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ABSTRACT 

 

 The aim of this study was to obtain onion by-products as natural antioxidant food ingredients which could be advantageous to food 

industry, not only to improve the use of onion wastes but also to obtain new natural and functional ingredients.  This study was to 
characterize onion by-products (juice, paste and bagasse) from two Egyptian onion cultivars – ‘Giza 6 (white)’ and ‘Beheri (red)’ – that 

have been stabilized by thermal treatments (freezing, pasteurization and sterilization) in order to evaluate the effect of the processing and 

stabilization treatment on the bioactive composition (total phenols and total quercetin content), antioxidant activity and polyphenol 
oxidase (PPO) enzyme inhibition capacity. Moreover, the inhibitory effect of the lyophilized powder of onion waste on the browning and 

color changes of apricot puree was investigated. Adding onion waste extract from ‘Beheri (red)’ cultivar, the apricot PPO inhibiting 

properties was displayed more potent than that found in the onion waste extracts from ‘Giza 6 (white)’ cultivar in all the stabilization 
treatments and onion wastes assayed. A temperature rise offered better antibrowning properties in all onion wastes assayed standing out 

paste. Data suggested that thermal treatments (pasteurization and sterilization) were mainly responsible of the apricot polyphenol oxidase 

inhibition, whereas non-thermal treatments (freezing) did not show such accused effect. Interestingly, it was shown that sterilized ‘Beheri 
(red)’ paste was the wastes with the strongest PPO inhibitory effect among all the onion wastes analyzed. The results obtained triggered to 

choose one onion by-product offering better characteristics for its potential development as a food ingredient: source of antioxidant and 

antibrowning bioactive compounds. Moreover,it was shown that processing of ‘Beheri (red)’ onion wastes to obtain a paste and applying a 
mild pasteurization were the best alternatives to obtain an interesting stabilized onion by-product with good antioxidant properties that 

made its useful use as functional food ingredient.These results strongly supported that the addition of the pasteurized ‘Beheri (red)’ 

pastewas effective to prevent browning of apricot puree.However, increased enzymatic browning in apricot juice during storage was 
accompanied by an increase ina*, b* and a decrease in L* values. Therefore, the inhibitory effect of onion waste extract against apricot 

juice browning seems to be due to the inhibitory effect of onion waste extract against apricot polyphenol oxidase (PPO). 
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INTRODUCTION 

 

 Onion, Allium cepa, L., is considered as one of 

the most important vegetable crops in all countries. 

Egypt is one of the major Mundial onion-producing 

countries. In Egypt, onion ranks fifth after oranges, 

cotton, rice and potatoes as an export crop. The total 

cultivated area was 150 thousands, Feddans (63 

thousands, Hectares) in 2012 and the total 

production was about two millions tonnes annually 

[10]. 

 Nowadays, the food and agricultural products 

processing industries generate substantial quantities 

of phenolic-rich by-products, which could be 

valuable natural sources of antioxidants to be 

employed as ingredients. Some of these by-products 

have been the subject of investigations and have 

proven to be effective sources of phenolic 

antioxidants [5,35]. 

 There is a concern over the production of large 

quantities of industrial onion wastes and their 

disposal. Onion wastes are not suitable for fodder, or 

landfill disposal due to the rapid growth of 

phytopathogens, e.g. Sclerotiumcepivorum (white 

rot). Valorisation of by-products, particularly their 

exploitation for profitable production of food-grade 

products will benefit the onion producers and 

processors [22]. 

 Processing and stabilizing onion wastes 

(residues and surpluses of onion) could represent 

both advantages: a solution of the environmental 

problem derived from the great onion wastes 

disposal and the obtaining of stabilized onion by-

products as natural antioxidant food ingredients. 
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Onion industry produces wastes that yield an 

approximated 15% of the total production that is 

annually changeable. Onion nutritional composition 

is very complex. It has been shown that it is one of 

the major sources of dietary flavonoids in many 

countries. Specifically, onion has been characterized 

for its flavonol quercetin and quercetin derivates. 

Moreover, it is rich in other bioactive compounds 

such as frutooligo-saccharides and sulfur compounds 

[4,43]. 

 Epidemiological studies have indicated that the 

consumption of fruits and vegetables is associated 

with a reduced risk for the development of chronic 

diseases, such as cardiovascular disease and cancer. 

Phytochemicals, including phenolics and flavonoids, 

are suggested to be the major bioactive compounds 

contributing to the health benefits of fruits and 

vegetables [47]. Quercetin is one of the abundant 

flavonol-type flavonoids commonly found in 

vegetables and fruits [31,34]. Onion ranked the 

highest in quercetin content in a survey of 28 

vegetables and 9 fruits [2]. It shows a variety of 

pharmacological effects such as growth inhibition of 

tumor and microbial cells, reduction of cancer risk, 

scavenging of free radicals, and protection against 

cardiovascular disease, which are attributed to 

specific sulfur-containing compounds and flavonoids 

[30]. In addition, onions have been found to have 

antioxidant properties in different in vitro models 

[18,33]. 

 A number of wastes have been previously 

studied as potential sources of antioxidants. In fact, 

an interesting approach to utilize by-products is their 

potential use as sources of natural compounds with 

high antioxidant activity [21,25]. Onion wastes 

adequately processed and stabilized could be useful 

in the food industry as functional ingredients to be 

added to processed foods due to the increasing 

demand by consumers for substituting synthetic 

compounds by natural substances as food 

ingredients. Compounds of inherently natural origin 

would be widely accepted by consumers in the 

market [27,41]. 

 Nowadays, one of the major concern for the 

food industry is to prevent the development of 

enzymatic browning prior to or during the handling, 

storage and processing of fruits and vegetables 

because of the alteration in the organoleptic and 

visual properties of the product. A quality loss is also 

a fact to take into account due to the phenolic 

compounds content decrease that occurs during the 

enzymatic browning [45]. Enzymatic browning in 

fruits is mainly related to the oxidation of phenolic 

compounds to unstable o-quinones; these are highly 

electrophilic molecules that polymerize leading to 

the appearance of brown, red or black pigments. The 

browning degree depends on the nature and amount 

of the phenolic compounds, the presence of oxygen, 

reducing substances, metal ions, temperature, and the 

activity of the polyphenol oxidase  

 Browning evaluation is based on reflectance 

measurement (L*, a*, b*) on fresh-cut surface of 

fruits and vegetables during storage (in vivo studies). 

