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Abstract  
Kinnow juice processing industry waste being rich 

in antioxidants and phenolic content was generated 

in large amount, so disposal of this waste has 

become major problem. Kinnow (pulp residue and 

pomace) were screened for quantification of 

phenolic acids, mineral composition, polyphenolic 

compounds, alkaloids, tannins content, and DPPH 

free radical scavenging activity. Both kinnow 

pomace residue exhibit more antioxidant activity, 

higher DPPH free radical scavenging activity than 

only kinnow pulp residue. After acetone treatment it 
was found that kinnow pulp residue and kinnow 

pomace (peel and pulp) residue contain 19.54% and 

22% solubles in acetone respectively. Results of 

mineral analysis has showed that iron content, zinc 

and copper content were 213.56 ppm, 18.68 ppm, 

4.99 ppm respectively in kinnow pomace which was 

more than pulp residue. Total phenolic content and 

DPPH activity was 3.45mg/g and 42.45% in acetone 

treated kinnow pomace (peel and pulp) which was 

quite higher as compared to in acetone treated 

kinnow pulp residue which was 1.95 mg/g and 
23.15% respectively. The major phenols were 

hesperidin, naringin, limonin andnarginine in 

kinnow juice processing industry waste, which were 

also partially responsible for overall antioxidant 

activity. 
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1. Introduction 

 

Fruit processing industry generates large 

volume of fruit wastes consisting mainly of 

pomace and peels and seeds. Such waste 

generally found in wet form and that are 

easily fermentable due to foul smell, soil 

pollution, harborage for insects and also 

give rise to serious environmental pollution 

(Shalini and Gupta, 2010). By-products of 

fruit and vegetable processing industry are 

an abundant source of antioxidant, fibers, 

protein and vitamins (Balasun dram et al., 

2006).  

 

Now a days high value products from these 

fruit and vegetable processing industry had 

been developed such as cosmetics, 

medicines and upgraded food products 

which seem to be economically attractive 
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(Ashoush and Gadallah, 2011). With the 

increase in altered food habits and stressful 

life styles, healthy digestive system 

becomes essential to improve overall 

quality of life. The consumption of food 

products having lack of nutritional value 

had gained in popularity so the obesity, 

diabetes, constipation and, cardiovascular 

disease are worldwide major issue these 

days. Dietary fiber, antioxidants can help to 

control such problem and improve health 

effectively (Ludwinget al.,1999). Important 

food ingredient namely dietary fiber could 

be neither digestible nor absorbed in small 

intestine of human. Dietary fibers also 

represent a new frontier in prebiotics, and 

the study of nutritional rich product 

constituents such as oligosaccharides also 

known as soluble dietary fibers is 

considered of great relevance for food and 

nutrition sectors. Peel, pulp and pomace of 

various fruits and vegetables are abundant 

source of dietary fibers, sugars, minerals 

and phenolics which have antioxidants, 

antimutagenic, cardio-preventive 

antibacterial, activities (Adams et al., 

2006).Use of fruit and vegetable processing 

industry by-products as a source of dietary 

fibers and antioxidants provides 

considerable economical benefits to food 

processors. Therefore, cheap, efficient and 

environmentally sound utilization of these 

wastes has been required (Singh and 

Immanuel, 2014).Important food ingredient 

namely dietary fiber could be neither 

digestible nor absorbed in small intestine of 

human. Consumers demand food products 

having traditional nutritional aspects as 

well as additional health benefits in spite of 

its regular ingestion. These foods are 

known as functional or nutraceutical food 

(Lopez et al., 2011).  

 

Antioxidants reduce or prevent oxidation 

and have ability to counteract the damaging 

effects of free radicals in tissues, and they 

believed to protect against cancer, heart 

disease and several other diseases. 

Antioxidants scavenge radicals by 

inhibiting initiation, breaking chain 

reaction, suppress formation of free radicals 

by binding to metal ions, reducing 

hydrogen peroxide and quenching 

superoxide and singlet oxygen (Singh et al., 

2002).  

 

Antioxidants when added to food products 

like bread, cookies, biscuits and dairy 

products to enhance shelf life by preventing 

lipid peroxidation and protecting from 

oxidative damage. Antioxidants are 

important class of preservatives because 

like bacterial or fungal spoilage, oxidation 

reactions also occurs relatively rapidly in 

frozen or refrigerated food causing their 

spoilage (Singh and Immanuel, 2014).  

