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Abstract  Natural antioxidants have gained interest in recent years as a result of their ability to reduce auto 
oxidation of fats, oils and fat containing food products by replacing synthetic antioxidants. Yellow and red onion 
peels were chosen as a natural antioxidant source in our study. In addition, the storage stability, TBA, antimicrobial 
and organoleptic of beef burgers with yellow or red onion peels or extracts were compared to BHT under 
refrigerated storage at 4±1°C for 15 days. Also cooking measurements (cooking loss, cooking yield, shrinkage and 
moisture retention) were compared to BHT. The major components in red onion peels were quercetin 11290.09 µg/g 
and 1761.31 µg/g in yellow onion peels, according to the findings. The results showed that increasing the amount of 
onion peels enhanced total phenolic, total flavonoids, and antioxidant activities in burgers. Burgers made with onion 
peel extracts had the highest levels of total phenol and total flavonoids.The cooking yield and moisture retention of 
beef burgers using onion peels were both improved. The control burger had the most cooking loss, followed by the 
BHT prepared burger. As yellow or red onion peels and their extract were put to beef burgers, the pH of the beef was 
much lower when compared to the control. In the sensory acceptance test, there were no significant differences in 
color, odor, taste, appearance, and overall acceptability of beef burgers prepared with red and yellow onion peel 
powder and extracts at zero time, while slightly lower or similar judging scores in all organoleptic characteristics 
were observed in the tested beef burger samples and control sample during storage periods of two weeks. In addition, 
yellow or red onion peels, as well as their extract, may have antibacterial properties. 
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1. Introduction 

The onion is one of the most common and popular 
species of vegetables in the world. As production 
increases, the generation of waste from various portions of 
the onion, were raising the need for efficient ecological 
elemination and use of such waste products. On the other 
hand, onion waste products are a rich source of 
antioxidants with a variety of biological qualities, thus 
they might be used in the food and pharmaceutical 
industries, according to Fredotovi et al. [1]. The food 
sector in Egypt is likely one of, if not the largest, 
industrial operations. It plays a critical part in meeting the 
Egyptian people's food needs (about 100 millions in 
2020).According to recent reports, food production 
businesses in wealthy countries, including Egypt, 
contribute 39 % of all food waste [2]. If not properly 
exploited, the massive amount of waste created by the  
 

food industry generates major environmental difficulties 
as well as economic losses [3]. The most popular 
vegetables and fruits in Egypt, such as potatoes, 
cauliflower, onion and mango, are key sources of  
food industry by-products. After tomatoes, the onion 
(Allium cepa L.) is the second most significant 
horticultural crop in the world, with an annual production 
of roughly 66 million tones. Onion production has 
increased by more than 25% in the last ten years [4].  

According to Benitéz et al. [5] the principal onion waste 
include onion skins, two outer fleshy scales and roots created 
during industrial peeling as well as undersized deformed 
onions. Due to customer demand for natural chemicals to 
replace synthetic compounds as food ingredients, onion 
wastes that have been treated and stabilized could be 
beneficial in the food industry as functional ingredients to 
be added to processed foods. Consumers in the market 
would embrace compounds of intrinsically natural origin [6]. 

Furthermore, according to Nuutila et al. [7], onions are 
one of the principal sources of dietary polyphenols in  
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many countries. Certain sections of onion waste are high 
in flavonoids, the richest being onion skin, where quercetin 
and its glycosides are the most abundant antioxidant and 
radical scavenging compounds [8]. In a study of 28 
vegetables and 9 fruits, onions had the greatest quercetin 
content [9]. Specific sulfur-containing compounds and 
flavonoids are related to a variety of pharmacological 
activities, including tumour and microbial cell growth 
suppression, cancer risk reduction, free radical scavenging, 
and cardiovascular disease prevention [10]. Due to the high 
level of quercetin in the red onion skin, quercetin possesses 
anti-inflammatory, antibacterial, antiviral, antiallergic, 
cardioprotective, vasodilatatory, and anticarcengenic 
activity, which has a positive impact on human health [11]. 
Lipid oxidation is a major source of meat product quality 
degradation [12], as it has negative impacts on thecolour, 
flavour, and texture of meat, making these dishes less 
appealing. Lipid oxidation can have a negativeimpact on 
the sensory qualities (colour, texture, and flavour) as well 
as the nutritional quality of meat and meat products [13,14]. 
Ethanol onion skin extracts, as a natural antioxidant 
source, have been shown to prevent meat lipid oxidation 
[15] as well as microbiological deterioration [16]. 

2. Materials and Methods 

2.1. Materials 
Red and yellow onion peels were obtained from the 

New Beni Suef company for Preservation, Dehydration 
and Industrialization of Vegetables, Beni Suef Elgadida 
City, Nile East, Beni Suef. 

Ingredients of beef burgers: minced meat, onion, 
starch, salt, garlic, spices and sunflower oil were obtained 
from local market at Giza and used for manufacture of 
beef burger. Texturized soy was purchased from Food 
Technology Research Institute, Agricultural Research 
Center (ARD), Giza, Egypt. 

Chemicals: The 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 
thiobarbituric acid (TBA) and butylated hydroxy toluene 
(BHT) were obtained from Sigma-Aldrich Chemical Co. 
(St. Louis, MO, USA). Nutrient agar, Mac-Conkey agar, 
Mannitol salt agar and Salmonella agar media used for 
estimating the microbial growth were obtained from 
Biolife Italian Company dealer at Cairo. 

2.2. Methods 
Preparation of onion peels and their extracts 
The onion peels were removed, cleaned, washed under 

running tap water, air-dried, and processed to powder in 
an electric grinder at a temperature of 25°C, then sieved 
(35 meshes) and stored at room temperature until use. The 
onion peels extract was prepared according to the method 
of Ifesan et al. [17]. Twenty grams of sample was soaked 
in 200 ml of hot water (40°C) in water bath for 24 hrs. 
The extract was filtrated through a Whatman filter paper 
125 mm (No 1) at room temperature. The filtrate was 
evaporated under reduced pressure in a rotary evaporator 
at 45°C until the extracts became completely dry, and then 
was stored at and the extracts were stored at −18°C until 
usage. 

Extraction yield 
The extraction yield for hot water (40°C) was 

calculated by subtracting the dried weight of (plant 
material) yellow and red onion peels residue after 
extraction from the weight of the original plant material. 