Nevertheless in vitro studies, involving extraction of 

soluble browning products and measurement of 

absorbance at particular wavelengths, can be 

performed as pre-screening to determine the 

potential effect of antioxidant agents controlling 

enzymatic browning of fruit and vegetable tissues 

[12]. Recent studies have shown that sulfhydryl (SH 

or thiol) groups are good inhibitors of the enzyme 

PPO [9]. Therefore, it is assumed that the thiol 

compounds contained in onion might be the active 

components responsible for the PPO inhibitory effect 

of onion. Onion extracts could be used as natural 

food ingredients for the prevention of browning 

caused by PPO [20,42]. 

 The objective of this work was to evaluate onion 

wastes stabilized by different treatments in order to 

show their bioactive compounds, antioxidant activity 

and anti browning properties. This would trigger to 

choose the onion waste showing better 

characteristics for its potential use as antioxidant and 

anti browning food ingredient. Inhibitory effects of 

the waste extract on the browning of apricot puree 

were also aimed. 

 

Materials and Methods 

 

Materials: 

1. Chemicals: 

 Acetonitrile and methanol were obtained from 

Labscan Ltd. (Ireland). Di-sodium hydrogen 

phosphateanhydrous, sodium dihydrogen phosphate 

monohydrate, and sodium carbonate anhydrous were 

purchased from Merck (Germany). Hydrochloric 

acid and ortho-phosphoric acid, Catechol, 

chlorogenic acid, 2,2-diphenyl-1-picrylhydrazyl 

(DPPH•), Folin–Ciocalteu’s phenol reagent, 

polyvinyl polypyrrolidone, and quercetin were 

obtained from Sigma–Aldrich, Inc. (Louis, USA). 

 

2. Samples: 

2.1. Onion Wastes (Allium cepa L.):Processing and 

Stabilization Treatments: 

 Two of most popular onion (Allium cepaL.) 

cultivars in this investigation included ‘Giza 6 

(white)’ and ‘Beheri (red)’. Onion wastes from the 

harvesting period of 2012 were supplied by a 

producing onion industry, KHAIR & BARAKA 

Co.(Vegetables and fruits processing unit)in Obour 

City, Egypt. Their processing and stabilization were 

held in the same unit and the factory Lab. 

 Previously, onions wastes roots were removed 

and cut into small pieces. Then, these onions were 

processed with a friction screw press to obtain the 

following three onion wastes: onion juice (the liquid 

fraction),onion paste (a mixture between the solid 

and the liquid fractions) and onion bagasse (the solid 

fraction). 
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 Juice, paste and bagasse wastes(by-

products)from ‘Giza 6 (white)’ and ‘Beheri (red)’ 

onion cultivars wastes were packed into sterilizable 

bags for the sterilization and pasteurization 

treatments; and into trays for the freezing treatment. 

Sterilization (at 115 °C, 30 min) and pasteurization 

(at 100 °C, 15 min) took place in a conventional 

autoclave. Sterilized and pasteurized onion wastes 

were stored at –18°C until analysis. Freezing 

treatment (at –80°C) was carried out in a liquid 

nitrogen cabinet until the product reached –18 °C. 

Frozen onion wastes were stored at –18 °C until 

analysis. 

 

2.2. Apricots (Prunusarmeniaca L.): 

 Apricots were purchased from a Egyptian local 

market from the harvesting period of 2012. They 

were washed, cut into small pieces and frozen with 

liquid nitrogen. Afterwards, the frozen pieces were 

grinded and homogenized into a blender and stored 

at –18 °C until their analysis [49]. 

 

Analytical Methods: 

 Stabilized onion wastes (by-products)were 

analyzed for their bioactive composition, and their 

antioxidant, antibrowning properties and their effects 

on color changes of apricot juice. 

 

1. Bioactive composition: 

1.1. Determination of total phenols: 

 Total Phenols were determined spectrophoto 

metrically [29]. Analyses were performed by visible 

spectrophotometry at 760 nm after reaction with 

Folin–Ciocalteu’s reagent. 

 Juice (50 ml), paste or bagasse (10 g) plus 25 

mlmethanol/water (80:20, v/v) were homogenized in 

duplicatein ahomogenizer. Extracts were made up to 

100 ml with methanol forjuice and up to 50 ml for 

paste and bagasse. Then, they were introduced into 

test tubes and then 1.0 ml Folin–Ciocalteu’s reagent 

and 0.8 ml sodium carbonate (7.5%) were added. 

The absorbance of all samples was measured at 760 

nm after incubating at room temperature for 1 hr. 

Results were calculated by a calibration curve 

obtained from chlorogenic acid and expressed 

asmilligrams of chlorogenic acid equivalents (CAE) 

/100 g of dry weight (DW). 

 

1.2. Extraction, separation, identification and 

quantification of quercetin: 

 Total quercetin was determined by high 

performance liquid chromatography (HPLC). The 

extraction was carried out according to the methods 

by Lee et al., [23] with minor modifications. 

 

1.2.1. Hydrolysis mixture: 

 Juice (50 ml), paste or bagasse (10 g) plus 25 ml 

methanol/water (80:20, v/v) were mixed with 5 ml of 

a 6M HCl solution. No antioxidants were added to 

the hydrolysis mixture. The hydrolysis was 

performed in duplicate. After refluxing at 90 °C for 4 

hrs, the extract was allowed to cool, vacuum filtered, 

made up to 100 ml with methanol for juice and up to 

50 ml for paste and bagasse, then sonicated. The 

extracts were filtered through a 0.45 µm membrane 

filter for organic solvent sprior to injection. 

Triplicates of 20 µL for each extract were analyzed 

by HPLC. 

