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ABSTRACT

The processing of fruits results in generation of high amounts of waste materials such as peels, seeds, stones, pomace, rags, 
kernels and oilseed meals A disposal of these materials in the environment usually represents a problem that is further 
aggravated by legal restrictions. But, significant quantities of fruit peels (20- 30% for banana and 30 -50% for mango) 
are discarded as waste by the processing industries which cause a real environmental problems Peels are the major by-
products obtained during the processing of various fruits and these have been shown to be a good source of various 
bioactive compounds which posses various beneficial effects. It is well known that, by-products represent an important 
source of sugars, minerals, organic acid, dietary fibre and phenolics which have a wide range of action which includes 
antitumoral, antiviral, antibacterial, cardioprotective and antimutagenic activities. Thus, new aspects concerning the use 
of these wastes as by-products for further exploitation on the production of food additives or supplements with high nutri
tional value have gained increasing interest because these are high-value products and their recovery may be economically 
attractive... Natural products provide unlimited opportunities for new drug leads because of the unmatched availability of 
chemical diversity. Use of local resources and crop by-products as livestock feeds is a necessary precondition for profitable 
production. Several by-products have potential value, especially for ruminants, due to their ability to digest fibre.
Because of increasing threat of infectious diseases, the need of the hour is to find natural agents with novel mechanism 
of action. It is well known that by-products represent an important source of sugars, minerals, organic acid, dietary fibre 
and phenolics which have a wide range of action which includes antitumoral, antiviral, antibacterial, cardioprotective and 
antimutagenic activities. Thus, Peels are the major by-products obtained during the processing of various fruits and these 
were shown to be a good source of various bioactive compounds which posses various beneficial effects. But, significant 
quantities of fruit peels (20- 30% for banana and 30 -50% for mango) are discarded as waste by the processing industries 
which cause a real environmental problems (Zhang et al. 2005).
A disposal of these materials in the environment usually represents a problem that is further aggravated by legal 
restrictions.
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The processing of fruits results in generation of high 
amounts of waste materials such as peels, seeds, stones, 
pomace, rags, kernels and oilseed meals (Joshi and 
Attri, 2006; Joshi and Sharma, 2011). A huge amount 
of waste in the form of liquid and solid is produced 
in the fruit and vegetable processing industry which 
causes pollution problem if not utilized or disposed-

off properly. The waste obtained from fruit processing 
industry is extremely diverse due to the use of wide 
variety of fruits and vegetables, the broad range of 
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processes and the multiplicity of the product (Joshi 
and Bhutani, 1995; Joshi and Sharma, 2011; William, 
2005). The new aspects concerning the use of these 
wastes as by-products for further exploitation on 
the production of food additives or supplements 
with high nutritional value have gained increasing 
interest because these are high-value products and 
their recovery may be economically attractive. Fruit 
and vegetable peels are thrown into the environment 
as agro-waste which can be utilized as a source of 
antimicrobials.

Use of local resources and crop byproducts as livestock 
feeds is a necessary precondition for profitable 
production. Several by-products have potential 
value, especially for ruminants, due to their ability 
to digest fibre (Boucque and Fiems, 1988). Natural 
products provide unlimited opportunities for new 
drug leads because of the unmatched availability of 
chemical diversity. The solid waste from fruits and 
vegetables is of economic value and can be used 
for manufacturing of various by-products (Gray, 
2006). Utilisation of by-products is, however, limited 
due to the poor understanding of their nutritional 
and economic value (Schroeder, 1999). This review 
discusses the potential of the most important by-
products of fruits and vegetable processing as a 
source of valuable compounds. In a review the 
focused on the products for use as food products for 
human and animals but the other products like use 
for the biogas etc have been excluded.

Waste from Fruit and Vegetable Processing Industries

Quantity and Type

According to FAO (2003), the total waste generated 
from fruits was estimated as 3.36 million tones 
(MT) out of the total production of 16.8 MT and 
particularly for banana it was 6.4 MT. During the 
preparation of various fruits and vegetable products, 
large quantities of solid waste material is generated 
(Fig. 1).

Fig. 1: Major sources of pollution load in fruit and 
vegetable processing industries

Solid waste in the form of various parts from fruits 
and vegetables in India (Nand, 1994) is given in the 
Table 1.

Table 1: Fruits and vegetable processing wastes available in 
India

Vegetable Nature of 
waste

Production 
(content) 
(tones)

Approx. 
waste 
(%)

Potential 
quantities 
of waste  
(tones)

Mango Peel, stones 6987.7 45 3144.4
Banana Peel 2378.0 35 832.3
Citrus Peel, rag and 

seed
1211.9 50 6-06.0

Pineapple Skin, core 75.7 33 24.7
Grapes Stem, skin and 

seeds
565 20 —

Guavas Peel and core 
and seeds

565 10 —

Peas Shell 107.7 40 68.3
Tomato Skin, core and 

seeds
464.5 20 90.3

Potato Peel 2769.0 15 415.3
Onion Outer leaves 1102.0 — —
Apple Peel, pomace 

and seeds
1376.0 — 412.0

Source: Gupta and Joshi, 2000.

Chemical Composition

The amount of pollution load and characteristics 
of the waste depend on the food being processed 
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(Arrianitiyannis, 2008). Chemical composition of 
the wastes from fruits and vegetables show that it 
is a rich source of various nutrients. So throwing 
the waste from food processing industries into the 
river is virtually throwing coins into the sea. Some 
of these fruit and vegetable wastes are a rich source 
of vital constituents like carbohydrates, proteins, fats, 
minerals, fibres etc. Nutrient composition of some of 
the solid wastes from fruits and vegetables is given 
in the Table 2.

Value Addition to the processing Waste

Solid waste from fruit and vegetable industries can be 
utilized for the preparation of various by-products. 

Both with and without fermentation and non-
fermentatively the wastes from different sources can 
be converted into value added products. The possible 
by-products which can be prepared are given in 
the Table 4 as well as explained in the subsequent 
sections.

Essential oils

Citrus wastes are rich source of oil, pectin and variety 
of by-products. World production of essential oils 
extracted from all varieties of fruits especially citrus 
is about 1600 tonnes of orange oil, 25000 tonnes of 
lemon oil and 180 tonnes of grapefruit oil (Wright, 
1995). The failure or inability to salvage and reuse 

Table 2: Composition of different fruit wastes (per 100g)

Waste Moisture (g) Protein (g) Fat (g) Minerals (g) Fibre (g) Carbohydrate (g) Ref. no.
Apple pomace — 2.99 1.71 1.65 16.16 17.35 18
Mango seed kernel 8.2 8.50 8.85 3.66 — 74.49 21
Jack fruit (inner and outer portion 8.5 7.50 11.82 6.50 30.77 14.16 35
Jack fruit seeds 64.5 6.60 0.40 1.20 1.50 25.80 16
Jack seed flour 77.0 2.64 0.28 0.71 1.02 18.12 36
Passion fruit peel 81.9 2.56 0.12 1.47 5.01 — 30
Banana peel 79.2 0.83 0.78 2.11 1.72 5.00 26
Sweet orange seeds 4.00 15.80 36.90 4.00 14.00 — 22
Watermelon seeds 4.3 34.10 52.60 3.70 0.80 4.50 16
Muskmelon seeds 6.8 21.00 33.00 4.00 30.00 — 33
Pumpkin seeds 6.0 29.50 35.40 4.55 12.00 12.53 23
Banana stem
Central core 93.1 0.30 0.03 1.04 0.68 1.20 27
Outer hard 91.9 0.12 0.06 0.98 1.81 2.44 27
Fibrous sheath
Press juice from stem 98.6 0.05 — 0.63 — 0.41 27

Table 3: Characteristics of food industry wastes

Product COD (mg/L) BOD (mg/L) pH
Apple 395-37,000 240-19,000 4.1-08.2
Beets 445-13,240 530-06,400 5.6-11.9
Carrots 1,750-02,910 817-01,927 7.4-10.6
Cherries 1,200-03,795 660-01,900 5.0-07-9
Green beans 78-02,200 43-01,400 6.3-0.83
Peas 729-02,284 337-01,350 4.9-0.92
Sauerkraut 470-65,000 300-41,000 3.6-0.68
Tomatoes 652-02,305 454-01,575 5.6—10.8
Wine 4,95-12,200 363-07,665 3.1-09.2

Source: Hang and Walters; 1989; Johar et al. 1960.
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such materials economically result in generation of 
unnecessary waste and depletion of natural resources 
(Bhalerao et al. 1989).

