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Abstract  The present study was carried out to examine the bioactive compounds and antioxidant potential of four 

food industry by-products (potato peel, cauliflower leaves, onion skin and mango peel) in Egypt.  The total dietary 

fiber content  for all tested by-products was ranged 27.15-42.71 g.100g-1, total carotenoids was 92.43- 412.14 

mg.100g-1 and total phenolics was 1104-7129 mg GAE.100 g-1. The mango peel powder (MPP) was recorded the 

highest content of total dietary fiber and total carotenoids while red onion skin powder (ROSP) recorded the highest 

values of total phenolics. The food by-product extracts showed considerable differences in antioxidant activity when 

it was calculated by the four different methods used in this study. The antioxidant value (AOX, A/h), antioxidant 

activity (AA,%), oxidation rate ratio (ORR) and Antioxidant activity coefficient (AAC) were ranged 0.017-0.106, 

81.23-96.98, 0.030-0.187 and 584.46-858.27, respectively. ROSP showed strong antioxidant activity followed by 

MPP, PPP and CLP, respectively. Correlation analysis indicated that there were a strong positive significant 

relationship (r2 = 0.741-0.962, p≤ 0.01) between total phenolics content and antioxidant activity and a positive 
significant relationship (r2 = 0. 604-0.718, p≤ 0.05) between total carotenoids content and antioxidant activity in all 
tested by-products.  These correlations confirm that phenolic compounds mainly with carotenoids partially are 

responsible for the antioxidant activity of the tested by-products. In conclusion, data of the present study revealed 

that food industry by-products can be good sources of valuable bioactive compounds and antioxidants subsequently 

extend their potential uses in nutritional and therapeutic applications. 
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1. Introduction 

Food industry is probably one of the largest, if not the 

largest, industrial activities in Egypt. It plays a major role 

in the supply of the food needs of the Egyptian population 

(about 90 millions in 2015). Recently, it was reported that 

39% of food waste is produced by the food manufacturing 

industries in developed countries including Egypt [1]. The 

large amount of waste produced by the food industries 

causes serious environmental problems and also results in 

economic losses if not utilized effectively [2,3,4]. 

Additionally, the costs to dry, store and ship food by-

products are economically limiting factors [5]. Thus, 

different research reports have revealed that food industry 

by-products can be good sources of potentially valuable 

bioactive compounds. In Egypt, some major source of 

food industry by-products are potatoes, cauliflower, onion 

and mango some of the most popular vegetables and fruits. 

Mango (Mangifera indica L.) is one of the major 

tropical fruits and the world's annual production is 

25 MMT [6]. Mango puree, slices in syrup, nectar, leather, 

pickles, canned slices and chutney are the main industrial 

products obtained from mango fruits [7]. The major by-

products from mango processing are peels and seeds. 

Depending on the cultivars and products made, its 

industrial by-products, namely peels and seeds, represent 

35–60% of the total weight of the fruit [8]. 

Potato (Solanum tuberosum L.) is the largest vegetable 

crop worldwide, amounting to approximately 320 million 

metric tons annually [9]. Processing of potatoes (mainly 

for the production of chips, French fries, and dehydrated 

products) has presented a steady increase during the last 

decades, exceeding considerably the amount of the 

vegetable consumed as fresh [5,10,11]. Solid waste 

generated during processing consists mostly of potato 

peels but also contains green, immature, and cull potatoes 

and amounts to 15–45% depending on the procedure 

applied [5].  

Onions (Allium cepa L.) are the second most important 

horticultural crop worldwide, after tomatoes, with current 

annual production around 66 million tonnes. Over the past 

10 years, onion production has increased by more than 

25% [12]. The main onion waste include onion skins, two 

outer fleshy scales and roots generated during industrial 

peeling and undersized malformed or damaged bulbs [13]. 

Cauliflower (Brassica oleracea var. botrytis) belongs to 

cruciferous family Cruciferae (Brassicaceae), which 

comprises also: cabbage, broccoli, Brussels sprouts, turnip, 
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Swedish turnip. Cauliflower leaves considered as a waste 

by-product which obtained it during processing (freezing 

and cooking) of Cauliflower, huge amount of leaves is 

generated, and its disposal is a major problem and causes 

environmental pollution [14]. Leaves constitutes about 40-

50% of cauliflower fruit.  

This paper examines the bioactive compounds and 

antioxidant potential of these four food industry by-

products (potato peel, cauliflower leaves, onion skin, and 

mango peel) in a trial to extend their potential uses in 

nutritional and therapeutic applications. 