 

1.2.2. HPLC procedure: 

 The analytical HPLC system employed 

consisted of a Hewlett-Packard (Palo Alto,CA, USA) 

Model 1050 coupled with a quaternary solvent 

delivery pump and equipped with an auto sampler 

(G1329A ALS) with a 20 µL sample loop and a 

Hewlett-Packard 1040A rapid scanning UV–vis 

photodiodearray detector. Separation of flavonoids 

was performed on a reverse-phase Zorbax Eclipse 

XDB C18  HypersilODS (5 µm) stainless steel 

column (250x4.6 mm i.d., 5µm particle size). The 

mobile phase was deionized Milli-Q water adjusted 

to a pH 2.5 with ortho-phosphoric acid (solution A) 

and acetonitrile (solutionB). The program began with 

a gradient elution from90% to 65% A, and from 10% 

to 35% B for 20 min, followed by a gradient from 

65% to 90% A, and from 35%to 10% B for the next 

5 min. The flow rate was fixed at1 ml/min and runs 

were monitored with the UV–visphotodiode array 

detector which was set at 370 nm. The data were 

stored and processed using a Hewlett-Packard (Palo 

Alto, CA, USA) Chem Station and related software. 

Identification of the quercetin was carried out by 

HPLC by comparing the retention time and UV–visa 

bsorption spectrum with those of the quercetin 

standards. The quantification was achieved by the 

absorbance recorded in the chromatograms relative 

to the external standards of flavonoids previously 

referred to. Total quercetin content was expressed as 

milligrams of total quercetin /100 g of dry weight 

(DW). 

 

2. Scavenging effect on 2,2-diphenyl-1-

picrylhydrazyl(𝐷𝑃𝑃𝐻•) radical: 

 Antioxidant activity was determined by the 

measurement of the DPPH• radical scavenging [44]. 

 

2.1. Extraction: 

 Juice (50 ml), paste or bagasse (10 g)plus 25 ml 

methanol/water (80:20, v/v) were mixed with5 ml of 

a 6M HCl solution. No antioxidants were added to 

the hydrolysis mixture. The hydrolysis was 

performed induplicate. The refluxing period in this 

case was 2 hrs. 

 

2.2. 𝐷𝑃𝑃𝐻•radical scavenging capacity: 

 The determination of the radical scavenging 

capacity was evaluated with the stable radical 

DPPH•. The method is described extensivelyelse 

where [40]. The parameters EC50 , which reflects 

50%depletion of initial DPPH• radical and the time 
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needed toreach the steady state at EC50concentration 

(𝑇EC 50 ) werecalculated. The antiradical efficiency 

(AE = 1/EC50×𝑇EC 50 ), a parameter that combines 

both factors,was also calculated. 

 

3.Polyphenol oxidase (PPO) inhibition assay: 

 Minor modifications of Zhao et al. [49] research 

were carried out in order to evaluate the inhibitory 

effect of onion stabilized by-productsextracts on 

apricot polyphenoloxidase. 

 

3.1.ApricotPPO extraction: 

 Apricotsfrozen powder (2 g) was mixed with 

polyvinylpolypyrrolidone (PVPP) (0.8 g) and 

homogenized with 20 ml of a sodium phosphate 

buffer solution (0.1 M, pH 6.5) for 3 min. The 

homogenate was filtered and kept at 4 °C for 60 min 

before being centrifuged at 20,000×g for 15 min at 4 

°C. The supernatant was collected and used as 

apricot PPO enzyme extract which retained PPO 

activity for one month at 4 °C. 

 

3.2. Onion extracts preparation: 

 The previous step was to freeze-dry the onion 

wastes (by-products)in a lyophilizer (model Lyoalfa, 

Telstar, S.A., Barcelona, Spain). Freeze driedonion 

wastes (1.2 g) were homogenized with distilled 

water (20 ml) for 3 min in the homogenizer. The 

homogenate was centrifuged at 17,500×g for 20 min 

at 4°C. The supernatants were vacuum filtered 

through a0.45 µm membrane filter. Each extraction 

was prepared in duplicate. 

 

3.3. PPO inhibition assay: 

 The PPO activity was assayed with 0.07M 

catechol as a substrate by a spectro-photometric 

procedure [49]. The PPO activity was assayed using 

the stabilizedonion wastes extracts (1ml), the PPO 

apricot extract (0.1 ml) and a solution of 0.07M 

catechol (1 ml)in a sodium phosphate buffer (0.05 

M, pH 6.5) (0.9 ml).The total volume of the PPO 

inhibition assay was 3 ml. Firstly, the inhibition 

reaction mixture (stabilized onion waste extracts and 

PPO extract) was incubated for5 min at 25 °C. 

Immediately after, the rest of the reactants were 

added. Absorbance at 420 nm was monitored at 

25°C for 30 s. 

 The results were expressed as relative enzymatic 

activity (REA): the percentage of PPO activity were 

measured and extrapolated to 100% REA (in 

percentage, %). Thus, REA represents the residual 

PPO activity reached after adding different onion 

wastes as natural inhibitors to the model solution. 

 

4. Measurement of the browning of apricots: 

4.1. The browning of apricot puree: 

 A 100 g portion of apricot puree was mixed and 

homogenized with 50 ml of distilled water (as 

control) or 10 g of the pasteurized ‘Beheri (red)’ 

paste lyophilized powder in a homogenizer for 30 

sec and kept at 29 ± 1 °C for 0.5, 6, 12 and 24 hrsin 

order to evaluate the inhibitory effect of onion 

stabilized waste extract on apricot puree browning.   

 

4.2.The browning of apricot juice (color changes): 

 A 30-ml aliquot of apricot juice was 

immediately mixed with 60-ml of the pasteurized 

‘Beheri (red)’ paste extract (PBPE) with different 

concentrations in sample bottles and stored up to 4 

days (96 hrs) at 4 ± 1°C. A mixture of 30-ml of the 

apricot juice and 60-ml of distilled water was served 

as Control. The color measurements (L*, a* and 

b*values) were measured using a Hunter Lab Scan 

XE Colorimeter (Hunter Laboratory Inc. Restonva) 

to evaluate the degree of browning [16]. 