Manufacture of beef burgers 
In the Experimental Kitchen of the Food Technology 

Research Institute (FTRI), Agricultural Research Center 
(ARC), eleven beef burger blends were processed. 
Texturized soy protein was rehydrated (by combining one 
part powdered soy protein with two parts tap water) before 
being added to the beef burger mixtures. 0 percent 
(control), BHT (200ppm), YOPP800 ppm (5.10g from 
yellow onion peels powder equivalent 800ppm extract), 
YOPP1000 ppm (6.40 g from yellow onion peels powder 
equivalent 1000 ppm extract), ROPP800 ppm (5.90 g 
from red onion peels equivalent 800ppm extract), 
ROPP1000 ppm (6.40 g from red onion peels powder 
equivalent 1000 ppm extract), ROPP1000 (7.40 g from 
red onion peels equivalent 1000ppm extract). EYOP 
(extract yellow onion peels) and EROP (extract red onion 
peels) added 800 ppm and 1000ppm individually. The 
ingredients of each blends burger were homogenized in 
Braun Cutter Machine (CombiMax 700, USA), then 
homogenized meat mixture and processed into burger of 
about 60 gm weight, 8 cm diameter and 1 cm in thickness.  

Antioxidant activity 
According to Thaipong et al. [18], the radical 

scavenging activity of onion peel powder, extract, and 
beef burger at zero time and end period storage were 
investigated using 2, 2-Diphenyl-1-picrylhydrazyl (DPPH). 
Each sample (500 μl ) was added to a methanolic DPPH 
radical solution (1 ml) (final concentration of DPPH  
was 0.2 m M). The mixture was briskly agitated and 
allowed to rest for 30 minutes at room temperature. At 
517 nm, the absorbance of the solution was determined 
spectrophotometrically. The percentage of DPPH decrease 
achieved by each extract was compared to BHT in this test. 
Scavenging activity was calculated as a percentage 
inhibition using the formula: (Control Absorbance Sample 
Absorbance)/Control Absorbance = percent Anti-radical 
activity. 

Total phenolics 
According to Singleton et al. [19], the phenolic 

component content of red and yellow onion peels was 
measured calorimetrically using the Folin–Ciocalteu 
reagent (as gallic acid/g extract). 

Total flavonoids  
Total flavonoids content was determined using aluminium 

chloride (Alcl3) according to the method of Slimestad et al. 
[20]. The results were expressed as mg quercetin 
equivalents/g extract of yellow and red onion peels. 

Identification of phenolic compounds and flavonoids in 
yellow and red onion peels 

Phenolic concentrations of yellow and red onion peels 
were determined by HPLC like the method described 
Hossain et al. [21]. As follows: 1g of sample and 0.1g of 
extract were mixed with 20 ml methanol (99.90%) and 
centrifuged at 10000 rpm for 10 min ((HERMLE Z206A, 
Germany) and therefore the supernatant was filtered 
through a 0.2 μm Millipore then 1-3 ml was collected in 
vial for injection into HPLC Hewlett Packard (series 
1050), using equipped with a variable wave length 
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detector (Agilant, Germany) 1100. Also the HPLC was 
equipped with auto sampler, Quaternary pump degasser 
and column compartment. Analyses were performed on a 
C18 reverse phase packed stainless-steel column  
(4×250 mm, i.d.), malti wavelength detector set at 330 nm 
and 280 nm for detection of flavonoids and phenolic 
compounds, degasser, column used for fractionation 
Zorbax OD.4.6x250nm and also the flow rate of mobile 
phase during run was 1 ml/min. The column temperature 
was maintained at 35°C. HPLC method started with linear 
gradient at a flow rate of 1.0 ml / min with mobile phase 
of water / acetic acid (98: 2 v/v, solvent A) and methanol / 
aceto nitril (50: 50, v/v, solvent B), starting with 5 % B 

and increasing B to levels of 30% at 25 min, 40% at 35 
min, 52% at 40 min, 70% at 50 min, 100% at 55 min. The 
initial condition was re-established by 5 min wash in both 
solvents.  

The percentages of meat beef burger ingredients are 
illustrated in Table 1. 

Determination of physical characteristics of burger samples  
Cooking characteristics 
Moisture retention, shrinkage, cooking loss and cooking 

yield of the beef burger like blends were determined 
according to El-Magoli et al. [22]. The detail procedures 
are described below: Moisture retention (%) = (percent 
yield x % moisture in cooked beef burger like)/ 100. 

Table 1. The percentage of ingredient in beef burger samples (g ∕100g) 

Ingredients Minced Meat BHT YOPP EYOP ROPP EROP Spices Textured soya Onion Garlic Starch Salt 

Control 68.00      1 17 6 1 5 2 

BHT200ppm 67.80 0.2     1 17 6 1 5 2 

YOPP800 ppm 62.90 --- 5.10 -----   1 17 6 1 5 2 

YOPP1000 ppm 61.60 --- 6.40    1 17 6 1 5 2 

EYOP800 ppm 67.20   0.80   1 17 6 1 5 2 

EYOP1000 ppm 67.00   1.00   1 17 6 1 5 2 

ROPP800 ppm 62.10    5.90  1 17 6 1 5 2 

ROPP1000 ppm 60.60    7.40  1 17 6 1 5 2 

EROPP800 ppm 67.20     0.80 1 17 6 1 5 2 

EROPP1000 ppm 67.00     1.00 1 17 6 1 5 2 

YOPP = yellow onion peels powder, EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 
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Cooking loss was calculated according to the following 
equation: 
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( )Cooking yield% Cooked weight x 100 / Raw weight.=  

pH of beef burger samples 
In a blender, a 10 g uncooked beef burger sample  

was homogenised for 1 minute in 90 ml distilled  
water. The pH values were determined using a Jenway  
pH metre (Jenway 3510; Jenway Ltd., Essex, UK) with  
a glass electrode at 25°C utilising A.O.A.C. [23] 
techniques. 

Determination of thiobarbituric acid (TBA). The 
thiobarbituric acid (TBA) distillation process was used, as 
described by Tarladgis et al. [24]. TBA levels of 
processed beef burger-like blends were determined using a 
colorimetric technique at 538 nm with a digital 
spectrophotometer Spekol 11 No. 849101 (as mg 
malonaldehyde / kg sample). 

Microbiological evaluation of different samples  
The microbiological evaluation of yellow and red onion 

peels powder, their extracts and burger samples include; 
the determination of total plate count and the detection of 
coliform group, Staphylococcus aureu and Salmonella spp. 

Sample preparation 
5g of each tested samples was weighted under aseptic 

conditions and transferred into a sterile flask. A known 
volume of sterile water (45 ml) was added and shacked for 
2-3 min, then different dilutions were made (1/10, 1/102, 
1/103, 1/104, 1/105and 1/106). 

Microbiological analysis 
On nutrient agar medium, the total plate count (CFU/g 

sample) was determined. Plates were incubated for 48 
hours at 37°C [25]. According to [26], Staphylococcus 
aureus was determined on Mannitol salt agar medium, and 
plates were incubated at 37°C for 48 hours. On Mac-
Conkey agar, the coliform group was determined. Plates 
were incubated at 37°C for 48 hours, following the APHA 
technique [25]. Difco Salmonella Shiguella agar medium 
was used to detect Salmonellaspp. The plates were 
incubated for 48 hours at 37°C [26]. 