2. Materials and Methods 

2.1. Materials 

Red onion skin (ROS)  was obtained from the New 

Beni Suef company for Preservation, dehydration and 

Industrialization of Vegetables, Beni Suef Elgudida City, 

Nile  East, Beni Suef;  potato peel (PP) from SFCO for 

Manufacturing  and Export Agricultural Products, El 

Negila, Kom Hamada, Behira Government; mangoes 

(Mangifera indica L. cv Copania) fruits used for mango 

peels preparation from a local farm, Ismalia Road (El-

Salhyia), Sharqia Governorate and cauliflower (Brassica 
oleracea L. cv Copania) leaves from Shebin ElKom 

market, Menoufiya Governorate, Egypt during the 2014 

harvesting period. The collected samples were transported 

to the laboratory and used immediately for by-products 

powder preparation. 

All chemicals and buffers, except stipulated, were in 

analytical grade and purchased from Al-Gomhoria 

Company for Drugs, Chemicals and Medical Instruments, 

Cairo, Egypt. 

2.2. Methods 

2.2.1. Preparation of Food by-products Peel Powder 

(i). Mango peel powder (MPP) 

Unripe mango peel were soaked in 0.1% sodium 

metabisulphite solution for 30 min, washed, sliced and 

dried in two stages at 60 0C for 12 and 40 0C for 12 hours 

in hot air oven (AFOS Mini Smoker, England). This is 

followed by milling with grinder (Retsch Micro Universal 

Bench Top Grinder, Germany) to produce the respective 

flour types. 

(ii). Red onion skin powder (ROSP) potato peel powder 

(PPP) 

Red onion skin and potato peel were washed and then 

dried in a hot air oven (Horizontal Forced Air Drier, 

Proctor and Schwartz Inc., Philadelphia, PA) at 55 0C for 

14. The dried peels were ground into a fine powder in high 

mixer speed (Moulinex Egypt, Al-Araby Co., Egypt). The 

material that passed through an 80 mesh sieve was 

retained for use. 

(iii.) Cauliflower leaves powder (CLP)  
Cauliflower leaves were washed and then dried in a hot 

air oven (Horizontal Forced Air Drier, Proctor and 

Schwartz Inc., Philadelphia, PA) at two stages 50°C for 6 

hrs followed by 40°C for 10 hrs. The dried peels were 

ground into a fine powder in high mixer speed (Moulinex 

Egypt, Al-Araby Co., Egypt). The material that passed 

through an 80 mesh sieve was retained for use. 

2.2.2. Determination of Chemical Composition  

By-product samples were analyzed for moisture, 

protein (T.N. × 6.25, micro - kjeldahl method using 

semiautomatic apparatus, Velp company, Italy), fat 

(soxhelt miautomatic apparatus Velp company, Italy, 

petroleum ether solvent), ash and fiber contents were 

determined using the methods described in the A.O.A.C. 

[15]. Carbohydrates calculated by differences: 

( )
% moisture % protein 

Carbohydrates % 100 .
% fat % Ash? % fiber 

+ 
= −  + + + 

 

2.2.3. Determination of Total Phenolics, Carotenoids 
And Dietary Fiber  

Total phenolics, carotenoids and total dietary fiber in 

selected by-products samples were analyzed as follow: 

By-products samples were extracted with 80% acetone 

and centrifuged at 10,000g for 15 min at room temperature. 

The supernatants obtained were used for the analysis of 

total phenolics, carotenoids and antioxidant activity.  

Total phenolics were determined using Folin-Ciocalteu 

reagent [16]. Two hundred milligrams of sample was 

extracted for 2 h with 2 mL of 80% MeOH containing 1% 

hydrochloric acid at room temperature on an orbital shaker 

set at 200 rpm. The mixture was centrifuged at 1000g for 

15 min and the supernatant decanted into 4 mL vials. The 

pellets were combined and used for total phenolics assay. 

One hundred microliters of extract was mixed with 0.75 

mL of Folin-Ciocalteu reagent (previously diluted 10-fold 

with distilled water) and allowed to stand at 22 0C for 5 

min; 0.75 ml of sodium bicarbonate (60g/L) solution was 

added to the mixture after 90 min at 22 0C, absorbance 

was measured at 725 nm. Results are expressed as gallic 

acid and equivalents. The total carotenoids in 80% acetone 

extract were determined by using the method reported by 

Litchenthaler, [17]. Total dietary fiber content in the MPP 

was estimated according to the method described by Asp 

et al., [18]. 

2.2.4. Determination of Antioxidant Activity 

Antioxidant activity of tested by-products extracts and 

standards (α-tocopherol and BHT; Sigma Chemical Co., 

St. Louis, Mo) was determined according to the β-

carotene bleaching method following a modification of the 

procedure described by Marco, [19]. For a typical assay, 

1mL of  β-carotene (Sigma) solution, 0.2 mg/mL in 

chloroform, was added to round-bottom flasks (50 mL) 

containing 0.02 mL of linoleic acid (J.T. Baker Chemical 

Co., Phillipsburg, NJ) and 0.2 mL of Tween 20 (BDH 

Chemical Co., Toronto, On). Each mixture was then dosed 

with 0.2 mL of 80% MeOH (as control) or corresponding 

plant extract or standard. After evaporation to dryness 

under vacuum at room temperature, oxygenated distilled 

water (50 ml) was added and the mixture was shaken to 

form a liposome solution. The samples were then 

subjected to thermal autooxidation at 50 0C for 2 h. The 

absorbance of the solution at 470 nm was monitored on a 

spectrophotometer (Beckman DU-50) by taking 

measurements at 10 min intervals, and the rate of 

bleaching of β-carotene was calculated by fitting linear 

regression to data over time. All samples were assayed in 

triplicate. Various concentrations of BHT, BHA, and α-

tocopherol in 80% methanol was used as the control. 
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Antioxidant activity was calculated in four different ways. 