 

5. Statistical analysis: 

 Results were given as mean ± standard deviation 

of six independent determinations. One-way analysis 

of variance (ANOVA) was used to compare the 

means. Differences were considered significant at P 

< 0.05. All statistical analyses were performed with 

Statgraphics Plus 5.1 (Statistical Graphics 

Corporation, Inc., Rockville, MD, USA). 

 

Results and Discussion 

 

 The following results are exposed regarding 

different onion wastes (by-products) within the same 

stabilization treatment. Thus, discussion will 

compare the bioactive composition (total phenols 

and total quercetin), the antioxidant activity, and the 

inhibition Polyphenol oxidase (PPO) capacity 

parameters in ‘Giza 6 (white)’ and ‘Beheri (red)’ 

frozen, pasteurized and sterilized onion wastes 

(juice, paste and bagasse). 

 

1. Bioactive composition (total phenols and total 

quercetin content): 

 It is desirable tominimize the loss of the 

biological activity of onion wastes through out 

processing by controlling all the technological and 

stabilization parameters involved in all operations of 

the process. Therefore, to obtain a representative 

onion wastes offering better characteristics as a food 

ingredient it is crucial to focus on the type of onion 

by-product and on the stabilization treatment 

applied. 

 Total phenols and total quercetin content were 

measured in onion wastes in order to evaluate their 

bioactive composition. Regarding different onion 

wastes within the same stabilization treatment 

showed the following: 

 Frozen ‘Beheri (red)’ paste showed the highest 

total phenols content(476.35 mg CAE/100 g DW) 

among all the frozen Beheri (red)wastes analyzed. 

Frozen ‘Giza 6 (white)’ onion wastes showed 

significantly different (P < 0.05) total phenols 

content (Table1). Frozen Beheri (red) paste was also 

the onion wastes which reached the highest total 
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quercetin content (4448.54 mg/100 g DW) among all 

the stabilized wastes analyzed. Meanwhile, frozen 

‘Giza 6 (white)’ onion wastes did not reach such 

accused total quercetin content. 

 
Table 1: Bioactive compounds and antioxidant activity of frozen onion by-products𝑎 . 

By-product Cultivar Total phenols(mg 
CAE/100 g DW) 

Total 
quercetin(mg/100 g 

DW) 

EC50(g DW/g 

DPPH•) 

𝑇EC50  (min) 

Juice Giza 6 (white) 116.95 ± 3.17Aa 58.15 ± 10.11Aa 11.85 ± 0.24Bb 44.21 ± 1.21Bb 

 Beheri (red) 185.66 ± 14.44Ab 216.55 ± 12.25Ab 9.85 ± 0.10Ba 30.19 ± 2.15Ba 
Paste Giza 6 (white) 301.75 ± 32.60Ba 668.42 ± 32.14Ca 3.92 ± 0.11Ab 27.21 ± 0.10Ab 

 Beheri (red) 476.35 ± 26.77Cb 4448.54 ± 240.12Cb 1.88 ± 0.09Aa 26.45 ± 2.08Aa 

Bagasse Giza 6 (white) 285.10 ± 11.33Ca 589.72 ± 8.28Ba 4.14 ± 0.40Ab 58.57 ± 2.24Cb 
 Beheri (red) 401.47 ± 30.14Bb 2241.89 ± 157.51Bb 2.51 ± 0.19Aa 48.33 ± 3.88Ca 

ªValues are means ± SD, n = 6. Means within a column with different capital letters in different wastes for the same cultivar are 

significantly different at P < 0.05.Means within a columnwith different small letters inthe samewastefor different cultivars are significantly 
different at P < 0.05. 

 

 Pasteurized Beheri (red)paste showed higher 

total phenols content (467.29 mg CAE/100 g DW) 

than those shown by pasteurized Beheri (red) 

bagasse or juice. Pasteurized Giza 6 (white)wastes 

did not show significantly difference (P > 0.05) in 

their total phenols content (Table 2). Likewise, 

pasteurized Beheri (red) paste was the onion 

pasteurized by-product which showed the highest 

total quercetin content (897.25 mg/100 g DW) 

followed by Beheri (red) bagasse or juice, 

significantly different (P < 0.05) among others. 

Pasteurized Giza 6 (white)by-product were also 

significantly different(P < 0.05) than others 

regarding total quercetin content. Pasteurized Giza 6 

(white)paste showed the highest total quercetin 

content (293.11 mg/100 g DW) followed by 

pasteurized Giza 6 (white) bagasse and juice (Table 

2). 

 
Table 2: Bioactive compounds and antioxidant activity of pasteurized onion by-products𝑎 . 

By-product Cultivar Total phenols(mg 

CAE/100 g DW) 

Total 

quercetin(mg/100 g 

DW) 

EC50(g DW/g 

DPPH•) 

𝑇EC50  (min) 

Juice Giza 6 (white) 104.93 ± 23.27Aa 32.33 ± 3.13Aa 4.01 ± 0.19Cb 53.58 ± 0.33Ba 

 Beheri (red) 155.13 ± 9.78Ab 83.14 ± 2.55Ab 3.36 ± 0.20Ca 59.35 ± 2.22Cb 

Paste Giza 6 (white) 198.11 ± 8.23Ba 293.11 ± 10.18Ca 2.21 ± 0.11Ab 50.11 ± 1.12Ab 

 Beheri (red) 467.29 ± 17.31Cb 897.25 ± 5.21Cb 1.45 ± 0.17Aa 47.15 ± 2.24Aa 

Bagasse Giza 6 (white) 175.75 ± 6.73Ca 205.49 ± 12.14Ba 3.51± 0.13Bb 55.42 ± 1.26Ca 

 Beheri (red) 383.44 ± 24.41Bb 645.30 ± 3.33Bb 2.45 ± 0.15Ba 56.61 ± 0.42Bb 

ªValues are means ± SD, n = 6. Means within a column with different capital letters in different wastes for the same cultivar are 

significantly different at P < 0.05. Means within a column with  differentsmall letters in  the  same  waste  for different cultivars are 

significantly different at  P < 0.05. 