Organoleptic evaluation 
Cooked beef burgers, as well as samples, controls, BHT, 

and tested peels and extracts (red and yellow onion), were 
organoleptically evaluated by 20 panellists from the Food 
Technology Research Institute (FTRI) at zero time and at 
the end of the storage period (15 days). Color, odor, 
texture, taste, tenderness, appearance, and overall 
acceptability of cooked samples were assessed by 
panellists using the approach established by AL-Mrazeeq 
et al. [27]. 
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Statistical analysis 
All assessment data were subjected to an analysis of 

variance (ANOVA) and Duncan's multiple range tests, 
both of which were performed using SAS statistical [28]. 
The results were presented as mean ± SE, with a 
significance level of 0.05. 

3. Results and Discussion 

Antioxidants can prevent lipid peroxidation by 
preventing chain inhibition by scavenging starting radicals, 
interrupting chain reactions, decomposing peroxides, 
lowering localized oxygen concentrations, and binding 
chain initiating catalysts such metal ions [29]. Total 
phenolic content and total flavonoids may be an indication 
that flavonoids are the most compounds answerable  
for the antioxidant activity in onions sections. Data in 
Table 2 revealed that the ROPP had significantly higher  
(P < 0.05) antioxidant activity and total polyphenol 
content than YOPP. 

Additionally, the total phenols contents within red 
onion peels had a higher extract than yellow onions. Data 
in Table 2 showed that the extracts with the highest level 
of total phenols, flavonoid content, and antioxidant 
activity. The onion (Allium cepa L.) is one of the world's 
oldest cultivated vegetables, with a high content of dietary 
flavonoids. [20], Onion skin, according to Bedrnek et al. 
[31], could be a rich natural source of flavonoids, and their 
aqueous extracts (as an environmentally friendly solvent) 
could be employed as an antioxidant material for meat 
products. This demonstrates that red onion peels have a 
higher antioxidant content than yellow onion peels, which 
is in accordance with the findings of the many author

[8,32,33]. The extraction yield % of yellow onions peels 
powder was higher than that of red onions peels powder, 
according to Table 2. Qualitative HPLC analysis of the 
main peaks of the red and yellow onion peels was 
supported the comparison of their retention times with 
reference standards. The following polyphenols were 
identified in red and yellow onion peels: gallic acid, 
chlorogenic acid, catechin, naringenin, propyl gallate, 
quercetin, and, cinnamic acid. The main compound in red 
onion peels was querectin (11290.09 µg/g) and therefore 
the lower one was propyl gallate (Table 3). However, 
querectin was identified because the largest phenolic 
compound as 1761.31 µg/gin yellow onions peels, but less 
than red onion peels. Propyl gallate and cinnamic acid 
were identified bigger values in red onion peels than 
yellow onion peels. These findings are almost like  
results obtained by Kim and Kim [34]. As a result,  
plants high in phenols and flavonoids could be a  
strong source of anti-oxidant potential. Numbers of 
recovered microorganisms are illustrated in Table 4.  
The obtained results indicated that the total count of 
bacteria in red and yellow onion peels powder were 3×10 
and 5x10 CFU/g respectively, while the total count of 
their extracts was 1×10 and 2x10 CFU/g, respectively. 
according to data in Table 4 showed that the coliform 
group, Salmonellaspp and Staph. aureus were no detected 
within the minced meatand the examined samples. The 
obtained results are in line with those reported by  
Mrema et al. [35] who revealed that meat shelf-life would 
depend upon many factors including some kinds of 
microorganisms initially present and their subsequent 
growth, additionally, among other issues; the storage 
temperatures could play a crucial role within the handling 
of the raw meat products [36]. 

Table 2. Total flavonoid and phenolic contents of onion peels and their extracts 
DPPH radical scavenging 

activity (%) 
Total flavonoids contents  

(mg of quercetin/g of extract) 
Total phenolic contents  

(mg of gallic acid/g of extract) Extraction yield (%) Sample 

70.04±2.42b 62.53±3.71d 57.78±3.04d --- YOPP 
83.49±0.66a 90.17±3.71b 111.23±9.34b 15.67 ± 0.031a EYOP 

72.06±2.095b 76.37±3.87c 96.89±11.37c -- ROPP 
85.34±0.25a 128.64±5.26a 291.4±17.95a 13.40± 0.0125b EROP 

ANOVA used to compare data (P = 0.05); data sharing the same letter in a column were not significantly different. YOPP = yellow onion peels powder, 
EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 

Table 3. Polyphenolic and flavonoids fractions of yellow and red onion peels 

Conc. (µg/g red onion peels Conc. (µg/g yellow onion peels Components 
Polyphenolic 

2614.96 349.86 Gallic acid 
513.03 77.96 Chlorogenic acid 
105.98 60.94 Caffeine 
125.30 56.05 Coffeic acid 
65.31 18.70 Vanillin 
122.80 50.02 Ferulic acid 

1004.78 195.39 Propyl Gallate 
178.13 74.14 Cinnamic acid 

Flavonoids 
1169.83 0.00 Rutin 
115.60 9.67 Coumaric acid 
644.57 0.00 Naringenin 

1055.68 244.83 4`.7-DihydroxyisoFlavone 
11290.09 1761.31 Querectin 
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Table 4. Microbiological quality of raw material and their extracts 

Salmonella spp Staph. Aureus E coli Total count (CFU/g sample) Sample 
ND ND ND 6x106±0.015a Minced meat 

ND ND ND 5x10±0.125b PYOP 
ND ND ND 2x10±0.015d EYOP 

ND ND ND 3x10±0.114c PROP 
ND ND ND 1x10±0.015e EROP 

ANOVA used to compare data (P = 0.05); data sharing the same letter in a column were not significantly different. YOPP = yellow onion peels powder, 
EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 