In the first, absorbance was plotted against time, as a knit 

curve, and the absolute value of slope was expressed as 

antioxidant value (AOX). Antioxidant activity (AA) was 

all calculated as percent inhibition relative to control using 

the following equation [20].  

 control sample controlAA (R R ) / R x100= −  

Where: R control and R sample were the bleaching rates of 

beta-carotene in reactant mixture without antioxidant and 

with plant extract, respectively. 

The third method of expression based on the oxidation 

rate ratio (ORR) was calculated according to the method 

of Marinova et al., [21] using the equation: 

 sample controlORR R / R=  

Where: Rcontrol and R sample are the same in the previous 

equation.  

In the fourth method, the antioxidant activity coefficient 

(AAC) was calculated as described by Mallet et al., [22]. 

( ) ( )S120 C120 C0 C120AAC Abs Abs / Abs Abs )x1000= − −  

Where: Abs S 120was the absorbance of the antioxidant 

mixture at time 120 min, Abs C 120 was the absorbance of 

the control at time 120 min, Abs C 0 was the absorbance of 

the control at zero time. 

2.2.5. Statistical Analysis 

All measurements were done in triplicate and recorded 

as mean±SD. Statistical analysis was performed with the 

Student t-test and MINITAB 12 computer program 

(Minitab Inc., State College, PA). 

3. Results and Discussion 

3.1. Chemical Composition of Selected Food 

by-products 

The proximate composition of food by-products is 

shown in Table 1. The results showed that the moisture 

content was ranged 3.62- 6.12%, total protein was 3.07-

12.57%, crude fat was 0.99-9.95%, crude fiber was 10.38-

24.89%, ash content was 2.92-6.89% and total 

carbohydrate content was 49.74-74.64%. The CLP was 

recorded the highest content of protein while ROSP 

recorded the highest values of crude fat, crude fiber and 

ash. The proximate composition reported was not 

accordance with that observed by Ajila et al., [23] 

regarding the MPP. In potato peel, Hanan, [24] found that 

the chemical composition of dried potato peels were ash, 

9.42%; total protein, 9.2%; total dietary fiber, 11.7%; fat, 

0.1% and total carbohydrate, 11.7%. Also, potato peels 

contained 21.6% dry matter in raw material and 2.0% acid 

detergent fiber in dry matter, [25]. Also, Block et al., [26] 

found that abrasion peeled contained 2.5% moisture, 

10.5% protein, 9.0% starch, 20.6% crude fiber, 5.0% ash, 

78% dietary fiber, 0.0% phytic acid and 0.0% fat. In 

similar study carried out recently by Ahmed [27] found 

that PPP was recorded the highest content of protein while 

ROSP recorded the highest values of moisture, crude fat, 

crude fiber and ash. Regarding the cauliflower leaves and 

onion skin, there is a dearth of information related to its 

chemical composition which makes the comparison and 

confirmation the present data is relatively difficult. In 

addition to the type of plant by-product, Vasso and 

Constantina, [11] reported that varieties of plant affected 

well on the chemical composition of peels. Data of the 

present study with the others confirmed that such tested 

food by-product could be used successfully in food 

technology and nutritional applications due to their high 

nutritional value, good sources for protein, fiber and ash. 

Table 1. Proximate chemical composition (g.100g-1) of food by-products 

Parameter PPP CLP ROSP MPP 

Moisture 6.12 ± 0.11a 3.62 ± 0.56 b 5.48 ± 0.33 a 6.04 ± 1.05 a 

Total protein 10.21 ± 1.33 b 12.57 ± 1.32 a 3.07 ± 0.09 d 4.13 ± 0.74 c 

Crude fat 0.99 ± 0.13 d 2.63 ± 0.78 b 9.95 ± 1.41 a 1.55 ± 0.16 c 

Crude fiber 14.39 ± 1.65 b 13.05 ± 1.07 b 24.87 ± 3.12 a 10.38 ± 1.25 c 

Ash 4.15 ± 0.21 b 2.92 ± 0.37 bc 6.89 ± 1.06 a 3.26 ± 0.89 bc 

Carbohydrates (by difference) 64.14 b 65.21 b 49.74 c 74.64 a 
e Each value represents the mean of ten replicates ±SD. Mean values with the different letters in the same raw mean significantly different at level 

p≤0.05. 