 

 Sterilized Beheri (red) paste showed higher total 

phenols content(576.14mg CAE/100 g DW)than 

sterilized Beheri (red) bagasse and juice. In the same 

way, sterilized ‘Giza 6 (white)’ paste showed higher 

total phenols content than sterilized Giza 6 (white) 

bagasse or juice (Table 3).Sterilized Beheri (red) 

paste showed significantly higher(P < 0.05) total 

quercetin content (869.61 mg/100 g DW) than 

sterilized Beheri (red) bagasse or juice. Sterilized 

Giza 6 (white) by-product had the same behavior 

than pasteurized Beheri (red)by-product, being 

sterilized Giza 6 (white) paste which reached the 

highest total quercetin content (312.28 mg/100 g 

DW) followed by bagasse or juice (Table 3). 

Sterilized onion by-product did not show significant 

differences (P < 0.05) compared to pasteurized ones, 

being Beheri (red) and Giza 6 (white) pastes the by-

products showing the highest total quercetin content 

followed by Beheri (red) and Giza 6 (white) 

bagasses or juices. 

 
Table 3: Bioactive compounds and antioxidant activity of sterilized onionby-products𝑎 . 

By-product Cultivar Total phenols(mg 
CAE/100 g DW) 

Total 
quercetin(mg/100 g 

DW) 

EC50(g DW/g 

DPPH•) 

𝑇EC50  (min) 

Juice Giza 6 (white) 113.95 ± 27.21Aa 21.53 ± 0.13Aa 20.15 ± 2.77Bb 48.01 ± 2.15Bb 

 Beheri (red) 201.54 ± 31.08Ab 80.18 ± 5.42Ab 13.53 ± 0.48Ca 47.39 ± 2.54Ca 

Paste Giza 6 (white) 294.56 ± 31.32Ca 312.28 ± 4.44Ba 4.15 ± 0.17Ab 33.27 ± 1.57Ab 

 Beheri (red) 576.14 ± 11.13Cb 869.61 ± 6.63Cb 2.92 ± 0.25Aa 36.57 ± 0.14Aa 

Bagasse Giza 6 (white) 212.34 ± 27.20Ba 253.65 ± 22.44Ba 4.24 ± 0.29Ab 33.84 ± 0.78Aa 

 Beheri (red) 422.98 ± 28.77Bb 617.29 ± 11.65Bb 3.46 ± 0.14Ba 40.55 ± 0.34Bb 

ªValues are means ± SD, n = 6. Means within a column with different capital letters in different wastes for the same cultivar are 
significantly different at P < 0.05.  Means within a column with different small  letters  in  the  same  waste  for different cultivars are 

significantly different at  P < 0.05. 
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 Generally, stabilized by-products from Beheri 

(red) onion cultivar had a significantly higher (P< 

0.05) bioactive composition (total phenols and 

quercetin content) than thoseby-products from Giza 

6 (white) cultivar (Tables 1–3). 

 Concerning total phenols content among Beheri 

(red) onion by-products analyzed, sterilized, frozen 

and pasteurized pastes showed the highest values 

followed by sterilized, frozen and pasteurized Beheri 

(red) bagasses. In addition, freezing and 

pasteurization stabilization treatments did not rend 

significantly differences (P> 0.05) in total phenols 

content when Beheri (red) paste was analyzed. 

Referring to total quercetin content in Beheri (red) 

onion by-products, it was shown that frozen Beheri 

(red) paste had the highest content among all the 

stabilized pastes analyzed, followed by frozen Beheri 

(red) bagasse. Pasteurized and sterilized Beheri 

(red)pastes were significantly different(P< 0.05) to 

frozen Beheri (red) paste. 

 The results showed that Beheri (red) onion 

cultivar and its paste by-products showed the best 

choices due to their higher bioactive compounds. In 

this work, it has been shown that bioactive 

compounds are highly concentrated in those onion 

wastes containing more wall cells like paste or 

bagasse than in juice which lost a great proportion of 

wall cells during its process. Moreover, the wastes 

from the colorful cultivar Beheri (red) showed 

moderately high bioactive compounds values. 

Previous works stated that onion unutilized outer 

layers of a red variety had the higher contents of 

total phenols followed by a continuous decrease 

towards the inner part of the bulb. They were rich 

with quercetin, high antioxidant activity and showed 

significant protection of DNA damage caused by 

free radicals [36]. 

 Stabilization treatments applied would have to 

be carefully chosen. These treatments not only 

would have to maintain as higher bioactive 

composition as possible but also ensure the safety 

and stability of such onion wastes during their whole 

self-life. In this work, sterilization was a thermal 

treatment (115°C) which provoked a higher phenol 

release compared with the pasteurization (100°C), 

and freezing (–18°C). This fact is in agreement with 

previous works that attribute to the thermal treatment 

an increase in the release of bioactive compounds 

from the cell walls of the onion skin or the onion 

outer tissues [28]. In addition, Kim et al. [19] 

showed that the total phenols content of grape seed 

extracts was significantly increased by heat 

treatments, indicating that phenolic compounds in 

these extracts were liberated by heat treatments. 

Onions contain large amounts of quercetin 

glycosides and they are often subject to thermal 

processes in food production. The thermal treatment 

led to a degradation of the quercetin glycosides. The 

main product is the aglycone quercetin, which 

remained stable during further roasting (180°C) [39]. 

Thus, this flavonol may be stable at the 115 °C 

temperature applied in the sterilization and it would 

be stable at lower temperatures applied in 

pasteurization or freezing treatments. 

 In this study, freezing was a treatment which 

may not be chosen as a stabilization treatment due to 

the microbiological risk which could be involved. In 

addition, sterilization may produce caramelized 

compounds in the onion wastes stabilized by this 

treatment. This fact could influenceon their 

nutritional composition by causing a greatloss in the 

bioactive composition measured, total quercetin 

content indeed. By contrast, pasteurization as a mild 

thermal treatment would represent the best choice to 

stabilize onion wastes maintaining mainly intact 

their bioactive composition. The results showed that 

this stabilization treatment caused a low decrease in 

the total phenols and quercetin content measured in 

the onion wastes analyzed, compared to freezing or 

sterilization. 

