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Supporting Information 

ABSTRACT: The aim of this research is to examine how raw and cooked onions affect some antioxidant 

enzymes and some tissues in female rabbits. Twenty-four female albino rabbits weighing (1-1.5 Kg), (5-6 

months age), non-pregnant, were used for the experiment, and they were divided into three groups for a 

duration of 28 days. A 20 g/kg raw onion and same amount of cooked onion were added to the second and 

third groups’ diets respectively for comparison of results with control groups without any addition of onion. 

Results showed that diets supplemented with raw and cooked onion significantly increased the superoxide 

dismutase (SOD) activity. The cooked onion group showed normal and no pathological changes in liver, 

kidney, and heart tissues, while liver tissues of both control and raw onion groups suffered extreme 

congestion in the central veins of the liver lobules and in kidney tissues of only control rabbits, developed 

hemorrhagic foci was observed. In the control and raw onion groups, the heart tissue showed the 

development of hemorrhagic foci and necrosis in the heart muscle fibers. In conclusion, both raw and cooked 

onions boosted the activity of SOD enzyme, but the cooked onions showed to be more effective than raw at 

protecting liver, kidney, and heart tissues against cell necrosis caused by oxidative processes.   

Keywords: Cooked onion, Oxidative stress, Rabbits, Superoxide dismutase, Tissue. 
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INTRODUCTION   
 

Many biologically active compounds are found in onions, including organosulfur compounds, thiosulfinates, and 

polyphenols, which include flavonoids and fructooligosaccharides. Anthocyanins, quercetin, and quercetin derivatives are 

among the most biologically active flavonoids (Bystrická et al, 2013; Sagar et al, 2022). The biological activity of these 

compounds is important for preventing cell damage caused by free radicals and oxidative stress, which can lead to 

serious diseases such as cancer (Alpsoy et al, 2013). These compounds also have other important biological activities, 

such as antimicrobial, anti-diabetic, and other physiological activities (Kumar et al, 2022). Cooking onions causes 

fundamental changes in their structure, which increases the extractability of phenolic compounds due to the 

decomposition of cell walls and the release of phenolic compounds bound to fibers (Cattivelli et al, 2021).  

The highest concentration of phenolic compounds was found in barbecue onions, followed by baked, boiled, and 

fried onions, and it was discovered (Cattivelli et al, 2022) that all heat treatments of onions increased the total phenolic 

compounds when compared with raw onions. Barbecue was also found to be the heat treatment that was able to preserve 

anthocyanins after digestion in the laboratory. Another study found that the concentration of Quercetin increased when 

onions were baked or fried, but decreased when they were cooked by boiling (Lombard et al 2005). According to Sans et 

al (2019), roast onion increased the concentration of most nutrients except for fiber and the total content of phenols, 

flavonoids, calcium, sodium, and iron, which decreased after grilling, but increased the antioxidant activity of onions. They 

compared roasted onions to raw onions after in vitro gastric digestion and attributed the increase in antioxidant activity to 

the release of antioxidant compounds from insoluble parts or the formation of new compounds with antioxidant 

properties during the cooking process. 

Numerous earlier studies focused on the beneficial effects of raw onions and the active ingredients they contain in 

the field of veterinary medicine, particularly the antioxidant properties. According to Sabir et al (2019), adding onion juice 

or powder to the diet of male rabbits caused a substantial increase in the levels of superoxide dismutase and total 

antioxidant capacity as well as a significant decrease in malondialdehyde in serum when compared to control rabbits. 

Additionally, treatment of onion aqueous extract to diabetic rabbits enhanced catalase, superoxide dismutase, and 

glutathione peroxidase levels while decreasing glutathione and malondialdehyde levels in the liver (Ogunmodede et al, 

2012). Previous studies lack a comparison between the effect of raw and cooked onions on the tissues of the liver, 

kidneys, stomach and heart, and because the protection of the mentioned tissues is linked to the mechanisms of anti-
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oxidation, so it is necessary to follow up the essential anti-oxidant enzymes while adding both types of onions to the 

ration.  

The aim of this study is to evaluate the efficacy of cooking onions on the level of antioxidant enzymes in the blood 

serum, as well as the protective role it plays by protecting cells in the rabbit liver, kidneys, heart, and stomach from 

oxidative stress-induced damage. 

 

MATERIALS AND METHODS 

 

Twenty-four female rabbits (Albino), with a weight (1-1.5 Kg), (5-6 months age), non-pregnant, have been chosen to reveal 

the effect of cooked onions on their tissues. The rabbits were divided into three groups, with eight rabbits in each group. 

The first group was used as a control group. The diet of the second group was supplemented with 20g/ Kg of raw onions, 

while the third group's diet was supplemented with 20g/ Kg of cooked onions.  