Table 2. Total dietary fiber, carotenoids and phenolics contents of food by-products 

Parameter PPP CLP ROSP MPP 

Total dietary fiber (g.100g-1) 39.18 ± 2.98 a 27.15 ± 1.99 b 25.91 ± 2.76 b 42.71 ± 2.09a 

Total carotenoids (mg.100g-1) 130.35 ± 6.84 b 154.84 ± 7.04 b 92.43 ± 8.14 c 412.17 ± 20.63 a 

Total phenolics (mg GAE.100 g-1) 2077 ± 141 c 1104 ± 170 d 7129 ± 398 a 5984 ± 367 b 
e Each value represents the mean of ten replicates ±SD. Mean values with the different letters in the same column mean significantly different at level 

p≤0.05. 

3.2. Total Dietary Fiber, Carotenoids and 

Phenolics Contents of Selected Food  

by-products 

Total dietary fiber, carotenoids and phenolics contents 

of selected food by-products are shown in Table 2. The 

results showed that the total dietary fiber content was 

ranged 27.15-42.71 g.100g-1, total carotenoids was 92.43-

412.14 mg.100g-1 and total phenolics was 1104-7129 mg 

EGA.100 g-1. The MPP was recorded the highest content 

of total dietary fiber and total carotenoids while ROSP 

recorded the highest values of total phenolics. In similar 

studies, Ajila et al., [23,28] found that polyphenol, 

carotenoid and dietary fiber contents in raw and ripe peels 

of Raspuri and Badami mango varieties, which ranged 

from 55 to 110 mg GAE/g, 387 to 3337 mg/g, 44 to78%, 

respectively. Thus, total carotenoid and SDF contents 

determined in the present study were higher than that 

reported by the others. Finally, studying the bioactive 

compounds in PPP, MPP and OSP showed that the total 

dietary fiber content was ranged 47.87-64.80 g.100g-1, 

total carotenoids was 89-348 mg.100g-1 and total 

phenolics was 1679-8946 mg EGA.100 g-1 in [27].  
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Data of the present study with the others confirmed that 

such tested by-product could be constituted central 

position in nutritional/pharmacetical applications through 

their high content of bioactive compounds. In this concern, 

Al-Weshahy and Rao [29] reviewed that dietary fiber is 

well known as a bulking agent, increasing the intestinal 

mobility and hydration of the feces. Several authors have 

reviewed the importance of consumption of moderate 

amounts of dietary fibers for human health [30-31]. 

Scientifically speaking, dietary fiber is a broad term that 

includes several carbohydrates; cellulose, hemicelluloses, 

lignins, pectins, gums etc. [32]. Camire et al., [33] reported 

that potato peel fibers are primarily insoluble, and can 

bind bile acids in-vitro. It is believed that binding of bile 

acids is one of the mechanisms whereby certain sources of 

dietary fibers lower plasma cholesterol. Lazarov and 

Werman, [34] studied the hypocholesterolemic effect of 

dietary fiber from PP and found that after four weeks of 

feeding on potato peels, rats showed 40 % reduction in 

plasma cholesterol content and 30% of hepatic fat 

cholesterol levels were reduced as compared with animals 

fed only with cellulose supplemented diet. Defects of 

dietary fiber on lipid-profile influence several health 

related issues. High concentrations of low-density 

lipoprotein (LDL) cholesterol, other dyslipidemia (high 

concentration of triglycerides and low concentration of 

high-density lipoprotein [HDL] cholesterol), leads to 

blood platelets aggregation [35], risk factors for 

cardiovascular diseases (CVD) [36], and hypertension 

[37]. Moreover, high intake of dietary fibers has a positive 

influence on blood glucose profile and it is related health 

complications, in healthy and diabetic individuals of both 

types. By altering the gastric emptying time, dietary fibers 

are able to affect the absorption of other simple sugars. 

The effect of dietary fibers on blood glucose and insulin 

response has been demonstrated by many other authors as 

well [29,38] 

3.3. Antioxidant Activities of Selected Food 

by-products 

The antioxidant activities of four food by-products are 

shown in Table 3. From such data it could be noticed that 

the by-product extracts showed considerable differences in 

antioxidant activity when it was calculated by the four 

different methods used in this study.  The antioxidant 

value (AOX, A/h), antioxidant activity (AA,%), oxidation 

rate ratio (ORR) and Antioxidant activity coefficient 

(AAC) were ranged 0.017-0.106, 81.23-96.98, 0.030-

0.187 and 584.46-858.27, respectively. ROSP showed 

strong antioxidant activity followed by MPP, PPP and 

CLP, respectively. 