 

Kinnow, major citrus fruit crop of India 

whose national production can tune of over 

0.4 Million Metric Tons (World Wide Web 

source for National Horticultural Board 

(2004).Due to poor post-harvest 

infrastructure facilities and its availability 

in large quantities over a short period, 

efficient marketing and utilization got 

affected. Major problem in processing of 

kinnow mandarin juice is the development 

of delayed bitterness due to enzymatic 

conversion of a non-bitter precursor 

limonoate. Efforts had met incomplete and 

variable success to debitter juice and thus 

made it usable for processing. Citrus family 

fruits constitute one of the most consumed 

fruits universally due to their bulk 

productivity, low price, taste and nutritional 

value including healthy dietary properties 

(Jain et al., 2015).In Punjab citrus has been 

grown over 52,836 hectares with annual 

production of 10,49,977 tonnes (Rattanpal 

et al.,2017).Citrus fruits have better quality 

of dietary fiber than other sources due to 

the presence of associated bioactive 

compounds (flavonoids and vitamin C) 

possessing strong antioxidant properties, 

which provide additional health-promoting 

properties. It has also shown to have 

antimicrobial properties (Rezzadori et al., 

2012; Arora and Kaur, 2013)  
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1.1 Objectives of Research 

 * Characterization of kinnow industrial 

waste in terms of physico-chemical and 

mineral composition.  

* Extraction of polyphenols using food 

grade solvents  

* Quantification and qualification of 

polyphenols using HPLC method  

* Quantification of alkaloids content, 

tannins and DPPH radical scavenging 

activity of antioxidant extract. 

 

2. Materials and Methods 

 

2.1 Procurement of Raw material 

The raw material kinnow juice processing 

waste containing pulp residue extracted 

after juice clarification and pomace (peel 

and pulp) leftover residue after juice 

extraction has been procured from Punjab 

agro Juices Limited Village Alamgarh, 

Near Abohar, District Ferozepur (30° 09’N, 

74° 12’E)and/or Punjab Agro Industries 

Corporation Limited, Village Jahakhelan, 

Hoshiarpur-Una Road, Distt. Hoshiarpur 

(Punjab) (31° 32’N, 75° 55’E) and from 

vendors of local market.  

 

2.2 Determination of Proximate 

composition 

Kinnow juice processing waste (pulp 

residue and pomace) was analyzed for 

moisture (using moisture analyser, MA35, 

Saritorius), ash, crude protein (lowryet 

al.,1951), hemicellulose, crude fiber, total 

sugars and crude fat(Rosenthalet al., 1996) 

according to standards of association of 

analytical ommunities(AOAC,1990;AOAC 

2000).  

 

2.3 Determination of Mineral Composition 

Kinnow juice processing waste (pulp 

residue, pomace residue) (5 g) was dried in 

hot air oven at 105⁰C for 3 hrs.It was 

further charred and then ashed in a muffle 

furnace at 550⁰C until a whitish or grayish 

ash was obtained. Ash was treated with 

concentrated hydrochloric acid transferred 

to a volumetric flask and made up to 100 

mL and then subjected to LA- ICP-MS for 

elemental composition analysis (Egginset 

al., 1998).  

 

2.4 Extraction of Polyphenols 

Maceration technique has been done on 

kinnow juice processing waste (pulp 

residue and pomace) with slight 

modifications as described by Elfalleh et al 

(2012). Experiments were performed with 

sample solvent ratio(1:10) at25ºC. 

Extraction was carried out usingdifferent 

solvents such as acetone, hexane, ethanol 

and ethyl acetate. These solvent mixtures 

were homogenised for 2 hr. Extracts were 

then filtered through what man filter paper 

no.1 and centrifuged (Eppendorf Centrifuge 

5810 R) at 8000 rpm for 3 minutes at 

ambient temperature. Supernatant has been 

collected and solvent has been recovered 

using rotary evaporator (IKA, HB 10 

Control) under vacuum of45⁰C which was 

then stored for further reuse. The 

supernatant was air dry overnight for 12hrs 

and powdered for further use Yield (%) of 

kinnow juice processing waste after 

phenolic compounds extraction. Percentage 

yield after extraction of phenols from 

kinnow waste was obtained by dividing the 

weight of extract with sample weight and 

multiplying by 100.  