 

2. Antioxidant activity (𝐷𝑃𝑃𝐻•stable radical 

scavenging): 

 Several radical scavenging parameters were 

measured:EC50 , 𝑇EC 50 , and antiradical efficiency 

(AE). The AE was calculate in order to evaluate the 

total antioxidant activity, this parameter combines 

both factors 𝐄𝐂𝟓𝟎 and 𝑻𝐄𝐂𝟓𝟎[44]. 

 Regarding AE as antioxidant parameter and 

comparing the effect of the onion processing within 

the same stabilization treatment the results were the 

following: 

 Frozen Beheri (red) paste (20.11 ± 3.25×10−3) 

showed a significantlyhigher (P< 0.05) AE value 

than frozen Beheri (red) bagasse (8.24 ± 4.36×10−3) 

or juice (3.36 ± 0.28×10−3). When analyzing Giza 6 

(white) onion cultivar, frozen paste (9.37 ± 

0.14×10−3) showed significantly higher (P< 0.05) 

AE value than frozen Giza 6 (white) bagasse (4.12 ± 

0.58± 4.36 ×10−3) or juice (1.91 ± 0.19± 

0.28×10−3) (Fig. 1a). 

 Pasteurized and frozen Beheri (red) paste had 

similar AE values (P> 0.05). In addition, pasteurized 

Beheri (red) paste was more efficient scavenging 

radicals than pasteurized Beheri (red) bagasse or 

juice (14.62 ± 3.22×10−3vs.7.21 ± 0.19×10−3and 

5.01 ± 0.11 ×10−3, respectively). Pasteurized Giza 6 

(white) paste (9.02 ± 0.13×10−3) showed 

significantly higher AEvalue than pasteurized Giza 6 

(white) bagasse (5.15 ± 0.12×10−3) or juice (4.65 ± 

0.31×10−3). Thus, pasteurized Beheri (red) paste 

(14.62 ± 3.22 ×10−3) showed the highest value 

among all the analyzed pasteurized onion wastes 

[Beheri (red) and Giza 6 (white)] (Fig. 1b). 

 Sterilized Beheri (red) paste (9.36 ± 0.21 

×10−3) AE value was significantly higher than 

sterilized Beheri (red) bagasse and juice (7.13 ± 0.33 

×10−3, and 1.56 ± 0.10 ×10−3, respectively). There 

were not significantly differences (P> 0.05) between 

sterilized Giza 6 (white) paste (7.24 ± 0.25 ×10−3) 
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and bagasse (6.96 ± 0.15 ×10−3) AE values. The AE 

value shown by sterilized Giza 6 (white) juice (1.03 

± 0.20 ×10−3) was significantly lower (P< 0.05) 

than sterilized Giza 6 (white) paste or bagasse (Fig. 

1c). 

 In general, pastes obtained from the two assayed 

onion cultivars showed higher antiradical efficiency 

values. Therefore, they showed better characteristics 

as potential antioxidant food ingredients. Pasteurized 

and frozen Beheri (red) pastes reached the following 

AE values: 14.62 ± 3.22 ×10−3 and 20.11 ± 3.25 

×10−3, respectively. These values were significantly 

higher than those found in sterilized Beheri (red) 

paste (9.36 ± 0.21 ×10−3). 

 The correlation between antioxidant capacity 

and bioactive composition (total phenols and 

flavonoids) has been widely studied [3,37,40]. 

Nuutila et al. [33] found an observable correlation 

between high radical scavenging/antioxidant activity 

and high amounts of total phenolics and flavonoids 

of the onion extracts, resulting the phenolic 

compounds of Allium plants contribute to their 

antioxidative properties. Moreover, these authors 

showed that the skin extracts of onion possessed the 

highest activities. Thus, in this work the correlation 

between antioxidant capacity and bioactive 

composition was also studied in the two assayed 

onion cultivars by-products. Probably other bioactive 

compounds that have not been analyzed in this 

research would be responsible of the antioxidant 

capacity found in pasteurized paste. 

 Antioxidant capacity of onion has been widely 

studied. It has been shown different antioxidant 

capacities among different cultivars or varieties 

[2,6,47]. Moreover, it has been elucidated an 

increasing antioxidant activity from the inner to the 

outer part of the onion [18,30]. In concordance, the 

results showed that there was a difference between 

the two analyzed cultivars, Giza 6 (white) and Beheri 

(red). Generally, Beheri (red) onion wastes assayed 

offered better radical scavenger properties than Giza 

6 (white) onion by-products. In addition, wastes with 

a higher content of outer parts of onion (paste and 

bagasse) showed higher antioxidant activity than 

juices. 

 
Fig. 1.Antiradical efficiency (AE) of frozen onion wastes(a), pasteurized onion wastes (b), and sterilized onion 

wastes (c). Bars with different capital letters in different wastes for the same cultivar are significantly different 

at P < 0.05.  

AE expressed as:1/[𝐄𝐂𝟓𝟎 (g DW/g 𝑫𝑷𝑷𝑯•) × 𝑻𝐄𝐂𝟓𝟎  (min)]. 

 

 Processing and stabilizing onion wastes may 

have an impact on the measured antioxidant activity. 

As different thermal treatments applied to onion 

caused a loss in the free radical scavenging 

properties found in this fresh vegetable, the 

temperature used to stabilize onion by-products must 

be carefully controlled in order not to lose the 

potential antioxidant properties of these by-products 

[11,17]. 

 In this study, pasteurized Beheri (red) paste 

offered better characteristics than pasteurized Beheri 

(red) bagasse or juice as antioxidant food ingredient 

due to the lower concentration(𝐄𝐂𝟓𝟎) needed to 

scavenge the stable radical 𝑫𝑷𝑷𝑯•(Table 2). In this 

context, it is important to take intoaccount that onion 
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by-products have been used to increase antioxidant 

characteristics in tomato juice [21]. Pasteurization 

was a mild treatment that did not reach the high 

temperatures found when sterilization was applied, 

maintaining better the antioxidant properties of the 

analyzed by-products. 