Table 3. Antioxidant activity of tested food by-products 

Samples 
Antioxidant valuea* 

AOX (A/h) 

Antioxidant activityb* 

AA (%) 

Oxidation rate ratioc* 

(ORR) 

Antioxidant activity coefficientd* 

(AAC) 

PPP 0.085± 0.027 c 85.04± 8.78 c 0.149± 0.040 b 650.70± 70.01 c 

CLP 0.106± 0.02 b 81.23± 9.22 d 0.187± 0.017 b 584.46± 62.89 d 

ROSP 0.017± 0.009 e 96.98± 4.22 a 0.030± 0.013 d 858.27± 92.35 a 

MPP 0.044± 0.016 d 92.17± 12.71 b 0.078± 0.029 c 774.65± 83.35 b 

Control 0.565± 0.023 a 0.00± 0.00 e 1.000± 0.116 a 0.00± 0.00 e 

α-tocopherol, 50 mg/L 0.007± 0.002 f 98.79± 7.15 a 0.012± 0.009 e 889.73± 95.74 a 
a*  Antioxidant value (AOX, A/h) = The absolute value of slope (Abs was plotted against time). 
b* Antioxidant activity (AA, %) = (R control - R sample) / R control x 100  where:  R control and R sample were the bleaching rates of beta-carotene in 

reactant mixture without antioxidant and with plant extract, respectively 
c*  Oxidation rate ratio (ORR ) = R sample / R control 
d* Antioxidant activity coefficient (AAC) = (Abs S 120  - Abs C 120) / Abs C 0  - Abs C 120) x 1000 where: .Abs S 120  was the absorbance of the 

antioxidant mixture at time 120 min,  Abs C 120  was the absorbance of the control at time 120 min, Abs C 0 was the absorbance of the control at zero 

time. 
* Each value represents mean ±SD. Values with the different letters in the same column are significantly different P ≥ 0.05. 

 

Figure 1. Activity of food by-products added to meat balls processed samples assayed by the β-carotene bleaching method (α–tocopherol at 50 mg/L 

concentration was used as a reference) 
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The decrease in absorbance of β-carotene in the 

presence of different methanolic plant by-products 

extracts (and well-known antioxidants used as standards) 

with the oxidation of β-carotene and linoleic acid is shown 

in Figure 1. Such data indicated that ROSP recorded the 

lowest decreasing followed by MPP, PPP and CLP, 

respectively. The values of ROSP absorbance through 120 

min are coming well i.e. closing the line of 50 mg /L of α-

tocopherol followed by the rest food by-products. These 

data proved the high stability of the all tested plant by-

products when comparing with that more common 

standard α-tocopherol. 

Many similar studies indicated that big differentiations 

have been recorded amongst different vegetables by-

products. For example, Kumar et al., [39] and Onyeneho 

and Hettiarachchy [40] reported that the peels from the red 

potatoes contained   more   polyphenols   than   those from 

the brown- skinned varieties. Furthermore it was shown 

that the peel and the pulp of the tubers contain nine 

phenolic acids differed in their concentrations and appeared 

to be mainly responsible for the strong antioxidant 

activities of the peel extracts. El-Saadany, [41] found that 

the mean of phenolic acids content was 2439.21± 113.8 

mg/100 g extract of potato peel. Also, Elhassaneen et al., 
[42] indicated that the antioxidant activities of control and 

enriched MPP biscuits. The antioxidant activity (AA) in 

control biscuits was 31.34% which increased to 37.92 and 

45.12% with the incorporation of MPP by 5 and 10%, 

respectively. MPP enriched biscuits showed strong 

activity probably due to its high bioactive compounds 

(carotenoids and phenolics) content. The same date and 

antioxidant behavior for ROSP, and PPP are recorded by 

Shalaby, [43] and Ahmed, [27]. 

 

Figure 2. Correlation between total phenolics content detected and antioxidant activity of tested by-products: (a) PPP, (b) CLP, (c) ROSP, and (d) MPP 

3.3. Relationship between Phenolics, 

Carotenoids and Antioxidant Activity 

In the correlation analysis, important differences were 

found between phenolics, carotenoids and antioxidant 

activity of food by-products (Figure 2-Figure 3). When all 

food by-products were included in the statistical analysis, 

there was a strong positive significant (p≤ 0.05) 
relationship between total phenolics content in PPP (r2 = 0.962), 

CLP (r2 = 0.741), ROSP (r2 = 0.936), MPP (r2 = 0.811), 

and antioxidant activity. Also, a positive significant (p≤ 
0.05) relationship between total carotenoids content in 