 

Extraction yield (%) = (weight of the 

residue)/(total weight of the pulp or 

wholeresidue)x 100  

 

2.4.1 Determination of total phenolic 

content 

Total phenol content was determined 

according to Folin-Ciocalteu’s reagent 

method (Donald and Johns, 2002).In this 

method 0.5 ml of extract and 0.1(0.5N) 

Folin-Ciocalteu’s reagent was mixed and 

then it was incubated at room temp for 15 

minutes. Then add 2.5 ml of 20% sodium 

carbonate was added and then again 

incubated for 30 min at 25ºC. Absorbance 

was taken at 650nm and gallic acid was 

taken as positive control. Total phenols 

have been calculated in terms of gallic acid 

equivalent for kinnow juice processing pulp 
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residue and pomace (mg of gallic acid/g of 

extracted compound.  

 

2.4.2 Analysis of phenolic acids using high 

performance liquid chromatography 

Quantification and identification of 

phenolic acids and flavonoids present in 

extracts has been determined with slight 

modifications (Seal, 2016). Kinnow juice 

processing pulp residue, pomace extract 

samples were filtered through 0.45-µm 

membrane filter and then injected into 

Waters Acquit UPLC H-Class (WAT-

176015007) (Milford, MA, USA) equipped 

with quaternary pump (Waters Quaternary 

Solvent Manager), injector (Waters Sample 

Manager-FTN (Flow Through Needle)), 

column compartment with ZORBAX 

Eclipse XDB C18 column (150 × 4.6 mm; 

5 μm), Waters 2998 PDA (Photodiode 

Array) detector and interfaced to mass 

detector (Waters TQ (Tandem Quadrupole, 

WAT-176001263). An elution gradient of 

0.1% ortho-phosphoric acid in water (v/v) 

(solvent A) and acetonitrile (solvent B) 

were used at a flow rate of 1.0ml min-1 as 

follows: 95% (solvent A) for 5 min, and 

then decreased to 50% for the next 15 min . 

20 µl of diluted sample was injected into 

Eclipse C18 (4.6X100MM), 5µm column. 

The temperature of column was kept at 

30°C using a thermostat. The wavelength 

of detector scan range was set between 200 

and 400 nm. Flow rate of 1ml/min has been 

induced for analysis with UV detector set at 

254 nm for phenolic acids. Analyses were 

identified by comparing the retention times 

and area of samples with polyphenol 

standards and accordingly quantification of 

phenolic compounds were determined.  

 

2.5 Determination of Alkaloids Content 

Dried kinnow juice processing pulp residue 

and pomace waste were weighed (5g) and 

transferred to 50ml of 10% acetic acid 

solution in ethanol. Then the mixture was 

shaken vigorously and allows it to stand for 

about 4hr. It was then filtered through 

whattman filter paper no.1 and followed 

with filtrate evaporation to one quarter of 

its original volume on heating mantle. Drop 

wise concentrated ammonium hydroxide 

was added in order to precipitate the 

alkaloids. For the precipitation of filtrate, 

pre-weighed filter paper was used and then 

washed with 1% ammonium hydroxide 

solution. Drying of this precipitate 

containing filter paper has been done in an 

oven at 60⁰C for 30 min, which was then 

transferred into desiccator to cool down and 

then reweighed until constant weight has 

been achieved. Amount of alkaloid has 

been determined by weight difference of 

filter paper before and after precipitation 

and expressed as percentage of sample 

weight analysed (Harborne, 1973).  

 

2.6 Test for Tannins (Gelatin test) 

Added 3gm of kinnow juice processing 

(pulp residue and pomace) extract (solvent 

and water extract) in 6ml of distilled water. 

These were then filtered and then add few 

drops of ferric chloride solution into each 

test-tube. Formation of bluish green colour 

indicated the presence of tannins (Thomas 

and Frieden 1993).  

 

2.7 Determination of DPPH Radical 

Scavenging Activity of Antioxidant 

Extract The stock solution (2.38 mg/ml) 

was prepared by using 1 in 5 dilution of 

methanolic DPPH, working DPPH solution 

(0.048mg/ml) was prepared (Shimada et al., 

1992). Further serial dilutions of these 

methanolic extracts have been prepared. 

500µl of diluted sample and 500µl of 

DPPH working solution were added to 

micro centrifuge tube followed with vortex 

and allow it to stand in dark for 30 min at 

room temperature. Using 

spectrophotometer absorbance was 

measured at 515nm. Decrease in 

absorbance of a sample was calculated and 

compared to blank sample (500µl methanol 

and 500µl DPPH).  

