

                 This review highlights the manufacture and 

different types of waste originating from soybean food 

industry and fruits and vegetables sectors. It also shows the 

enormous amount of wastes lost due to lack of non-sufficient 

handling operations such as inadequate, harvest, 

classification, transportation, storage, marketing and industry 

infrastructure. These significant huge amounts of lost and 

wasted soybean, fruits and vegetables, and their components, 

represent not only losses of edible food materials but also the 

wasting of by-products including bioactive compounds of 

great potential benefits for various industries and uses. 

Biologically active compounds can be used in food, 

pharmaceuticals, cosmetic, chemical industries and in 

development of functional foods. 
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