Lime and bergamot are among the highest priced 
oils. The extraction method depends upon the type of 
juice extractor used in plant. Mandarin essential oil 
is extracted in small quantity at different processing 
units at Bangalore, Nagpur, Abohar (Punjab) and 
Sikkim. Mandarin oil is also extracted in small scale 
unit based on orange peels collected from fresh juice 
vending stands. Lime oil is extracted in India at 
Uttrayan, Jalgaon and Kodur.

Pectin

Pectin is an important component of citrus and 
apple. The pectin content of the citrus waste is upto 
40% of fresh weight and apple waste comprises of 
20% pectin. The thick hard rind of the passion fruit 
can also be used for the pectin extraction. Grape can 
be a suitable source of commercial source of pectin. 
Majority of pectin produced in the world is extracted 
from citrus peels. Pectin is used mainly for jam 
making, pharmaceutical and several other industries. 
Two citrus processing units in Uttrayan, and Kodur 
are producing lime pectin in a small quantity. India 
is still importing about 160 tonnes of pectin valued at 
about ` 10 crores for fruit and vegetable processing 
industry alone. Manufacture of “Genu” pectin in 

Denmark, almost commands a virtual monopoly by 
carrying out year round production after procuring 
dried citrus peels of requisite quantity from different 
parts of the world. Mango peels which are also 
available in plenty from processing factories, have 
also been shown to be a good source of pectin (Table 
5).

Maximum pectin yield 21.0% was obtained on soaking 
finely ground and defatted mango peel in sulphuric 
acid solution of pH 2.5 at 80°C for 120 minutes. 
Maximum pectin was precipitated from the extract 
by adding 95% ethanol at the rate of 200 ml litre. 
Anhydrogalacturonic acid and methoxyl contents 
of pectin obtained under these optimum conditions 
were 72.80% and 9.77% respectively while equivalent 
weight value was 943. These chemical characteristics 
values of mango peel pectin were within the accepted 
limit of good quality pectin.

pH of the solution played a significant role in the 
extraction of pectin. Maximum amount of pectin 
21.0% was obtained with sulphuric acid solution of 
pH 2.5 at 80°C after 120 minutes extraction time while 
minimum amount of pectin (13.45%) was obtained 
with hydrochloric acid solution under the same 
extraction conditions (Table 6). However, nitric acid 
solution extracted 15.11% pectin from mango peels, 
which is comparatively more than hydrochloric acid 
solution of pH 2.5. Earlier workers also obtained 

Table 4 : Possible by-products from solid wastes in fruit processing industries

Fruit/Vegetable Waste (%) Nature of waste By-products
Apple 20-30 Pomace Juice, wine, vinegar, pectin, cattle feed, citric acid, lactic acid.
Citrus

i) Orange 50 Peels, seeds and pulp Essential oil, pectin, cattle feed, peel candy etc.
ii) Lime 60 Peels, seeds and pulp Essential oil, pectin, cattle feed, peel candy etc.

Mango 40-60 Peel and pulp Pectin, cattle, feed, alcohol
Peels 12-15 Fibre Wine, vinegar, juice
Pulper waste 5-10 Hull & kernel Fat, tannins, starch
Kernels 15-20 Peel, core, trimming, Juice, wine, syrup, bromeline,
Pineapple 30-60 Shreds Cattle feed, biogas
Tomato 20-30 Core, peel and seeds Animal feed, seed oil and meal
Potato — Peel and coarse solids Animal feed, single cell protein

Source: Bhalerao et al. 1989; Srirangrajan and Shrikhande, 1977.
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variable amounts of pectin from different fruit 
waste materials using different mineral acids. Better 
extraction of pectin with sulphuric acid might be due 
to the presence of sulphate ions in soaking solution.

About 7.20, 11.00 and 21.0% pectin was precipitated 
when ethanol was added into the filtrate at the rate 
of 50, 100 and 200 ml litre per litre, respectively. 
Similarly, pectin yield was 5.40, 9.00 and 14.44% after 
the addition of acetone in the filtrate at the rate of 
50, 100 and 200 ml litre per litre respectively. These 
results revealed that maximum amount of pectin 
(21.0%) could be obtained by the addition of ethanol 
at the rate of 200 ml litre-1.

Fat

The stone content of mango contain 9-23% with an 
average of 15% (Palaniswamy et al. 1974). According 

to one estimate, 0.3 million tones of dry mango 
kernels are available annually from which 30,000 
tonnes of mango fat valued at ` 20 crores, could be 
obtained. In 1985, 1035 tonnes of mango fat were 
produced although its potential is reckoned at not 
less than 48,000 tonnes. In case of grapes from the 
pomace, the seed can be separated and pressed to 
extract oil, which is edible in its refined state. From 
the waste, 10-15% of oil can be extracted. Peach and 
apricot kernels are used for extraction of the oil for 
industrial use (Joshi and Bhutani, 1995). It is used in 
the pharmaceuticals and the cosmetic industry for 
the manufacture of the soap and cream etc. The thick 
hard rind of passion fruit and its seeds are used for 
the recovery of oil, respectively. The tomato seeds can 
be separated and utilized for the extraction of edible 
oil. They are the good source of proteins and amino 
acids.

Table 5: Quality of pectin obtained from different fruit sources

Fruits Yield % (dry wt) Methoxyl content (%) Anhydrouronic acid Jelly grade
Mango peels 18-19 8.99 58.40 155
Dashehari 15-16 8.07 54.60 175
Langra 13.0 9.20 61.12 200
Alphonso 15.7 8.31 — 200
Totapari 20.2 9.20 71.20 277
Assam lemon — 9.86 84.73 250
Mandarin — 9.31 79.89 200
Pumello 26.5 6.12 47.05 350
Galgal 15-18 8.40 59.40 200
Apple pomace 9.0 7.50 66.80 227
Raw papaya 9.4 8.90 79.90 —
Guava — 3.50 45.10 75
Cashew apple — 9.28 78.36 150

Source: Srivas and Pruthi, 1976; Chaliha et al. 1963; Beerh et al. 1976; Pruthi et al. 1960.

Table 6: Effect of Different Mineral Acids Solution on the Yield of Pectin (%age)

Extractants
Extraction Condition

Yield (Percentage)
pH Temp. (°C) Time (Minutes)

Hydrochloric Acid 2.5 80 120 13.45±0.7
Sulphuric Acid 2.5 80 120 21.0±0.5
Nitric Acid 2.5 80 120 15.11±05

Mean Value: S.D. Triplicate Determinations; Source: Rehman et al. 2003.
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Starch

Banana pseudo-stems are used for the extraction 
of about 5% edible starch. The method for starch 
extraction from pseudo-stems has been standardized 
and physico-chemical properties of starch have been 
studied (Subramanyam et al. 1957). Likewise, 1,40,000 
tonnes of starch may also be available from mango 
seed kernels (Das and Banerjee, 1952).

Dietry fibre

The term ‘dietary fibre’ is generally understood to 
mean vegetable polysaccharides and lignins that 
retain their resistance when exposed to the influence 
of digestive enzymes in the human gastrointestinal 
tract. The health-promoting properties of dietry fibers 
have been recognized for several decades including 
their ability to bind a number of substances, including 
cholesterol and gastric juice (Jenkins et al. 1998) .