 
Antioxidant activity (AA) of a food could be a useful 

index to predict oxidative stability [37]. Data on the 
antioxidant activity of beef burgers as suffering from 
addition natural extracts as antioxidants stored at zero time 
are illustrated in Table 5. Within the tested samples, a 
significant difference between the AA % like a results of 
adding the onion peels (extracts, powder and BHT) at zero 
time was observed. The ranking of antioxidant activity 
was BHT>EROP1000ppm > EROP800ppm> EYOP1000 ppm> 
ROPP 1000ppm>EYOP800ppm > ROPP 800ppm> YOPP1000ppm> 
YOPP800ppm. AA% than other tested samples during 
storage periods, the information indicated that the  
marked antioxidant activity of EROP1000ppm, EROP800ppm, 
EYOP1000 ppm, EYOP800ppm exhibited a higher AA% than 
other tested samples during zero time. The phenolics may 
act during a similar fashion as reductions by donating 
electrons and reacting with free radicals to convert them to 
more stable products and terminate free radical chain 
reactions [38]. The phenolic derivatives compounds were 
the most antioxidant components and their total contents 
were directly proportional to their antioxidant activity [39]. 
The total phenol contents and flavonoids of the burger 
with onion peels during this study ranged from 59.04 to 
302.4 mg GA/g and 199.3 to 185.00 mg QE/g respectively. 
Our results indicated that total phenolic, total flavonoids 
and DPPH increased of burgers by increasing of levels of 
onion peels. This may be addition of onion peels powder 
contains phenols and flavonoids. The highest values of 
total phenol and total flavonoids were in burgers with 
onion peels extracts. Burgers with red onion peels extracts 
were higher than that of burgers with yellow onion peels 
extracts. Onion has been reported together of the main 
sources of dietary flavonoids [10]. The brown skin of red 
onion was found to contain the most level of phenolics 
[31,40]. The quercetin is the major flavonoids in onion 
peels, by chelating of transition metal ions and inhabitation of 
oxidase acted as antioxidant [41]. Data on the antioxidant 
activity of beef burgers as suffering from addition onion 
peels as natural antioxidants stored at 4+1°C for 15 days 
were tabulated in Table 5. Within the tested samples, 
significant differences between the AA % like a results of 
adding the onion peels(extracts, powder and BHT) during 
storage for 15 days were observed. The order of 
antioxidant activity was BHT>EROP 1000ppm > EROP800ppm > 
EYOP 1000ppm> ROPP1000 ppm >EYOP800 ppm> ROPP 800 ppm> 
YOPP 1000 ppm> YOPP800ppm. The data indicated that the 
marked antioxidant activity of EROP1000ppm, EROP800ppm, 
EYOP 1000 ppm, EYOP 800ppm exhibited a higher AA% than 
other tested samples during storage. Concerning the 
thiobarbituric acid (TBA) value for prepared beef burger 
blends as an honest indicator for the quantity  
 

malonaldehyde which is the most predominant product of 
the secondary oxidation within the food lipids, hence it's 
considered a good chemical constant for quality assurance 
and for measuring the extent of the secondary oxidation of 
edible lipids during processing. As shown in Table 5, the 
results showed within the zero phase that there have been 
no significant changes in TBA values for a few samples, 
like control, BHT, YOPP 800ppm, YOPP1000ppm, ROPP800ppm 
and ROP1000ppm. However, there was a significant decrease 
in TBA values within the samples, EYOP1000ppm, 
EROP800ppm, EROP1000ppm. After the storage period, there 
was a significant decrease in TBA values, and therefore 
the results showed a significant difference between the 
stored samples, and therefore the highest value in TBA 
was the control sample, and the least of them were 
samples containing red onion peels extract. These results 
are consistent with Martinez-Tome et al. [42] who 
reported that, usually antioxidants like butylatedhy 
droxytoluene (BHT) and butylaledhy droxyanisole (BHA), 
both powerful synthetic antioxidants, are used to reduce 
the rate of oxidation processes. Our results are in 
agreement with these reported by authors who reported 
that high effectively of onion peels ethanol extracts in 
regard to meat lipid oxidation, and also that red onion skin 
ethanol extracts showed better results than yellow onion 
skin extracts [8,15]. Onion is one of the major sources the 
main sources of dietary flavonoids which contains 
anthocyanins, that's answerable for the red or purple color 
observed in some varieties, and flavonols (quercetin) that 
will contribute to the assembly of yellow and brown 
compounds found in the skins of the many onions. 
Quercetin has demonstrated antioxidant and free radical 
scavenging power and its capability to safeguard against 
cardiovascular disease [31,43]. However, onion skins 
contain higher concentrations of quercetin aglycon than 
the flesh [44]. 

Cooking characteristics of beef burgers  
As cooking measurements (moisture retention, 

shrinkage, cooking loss and cooking yield) which are 
considered one of the most important physical quality 
changes occur in beef burgers during cooking process due 
to protein denaturation and releasing of fat and water from 
beef burger [45]. Therefore, the impact of incorporating of 
yellow, red and their extracted (red, and yellow) onion 
peels powder were added alone at 800 and 1000 parts per 
million to the beef burger mixture. The measurements of 
moisture retention, shrinkage, cooking loss and cooking 
yield for beef burger samples as influenced by formulation 
with onion peels powder and onion peels extract are 
summarized in Table 6. Formulation of beef burger with 
replacement of meet with onion peels significantly  
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improved the cooking yield of samples as well as their  
moisture retention. The observed improvement was 
pronounced with increasing the added onion peels, as 
shown for the various formulated YOPP1000ppm and 
ROPP1000ppm burger samples. There was a significant 
decrease in the percentage of cooking loss between the 
tested burgers sample. The most cooking loss was observed 
for the control followed by BHT formulated burger which 
can be attributed to the surplus fat separation and water 
release during cooking. Furthermore, shrinkage property 
was not affected by the quantity and kind onion peels 
within the meat product. Cooking loss refers to the 
reduction weight of beef meat during the cooking process 
[46]. As shown, no significant differences were observed 
between the measurements of pH for burger samples at zero 
time and after refrigerated storage at 4°C ± 1 °C (Table 6). 

Organoleptic evaluation 
Organoleptic evaluation is the crucial point in judging 

the quality of food stuffs. Also, consumer may be a major 
factor for choosing a product and among the most 
characteristics relating to product quality are color, odor, 
taste and texture [47,48]. Cooked beef burger samples 
were organoleptic evaluated and compared with control 
burger and BHT (200 ppm) as shown in Table 7. Data 
showed that there were no significant differences observed 

among tested beef burger samples and control sample in 
color, odor, taste, appearance and total all acceptability at 
zero time. Also, the results showed that there have been 
significant differences among control and the samples that 
include red and yellow peels and their extracts (800 ppm 
and 1000 ppm) in texture and tenderness, but the samples 
that include 200 ppm BHT and control were significantly 
different (P < 0.05) as compared with the other tested 
samples. On the other hand, beef burgers were prepared 
with red and yellow onion peels and their extracts showed 
slightly lower or similar judging scores altogether sensory 
characteristics than control burger sample during storage 
periods for three weeks, with exception the color, odor, 
taste, appearance and tenderness of the control sample. 
With regard to the overall acceptability, the control sample 
was the least (P < 0.05) acceptable, while the opposite 
samples weren't significantly different as compared with 
control. Generally, the results of sensory tests for the 
cooked burger samples accepted as true with those 
observed in studies of Martinez et al. [49] and Estevez et 
al. [50] reported that the flavor and color are two critical 
quality criteria of meat products that affect consumer 
acceptance and shelf life of the products. The changes of 
color (as the pigments oxidize), flavor and aroma occur as 
results of the accumulation of secondary volatiles. 