 

Relative Decrease in absorbance was 

calculated as follows: % Inhibition = 1-

((absorbance of sample- absorbance of 

blank)/absorbance of control)*100  
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2.8 Sensory Evaluation 

Quality of product has been defined as 

combination of its attributes or 

characteristics that have significance to 

determine the degree of consumer 

acceptance. Better the quality, higher the 

rate of acceptance and vice-versa. Mostly 

visual, olfactory and touch senses were 

used for judging (Sahota et al., 2010). 

Marketability and consumer response 

depends upon sensory evaluation. Score 

sheet of hedonic point scale (1-9) has been 

prepared, taking important characteristics 

into consideration. Panelists analyzed it for 

appearance, taste color, aroma, 

body/texture, flavor, astringency and 

overall acceptability (Amerine et al., 1965)  

 

3. Results and Discussion 

 

3.1 Proximate Composition of Kinnow 

Juice Industrial waste 

Proximate analysis of kinnow juice 

processing pulp residue and pulp and peel 

residue shows that protein content in 

kinnow pulp residue and kinnow pomace 

waste (pulp and peel) was 9.91 mg/g 

and7.17mg/g, respectively. Moisture 

content in kinnow pulp residue and pomace 

was found (before drying) to be 87.49% 

and 71.79%. Kinnow pomace waste 

includes peel portion residue and pulp 

residue, moreover peels are enriched with 

essential oils which have compounds with 

antimicrobial activity (food-info, 1999). 

Nutrient content of kinnow juice processing 

waste has been shown in Table 1. Total 

carbohydrates in kinnow pulp residue was 

73.84 % and whereas in kinnow pomace its 

slight higher 74.35%. Soluble and insoluble 

carbohydrates present in large amount in 

orange waste (Choi et al., 2013). The ash 

content in kinnow pulp residue was 4% and 

5.5 % in kinnow pomace. 3.7/100g (dry 

weight basis) ash content has been reported 

in citrus fruit peels by Fernandez and 

Rodriguez (2001). The kinnow pomace is 

rich in minerals as compare to only pulp 

residue so its shows higher ash content 

(Fallahi et al. (1985). All results in 

agreement with previous studies where sun 

dried kinnow mandarin fruit waste 

contained 92.05% dry matter, 7.60% crude 

protein (Kour et al., 2014). 

 

3.2 Phenolic Compounds Extraction 

Treatment with different food grade 

solvents such as hexane, acetone, ethyl 

acetate and ethanol. It was observed that in 

kinnow pulp residue, acetone treatment 

shows that kinnow pomace residue contains 

solubles 19.54% (w/w basis) and 22 % 

(w/w basis) with the debitter property in 

compared to other solvents and maximum 

solubles were observed in ethanol treatment 

of kinnow pulp 39.8% (w/w basis) and 

whole kinnow pomace waste 38% (w/w 

basis) (as shown in Fig. 1 & 2). Solubilised 

part of kinnow juice processing waste 

contains majorly sugar and phenolic 

compounds (data not shown). Remaining 

insoluble citrus fibre (cellulose-pectin 

polysaccharides) settled down at bottom 

which can be easily recovered by filtration. 

Acetone treated pulp residue contains 

79.80% (w/w basis) and pomace contains 

78.00% (w/w basis) insoluble solids. 

Kinnow Peels have higher amount of 

phenolic compounds as compared with 

pulp residue because peels areouter coating 

of fruit, so they got more disposed and to 

synthesis of phenolic compounds acetone 

extract phenols like naringin and limonin 

and hesperidin which were responsible for 

bitterness (Ignatet al., 2011). On basis of 

sensory evaluation using hedonic scale 

reading (1-9), acetone treated pulp 

appeared maximum debittered (8) and 

acetone treated whole was obtained (7) 

hedonic reading which was maximum 

among all the four solvents as shown in 

table 2. When we compare soluble part and 

insoluble solids obtained in kinnow pulp 

residue and in kinnow pomace. It was 

found that amount of acetone solubles in 

kinnow pomace were higher as compared 

to only kinnow pulp residue. As many 

literature Fallahi and Moon,1988 support 

that higher concentration of solubles in 

external canopies were due to: higher CO2 
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assimilation rate, efficient transport of 

photosynthetic products to external 

positions and internal canopy receive more 

water as these were closer to xylem tissues, 

which resulted in more dilution in 

solubilised part as compared to external 

fruit. 