Dietary fibre consists of substances like cellulose, 
hemicellulose, lignins and pectins, resins and waxes 
(Prosky 1999). Dietary fibre plays an important 
role in the prevention and cure of diabetes, obesity, 
atherosclerosis, heart diseases, colon cancer and 
colorectal cancer (Ferguson 2005). Hemicellulose 
and pectin have a remarkable capability of binding 
metal ions, as is the cellulose and lignin, though 
to a smaller extent, because the source of origin 
notably affects the metal binding properties of the 
two fractions (Nawirska 2005). Epidemiological 
data have revealed a causal link between civilization 
diseases and diets poor in dietary fibre. In developed 
countries, the low DF content in human diet is blamed 
for the development not only of civilization diseases 
(atherosclerosis,obesity, diabetes, tooth decay) but 
also of non-infectious diseases of the gastrointestinal 
tract (chronic constipation, appendicitis, polyps, 
tumors) (Rodrígez et al. 2006). To produce DF-
enriched preparations those parts of cereals, fruit 
and vegetables that are rich in non-digestible 
carbohydrates are used primarily. The starting 
materials for the production of DF preparations are 
bran, straw, corn cobs and chaff, as well as the by-
products or wastes from industrial processing of fruit 
and vegetables, i.e. apple, currant, citrus fruit, carrot, 

tomato, melon or spinach pomace. Their utilization 
is convenient and cost-effective and, what is more, 
enables rational management of troublesome wastes.

Dietry fibres are extracted from apple and pear 
pomace by several producers. The extraction 
process involves mechanical filtration, dehydration 
of filtered solids and screening. The apple and pear 
pomace contains 56% and 75% fibres, respectively. 
The product prepared from fruit dietary fibre having 
same consistency as that of wheat and used in 
manufacturing of bread, baked foods cereals, and in 
pharmaceuticals (Morris, 1985). On laboratory scale, 
fibres from apple pomace have been extracted by 
solvent extraction (Walter et al. 1985).

Fruit juices, syrup and other edible products

Peels and cores from apple and pear processing 
plant used in manufacturing of fruit juice. Pectinase 
enzymes are used to facilitate juice recovery by 
depectinization. The pomace left after extraction of 
cane berry juice is used in manufacturing of cane berry 
sauce. Orange peels, sliced and blanched are used in 
preparation of marmalade. Apple pomace has been 
utilized in the production of various edible products. 
These include apple sauce, jam, toffes, biscuits, etc 
using apple pomace in various proportions.

Acids

Various acids such as citric acid, lactic acid and 
vinegar can be produced using the waste residues 
from different fruit and vegetables.

Citric acid can be prepared from lime, lemon, apple, 
galgal etc. The juice is first fermented naturally to 
remove gum, pectin and sugars which hinders its 
filtration. The fermented juice is then treated with 
filter aid at 60° to 66°C and then filtered. Hydrated 
lime and calcium carbonate are added to precipitate 
the calcium citrate. The precipitates are separated 
and dried quickly to avoid discoloration. It is then, 
treated with conc. H2SO4 to decompose the citrate 
into citric acid. From the apple pomace the citric acid 
can be produced by the citric acid producing fungal 
strains of Aspergillus niger. Apple pomace has proved 
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to be a good substrate for citric acid production. 
From unfermented juice, calcium citrate may be 
prepared and strong solution of sodium carbonate 
is added to form sodium citrate. The precipitated 
calcium carbonate prepared can be filtered of and 
concentrated to crystallize to form sodium citrate 
(Hang et al. 1977).

Apple pomace as a raw material for lactic acid 
manufacture has advantages, like high content of 
free glucose and fructose, that are excellent carbon 
sources for lactic acid production, high content 
of polysaccharides (cellulose, starch and hemi-
celluloses) that can be enzymatically hydrolysed to 
give monosaccharides, presence of other compounds 
(monosaccharides different from glucose and 
fructose, di- and oligo-saccharides, citric acid and 
malic acid) that can be metabolised by lactic bacteria 
and the presence of metal ions (Mg, Mn, Fe, etc.) that 
could limit the cost of nutrient supplementation for 
fermentation media.

Vinegar

It is also been prepared from fruit waste by alcoholic 
fermentation and then, the Acetobacter bacteria are 
used for acetic acid production. It can be prepared 
by Orleans slow process or German quick process. 
It can also be produced by mixing apple pomace 
with molasses in ratio 2:1 (Joshi and Joshi, 1990). 
Vinegar production from orange peel has also been 
made successfully (Gera and Kramer, 1969). The peel 
and core of the pear can be fermented in alcoholic 
beverages called ‘Perry’ which can be converted 
into fruit vinegar by further acetic fermentation. 
Pineapple vinegar also made to small extent in India.

Colours

From ancient times, natural colours have been used 
to give food an attractive appearance. The addition 
of synthetic colours to food products has become 
a controversial subject because of their toxic effect 
and have been banned in some cases. Natural colour 
and nature-identical colours such as p-carotene, 
chlorophyll and anthocyanin are used. The extracts 
of colours from fruit waste can be used in fruits 
and vegetable industry. The important colours are 
orange red from carotenoids and dark red from 
anthocynanins. The flow-process preparation of 
biocolour from plum pomace has been in depicted 
Fig. 2.

About 70% of carotenoids of the whole citrus fruit 
are concentrated in flavedo. The main component 
are xanthophylls, but these depend upon ripeness, 
soil condition and other factors (Gross, 1977). The 
extraction of carotenoids is not easy because they are 
insoluble in water. There are many ways for extraction 
of colour from wet peels (Ting and Herdrickson, 
1969). The terpene like d-limonene is added to the 
mixture in order to absorb the readily extracted 
caroteniods. After centrifuging the solid particles, 
the liquid is again centrifuged to remove d-limonine, 
which contains 75% of carotenoids present in the 
flavedo. The oil phase is dewatered, concentrated 
and purified to about 36% solution of carotenoids 
(Kanna et al. 1984). Extraction of color from dried 
citrus peel, flakes are shredded and treated with 
lime to a pH 8.0 to 9.0. They are then, pressed and 
dried in rotating drier with a directly heated drum 
in which temperature is carefully controlled to avoid 
over-heating. The dried peel is stored in cool silo 
and colour extraction is done as soon as possible to 
prevent loss of carotenoids.

Fig. 2: Process flow of citric acid production from apple pomace
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Anthocyanins are present in many dark coloured 
fruits which are sensitive to heat, metals, pH and air. 
The concentration of colour in grapes depends upon 
the temperature during ripening. The most abundant 
colour pigment in grape is melvidin 3-acetyl glucoside 
which is found mainly in the skin of the fruits.

Fruits like plum also have anthocyanin, as their 
pigment especially in the skin. Pomace produced 
as waste from processing of plum is a rich source of 
pigment. Technology for production of biocolours 
from plum has been optimized and a flow sweet for 
the process is depicted in Fig 3.

Microbial pigments

Food colors are used for increasing appeal of food by 
making them more attractive. But synthetic colours 
have adverse effect on health so their use in colouring 
foods is of great concern. Microorganisms like 
Rhodotorula, Sarcina Cryptococcus, Phaffia rhodozyma, 
Monoascus purpureus and Bacillus spp are used for 
the production of pigment by fermentation of waste 
from fruits & vegetable industries (Joshi et al. 2003). 
Rhodotorula used for the production of carotenoids 
pigment from apple pomace (Joshi and Attri, 2005; 
Joshi and Rana, 2008) using solid state fermentation. 
Moreover, microbial colours have been found to have 
anti-neoplastic activity (Nair, 1994).

Apple pomace due to presence of several nutrients 
proved to be a good component of medium to 
produce microbial pigments. It has been utilized 
for the production of microbial colours using SSF. 