Table 5. Antioxidant, total phenolic and flavonoid contents in burger during storage period (15 day) 

TBA (mg malonaldehyde 
/ Kg sample) 

Total flavonoid as mg quercetin 
equivalents /g dry sample) 

Total phenols as gallic acid 
(mg / g dry sample) Antioxidant (%) 

Samples 
End storage Zero time End storage Zero time End storage Zero time End storage Zero time 

0.95±0.814 a 0.23±1.616 a 14.916±1.452h 21.066±1.233i 28.355±1.590e 38.178±1.687i 21.586±0.61f 26.00±2.007i Control 
0.45±1.554d 0.21±0.554 a 185.133±2.53a 199.333±3.480a 431.891±19.614a 490.218±11.665a 124.600±7.114a 147.333±1.333a BHT 
0.65±0.664b 0.22±1.524 a 35.540±1.52g 43.966±2.826h 31.325±3.459e 59.066±6.35h 24.090±0.017ef 39.733±1.616h YOPP 800 ppm 
0.52±0.351c 0.21±0.758a 55.713±4.30f 63.400±3.95g 56.924±4.268e 81.598±4.36g 35.313±0.006d 48.333±0.554g YOPP 1000ppm 
0.50±0.554c 0.19±0.565b 79.916±2.90e 98.233±2.61e 94.215±2.728d 156.144±5.564e 30.700±0.248de 56.100±0.115e EYOP 800ppm 
0.45±1.554d 0.18±2.154 b 92.146±2.413d 119.00±2.309d 143.250±12.470c 188.822±3.240d 48.836±0.056c 73.233±0.033c EYOP1000 ppm 
0.42±0.474e 0.21 ±0.654 a 64.363±2.75f 78.733±2.699f 92.442±3.955d 125.251±4.059f 44.603±.501c 51.800±0.60214f ROPP 800 ppm 
0.39±0.635f 0.20±1332 a 77.99±1.44e 92.433±3.743e 110.252±2.884d 145.886±2.056e 59.713±0.0796b 67.766±0.837d ROPP 1000 ppm 
0.38±0.554f 0.18±1.554 b 103.450±3.52c 138.666±10.47c 166.659±5.937c 232.692±8.614c 64.060±0.230b 75.533±0.633c EROP 800 ppm 
0.36±0.926g 0.16±0.984 c 125.066±4.79b 185.00±5.507b 240.287±18.960b 302.454±7.915b 66.630±0.770b 85.300±1.78b EROP 1000 ppm 

ANOVA used to compare data (P = 0.05); data sharing the same letter in a column were not significantly different. YOPP = yellow onion peels powder, 
EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 

Table 6. Physicochemical properties and pH value of produced beef burger samples 

Item % Moisture retention % Shrinkage % Cooking loss % Cooking yield pH at zero time pH after storage 

Control 48.09±0.281c 16.40±0.154a 19.54±0.265a 80.46±0.454e 6.19±0.145a 6.41±0.256a 
BHT 45.26±0.251d 15.70±0.466a 17.65±0.325b 82.35±0.254d 6.22±0.236a 6.42±0.145a 

YOPP800ppm 51.07±0.281b 13.90±0.354b 14.41±0.179c 85.59±0.464b 6.09±0.489a 6.53±0.356a 
YOPP1000ppm 52.89±0.381a 12.50±0.254b 11.22±0.454d 88.78±0.444a 6.07±0.356a 6.43±0.256a 
EYOP800ppm 50.39±0.185b 12.90±0.155b 14.64±0.278c 85.36±0.325b 6.15±0.486a 6.36±0.365a 

EYOP1000ppm 50.89±0.432b 12.20±0.454b 14.26±0.4546c 85.74±0.254b 6.12±0.453a 6.46±0.236a 
ROPP 800ppm 51.37±0.351b 13.40±0.256b 13.66±0.564c 86.34±0.154b 6.22±0.186a 6.41±0.324a 

ROPP 1000ppm 52.49±0.281a 12.40±0.145b 10.75±0.254d 89.25±0.326a 6.18±0.154a 6.53±0.425a 
EROP800ppm 50.13±0.278b 13.00±0.254b 15.89±0.364c 84.11±0.254c 6.17±0.123a 6.71±0.445a 

EROP1000ppm 50.75±0.281b 12.40±0.454b 15.47±0.454c 84.53±0.454c 6.08±0.235a 6.45±0.356a 

ANOVA used to compare data (P = 0.05); data sharing the same letter in a column were not significantly different. YOPP = yellow onion peels powder, 
EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 
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Table 7. Organoleptic properties of burger stored at 4±1°C at zero time and 15 day period storage 

Samples Color (10) Odor (10) Taste (10) Texture(10) Appearance(10) Tenderness (10) Over all acceptability(10) 
Zero time 

Control  8.81±0.263ab 8.72±0.272ab 8.45±0.281a 8.45±0.281b 8.72±0.272a 7.63±.0.243c 8.03±0.309a 
BHT 8.81±0.203ab 8.0±0.263b 8.27±0.272a 8.47±0.272b 8.27±0.272a 7.27±0.237c 8.15±0.207a 

YOPP800ppm 9.20 ±0.295a 9.00±0.269a 9.00±0.269a 9.09±0.314a 9.00±0.301a 9.00±0.301a 9.36±0.243a 
YOPP 1000ppm 8.54±0.247ab 9.72±0.272a .63±0.278a9 9.54±0.281a 8.94±0.281a 9.63±0.278a 8.81±0.263a 
EYOP800ppm 8.63±0.387ab 8.63±0.387ab 9.04±0.412a 8.81±0.377a 8.81±0.400a 8.90±0.314ab 9.20±0.314a 

EYOP1000ppm 8.85±0.363ab 8.96±0.491ab 9.36±0.432a 8.83±0.472b 8.54±0.412a 8.63±0.432ab 8.72±0.332a 
ROPP800ppm 9.54±0.412a 9.54±0.454a 9.54±0.474a 9.45±0.511a 9.11±0.443a 8.72±0.449ab 8.72±0.428a 

ROPP1000ppm 9.63±0.452a 9.72±0.449a 9.72±0.449a 9.54±0.434a 9.63±0.432a 8.63±.0.452ab 8.72±0.449a 
EROP800ppm 9.09±0.250a 8.90±0.284ab 9.81±0.295a 8.90±0.2502a 8.81±0.295a 9.10±0.250a 8.90±0.314a 
EROP1000ppm 9.00±0.269a 8.90±0.314ab 9.90±0.301a 8.90±0.342a 9.00±0.301a 8.81±0.325ab 9.00±0.301a 

End 15 day storage period 
Control  7.81±0.263b 6.72±0.273b 6.45±0.281c 8.45±0.281a 7.72±0.272b 6.63±0.243b 7.45±0.207b 

BHT 8.19±0.203a 8.18±0.263a 7.27±0.272b 8.27±0.272a 8.27±0.272a 8.27±0.237a 8.45±0.207a 
YOPP800ppm 8.18±0.290a 8.22±0.269a 9.00±0.268a 9.19±0.314a 9.00±0.301a 9.00±0.301a 9.36±0.243a 