PPP (r2 = 0.604), CLP (r2 = 0.648), ROSP (r2 = 0.619), 

MPP (r2 = 0.718), and antioxidant activity. These 

correlations confirm that phenolic compounds mainly with 

carotenoids partially are responsible for the antioxidant 

activity of the tested by-products. In similar study, 

Velioglu et al., [44] reported that the correlation coefficient 

between total phenolics and antioxidative activities of 28 

plant products, including sunflower seeds, flaxseeds, 

wheat germ, buckwheat, several fruits, vegetables, 

medicinal plants and plant by-products was statistically 

significant. Also, positive and significant (p< 0.01) 

relationship between total phenolics and antioxidant 

activity in different plant parts including food by-products 

was reported by El-Mokadem, [45], Hegazy, [46], and 

Abou-Elella and Ali [47]. On the other side, data of the 

present study indicated that many other bioactive 

compounds beside phenolics and carotenoids such 

vitamins, fibers, minerals etc. probably contribute in the 

antioxidant activity of the tested by-products. This 

information was confirmed by Osuna-Martínez et al., [48] 

who reported that antioxidant properties that has been 

proposed by having interesting antioxidant activity and 

protective capacities due to the presence of components 

such as vitamins C and E, phenolics and other non-

nutrient substances in Opuntia ficus indica (L). 
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Figure 3. Correlation between total carotenoids content detected and antioxidant activity of tested by-products: (a) PPP, (b) CLP, (c) ROSP, and (d) 

MPP 

4. Conclusion 

In conclusion, data of the present study revealed that 

food industry by-products can be good sources of valuable 

bioactive compounds and antioxidants subsequently 

extend their potential uses as natural antioxidants in 

nutritional and therapeutic applications. Synthetic 

antioxidants such as butylated hydroxyanisole (BHA) and 

butylated hydroxyltoluene (BHT) have been used as 

antioxidants since the beginning of the last century. 

Restrictions on the use of these compounds, however, are 

being imposed because of their toxicity/carcinogenicity 

[49-51]. Thus, the interest in natural antioxidants has 

increased considerably.  

Acknowledgements 

The authors wish to acknowledge the Minoufiya 

University Shebin El-Kom, Egypt, for supporting this 

study. Sincere thanks are also extended to postgraduate 

students working with Prof. Yousif Elhassaneen for by-

products samples preparation and lab assistance.  

Statement of Competing Interests 

Authors have no competing interests. 

References 

[1] Mirabella, N.; Castellani, V.  and Sala, S. (2014). Current options 

for the valorization of food manufacturing waste: A review. 

Journal of Cleaner Production, 65, 28-41. 

[2] Joshi, V. K., and Attri, D. (2006). Solid state fermentation of apple 

pomace for the production of value added products. Natural 

Product Radiance, 5(4), 289-296. 

[3] Van Dyk, J. S., Gama, R., Morrison, D., Swart, S., & Pletschke, B. 

I. (2013). Food processing waste: Problems, current management 

and prospects for utilization of the lignocellulose component 

through enzyme synergistic degradation.Renewable and 

Sustainable Energy Reviews, 26, 521-531. 

[4] Jahurul, M. H. ; Zaidul, I. S. M.; Norulaini, N. A.; Sahena, F., 

Rahman, M. M. and Mohd Omar, A. K. (2015). Optimization of 

supercritical carbon dioxide extraction parameters of cocoa butter 

analogy fat from mango seed kernel oil using response surface 

methodology. Journal of Food Science and Technology, 52, 319-

326. 

[5] Schieber, A.; Stintzing, F. C. and Carle, R. (2001). By-products of 

plant food processing as a source of functional compounds-recent 

developments. Trends in Food Science & Technology, 12, 401-

413. 

[6] FAO Products Year Report, (2004), Food & Agriculture 

Organization. Rome. 

[7] Loelillet, D. (1994). The European mango market: a promising 

tropical fruit. Fruit, 49 (5-6): 332-334. 

[8] Larrauri, J. A.; Rupérez, P.; Borroto, B. and Saura-Calixto, F. 

(1996). Mango peels as a new tropical fibre: Preparation and 

characterization. Levensmittel-Wissenchaft und Technologie Food 

Science and Technology, 29, 729-733. 

[9] FAO Production Yearbook, (2005), Food & Agriculture 

Organization. Rome [hendry.ifas.ufl.edu]. 

[10] Kadam, S. S.; Wankier, B. N., and Adsule, R. N., (1991), 

Processing, in: Potato: Production, Processing and Products, D. K. 

Salunke, S. S. Kadam, and S. J. Jadhav, eds., CRC Press, Boca 

Raton, pp. 111-154Boca Raton, 

[11] Vasso O. and Constantina T. (2007). Utilization of Plant By-

Products for the Recovery of Proteins, Dietary Fibers, 

Antioxidants, and Colorants. In: Utilization of By-Products and 

Treatment of Waste in the Food Industry. Ed. By: Vasso 

Oreopoulou and Winfried Russ. Springer Science Business Media, 

LLC, pp. 209-232. 

[12] FAO Statistics (2008). Productions, crops. Downloaded from 

http://faostat.fao.org/site/567/ default.aspx|ancor on 15/2/ 2010. 

[13] Benitéz, V., Molla, E., Martin-Cabrejas, M. A., Aguilera, Y., 

Lopez-Andreu, F. J., Cools, K., Terry, L.A. and Esteban, R.M. 

(2011). Characterization of industrial onion wastes (Allium cepa 

L): Dietary fiber and bioactive compounds. Plant Foods for 

Human Nutrition 66: 48-57. 