It has been used successfully for cultivation of 
Rhodotorula for pigment production (Sandhu and 
Joshi 1997; Joshi and Attri, 2005). The effect of carbon 
and nitrogen sources on yield and carotenoids 
production by Chromobacter sp. a dark red colour 
producing bacteria showed that apple pomace at 
a concentration of 20 g/l gave maximum yield of 
biomass and carotenoids in the basic medium. The 
use of maltose (0.3%) in the apple pomace based 
medium produced the maximum yield of biomass 
(6.65 g/l) and carotenoids (46.33 mg/100g). Amongst 
the different nitrogen sources tried, potassium nitrate 
(0.1%) gave the maximum production of biomass 
(6.50 g/l), carotenoids (46.60 mg/100g) and beyond 
this concentration, both yield and carotenoids were 
reduced. A pH value, 6.0 was found optimum, 
whereas a temperature of 35 oC produced the highest 
carotenoids with incubation period of 48 h. The use 
of 50 g/l of apple pomace in the medium gave the 
highest yield of biomass and carotenoids. Maltose 
(0.2%) was the best carbon source. A pH range of 
5.5 to 6.0 was optimized whereas a temperature of 
30 oC and incubation period of 72 hrs produced the 
highest amount of carotenoids. 10-50g/L of apple 
pomace have been incorporated to the basic medium 
for the producton of Rhodotorula (pink colour) 
Sarcina sp. (dark yellow), Chromobacter sp. (dark red). 
The production of pigment in apple pomace based 
medium using SSF Micrococcus gives the better yield 
of biomass and carotenoids. Rhodotorula sp. has been 
best grown at a temperature of 30 °C for 72 hours at 
pH 5.5 in the apple pomace based medium whereas 

A = Chromobacter sp. on a petriplate; B = Sarcina sp. on a petri-plate; C= Rhodotorula sp. in tray; D = Micrococcus sp. in tray

Fig. 3: Colour producing microorganisms grown on apple pomace based medium
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Chromobacter sp producing dark red colour, grew 
best at temperature 350 C with pH of 6.0 for 48 hours. 
Pigment production from Sarcina and Micrococcus 
have also been optimized (Attri and Joshi, 2005 and 
Joshi et al. 2007)

Flavour

Microbes are used to prepare flavours from the fruit 
and vegetables waste. The specific aroma and flavour 
like fruity, spicy, pyrazines, terpenes, lactones and 
esters are produced from waste by fermentation 
and the availability of microbial products have been 
cheap and renewable (Nair, 1994).

Gums

Microbial gums like Xanthan can also be produced 
from the waste. Cabbage waste is utilized for the 
production of Xanthan by Xanthomonas compestris 
(Lilly et al. 1958). The other sources of xanthan are 
molasses, grains, hydrolyzed lactose from cheese 
whey.

Enzymes

Fruits and vegetable waste are used for the production 
of various enzymes like invertase form sauerkraut 
waste by fermenting with Candida utilis. From baked 
beans fungal amylase has been produced (Gupta and 
Joshi, 2000). Dried apples are used for the production 
of cellulose and xylanase by Trichoderma viridae and 
Aspergillus spp (Joshi et al. 1999).

Apple pomace has proved to be a good substrate 
for production of many enzymes like amylase, 
xylanase, pectinases and cellulose (Bhalla and Joshi, 
1993). Production of pectinase from apple pomace 
is promising due to several advantages like easy 
availability of cheaper raw material and easier 
processing of the substrate. Pectinase enzymes 
include pectin methylesterase (pectin esterase) 
and depolymerising enzyme polygalacturonase 
and lyases). Pectin esterase hydrolyses the pectin 
to methanol and polygalacturonic acid (Broeck 
et al. 1999) and the enzyme polygalacturonase 
further hydrolyses the polygalacturonic acid into 
monogalacturonic acid by breakingthe glycosidic 
linkage (Sakellaris et al. 1988). Pectinase is produced by 
several fungi including Aspergillus sp., Botrytis cinerea, 
Fusarium moniliforme, Rhizoctonia solani, Rhizopus 
stolonifer, Trichoderma sp., Neurospora crassa, etc., but 
Aspergillus is the major source. Among pectinases, 
pectin esterase (E.C. 3.131.11) is the first enzyme 
of pectin hydrolysis that catalyses the hydrolysis 
of methylated carboxylic ester group in pectin into 
pectic acid and methanol (Joshi et al.). In solid state 
fermentation of apple pomace with Aspergillus, 1:3 
dilution (w/v) at pH 4.0, incubation temperature of 
25oC for 96 hours was found optimum for higher 
PME production (Parmar, 2004). Ammonium 
sulphate @ 0.2 per cent and sodium chloride @ 0.5 per 
cent gave the highest PME production. The SSF gave 
2.3 times higher PME activity than SmF. Enzymes like 
amylase, xylanase and cellulase have been produced 
from apple pomace as a substrate.

Table 7: Production of enzymes from processing waste by fermentation

Waste Microorganisms utilized Enzyme produced
Apple pomace Trichoderma viride, Aspergillus spp., T. reesei, A. 

niger, Pleurotus spp., T. reesei, A. phoenicis and 
Cerrena, unicolor

Cellulase, Xylanase and 
Ligninase

Agro wastes Candida utilis, A. phoenicis, Cerrena unicolour, 
Coriolus hirsutus and Pleurotus ostreatus

Invertase

Bagasse Cellulase Xylanase Cellulase B-glucosidase
Grape wine trimming dust Sauerkraut 
waste Sugar beet pulp Tea production 
waste

Cellulase & B-glucosidase Cellulase & Xylanase 
Cellulase

CMCase, Xylanase and Laccase

Source: Ref. [61].
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The evaluation of pectinases done in plum, peach, 
pear and apricot showed that the juice recovery of 
enzymatically treated pulp increased significantly 
depending upon the type of pulp and improved 
phsico chemical characteristics and sensory quality 
of enzymatically extracted juices. The maximum 
production of cellulase (5 units) and xylanase (4.2 
units) was obtained by the use of Trichoderma viride 
and Aspergillus niger, respectively. The potential 
of apple pomace as a substrate for the production 
of β-fructofuranosidase synthesis by A. fumigatus, 
A. foetidus and A. niger was studied by Hang and 
Woodams (1994).

Single cell proteins

The single cell protein based on the microbial growth 
and microbial biomass and can be used as protein 
supplement for feed or food (Girujie et al. 1992). A 
number of micro-organism like yeast, fungi, algae 
and bacteria can be employed for the production of 
SCP and each of them has its own advantages and 
disadvantages. The wastes are used for the growth 
of the micro-organism as starting material for 
fermentation and SCP production by assimilation 
(Flickiger and Taso, 1978).

Apple pomace is a rich source of nutrients like 
carbohydrates, dietary fibre, minerals, and vitamin C 
(Joshi, 1998). It contains pectin (12.7%), lignin (12.8%), 
hemicelluloses (5%), cellulose (17.6%), and starch 

(17.9%) (Kennedy et al. 1999). Beside these apple 
pomace contains several mineral nutrients, including 
carbon (44.56%), oxygen (44.78%), hydrogen (6.18%), 
chlorine (1.02%), and nitrogen (0.57%) (Kennedy et 
al. 1999). SCP can be prepared from apple pomace 
by Trichomonas viride and Aspergillus niger under SSF 
and LSF condition. Apple pomace having high lingo-
cellulose and protein content can be co-cultured with 
yeast and mold fermentation in SSF (Bhalla and Joshi, 
1994). Grape waste used as a substrate for Aspergillus 
niger to generate 35% crude proteins and cellulose. 
Citrus and pineapple waste has also been utilized to 
generate SCP by using Fusarium (Bahar and Azueze, 
1984). Cassava is a carbohydrate rich substance but it 
is poor in protein. The protein content of cassava upto 
20% by using Aspergillus niger has been achieved. It 
has also been treated concomitantly for producing 
SCP using Endomycopsis fibuliger and Candida utilis 
(Lal et al. 1991). Aspergillus tamari has been employed 
to produce SCP from sugar beet pulp on a pilot 
scale with the protein content of about 22.4% in 48 
h (Gray and Abou-el-Seound, 1966). Mixed cultures 
of Trichoderma and yeasts, and a combination of 
Kluyveromyces maximas efficiently converted beet 
pulp into protein and offered a maximum yield of 
51% (Ghanem, 1992).