YOPP1000ppm 8.54±0.247a 8.72±0.272a 9.63±0.278a 8.54±0.281a 8.54±0.281a 8.63±0.278a 8.81±0.263a 
EYOP800ppm 8.63±0.387a 8.63±0.387a 8.54±0.412a 8.61±0.377a 8.41±0.410a 8.90±0.314a 9.09±0.314a 
EYOP1000ppm 8.36±0.363a 8.36±0.491a 8.36±0.432a 8.63±0.472a 8.54±0.412a 8.63±0.432a 8.72±0.332a 

ROPP800ppm 8.54±0.412a 8.54±0.454a 9.54±0.474a 8.15±0.511a 8.81±0.443a 8.72±0.449a 8.72±0.428a 
ROPP1000ppm 8.63±0.452a 8.72±0.449a 9.72±0.449a 8.24±0.434a 8.63±0.432a 8.63±0.452a 8.72±0.449a 

EROP800ppm 9.09±0.250a 8.90±0.284a 8.31±0.295a 8.30±0.250a 8.81±0.295a 9.09±0.250a 8.90±0.314a 
EROP1000ppm 9.00±0.269a 8.90±0.314a 8.50±0.301a 8.50±0.342a 9.00±0.301a 8.81±0.325a 9.00±0.301a 

ANOVA used to compare data (P = 0.05); data sharing the same letter in a column were not significantly different. YOPP = yellow onion peels powder, 
EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 

Table 8. Microbiological count of cooked burger samples at zero time and storage 

Sample 
 Zero time 

Total bacterial counts (CFU /g sample) Coliform group Staph. aureus Salmonellaspp 

Control 8.9 x10 ±4.64a ND ND ND 
BHT 6.15x102±5.58 b ND ND ND 

YOPP800ppm 6.7x10±3.82b ND ND ND 
YOPP1000ppm 8.7x10±3.82a ND ND ND 
EYOP800ppm 7.6x10±7.81a ND ND ND 

EYOP1000ppm 3.7x10±3.49cd ND ND ND 
ROPP800ppm 4.0x10. ±2.89c ND ND ND 

ROPP1000ppm 3.2x10±4.4d ND ND ND 
EROP800ppm 3.0x10±1.74d ND ND ND 

EROP1000ppm 2.1x10±6.01e ND ND ND 
End 15 day storage period 

Control 2.18x102±6.71c ND ND ND 

BHT 1.80x102±1.55d ND ND ND 
YOPP800ppm 1.50x102±2.87d ND ND ND 

YOPP1000ppm 5.3x10±8.82a ND ND ND 
EYOP800ppm 2.6x10±7.26c ND ND ND 
EYOP1000ppm 1.6x10±4.41d ND ND ND 
ROPP800ppm 1.16x102±8.82d ND ND ND 
ROPP1000ppm 4.0.x10±12.17b ND ND ND 

EROP800ppm 1.1x10±3.79d ND ND ND 
EROP1000ppm ND ND ND ND 

ANOVA used to compare data (P = 0.05); data sharing the same letter in a column were not significantly different. YOPP = yellow onion peels powder, 
EYOP= extract yellow onion peels, ROPP= red onion peels powder and EROP= extract red onion peels. 
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Microbiology evaluation of burger samples 
Burgers are one of the most widely consumed and 

accepted meat products. According to Moon et al. [51], 
the quality of this product degrades during storage due to 
lipid oxidation and microbial growth. Table 8 showed that 
adding yellow and red onion peel powder and extracts to 
different beef burger samples altered the microbiological 
quality criteria at the beginning and end of the refrigerated 
storage period (15 day). Also, it's clear that the counts of 
total bacterial for beef burger samples significantly 
decreased (P < 0.05) with increasing the extracts level in 
burger formulations. These results provide evidence for 
the presence of antimicrobial phenolic compounds in 
yellow and red onion peels powder. These compounds can 
degrade the cell wall, disrupt the cytoplasmic membrane, 
damage membrane proteins and interfere with membrane-
integrated enzymes, which can eventually lead to cell  
death [52]. Results presented in Table 8 showed that 
addition of yellow or red onion peels powder and their 
extract partially decreased the initial microbial count and  
slowed down the growth during the storage period in 
parallel to increasing the concentration. Generally, the 
microbiological quality of meat products as purchased  
by the consumer relies on a number of factors, such as  
the quality of the raw materials, other ingredients or 
processing operations to the products as extraneous 
contaminants, sanitation during processing and packaging. 
Control sample showed slightly higher counts of all the 
tested microorganisms after extending storage time up to 
two weeks than those of other samples treated with onion 
peels powder or extract. It also showed that the coliform 
bacteria group, Salmonellas pp and Staphylococcus aureus 
were no detected for at zero time and 15 day of all 
samples. These findings are in accordance with those of 
other studies, which noted the absence of Salmonella 
growth at refrigeration temperatures (7 to 8°C) in  
beef [53]. Extracts of onion peels are high in glucosidic 
forms of phenols, mainly quercetin 340-diglucoside and 
quercetin 40 -monoglucoside, which also tested for 
antimicrobial activity. There are few studies on flavonoid 
glycosides, mainly flavonol 3-O-glycosides, which 
showed strong antibacterial activity against gram-positive 
bacteria and low activity against gram-negative bacteria as 
founded by Xiao [54]. The aforementioned results were 
agreed with Egyptian Organization for Standardization 
and Quality.  

In conclusion, According to the findings of this  
study, food industry by-products can be good sources of 
significant bioactive compounds and antioxidants 
subsequently extending their potential uses as natural 
antioxidants in nutritional and therapeutic applications. 
The inclusion of onion peels and extract (such as red  
and yellow) in beef burger compositions as a good source 
of antioxidant components improved the oxidative 
stability and nutritional value as well as microbiological 
quality of produced beef burgers. Also, EYOP extract was 
more active and effective than EROP. This might be due 
to the strong antioxidant and antimicrobial properties of 
EYOP. Finally, this study is economic practicable and 
successful to utilize onion peels in manufactured of 
products. 

References 
[1] Fredotov, Z.; Puizina, J.; Nazli´c, M.; Maravi, A.; Ljubenkov, I.; 

Soldo, B.; Vuko, E. and Baji, D.(2021). Phytochemical 
characterization and screening of antioxidant, antimicrobial and 
antiproliferative properties of Allium cornutum Clementi and two 
varieties of Allium cepa L. Peels extracts. Plants, 10, 832. 

[2] 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. 

[3] Van Dyk, J. S., Gama, R., Morrison, D., Swart, S., and  
Pletschke, B. I. (2013). Food processing waste: Problems, current 
management and prospects for utilization of the lingo cellulose 
component through enzyme synergistic degradation. Renewable 
and Sustainable Energy Reviews, 26, 521-531. 