[14] Ahmed, A. S. (2016). Nutritional and technological studies on the 

effect of phytochemicals on obesity injuries and their related 

diseases by using experimental animals ".Ph.D. Thesis in Nutrition 

and Food Science, Faculty of Specific Education, Port Saied 

University, Port Saied, Egypt. 



 American Journal of Food and Nutrition 7 

[15] A.O.A.C. (1995). “Official Methods of the Association of Official 

analytical Chemists” 16 th Ed. Published by the Association of 

Official Analytical Chemists. Arlington, VA. 

[16] Singleton, V. L. and Rossi, J. A., Jr. (1965). Colorimetry of total 

phenolics with phosphomolybdic-phosphotungstic acid reagents. 

Am. J. Enol. Vitic., 16: 144-158. 

[17] Litchenthaler, H. K. (1987). Chlorophylls and carotenoids: 

pigments of photosynthetic biomembranes. Methods in 

Enzymology, 148: 350-383. 

[18] Asp, N. G.; Johnson, C. G.; Hallomer, H. and Siljestrom, H. 

(1983). Rapid enzymatic assay of insoluble dietary fiber.Journal 
of Agricultural and Food Chemistry, 31: 476-482. 

[19] Marco, G. J. (1968). A rapid method for evaluation of antioxidants. 

J. Am. Oil Chem. Soc., 45: 594-598. 

[20] Al-Saikhan, M. S.; Howard, L. R. and Miller, J. C., Jr. (1995). 

Antioxidant activity and total phenolics in different genotypes of 

potato (Solanum tuberosum, L.). J. Food Sci., 60 (2), 341-343. 

[21] Marinova, E. M.; Yanishlieva, N. and Kostova, I. N. (1994). 

Antioxidative action of the ethanolic extract and some 

hydroxycoumarins of Fraxinus ornus bark. Food Chem., 51: 125-

132. 

[22] Mallett, J. F.; Cerrati, C.; Ucciani, E.; Gamisana, J. and Gruber,M. 

(1994). ntioxidant activity of plant leaves in relation to their a-

tocopherol content. Food Chem., 49, 61-65. 

[23] Ajila, C. M.; Rao, L. J. and Rao, U. J. (2010). Characterization of 

bioactive compounds from raw and ripe Mangifera indica L. peel 

extracts. Food and Chemical Toxicology, 48, 3406–3411. 

[24] Hanan, S. S. (2006). Chemical And Technological studies on some 

nutritional waste. M.Sc Nutrition and Food Science. Faculty of 

Home Economics, Minufiya Universty. P 40 and 46. 

[25] Heller, S. N. and Hackler, L. R. (1977). Water- holding capacity 

of various sources of plant fiber. Journal of Food Science. 42 (4): 

1137. 

[26] Block, F.; Brown, G. E. and Farkas, D. F. (1973): Utilization of 

alkaline potato peel waste by fermentation, amylase production by 

Aspergillus foetidus NRRL 337, and alcoholic fermentation. 

American Potato Journal. 50 (10): 357-364. 

[27] Ahmed, S.K. (2015). Utilization of by-products of food industries 

in the production of snacks with high nutritional value and healthy 

safe " Ph.D. Thesis in Nutrition and Food Science, Faculty of 

Home Economics, Minoufiya University, Egypt.  

[28] Ajila, C. M.; Naidu, K. A.; Bhat, S. G. and Prasada Rao, U. J. 

(2007). Bioactive compounds and antioxidant potential of mango 

peel extract. Food Chemistry.105, 982-988. 

[29] Al-Weshahy, A. and Rao, V. (2012). Potato Peel as a Source of 

Important Phytochemical Antioxidant Nutraceuticals and Their 

Role in Human Health - A Review, Phytochemicals as 

Nutraceuticals – Global Approaches to Their Role in Nutrition and 

Health, Dr Venketeshwer Rao (Ed.), InTech, Rijeka, Croatia. 

[30] Forsythe, W.A.; Chenoweth, W.L. and Bennink, M.R. (1976). The 

effect of various dietary fibres on serum cholesterol and laxation 

in the rat. Journal of Nutrition; 106: 26-32. 

[31] Ballesteros MN, Cabrera RM, Saucedo MS, Yepiz-Plascencia GM, 

Ortega MI, Valencia ME. (2001): Dietary fiber and lifestyle 

influence serum lipids in free living adult men. Journal of the 

American College of Nutrition 2001; 20(6):649-655. 

[32] Gallaher, D. and Schneeman, B.O. (2001) Dietary fibre. In: 

Bowman, A.B.; Russell, M.R., editors. Present knowledge in 

nutrition. Washington, DC: ILSI; p 805. 

[33] Camire, M.E.; Zhao, J. and Violette, D.A. (1993). In vitro binding 

of bile acids by extruded potato peels. Journal of Agricultural and 

Food Chemistry .41(12):2391-2394. 