Waste from fermentation industry e.g. sauerkraut 
brine with high BOD and salt content has successfully 
been used for the growth of a number of yeasts 
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even in non-sterile conditions but Candida utilis was 
preferred most as it gave higher yield in a short 
time. This process does not need pH adjustment and 
nutrient addition, and can remove 90% BOD within 
24 hours (Hang et al. 1977). Saccharomyces cerevisiae 
and Torulopsis utilis have been successfully grown on 
the molasses with protein yield of 42-47% and 36-38%, 
respectively. With addition of corn steep liquor, the 
protein yield increased to 60 and 52.6%, respectively. 
Saccharomyces cerevisiae had 50% protein, 2.5% fat and 
13% minerals while Torulopsis utilis had 42% protein, 
5.6% fat and 15.8% minerals.

The waste from brewery and distilleries also 
supported the production of SCP (Gera and 
Kramer,1969). It can also be produced from baked 
bean waste using Aspergillus fotidus. Potato peels 
contained significantly highest dry matter and 
carbohydrate content as compared to other wastes. 
Symba-yeast on potato waste has successfully been 
propagated (Skogman, 1976)). When two yeasts 
i.e. Saccharomcyes fibuliger and C. utilis were grown 
symbiotically, the BOD was reduced to 90% with a 
yeast yield of 300 kg/hl with 48% protein.

Potato peels supplemented with 0.04% ammonium 
chloride have also been used for the production of 
protein by using a non-toxic fungi Pleorotus ostreatus 
(Kahlon and Arora, 1986). Similarly, waste from 
orange, sugarcane and grape processing industry 
have also been utilized for the production of SCP 
(Nicolini et al. 1987 and Nigam, 1990).

Table 8: Food processing waste used as SCP/animal feed after 
microbial fermentation

Waste Microorganisms utilized
Apple pomace Saccharomyces cerevisiae, Candida utilis, 

Torula utilis, Aspergillus niger
Soy bean Rhizopus oligosporus

Source: Nigam and Singh, 1996.

Amino acids

The amino acids used as additive in the food, feed 
and as a flavouring agent have been produced from 
the waste. Bacteria like Coryenebacterium, Glutamicum, 

Arthobacter and Brevibacterium falavum are used for 
the manufacture of glutanmic acid, starch solution, 
cane molasses and beet molasses are used as 
substrate. Glutamic acid in the form of monosodium 
glutamate or ajinomoto is used as flavouring agent 
in food. Lysine is also manufactured by fermenting 
cane molasses, beet molasses or starch hydrolysis 
using bacteria Coryenebacterium glutamicum. It is used 
as salt form in bread and cookies and not synthesized 
in human body and used in animal feed (Marwaha 
and Arora, 1999).

Table 9: Functional properties of produced yeast SCP biomass

Parameter Value  
(Mean ± S.D)

Parameter Value 
(Mean ± S.D)

Water holding capacity (%) 303.40 ± 0.30
Oil absorption capacity (%) 196.50 ± 0.20
Foaming capacity (%) 10.60 ± 0.20
Loose bulk density (g/ mL) 0.65 ± 0.01
Packed bulk density (g/ mL) 0.66 ± 0.01

Source: Bacha et al. 2011.

Vitamins

Bacteria like Pseudomonas denitrificans, 
Propionibacterium shermanii and Streptomycetes have 
been used for commercial production of vitamin B12 
from waste like soyabean meal, corn steep liquor, fish 
meal, meat extract, etc. Corn steep liquor has also 
been used as a substrate for a mold Ashbya gossypii 
to produce vitamin B2 or riboflavin. β-carotene which 
is a precursor of vitamin A, and also as a pigment 
used in food industry, can be produced by microbial 
fermentation, using fungus Blackeslea trispora and 
algae Dunaliell (Marwaha and Arora, 1999).

Phytochemicals

Nowadays, there is a growing interest in finding 
phytochemicals as an alternative to synthetic sub
stances, which are commonly used in the food, phar
maceutical and cosmetic industry. Clinical studies 
support the role of the plant food phytochemicals as 
health-promoting functional food components. This 
idea is supported by the consumer’s concern about 
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the safety of products containing synthetic chemicals 
because these synthetic molecules are suspected 
to cause or promote negative health effects. Recent 
studies showed that the phytochemicals in fruits 
and vegetables are the major bioactive compounds 
with human health benefits. Epidemiological studies 
have pointed out that the consumption of fruits 
and vegetables imparts health benefits, e.g. reduced 
risk of coronary heart disease and stroke, as well 
as certain types of cancer. Apart from dietary fibre, 
these health benefits are mainly attributed to organic 
micronutrients such as carotenoids, polyphenols, 
tocopherols, vitamin C and others. Flavonoids from 
fruits and vegetables probably reduce risks of diseases 
associated with oxidative stress, including cancer. 
Apples contain significant amounts of flavonoids 
with antioxidative potential.

Both cultivated and wild berries are unpolluted 
and low in energy, and they are also an important 
source of antioxidant vitamins and fibre. Berries also 
contain different bio-active components, such as 
phenolic phytochemicals (flavonoids, phenolic acids, 
polyphenols) (Hakkinen et al. 1999).

It has been established that consumption of fruits 
rich in phytochemicals helps to avoid coronary heart 

disease (Hertog et al. 1993), stroke (Keli et al. 1996) and 
lung cancer (Knekt et al. 1997). Notable are also the 
antibacterial properties of berries. The cloudberry 
(Rubus chamaemorus), raspberry (Rubus idaeus), and bilberry 
(Vaccinium myrtillus) and crowberry (Empetrum nigrum) were 
effective against all of the bacterial strains tested. Bog 
bilberry (V. uliginosum) inhibited all the gram-positive 
bacteria, but not gram-negative E. coli, S. aureus, B. 
subtilis and M.luteus (Rauha et al. 2000). Fig. 5 shows the 
flavonoid content of different Finnish berries.

Antioxidants

There is some evidence that chronic diseases, 
such as cancer and cardiovascular disease, may 
occur as a result of oxidative stress (Kelly et al. 
2003). The consumption of food rich in natural 
antioxidants, as well as food enriched with them, 
ensure the desirable antioxidant status and helps in 
prevention of the development of diseases caused 
(linked) by oxidative stress. The role of antioxidant 
phytochemicals in the prevention of these diseases 
has been mainly attributed to the prevention of LDL 
oxidation through a scavenging activity against 
peroxyl and hydroxyl radicals (Djilas et al. 2009). 
Apple peels have high concentrations of phenolic 

Fig. 5: Flavonol content of Finnish berries (Hakkinen et al. 1999)
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compounds and may assist in the prevention of 
chronic diseases. Phenolics are a much diversified 
group of secondary plant metabolites, which 
includes simple phenolic, phenolic acids (benzoic 
and cinnamic acid derivatives), lignans, lignins, 
coumarins, flavonoids, stilbenes, flavonolignans and 
tannins. Many of phenolic compounds have shown 
strong antioxidant properties as oxygen scavengers, 
peroxide decomposers, metal chelating agents, and 
free radical inhibitors . Besides antioxidant activity, 
phenolic compounds have a wide range of action 
which includes antitumoral, antiviral, antibacterial, 
cardioprotective, and antimutagenic activities (Djilas 
et al. 2009). Apple pomace has been shown to be a 
good source of polyphenols which are predominantly 
localized in the peels and are extracted into the juice to 
a minor extent. A conventional apple juice production 
(straight pressing of apple pulp or pressing after 
pulp enzyming) resulted in a juice poor in phenolics 
and with only 3–10% of the antioxidant activity of 
the fruit they were produced from (sluis et al. 2002). 
Polyphenols are one of the phytochemical groups 
whose ‘‘protective” properties include antioxidant, 
antimicrobial, anticancer and cardiovascular-
protective activities (Bendini et al. 2006). Different in 
vitro model systems were employed to evaluate the 
antioxidant properties of apple pomace polyphenols. 
For example, Lu and Foo determined DPPH and 
superoxide ion radical scavenging activities of apple 
pomace polyphenols, and also their antioxidant 
property in the β-carotene/linoleic acid system. The 
polyphenols examined were epicatechin, its dimer 
(procyanidin B2), trimer, tetramer and oligomer, 
quercetin glycosides, chlorogenic acid, phloridzin 
and 3-hydroxy-phloridzin. All the compounds 
showed strong antioxidant activities, and their DPPH-
scavenging activities were 2-3 times and superoxide 
anion radical-scavenging activities were 10-30 times 
better than those of the antioxidant vitamins C and E. 
The antiradical activity of apple pomace was tested 
by measuring their ability to scavenge DPPH and 
hydroxyl radicals by ESR spectroscopy. The highest 
DPPH (EC DPPH 50 = 6.33 mg/ml) and hydroxyl (EC 
OH 50 = 26.11 mg/ml) radical scavenging activities 
were obtained in the case of Reinders pomace. 