[4] FAO Statistics (2008). Productions, crops. Downloaded from 
http://faostat.fao.org/site/567/default.aspx|ancoron 15/2/ 2010. 

[5] Benítez V., Mollá E., Martín-Cabrejas M.A., Aguilera Y.,  
López-Andréu F.J., Cools K., Terry L.A.and Esteban R.M. (2011). 
Characterization of industrial onion wastes (Allium cepaL.): 
dietary fiber and bioactive compounds. Plant Foods for Human 
Nutrition, 66: 48-57. 

[6] Jang MS, Sanada A, Ushio H, Tanaka M and Ohshima T. (2002). 
Inhibitory effects of `Enokitake' mushroom extracts on polyphenol 
oxidase and prevention of apple browning. Lebensmittel-
Wissenschaft und-Technologie, 35: 697-702. 

[7] Nuutila, A.M.; Kammiovirta, K. and Oksman-Caldentey, K.M. 
(2002). Comparison of methods for the hydrolysis of flavonoids 
and phenolic acids from onion and spinach for HPLC analysis. 
Food Chem., 76, 519-525.  

[8] Albishi T, John JA, Al-Khalifa AS and Shahidi F. (2013). 
Antioxidative phenolic constituents of skins of onion varieties and 
their activities. J. Funct. Foods 5: 1191-1203. 

[9] Hertog MGL, Hollman, PCH and Katan MB. (1992). Content of 
potentially anticarcinogenic flavonoids of 28 vegetables and 9 
fruits commonly consumed in the Netherlands. J Agric Food 
Chem 40, 2379-2383. 

[10] Ly, T.N., Hazama, C., Shimoyamada, M., Ando, H., Kato, K. and 
Yamauchi, R. (2005). Antioxidative compounds from the outer 
scales of Onion. Journal of Agriculture and Food Chemistry 53: 
8183-8189. 

[11] Ivana M. Savic-Gajic – Ivan M., Savic – Vesna D. and Nikolic, S. 
(2018). Modelling and optimization of quercetin extraction and 
biological activity of quercetin-rich red onion skin extract from 
Southeastern Serbia. Journal of Food and Nutrition Research., 57, 
(1): 15-26. 

[12] Asghar, A., Gray, J. I., Buckley, D. J., Pearson, A. M. and Booren, 
A. M. (1988). Perspectives on warmed-over flavour. Food 
Technol., 42, 102-108. 

[13] Ripoll, G., Joy, M. and Muñoz, F. (2011). Use of dietary vitamin 
E and selenium (Se) to increase the shelf life of modified 
atmosphere packaged light lamb meat. Meat Sci., 87, 88-93. 

[14] Trefan, L., Bürger, L., Bloom-Hansen, J., Rooke, J. A., Salmi, B., 
Larzul, C., Terlouw, C. and Doeschl-Wilson, A. (2011). Meta-
analysis of the effects of dietary vitamin E supplementation on  
α- tocopherol concentration and lipid oxidation in pork. Meat Sci., 
87, 305-314. 

[15] Shim S.-Y., Choi Y.-S., Kim H.-Y., Kim H.-W., Hwang K.- E., 
Song D.-H., Lee M.-A., Lee J.-W. and Kim C.-J. (2012). 
Antioxidative properties of onion peels extracts against lipid 
oxidation in raw ground pork. Food Science and Biotechnology, 
21: 565-572. 

[16] Alahakoon A.U., Bae Y.S., Kim H.J., Jung S., Jayasena D.D., 
Young H.I., Kim S.H. and Jo, C. (2013). The effect of citrus and 
onion peels extracts, calcium lactate, and phosvitin on microbial 
quality of seasoned chicken breast meat. CNU Journal of 
Agricultural Science, 40: 131-137. 

[17] Ifesan, B.O.T., Fadipe, E.A. and Ifesan, B.T. (2014). Investigation 
of Antioxidant and Antimicrobial properties of garlic peels extract 
(Allium sativum) and its use as the natural food additive in cooked 
beef. Journal of Scientific Research and Reports 3: 712-721. 

[18] Thaipong, K.; Boonprakoba, U.; Crosby, K.; Cisneros, L. and 
Byrnec, D.H.(2006). Comparison of ABTS, DPPH, FRAP, and 
ORAC assays for estimating antioxidant activity from guava fruit 
extracts. J. Food Com. Anal.(19): 669-675. 

 



 American Journal of Food Science and Technology 9 

[19] Singleton, V. L.; Orthofer, R. and Lamuela – Raventos, R. M. 
(1999) Analysis of total phenols and other oxidation substrates and 
antioxidations by mean of Folin-Ciocalteu reagent. Methods 
Enzym, 299, 152-178. 

[20] Slimestad R, Fossen T. and Vagen IM. (2007). Onions: A source 
of unique dietary flavonoids. J Agric Food Chem.; 55: 10067-80. 

[21] Hossain, M.B, Lebelle, J, .Birsan, R. and Dilip K. R. (2018). 
Enrichment and Assessment of the Contributions of the Major 
Polyphenols to the Total Antioxidant Activity of Onion  
Extracts: A Fractionation by Flash Chromatography Approach. 
Antioxidants, 7, 175-182. 

[22] El-Magoli, S., Laroia, S. and Hansen, P. (1996). Flavor and 
texture characteristics of low fat ground beef patties formulated 
with whey protein concentrate. Meat Science 42: 179-193. 

[23] A.O.A.C. (2016). Association of Official Analytical Chemists 
international Official Methods of Analysis 20thed.Washinton, DC, 
USA. 

[24] Tarladgis, B.G.; Watts, B.M. and Yonathan, M. (1960). 
Distillation method for the determination of malonaldehyde ın 
rancid foods. J. of American Oil Chemistry Society, 37(1): 44-48. 

[25] APHA (2004). Standard Methods for the Examination of Dairy 
Products. 17th Edition, American Public Health Association, 
Washington. 

[26] Difco Laboratories (1994). Difco manual: dehydrated culture 
media reagents for microbial, 10th edn. Difco Laboratories, 
Detroit. 

[27] AL-Mrazeeq, K.M. AL-Abdullah, B.M. and AL-Ismail, K.M. 
(2010). Evaluation of some sensory properties and cooking loss of 
different burger formulations. Ital. J. Food Sci. 22 (2): 134-142. 

[28] SAS (2000). Institute. 2000. “SAS User’s Guide in Statistics”,  
(8th Ed.). Cary, NC., U.S.A.: SAS Institute, Inc. 

[29] Dorman, H. J. D., Peltoketo, A., Hiltunen, R. and Tikkanen, M. J. 
(2003). Characterization of the antioxidant properties of de-
odourised aqueous extracts from selected Lamiaceae herbs. Food 
Chem., 83, 255-262. 