 

3. Antibrowning activity (polyphenol oxidase 

inhibitionassay): 

 The use of natural inhibitors of PPO is still 

stimulated by the need to replace sulfating agents in 

order to preventor minimize the loss of fresh or 

processed foodstuffs [7]. From a technological point 

of view, it would be conceivable to use natural 

antibrowning agents in processed fruits provided that 

their safety is assessed and their commercial 

feasibility is demonstrated. Among the numerous 

compounds capable of reducing enzymatic browning 

and/or oxidoreductase activity, onion has been found 

to have bioactive compounds with such properties 

[27]. 

 In this work, PPO activities of apricot fruit were 

significantly reduced by the different analyzed onion 

wastes. In order to measure their antibrowning 

capacity, we compared the onion wastes within the 

same stabilization treatment and the results showed 

the following behavior: 

 Freezing Beheri (red) paste significantly 

reduced (P < 0.05) the apricot PPO activity (59.56%) 

followed by frozen Beheri (red) bagasse and juice, 

(50,12% and 45,75%, respectively). In contrast, 

when Giza 6 (white) wastes were analyzed, frozen 

bagasse was with a significantly higher (P < 0.05) 

inhibitory enzymatic effect (48.63%), followed by 

Giza 6 (white) frozen paste (42.68%) and juice 

(33.72%) (Table 4). 

 Pasteurizing Beheri (red) paste and juice 

reduced apricot PPO activity 76.45% and 64.78%, 

respectively meanwhile pasteurizing Beheri (red) 

bagasse reduced 60.24%. Pasteurizing ‘Giza 6 

(white)’juice reduced PPO activity 53.55%, followed 

by pasteurizing Giza 6 (white) bagasse (52.41%) and 

paste (51.10%). Pasteurizing Beheri (red) paste 

inhibitory capacity towards apricot PPO was higher 

(76.45%) than the capacity shown by pasteurizing 

Giza 6 (white) paste (51.10%) (Table 4). 

 
Table 4: Inhibitory enzymatic effect of onion wastes(by-products)𝑎 . 

Antibrowning agent  Relative enzymatic activity (REA, %)  

Onionby-product Stabilization Cultivar  

 treatments Giza 6 (white) Beheri (red) 

Juice Freezing 66.28 ± 2.75Cb 54.25 ± 2.19Ca 

 Pasteurization 46.45 ± 3.77Ab 35.22 ± 1.31Ba 

 Sterilization 57.33 ± 2.64Cb 39.42 ± 1.78Ca 

Paste Freezing 57.32 ± 2.23Bb 40.44 ± 2.30Aa 

 Pasteurization 48.90 ± 2.87Cb 23.55 ± 1.89Aa 

 Sterilization 30.58 ± 1.66Ab 11.33 ± 1.10Aa 

Bagasse Freezing 51.37 ± 4.34Ab 49.88 ± 1.53Ba 

 Pasteurization 47.59 ± 3.24Bb 39.76 ± 3.28Ca 

 Sterilization 43.78 ± 1.33Bb 24.29 ± 2.62Ba 

ªValues are means ± SD, n = 6. Means within a column with different capital letters in different wastes for the same cultivar and 

stabilization treatment are significantly different at P < 0.05. Means within a column with different small letters in the same wastes and 
stabilization treatment for different cultivars are significantly different at P < 0.05. 

 

 Sterilizing Beheri (red) paste reduced PPO 

activity 88.67%, meanwhile sterilizing Beheri (red) 

bagasse and juice reduced it to be 75.71% and 

60.58%, respectively. Sterilized Giza 6 (white) paste 

reduced PPO activity 69.42%. Sterilizing Giza 6 

(white) bagasse and juice reduced such activity to 

be56.22% and 42.67%, respectively. 

 Interestingly, in this work it was shown the 

same behavior by paste onion wastes when 

pasteurization or sterilization were applied. 

However, sterilized paste and bagasse wastes 

showed more accused inhibitory effect than 

pasteurize dones. Thus, sterilized Beheri (red) paste 

inhibitory capacity towards apricot PPO was higher 

(88.67%) than the capacity shown by pasteurized 

Beheri (red) paste (76.45%) (Table 4). 

 The percentage of relative enzymatic activity 

found when pasteurized (100 °C, 15 min) Beheri 

(red) paste (23.55%) was used as an antibrowning 

agent was similar to that found (23.90%) by Lee et 

al. [27] when using heated onion extracts (100 °C, 

10 min). 

 Technological and stabilization processes 

applied to onion may influence significantly on their 

PPO inhibition capacity. Higher antibrowning 

activity was found in sterilized wastes followed by 

pasteurized and frozen ones. Sterilized Beheri (red) 

and Giza 6 (white) pastes showed a high 

antibrowning effect, reducing the PPO activity to be 

88.67%and 69.42%, respectively. 

 Recent studies have shown that sulfhydryl (SH 

or thiol) compounds are good inhibitors of the 

enzyme PPO [9,18]. Onions are rich in two chemical 

compounds flavonoids and alkenyl cysteine 

sulfoxides (ACSO) [13]. Therefore, it is generally 

assumed that sulfur compounds of low molecular 

weight contained in onions are responsible of the 

PPO inhibition. It has been shown that heated onion 

extracts were more effective in prevention of pear 

and banana browning than fresh onion extracts 

[27,20]. In the present work, we have studied the 

effect caused by the temperature used to stabilize 

onion wastes on apricot PPO inhibition. The onion 
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processing used to obtain the different onion wastes 

was also studied. 

 The positive effect of a temperature rise in onion 

extracts towards different fruits or vegetables PPO 

inhibition has been widely studied [15,26]. 

Moreover, a synergic effect among sulfur 

compounds (contained in onions), Maillard 

compounds and caramelization products formed at 

high temperatures had also been postulated and 

studied in several researches [7,8,46]. 

 Results of this research were in concordance 

with the researches previously cited. Generally, 

Beheri (red) cultivar displayed PPO inhibiting 

properties more potent than that found in Giza 6 

(white) cultivar in all the stabilization treatments and 

onion wastes assayed. A temperature rise offered 

better antibrowning properties in all onion wastes 

assayed standing out paste. Data suggested that 

thermal treatments (pasteurization and sterilization) 

were mainly responsible of the apricot polyphenol 

oxidase inhibition, whereas non-thermal treatments 

(freezing) did not show such accused effect. 