The total phenolics, total flavonoids, total flavan-
3-ols, and some individual phenolic compounds 
contributed significantly to the antiradical activities 
of apple pomace (Ćetković et al. 2008)

The extraction of crushed grape pomace with a 
mixture of ethyl acetate and water yielded phenolic 
compounds displaying antioxidant activities 
comparable to BHT in the Rancimat test. Catechin, 
picatechin, epicatechin gallate and epigallocatechin 
were the major constitutive units of grape skin 
tannins (Souquet et al. 1996). A new class of 
compounds, aminoethylthio-flavan-3-ol conjugates, 
has been obtained from grape pomace by thiolysis 
of polymeric proanthocyanidins in the presence of 
cysteamine (Torres et al. 2001). The antioxidant activity 
of the extracts obtained from grape by-products was 
analyzed by different in vitro tests: scavenging of 
the stable DPPH radical,reactive •OH, O2 •- and 
of authentic peroxynitrite (ONOO-). For example, 
Lacopini et al. evaluated the extracts obtained from 
skin and seeds of 10 native Tuscan and international 
Vitis vinifera varieties for their antioxidant activity 
and subjected to HPLC–UV analysis to quantify the 
content of five phenolic constituents of biological 
interest: catechin and epicatechin in seeds and 
quercetin, rutin and resveratrol in skin extracts. 
All the five phenols investigated possessed strong 
antiradical activity. Quercetin, catechin and 
epicatechin showed maximum activity (respectively, 
IC DPPH• 50 5.5, 6.7 and 6.8 M, and IC ONOO− 
50 48.8, 55.7 and 56.7 M). Mandić et al. obtained 
grape seed extracts (GSEs,) from Italian and Rhine 
Rieslings and examined their antioxidant activities 
using ESR spectrometry. IC50 values were between 
0.1016 and 0.0445 mg/ml for the stable DPPH radicals 
in ethanol and ethyl acetate extracts of Italian (I-i and 
II-i) and Rhine (I-r and II-r) Rieslings, and for the 
very reactive OH radicals they were between 0.2759 
and 0.0352 mg/ml. Recent reports indicate a wide 
range of biological activities, e.g. radioprotective 
effects, the prevention of cataract antihyperglycemic 
effects the enhancement of postprandial lipemia, the 
modulation of the expression of antioxidant enzyme 
systems, the inhibition of the protein kinease activity 
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of the epidermal growth factor receptor, protective 
effects against oxidative damage in mouse brain cells 
, and anti-inflammatory effects. The high efficiency of 
natural phenolic extracts obtained from grape seeds as 
potent antioxidants was confirmed, by the fact which 
encourages the prospect of their commercialization 
as natural powerful antioxidants in foods in order 
to increase the shelf life of food by preventing lipid 
peroxidation and protecting from oxidative damage. 
Many of the grape seed products are commercially 
available. Flavonoids from citrus that have been 
extensively studied for antioxidative, anti-cancer, 
anti-viral, and anti- inflammatory activities, effects 
on capillary fragility, and an observed inhibition 
of human platelet aggregation (Miyake et al. 
1997). Recent research suggests that citrus fruits 
possess another health benefit phytochemicals 
called limonoids, highly oxygenated triterpenoid. 
Citrus limonoids appear in large amounts in citrus 
juice and citrus tissues as water soluble limonoid 
glucosides or inseeds as water insoluble limonoid 
aglycones. The limonoid aglycones are responsible 
for the development Currently limonoids are under 
investigation for a wide variety of therapeutic 
effects such as antiviral, antifungal, antibacterial, 
antineoplastic and antimalarial. Certain limonoids 
are insecticides such as azadirachtin from the neem 
tree. Most recently several limonoid aglycones and 
a mixture of limonoid glucosides were administered 
in vitro to estrogen dependent and estrogen 
independent human breast cancer cell lines (Jacob et 
al. 2000).

Antimicrobics

Several mechanisms have evolved in microorganisms, 
which confer them with antimicrobial resistance. 
Three mechanisms predominate in antimicrobial 
resistance: (1) enzymatic inactivation of the 
antimicrobial agent, (2) substitutions, amplifications 
or modifications of the drug target reducing the 
affinity of the drug to the target or (3) reduced access 
of the antimicrobial agents to the target by means of 
permeability barriers or efflux pumps (Sundsfjord 
et al. 2004; Fluit et al. 2001). These mechanisms can 

either chemically modify the antibiotic, or it becomes 
inactive through physical removal from the cell, or 
modify target site so not recognized by the antibiotics.

The antimicrobial constituents are present in all parts 
of the plant viz. bark, stalks, leaves, fruits, roots, 
flowers, pods, seeds, stems, latex, hull and fruit rind. 
Recent research has revealed that fruit peels and 
seeds, such as grape seeds and peels (Jayaprakasha 
et al. 2003), pomegranate peel (Singh et al. 2002), 
wampee peel (Prasad et al. 2010) and mango seed 
kernel (Kabuki et al. 2000) may potentially possess 
antimicrobial property.

The fruit and vegetable peel extracts showed better 
antifungal activity than antibacterial activity; Gram-
negative bacteria were more susceptible than Gram-
positive bacteria which contradict the previous 
reports that plant extracts are more active against 
Gram positive bacteria than Gram negative bacteria 
(Rabe et al. 1997). The Gram-positive bacteria contain 
a single outer peptidoglycan layer, which is not an 
effective permeability barrier (Costa et al. 2008). The 
most susceptible organism was fungi C. glabrata 
and Gram-negative K. pneumoniae. M. indica showed 
maximum and best antimicrobial activity (Table 10).

Organic compounds

SSF technique has been used to produce organic 
compounds like butanol, acetone, citric acid, acetic 
acid and lactic acid from molasses (Gera and Kramer, 
1969). The 2,3 butylene glycol can be produced by 
fermenting citrus peel juice and citrus waste after 
adding molasses (Long and Patrick, 1961).

Ethanol

Fruits processing residues like rejects of sorting and 
liquid waste that contain sugar can be converted to 
ethanol through fermentation. Ethanol is used as 
transport fuel however; its production is expensive 
process involving fermentation and distillation. 
The waste from processing industry like cellulose 
and hemicelluloses are readily fermented by 
anaerobic bacteria for ethanol production. Apple, 
pear and cherry waste have also been utilized for 
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the production of ethanol (Badger and Brodwer, 
1989). Orange peels after enzymatic hydrolysis and 
fermentation by using Saccharomyces cerevisiae was 
suitable for ethanol production (Grohmann et al. 
1994). The pineapple juice is fermented into alcohol 
for use in automobiles.

Many agricultural raw materials rich in fermentable 
carbohydrates have been tested worldwide for 
bioconversion from sugar to ethanol, but the cost of 
carbohydrate raw materials has become a limiting 
factor for large scale production by the industries 
employing fermentation processes. Since the price 
of feedstock contributes more than 55% to the 

production cost, inexpensive feedstocks such as 
lignocellulosic biomass and agri-food wastes, are 
being considered to make bioethanol competitive in 
the open market (Arrianitiyannis, 2008).