[34] Lazarov, K. and Werman, M. J. (1996) Hypocholesterolemic 

effect of potato peels as a dietary fibre source. Med. Sci. Res. 24: 

581-582. 

[35] Bagger M, Andersen O, Nielsen JB, Ryttig KR. (1996) Dietary 

fibres reduce blood pressure, serum total cholesterol and platelet 

aggregation in rats. British Journal of Nutrition; 75(3):483-493. 

[36] Erkkila, A.T. and Lichtenstein, A.H. (2006) Fiber and 

cardiovascular disease risk: how strong is the evidence? Journal of 

Cardiovascular Nursing; 21(1):3-8. 

[37] Alonso A.; Beunza, J.J.; Bes-Rastrollo, M.; Pajares, R.M. and 

Martinez-Gonzalez, M.A. (2006): Vegetable protein and fiber 

from cereal are inversely associated with the risk of hypertension 

in a Spanish cohort. Archives of Medical Research 2006; 

37(6):778-786. 

[38] Chandalia M, Garg A, Lutjohann D, von Bergmann k, Grundy SM, 

Brinkley LJ. (2000) Beneficial effect of high dietary fiber intake in 

patients with type 2 diabetes mellitus. The New England Journal 

of Medicine; 342:1392-1398. 

[39] Kumar, A., V.S. Pundhir and K.C. Gupta, 1991. The role of 

phenols in potato tuber resistance against soft rot by Erwinia 

carotouora ssp. Carotora Potato Research, 34: 9-16. 

[40] Onyeneho, S. N., and Hettiarachchy, N. S. (1993). Antioxidant 

activity, fatty acids and phenolic acids composition of potato peels. 

Journal of the Science of Food and Agriculture, 62, 345-350. 

[41] El-Saadany, M.A. (2001). The effect of dietary phytochemicals on 

the prevention of liver cancer initiation induced by some chemical 

carcinogenesis. M.Sc. Thesis, Fac. of Home Economics, Minufiya 

University, Shebin El-Kom, Egypt. 

[42] Elhassaneen, Y.; Ragab, S.; El-Beltagi, A. and Emad, A. (2013). 

Mango peel powder: A potential source of phenolics, carotenoids 

and dietary fiber in Biscuits preparations 2nd International-16 th 

Arab Conference of Home Economics "Home Economics in the 
Service of Industry"10-11 September, Faculty of Home Economics, 

Minoufiya University, Shebin El-Kom, Egypt. 

[43] Shalaby, H. H. (2015). The effect of some food products mixed 

with plant parts on blood sugar levels of rats " PhD. Thesis in 

Nutrition and Food Science, Faculty of Home Economics, 

Minoufiya University, Egypt. 

[44] Velioglu, Y.S.; Mazza, G.; Gao, L. and Oomah, B.D. (1998). 

Antioxidant activity and total phenolics in selected fruits, 

vegetables and grain products. J. Agric. Food Chem., 46 (10): 

4113-4117. 

[45] El-Mokadem, K. (2010). The effect of technological treatments on 

phytochemical properties of some foods". M.Sc. Thesis in 

Nutrition and Food Science, Faculty of Home Economics, 

Minoufiya University, Egypt. 

[46] Hegazy, W. (2009). Antioxidant activity of pomegranate (punica 

granatum) fruits and its relationship with phenolic composition 

and processing technology. M.Sc. Thesis in Nutrition and Food 

Science, Faculty of Home Economics, Minoufiya University, 

Egypt. 

[47] Abou-Elella, F. and Ali, R. (2014). Antioxidant and Anticancer 

Activities of Different Constituents Extracted from Egyptian 

Prickly Pear Cactus (OpuntiaFicus-Indica) Peel .Biochem Anal 

Biochem, 3: 158.  

[48] Osuna-Martinez, U.; Reyes-Esparza, J. and Rodríguez-Fragoso, L. 

(2014). Cactus (Opuntiaficus-indica): A Review on its 

Antioxidants Properties and Potential Pharmacological Use in 

Chronic Diseases. University of Sinaloa, Faculty of Biological and 

Chemical Sciences, Cualiacan, Mexico. Nat Prod Chem Res, 

2:153-161. 

[49] Olsen, P.; Meyer, O., Bille, N. and Würtzen, G. (1986). 

Carcinogenicity study on butylated hydroxytoluene (BHT) in 

Wistar rats exposed in utero. Food Chem Toxicol. 24(1):1-12. 

[50] Kahl, R. and Kappus, H. (1993). Toxicology of the synthetic 

antioxidants BHA and BHT in comparison with the natural 

antioxidant vitamin E. Z Lebensm Unters Forsch. 196(4):329-38. 

[51] Sharla, R. (2009). Antioxidants, The truth about BHA, BHT, 

TBHQ and other antioxidants used as food additives. 1st ed. 

Published by Tigmor Books, UK. 

 