[30] Santas J, Carbo R, Gordon M. and Almajano M. (2008). 
Comparison of the antioxidant activity of two Spanish onion 
varieties. Food Chemistry. 107, 1210-1216. 

[31] Benítez, V., Mollá, E., Martín-Cabrejas, M.A., López-Andréu, J.F., 
Downes, K., Terry, L.A. and Esteban, R.M. (2011b). Study of 
bioactive compound content in different onion sections. Plant 
Foods for Human Nutrition 66: 48-57. 

[32] Bedrníček, J, Ivana, L, Zuzana, L, Jaromír, K, Eva, S, Jan Bárta, V, 
Bártová, J, Mráz, M, Pešek, R, Winterová, N, Vrchotová, Jan, T 
and Pavel, S. (2019). Onion waste as a rich source of 
antioxidantsfor meat products. Czech Journal of Food Sciences, 37, 
(4): 268-275. 

[33] Lee E.N., Patil B.S. and Yoo K.S. (2015). Antioxidants of 15 
onions with white, yellow, and red colors and their relationship 
with pungency, anthocyanin, and quercetin. LWT-Food Science 
and Technology, 63: 108-114. 

[34] Ren F., Reilly K., Kerry J.P., Gaffney M. Hossain M. and Rai D.K. 
(2017). Higher antioxidant activity, total flavonols, and specific 
quercetin glucosides in two different onion (Allium cepa L.) 
varieties grown under organic production: results from a 6-year 
field study. Journal of Agricultural and Food Chemistry, 65:  
5122-5132. 

[35] Kim, S.J. and Kim, G.H., (2006). Quantification of quercetin in 
different parts of onion and its DPPH radical scavenging and 
antibacterial activity. Food Science and Biotechnology, 15. 1:  
39-43. 

[36] Mrema, N.; Mquchane, S. and Gash, B. A. (2006). Prevalence of 
Salmonella in raw minced meat, raw fresh sausages and raw 
burger patties from retail outlets in Gaborone, Botswana. Food 
Control, 17: 207-212. 

[37] Nychas, G.. J. E.; Skandamis, P. N.; Tassou, C. C. and 
Koutsoumanis, K. P. (2008). Meat spoilage during distribution. 
Meat Science, 78: 77-89. 

[38] Sacchetti, G., Di Mattia, C., Pittia, P. and Martino, G. (2008). 
Application of a radical scavenging activity test to measure  
the total antioxidant activity of poultry meat. Meat Sci., 80,  
1081-1085. 

[39] Negi, P. S. and Jayaprakasha, G. K. (2003). Antioxidant and 
antibacterial activities of punica granatum peels extracts. J. Food 
Sci., 68, 1473-1477. 

[40] Liu, S.C. Lin, J.T. Wang, C.K. Chen, H.Y and Yang, D.J (2009). 
Antioxidant properties of various solvent extracts from lychee 
(Litchi chinenesis Sonn.) flowers. Food Chemistry. 114, 577-581. 

[41] Prakash D, Singh BN. And Upadhyay G. (2007). Antioxidant and 
free radical scavenging activities of phenols from onion (Allium 
cepa). Food Chem. 102: 1389-1393. 

[42] Zill H, Vian, MA, Fabiano-Tixier, AS, Elmaataoui M, Dangles O. 
and Chemat F. (2011). A remarkable influence of microwave 
extraction: Enhancement of antioxidant activity of extracted onion 
varieties. Food Chem. 127: 1472-1480. 

[43] Martinez-Tome, M., Jimenez, A. M., Ruggieri, S., Frega, N., 
Strabbioli, R. and Murcia, M. A.(2001). Antioxidant properties of 
Mediterranean spices compared with common food additives. 
J.Food Prot., 64, 1412-1419. 

[44] Bonaccorsi, P., Caristi, C., Gargiulli, C. and Leuzzi, U. (2008). 
Flavonol glucosides in Allium species: A comparative study by 
means of HPLC–DAD–ESI-MS–MS. Food Chemistry 107:  
1668-1673. 

[45] Downes, K., Chope, G.A. and Terry, L.A. (2010). Postharvest 
application of ethylene and 1-methylcyclopropene either before or 
after curing affects onion (Allium cepaL.) bulb quality during 
long-term cold storage.Postharvest Biology & Technology 55:  
36-44. 

[46] Oroszvári, B.K.; Bayod, E.; Sjöholm, I. and Tornberg, E. (2005). 
The mechanisms controlling heat and mass transfer on frying of 
beefburgers. Part 2: the influence of the pan temperature and patty 
diameter. J. Food Eng., 71(1): 18-27. 

[47] Drummond, L. S. and Sun. D. W. (2005). Feasibility of water 
immersion cooking of beef joints: Effect on product quality and 
yield. J. Food Eng., 77: 289-294. 

[48] Pereira, D., P. M. R. Correia and R. P. F. Guiné, (2013). Analysis 
of the physical-chemical and sensorial properties of Maria type 
cookies. Acta Chim. Slovaca., 6, (2): 269-280. 

[49] Akesowan, A., (2015). Optimization light pork burgers formulated 
with canola oil and linseed/sun flower seed/almond (LSA) mix. J. 
of Animal and Plant Sciences, 25, (1): 268-277. 

[50] Martınez, L., I. Cilla, J. A. Beltran and P. Roncales, (2006). 
Antioxidant effect of rosemary, borage, green tea, puerh tea and 
ascorbic acid on fresh pork sausages packaged in modified 
atmosphere. Influence of the presence of sodium chloride. J. Sci. 
Food Agri., 86: 1298-1307. 

[51] Estevez, M., N. Ventanas and R. Cava, (2007). Oxidation of lipids 
and proteins in frankfurters with different fatty acid compositions 
and tocopherol and phenolic contents. Food Chem., 100: 55-63. 

[52] Moon, S. S., S. K. Jin, K. H. Hah and I. S. Kim, (2008). “Effects 
of replacing back fat with fat replacers and olive oil on the quality 
characteristics and lipid oxidation of low-fat sausage during 
storage.” Food Science and Biotechnology, 17, (2): 396-401. 

[53] Shan, B.; Cai, Y.Z.; Brooks, J.D. and Corke, H. (2007). The in 
vitro antibacterial activity of dietary spice and medicinal herb 
extracts. Int J Food Microbiol. 117(1): 112-9. 

[54] Mattick, K. L.; Phillips, L. E.; Jrgensen, F. Lappin-Scott, H. M. 
and Humphrey, T. J. (2003). Filament formation by Salmonella 
spp. inoculated into liquid food matrices at refrigeration 
temperatures, and growth patterns when warmed. Journal of Food 
Protection, 66: 215-219. 

[55] Xiao, J. (2017). Dietary flavonoid aglycones and their glycosides: 
Which show better biological significance? Crit. Rev. Food Sci. 
Nutr., 57, 1874-1905. 

 

 
© The Author(s) 2022. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