Interestingly, it was shown that sterilized Beheri 

(red) paste was the wastes with the strongest PPO 

inhibitory effect among all the onion wastes 

analyzed. 

 Therefore, stabilizing onion wastes by 

sterilization would offer better antibrowning 

properties to these potential food ingredients than 

pasteurization or freezing. Bycontrast, applying 

sterilization as a stabilization treatment would have 

the added problem of caramelization and it might 

show the disadvantages exposed above. Thus, 

pasteurization could represent a better choice in 

order to develop a food ingredient with an interesting 

added antibrowning property. Moreover, this thermal 

treatment would maintain the safety of the food 

ingredient. 

 

4. Inhibitory effect of pasteurized Beheri (red) 

pasteon the browning of apricots: 

4.1. Inhibitory effect on the browning of apricot  

puree: 

 Effect of the added pasteurized Beheri (red) 

paste as a lyophilized powder on the browning of 

apricot puree is shown in Fig. 2. A remarkable 

browning phenomenon occurred in the homogenate 

(Control, B) without the added pasteurized Beheri 

(red) paste powder after 0.5 hr of mixing. After 6, 12 

and 24 hrs, a mixture of the apricot puree and water 

(Control) showed the strongest browning. On the 

contrary, no browning took place in the homogenate 

with added pasteurized Beheri (red) paste 

powder(A). These results suggested that pasteurized 

Beheri (red) paste’ contained certain effective 

inhibitors against browning of apricot puree. 

 

 
 

Fig. 2: Inhibitory effect of pasteurized Beheri (red) paste lyophilized power on the browning of apricotpuree. A 

100 g portion of apricot puree was homogenized with 50 ml of distilled water (B) or 10 g of the 

‘pasteurized ‘Beheri (red)’ paste’ lyophilized powder (A) and kept at 29±1°C for 0.5, 6, 12 and 24 hrs. 

 

4.2. Inhibitory effect on the browning of apricot 

juice:  

 Preventionapricot juice (AJ) browning by 

mixing with different concentrations of pasteurized 

Beheri (red) paste extract (PBPE) was evaluated for 

4 days (96 hrs) at 4 ± 1 °C. Color changes in L*, a* 

and b*values of the apricot juice (AJ) mixed with the 

pasteurized Beheri (red) paste extract at different 
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concentration ranges are shown in Fig. 3. After 6 hrs, 

control consisting of 30-ml of apricot juice and 60-

ml of distilled water showed the highest a* and b* 

values and the lowest L* value while the samples 

treated with 20 ml/100ml and 10 ml/100 

mlpasteurized Beheri (red) paste extracts showed 

approx. 50% less of that without added paste extract. 

In case of the mixture containing higher 

concentrations of the (PBPE) extract, no significant 

changes in L*,a* and b* values were observed after 

4 days (96 hrs) at 4 ± 1 °C. Control sample untreated 

with (PBPE) extract showed the strongest browning 

and a significantly higher L* value than those treated 

with (PBPE) extract (p ≤ 0.05) and L* value 

increased as (PBPE) extracts concentration 

increased. 

 Increased enzymatic browning in apricot juice 

during storage was accompanied by an increase in 

a*, b* and a decrease in L* values. However, 

decrease in L*value indicated darkening of samples. 

[38]. These results strongly supported that addition 

of pasteurized Beheri (red) paste extract was 

effective to prevent browning of apricot juice [1]. A 

direct inhibition of PPO by (PBPE) extract through 

the formation of stable complexes with the copper of 

active PPO sites had also been proposed [14,32]. 

 
 

Fig. 3: Effects of added pasteurized Beheri (red) paste extract(PBPE)on changes in a*, b* and L* values of 

apricot juice (AJ). (Control: ♦—♦ ), a mixture of 30-ml of AJ and 60-ml of distilled water; (A: ■—■ ), 

a mixture of 30-ml of AJ and 60-ml of 10% PBPE (final conc. 0.07 g wet pasteurized Beheri (red) paste 

extract/ml in a mixture); (B:▲—▲), a mixture of 30-ml of AJ and 60-ml of 20% PBPE (final conc. 

0.13 g wet pasteurized Beheri (red) paste extract/ml in a mixture); (C: ●—● ), a mixture if 30-ml of AJ 

and 60-ml of 50% PBPE (final conc. 0.33 g wet pasteurized Beheri (red) paste extract/ml in a mixture); 

& (D: Ο—Ο), a mixture of 30-ml of AJ and 60-ml of 100% PBPE (final conc. 0.67 g wet pasteurized 

Beheri (red) paste extract/ml in a mixture). 

 

Conclusion: 

 After analyzing bioactive composition, 

antioxidant activity, and polyphenol oxidase 

inhibition capacity in the stabilized onion wastes 

from both cultivars [Giza 6 (white) and Beheri 

(red)], it was concluded that those wastes obtained 

from the ‘Beheri (red)’ onion cultivar showed better 

characteristics. Pasteurization (100 °C, 15 min) 

applied as stabilization treatment kept bioactive and 

technological characteristics of onion wastes. This 

treatment did not trigger the adverse effects caused 

by thermal sterilization such as caramelization. Thus, 

pasteurized Beheri (red) paste was chosen to be the 

most appropriate onion waste for developing an 

antioxidant food ingredient among all the analyzed 

onion wastes. It showed several advantages: a 

remarkable antioxidant activity (AE), a moderate 

high bioactive composition (total phenols and 

quercetin), and an excellent antibrowning effect from 

a technological point of view. However, increased 

enzymatic browning in apricot juice during storage 

was accompanied by an increase in a*, b* and a 

decrease in L* values. Although decrease inL*value 

indicated darkening of apricot juice. These results 

strongly supported that the addition of the 
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pasteurized Beheri (red) paste extract was effective 

to prevent browning of apricot juice.  

 Wastes derived from the manipulation and 

preparation of onion for its marketing involves a 

great economic loss for that sector food industry. 

From this study, it could be concluded that there is a 

real possibility of using those onion wastes for 

developing natural food ingredients with functional 

properties. 
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