 

3.3 Mineral Composition of Kinnow Juice 

Processing Waste (pulp residue, pomace) 

From the data generated from mineral 

analysis (Table 3) it was found that heavy 

metals in kinnow juice industry waste was 

present in permissible limits. Iron content 

was 213.56 ppm in kinnow pomace waste 

which was quite higher than kinnow pulp 

residue was 26.06 ppm. Similarly zinc and 

copper content was higher in kinnow 

pomace waste was18.68ppm, 4.99 ppm. 

When compared with kinnow pulp residue 

which was 10.09 ppm and 3.09 ppm 

respectively, But P and K were present in 

higher quantity in kinnow pulp residue 0.58 

and 1% (w/w) respectively and quite lesser 

amounts were present in kinnow pomace 

waste was 0.11 and 0.96 % (w/w). K and 

Na ratio plays an important role in 

maintaining electrolye balance in human 

body (Ladaniya, 2008).It was found that in 

case of internal canopies total peel dry 

weight per fruit was higher as compared to 

external fruit, so total amount of N, P and 

K in internal fruit was also higher. Due to 

presence of higher percentage of dry matter 

in external fruit, percentage of elements (on 

a % dry wt. basis) was less, which resulted 

in more dilution of minerals as reported by 

Fallahi et al(1985).The composition of 

minerals in both kinnow pulp residue and 

kinnow pomace waste have with in 

permeable limits, so can be incorporate into 

edible products. 

 

3.4 Total Phenolic Content, Alkaloids 

Content and DPPH Activity 

Total phenolic content in kinnow mandarin 

fruit waste was shown in Table 4.The 

physiological functions, phenolics or 

polyphenols has been received wide 

attention including antioxidant, 

antimutagenic and anti-tumour activities 

(Kour et al., 2014). Total phenolic content 

of kinnow mandarin fruit was found to be 

higher than reported for edible portions of 

other common fruits (Isabelle et al., 2010). 

Phenolic compounds act as protective 

agents UV lights, pathogens and predators 

in fruits and vegetables (Ignat et al., 2011). 

It has been found that various constituents 

like ascorbates, reducing carbohydrates, 

tocopherols, carotenoids, terpenes and 

pigments also contribute to total 

antioxidant activity (Babbaret al., 2011). 

These may have synergistic effect or 

antagonistic interactions between 

phenolicand non-phenolic compounds. 

 

3.5 Relationship between Antioxidant 

Activity and Total Phenolic Content 

Among plants, in terms of antioxidant 

activity, phenolic compounds constitutes an 

important part. In food stuffs, such as fruits 

and vegetables correlation of total phenolic 

content and antioxidant activity has been 

widely studied (Jayaprakasha, Girennavar 

and Patil, 2008; Klimczak, Malecka, 

Szlachta and Gliszczynska, 2007). Linear 

Correlation between phenolic and 

antioxidant ability in fruits and vegetables 

has been demonstrated in previous 

literature (Kaur and Kapoor, 2000). 

However, this was not true for all fruits it 

was shown that kinnow peel extract with 

low total phenolic content content as 

compared with extracts from litchi seeds, 

litchi pericarp and grape seeds which 

exhibited highest DPPH radical scavenging 

abilities (Babbar et al., 2011). 
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Graphical abstract 

 
 

 

 

3.6 Presence of Tannins 

Gelatin test has been performed for tannins 

and bluish green colour was observed in 

both aqueous as well as acetonic extract. 

Arora and Kaur (2013) performed gelatin 

test in various solvent (acetone, hexane, 

methanol and distilled water) extracts of 

orange peel and pulp. Presence of tannins 

was reported in all solvent extracts of 

orange peel and pulp as shown in Table 5. 

and antioxidant potential vary due to 

difference in extraction procedure, 

geographical location and variety 

(Gorinstein et al., 2006). In Citrus 

reticulate peel, a bioflavonoid 

Hesperidinhas been found in abundant 

manner, which possess a wide range of 

pharmacological properties (Hao et al., 

2008). It has also been found that in 

immature fruit peels, hesperidin content  

 

 

 

 

 

 

 

 

 

 

 

has been found to be 3.2 fold higher than 

that of mature fruit (Inoue et al., 2010). 