These fruit processing wastes can be used as potential 
feedstock for bioethanol production and this could 
also be an attractive alternate for disposal of the 
polluting residues (Beerh et al. 1976). Few research 
articles deal with different practical applications 
of these fruit wastes (Bhalerao et al. 1989), and 
production of alcohol. Laboratory experiments were 
conducted to evaluate the chemical composition of 
fruit wastes (pulp and peels) of Banana and Mango 

Table 10: Antimicrobial activity of some plant peels against some microorganisms causing infectious diseases

Plant name Extract Microorganisms
Citrus grandis (Rutaceae) Hexane, ethyl acetate, butanol, 

methanol, benzene: acetone
Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Escherichia 
coli, Salmonella enteritidis

Citrus reticulata Blanco 
(Rutaceae)

Oil Alternaria alternata, Rhizoctonia solani, Curvularia lunata, 
Fusarium oxysporum, Helminthosporium oryzae

Vitis vinifera (Vitaceae) 80% ethanol Staphylococcus aureus, Bacillus cereus, Escherichia coli, Salmonella 
infantis, Campylobacter coli

Citrus reticulate Blanco 
(Rutaceae)

Flavonoid extract Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, 
Enterococcus faecalis, Salmonella typhimurium, Enterobacter cloacae

Citrus acida Roxb. (Rutaceae) Oil Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Escherichia 
coli, Enterobacter aerogenes, Salmonella typhimurium, Aspergillus 
ficuum, Aspergillus niger, Aspergillus fumigatus, Aspergillus 
flavus, Fusarium saloni, Fusarium oxysporum, Pencillium 
digitatum,Candida utilis

Ficus carica L. (Moraceae) Aqueous Bacillus cereus, Staphylococcus epidermidis, Staphylococcus aureus, 
Escherichia coli, Pseudomonas fluorescens

Citrus bergamia Risso 
(Rutaceae)

Ethanolic fraction Escherichia coli, Pseudomonas putida, Salmonella enterica, Listeria 
innocua, Bacillus subtilis, Staphylococcus aureus, Lactobacillus 
lactis, Sacharomyces cerevisiae

Nephelium lappaceum L. 
(Sapindaceae)

Ether, methanol, aqueous Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Salmonella typhi, Vibrio cholerae, Enterococcus faecalis, 
Staphylococcus aureus, Staphylococcus epidermidis

Musa sapientum (Musaceae) Chloroform, ethyl acetate, 
aqueous

Staphylococcus aureus, Bacillus subtilis, Bacillus cereus, Salmonella 
enteritidis, Escherichia coli

Trapa natans L. (Trapaceae) Petroleum ether, 1,4-dioxan, 
chloroform, acetone, 
dimethylformamide, ethanol, 
aqueous

Bacillus cereus, Micrococcus flavus, Staphylococcus aureus, 
Alcaligenes faecalis, Klebsiella aerogenes, Klebsiella pneumoniae, 
Proteus mirabilis, Proteus morganii, Pseudomonas putida, 
Pseudomonas testosteroni, Candida albicans, Candida albicans, 
Cryptococcus luteolus, Trichosporon beigelii, Aspergillus candidus, 
Aspergillus flavus

Source: S. Chanda, Baravalia Y, Kaneria M.
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in order to explore their potential application in 
bio-ethanol production. The dilute acid (H2SO4) 
pretreatment (DAP) followed by enzymatic 
hydrolysis showed maximum reducing sugar yield 
of 64.27% in the mixed fruit pulps, followed by the 
banana fruit pulp (57.58%). The banana fruit peels 
also yielded a maximum reducing sugar content of 
36.67% where as the lowest of 31.29% was observed 
in mango fruit peels. The fermentation of the DAP 
hydrolysate of mixed fruit pulps showed maximum 
ethanol production of 35.86% corresponding to 
a fermentation efficiency of 70.31% at 48 hr of 
incubation. Similarly, the hydrolysates obtained 
from the dilute H2SO4 pre-treated banana fruit 
peels yielded a maximum of 13.84% ethanol with a 
fermentation efficiency of 27.13% at 42 h of incubation. 
The study by Arumugam and Manikandan revealed 
that the fermentation of hydrolysates obtained from 
the dilute acid pretreatment followed by enzymatic 
saccharification of mixed fruit pulps (banana and 
mango) and the banana fruit peels were found to be 
the best for higher ethanol production at optimized 
conditions.

Animal feed

Solid waste from fruit processing plant is valuable 

feed source for the animal which is rich in many 
nutrients as compared to other wastes. Byproduct 
feeds are classified as energy feed and protein feed 
(Bath, 1981). Ruminants are capable of fermenting 
fibrous material such as cellulose to various 
metabolic compounds. This ability makes it possible 
for ruminants to utilize fibres that are of little value to 
humans. The ruminants convert this waste into milk 
and meat which are valuable human foods (Huber., 
1981).

The pomace left in juice plants of apple, grapes and 
cranberries etc can be used as animal feed. Fermented 
potato waste has been successfully tried as an animal 
feed. When sweet potato waste was fermented with 
fungi, their protein content increased upto 31.6%. 
Fresh or dried apple pomace can be used as an 
animal feed (Hang and Walters, 1989). Milching cows 
have been fed with apple pomace in combination 
with other fodders (Shah and Masoodi, 1984). Apple 
pomace after fermentation with different yeasts and 
drying becomes enriched with proteins, vitamins, 
minerals and fats, and it can be used for feeding 
animals (Joshi et al. 1999). When apple pomace is 
subjected to SSF with Candida utilis there was 2.5 
fold increases in protein content 3.4 fold increase 
in niacin, 2.0 fold increase in pantothenic acid and 

Table 11: Examples of functional food components

Class/components  Source Potential benefit
Carotenoids

Beta-carotene Lutein, Zeaxanthin Various fruits Citrus Neutralizes free radicals which may damage cells; 
bolsters cellular ntioxidant defences.

May contribute to the maintenance of healthy vision.
Flavonoids

Anthocyanidins Berries, cherries, red grapes Bolster cellular antioxidant defences; may contribute to 
the maintenance of brain function

Flavanols - catechins, 
epicatechins, procyanidins

Apples, grapes May contribute to the maintenance of heart health

Flavanones Citrus foods Neutralize free radicals which may damage cells; 
bolster cellular antioxidant defences

Flavonols Apples Neutralize free radicals which may damage cells; 
bolster cellular antioxidant defences

Proanthocyanidins Cranberries, apples, strawberries, 
grapes, wine, peanuts, cinnamon

May contribute to the maintenance of urinary tract 
health and heart health
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1.5 fold increase in thiamin (Joshi & Sandhu, 1996). 
Co-culture of apple pomace with Candida utilis 
and Aspergillus niger results in protein enrichment 
(Bhalla and Joshi, 1994). An increase in true protein 
from 3.4 to 7.5% took place when apple pomace 
was fermented with Kloeckera apiculata and Candida 
utilis (Rahmat et al. 1995). Furthermore, protein 
obtained was rich in limiting amino acid lysine. 
Waste from wineries, breweries and distilleries after 
fermentation can also be used for feeding livestock. 
Animal feed can also be obtained from grape pomace 
and wine lees after growing microbes on them. It 
was reported that dry brewer’s grains after addition 
of molasses become a very good cattle feed. Apple 
pomace after fermentation with Torula utilis, Candida 
utilis, Saccharomyces cerevisiae, Schizoh, pombe and 
Kloeckera spp was fed to the broilers. The fermented 
apple pomace when mixed with standard broiler 
feed in the ratio of 1:1, was acceptable to broilers with 
no adverse effect on body weight gain and various 
biochemical parameters. The results indicated that 
formulation of the feed could make apple pomace as 
one of the constituents of the broiler feed (Joshi et al. 
1999).