 

3.7 Quantification of Phenolic Compounds 

by HPLC Method 
Potential isolation of hesperidin from pulp 

residue and pomace found by using food grade 

solvents such as ethanol, hexane, acetone and 
diethyl ether which are non-toxic and non-

hazardous. The maximum yield was achieved 

by acetone treatment in kinnow pomace as 
shown in Table 6 . Kaur et al. (2014) was 

reported 3.99mg/g in peel powder using non 

food grade solvent. Although naringin and 

hesperidin have very similar structures but 
antioxidant activity of these differ. Values of 

total polyphenols, hesperidin and naringin 

content peel extract with low total phenolic 
content as compared with extracts from litchi 

seeds, litchi pericarp and grape seeds which 

exhibited highest DPPH radical scavenging 
abilities (Babbar et al., 2011) 

 

 

Table 1: Proximate composition of juice processing industry waste 

Experiment Kinnow pulp residue Kinnow pomace 

Moisture (%) 87.49 71.79 

Ash (%) 4 5.5 

Crude Fat (%) 4.2 1.61 

Protein (mg/g) 9.91 7.17 

Crude Fibers (%) 16.94 17.85 

Pectin (%) 10.12 15.3 

Total Carbohydrates (%) 73.84 74.35 
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Table 2: Sensory evaluation after treatment with different solvents 

                                        Sensory(1-9) 

Solvents Kinnow pulp residue Kinnow pomace 

Hexane Sour(5) Sour(3) 

Acetone Debitter(8) Debitter(7) 

Ethyl Acetate Debitter(7) Debitter(6) 

Ethanol Bitter(4) Bitter(3) 

 

Figure 1: (a, b) Percentage of soluble solids and insoluble solids obtained on treatment with 

different solvents 

 
 (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 
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Table 3: Mineral composition of kinnow juice processing waste 

Description Kinnow pulp residue Kinnow pomace 

Chemical Parameters   

Calcium (% w/w) 1.22 1.50 

Potassium(% w/w) 1 0.96 

Sodium (% w/w) 0.06 0.08 

Phosphorous(% w/w) 0.58 0.11 

 

Heavy metals 

  

Iron (ppm) 26.06 213.56 

Magnesium (ppm) 1070.90 1191.77 

Zinc (ppm) 10.09 18.68 

Copper(ppm) 3.09 4.99 

Chromuim (ppm) 0.86 4.44 

Cobalt (ppm) ND 0.08 

 

 

 

 

Conclusion 

 

It has been concluded that utilizing fruit 

juice industry waste helps to extract citrus 

fibers and phenols which have strong 

antioxidant properties and provide 

additional health-promoting properties. The 

extract has also shown to have 

antimicrobial properties. Simultaneously it 

reducespollution problems which has been 

caused due to lack of efficient method of 

disposal of such residues. Both 

environmental (waste management and 

protection against pollution) aspects and 

Table 4: Total phenolic content, alkaloids content and DPPH activity 

                          Kinnow  Pulp residue Kinnow Pomace 

Experiments Water Treated Acetone treated Water treated Acetone 

treated 

TPC (mg/g) 1.83 1.95 2.27 3.45 

Alkaloids content 

(%) 

0.042 0.15 0.0145 0.428 

DPPH activity (%) 16.14 23.15 11.57 42.45 

Table 5: Presence of tannins in extract of kinnow juice processing industry waste 

Test performed 

 

Aqueous extract of kinnow waste Acetonic extract kinnow waste 

Pulp residue pomace  Pulp residue pomace  

Gelatin test + + + + 

Table 6: Different phenolic compounds extracted in acetone treated kinnow juice processing 

waste 

                                                          Kinnow pulp residue Kinnow pomace  

Phenols Water Treated Acetone treated Water treated Acetone 

treated 

Hesperidin (mg/g) 0.330 21.19 0.546 27.697 

Naringin(mg/g) 0.035 6.78 0.042 8.102 

Naringenin(mg/g) 0.012 0.081 0.065 0.085 

Limonin (mg/g) 0.033 5.97 0.045 17.14 
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economical aspects (extraction 

profitability) has to be taken before 

exploiting the extracts from fruit juicy 

industry.  

 

 

Recommendations and Future prospects  

 

This study was mainly focused on 

economic utilization of industry waste by 

reducing the amount of waste dumped in to 

environment and boosting environmental 

profile. Further research has been required 

to establish bio-availability and real 

benefits of these extracts obtained from 

fruit juice industry by-products in vivo. By 

products of kinnow juice processing 

industry can be utilized in food industries 

as these contain phenolic compounds.  
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