Tomato pulp and pomace from tomato processing 
waste have been converted into as animal feed. The 

apricot cake which is left after extraction of oil is rich in 
protein and can be used as cattle feed. The press cake 
of grape is suitable for stock feed by mixing with bran 
or alfa-alfa meal to reduce the tannin and crude fibre 
content of mixture at the time of feeding. The pressed 
cake of pineapple can be utilized for the animal 
feed. The vines and pea hulls can be dehydrated and 
used as feed by blending it with suitable materials. 
The waste left after drying vegetables like potatoes, 
cabbage, cauliflower, turnips, carrots etc. can be used 
for making cattle feed.

The nutritive value of Brassica species is influenced 
by the high water content (i.e., 8.6% dry matter (DM) 
in cabbage and 10.1% DM in cauliflower (Gupta et 
al. 1993), which negatively affects intake. The DM, 
however, is rich in protein. For example cauliflower 
contains 20.8% crude protein (CP) (Gupta et al. 1993).

The effects of feeding Brassica vegetable market 
wastes on intake, body weight changes and 
pesticide/insecticide residues in products of goats 
were evaluated by feeding four diets with leaves 
either from cabbage (Brassica oleracea var. capitata), 
cauliflower (Brassica oleracea var. botrytis) or Chinese 
cabbage (Brassica campestris subsp. pekinensis) with 
30% of Para grass. The control group was fed 100% 

Table 12: Effect of pretreatment and enzymatic hydrolysis on reducing sugar yield (% w/w) and ethanol\production (% w/w)  
in the fruit samples

Sample Fruit Parts

Reducing sugar content 
(% w/w)

Maximum ethanol 
content (% w/w) Fermentation 

efficiency  
(%)b

Ethanol 
Productivity  
(% w/w h-1)bLHW + ESa DAP + ESb LHW + 

ESa DAP + ESb

Banana Pulp 53.93cea 57.58ceab 21.36bac 28.45cae  55.78  0.593
Peel 22.56dfb  36.67a 8.66edf 13.84dfb 27.13 0.330

Mango Pulp 13.84dfb 55.18ceab 19.62bac 26.50caeb 52.00 0.552
Peel 20.48dfb 31.29b 7.82edf 9.68dfb 18.96 18.96

Mixed fruit Pulp 56.38cea 64.27ceadf 28.72adb 35.86caed 70.33 0.747
Peel 25.57dfb 33.90b 8.32edf 11.94dfb 23.40 0.284

LSD (p<0.05) 0.0208* 0.0376* 0.0224* 0.0137*

All data are the mean of three replicates. Mean value followed by different letters in the same column differs significantly; Results obtained by 
Liquid hot water pretreatment followed by enzymatic saccharification; Results obtained by Dilute acid pretreatment followed by enzymatic 
saccharification.

Source: R. Arumugam and M. Manikandan.
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Para grass. All diets contained soybean waste as a 
supplement and the experiment lasted for 136 days. 
The goats were fed cabbage waste supplemented with 
200 g or 100 g DM (dry matter) of concentrate. Para 
grass with 100 g DM concentrate supplementation 
was used as a control group. Due to low DM content 
(5.3 and 3.7%, respectively) feed intakes of cabbage 
and Chinese cabbage groups were lower than those 
of other groups in the experiment. The highest feed 
intake and body weight gain was obtained when 
the goats were fed cauliflower (529 g DM/day and 
87.5 g/day, respectively). In Exp. 2 total intake of 
cabbage and concentrate was similar (484 g and 453 

g DM/day) whether the goats were fed 100 or 200 
g concentrate/day but lower than that of Para grass 
and concentrate probably due to the low DM content 
of the cabbage (5.9%). Crude protein intake (79 g to 
86 g/day) and body weight gain (70 g to 88 g/day) 
was not significantly different between treatments. 
Adding concentrate consequently resulted in higher 
DM intake than in Exp. 1 but did not result in any 
higher growth rate. Weight of livers from goats fed 
cabbage was about 90 g higher than from goats fed 
Para grass but no pesticide/herbicide residues were 
found in meat or liver.

Table 13: Effect of diets on daily live weight gain (LS-means and SE)

Exp. 1, diets Exp. 2, diets

ChC + PG 
+ SB

C + PG 
+ SB

CF + PG + 
SB

PG + SB SE C + 200 
Con

PG + 100 
Con

C + 100 
Con

SE

Initial weight (kg) 9.5 9.2 9.3 9.6 0.2 13.3 12.6 13.3 0.81
Final weight (kg) 18.0b 19.1b 21.2a 18.3b 0.4  20.2 20.6 19.6 1.06
BWG (g/day) 62.8c 73.4b 87.5a 64.0c 2.7 76 88 70 5.6
FCR (kg DM/kg BWG) 4.5c 4.5c 6.0b 6.7a 0.3 6.5 7.6 6.6 0.4

a, b, c Means within rows and experiment with different superscripts are significantly different (p<0.05); BWG: body weight gain; FCR: feed 
conversion ratio; CHc: Chinese cabbage Brassica oleracea var. capitata; C: cabbage Brassica oleracea var. botryti; CF: cauliflower Brassica 
campestris subsp. Pekinensis; PG: para grass; SB: soybean waste; Con: concentrate.
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CONCLUSION

Food processing industry including fruit and 
vegetable processing is the second largest generator of 
wastes into the environment only after the household 
sewage. The generation of biodegradable waste, 
increased linearly with the growth and development 
of food processing industry. A huge amount of waste 
in the form of liquid and solid is produced in the fruit 
and vegetable processing industries are valuable and 
biodegradable natural resources with large economic 
potential but causes pollution problem if not utilized 
or disposed off properly. The waste obtained from 
fruit processing industry is extremely diverse due 
to the use of wide variety of fruits and vegetables, 
the broad range of processes and the multiplicity of 
the product. Different fruits and vegetable possess 
various quantities of waste. Chemical composition of 
the wastes from fruits and vegetables revealed that 
it is a rich source of various nutrients. So, throwing 
the waste from food processing industries into the 
river is virtually throwing coins into the sea. Some 
of these fruit and vegetable wastes are a rich source 
of vital constituents like carbohydrates, proteins, fats, 
minerals, fibers etc. The Biological Oxygen Demand 
(BOD), Chemical Oxygen Demand (COD) and pH 
of some of the fruit and vegetables wastes ranged 
from 78-65,000 (mg/L), 43-41,000 (mg/L) and 3.1-11.9, 
respectively. A number of value added products such 
as essential oils, starch, pectin, dietary fibers, acids, 
wine, ethanol, vinegar, microbial pigments, flavours 
and gums, enzymes, single cell proteins, amino acids, 
vitamins, organic compounds, colours and animal 
feed can be made out of the waste from processing 
industries. Waste product which is thrown into the 
environment has a very good antimicrobial and 
antioxidant potentiality. These are novel, natural and 
economic sources of antimicrobics and antioxidants, 
which can be used in the prevention of diseases 
caused by pathogenic microbes. These all benefits 
will open up as a scope for future utilization of the 
waste for therapeutic purpose. However, lack of 
pilot testing of the developed technologies, negative 
attitude of the industrialists and perhaps, less 
helping hand from the government sector have led to 

virtually no adoption of the technologies developed 
for the waste utilization. The future should be the 
utilization of the waste for recovery of various by-
products which should be stabilized and economic in 
processing. Encouragement of the food industries in 
the form of some incentives and concession at global 
level should be done for setting up waste utilization 
plants. Nevertheless, when industrialists will come 
to know about the economic potential of such units, 
they will themselves come forward. In future, there 
is a need of an integrated approach comprising 
stripping-off the useful recoverable products 
followed by waste treatment technology. A number 
of techniques (genetic engineering reverse osmosis, 
enzyme technology etc.) can be used to improve 
the production of useful products from wastes. 
Transfer of technology from the research institutes 
to user industry is almost negligible and need to be 
taken up as future area of effective action. Lastly, 
all these are being subjected to increased scrutiny 
by environmental regulations often with valid 
reasons. Decision making in residues disposal source 
reduction is undoubtedly the best path to follow in 
directing future policy.
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