The onions were obtained from a local market. They were washed and the external shells were removed. The 

internal shell was cut into small pieces and was divided into two parts. The first one was added directly to the diet while 

the second one was boiled for 15 minutes before being added to the diet of the third group. 

In order to measure the characteristics of whole blood using the Auto Analyzer of Blood provided by (IRMA company, 

Japan), 5 ml of blood from each rabbit's heart was taken directly after the experiment. This blood was then divided into 

two tubes, the first of which contained an anticoagulant (Ethylenediaminetetraacetic acid - EDTA). For the aim of 

evaluating the levels of lipid index components and the activity of antioxidant enzymes, including Total Superoxide 

Dismutase, Glutathione Peroxidase and Xanthine Oxidase (Paglia andand Valentine, 1967; Stripe et al, 1969), the second 

tube is free of any anticoagulant substance and is used to centrifuge the serum from the cellular portion of the blood 

(Paoletti andand Mocali, 1990).  

 

Statistical analysis  

Data were analyzed by one-way analysis of variance, using the general linear model (GLM) procedures of SAS. The 

significant differences among the means were tested by Duncan's multiple range test at probability value (p ≤ 0.05; 

Duncan, 1955).  

 

Ethical approval 

According to Directive 2010/63/EU of 22 September 2010, and recommendation of the European Commission 

2007/526/CE, the animal in the current study were used for experimental and other scientific purposes. 

 

RESULTS  

 

According to the findings in Table 1, there were no significant differences among all tested blood parameters for the 

groups under study. The same appears to be the case for the results presented in Table 2, which show that there are no 

notable variations in the characteristics of the fat index among the groups under study. 

The activity of the superoxide dismutase enzyme in the blood serum is much higher in the rabbits from the two 

groups of raw and cooked onions than it is in the rabbits from the control group, as shown in Figure 1. The levels of the 

enzymes xanthine oxidase and glutathione peroxidase in the blood serum did not significantly differ across research 

groups. In the control group of rabbits, histological sections of the liver demonstrated severe congestion in the sinusoids 

with severe hydronephrosis and enlargement of hepatocytes in the hepatic lobule area, as well as the central veins of the 

liver lobules and the portal area. Additionally, it was discovered that the liver tissue of the rabbits in the raw onion group 

exhibited swollen hepatocytes, watery overall degeneration, and congestion in the central and portal veins of the liver 

lobules. On the other hand, the cooked onion group's liver tissue showed some slight congestion in the central veins of the 

liver lobules with regularity of the shape of hepatic lobule and the hepatocyte ropes. At the same time, the shape of most 

of the cells appeared normal with the appearance of simple water degeneration in a few of them as in Figure 2, the 

cooked onion group's liver tissue in rabbits showed no such congestion. 

The histological sections of the kidneys in the control rabbits showed the formation of multiple hemorrhagic foci in 

the inter-renal cortex tissue. Along with a general clouded degeneration of the renal tubules, it also appeared as though 

the renal tubules were obviously enlarged. On the other hand, in the cortex and pulp of the kidneys of the raw onion group 

rabbits, the renal tubules and glomeruli had a normal look, with a small congestion of the arteries between the renal 

tubules. While the kidney cortex and pulp histological sections in the cooked onion group of rabbits did not exhibit any 

pathological alterations and appeared normal (Figure 3). 

Figure 4 illustrates the histological section of heart in different groups. Pictures of cooked onion group appeared 

normal and did not show any pathological changes compared to other study groups as suffering from coagulative necrosis 

and clots within cardiac cavities in control groups and group of crude onion suffered from large, severe hemorrhage with 

edema, atrophy, and foci of necrotic and degenerative myocardium. The rabbits in the three groups' stomach mucosa 

histological sections displayed a normal appearance and bore no signs of pathological alterations (Figure 5).  
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Table 1 - Effect of raw and cooked onion on the hematological blood tests in rabbits 

Item Control Raw onion Cooked onion P-value 

WBC (thousand cell/ml3) 4.62 ± 0.852 4.80 ± 1.11 15.7 ± 9.20 N.S. 
Lymphocytes% 57.3 ± 5.42 57.4 ± 8.51 62.6 ± 9.01 N.S. 

Monocytes% 9.41 ± 1.23 10.8 ± 1.10 6.38 ± 1.28 N.S. 

Granulocytes% 33.2 ± 4.85 31.7 ± 7.61 31.0 ± 8.32 N.S. 

Lymphocytes 2.48 ± 0.456 2.60 ± 0.633 12.0 ± 9.93 N.S. 

Monocytes 0.387 ± 0.093 0.500 ± 0.147 0.380 ± 0.198 N.S. 

Granulocytes 1.75 ± 0.386 1.70 ± 0.484 2.06 ± 1.06 N.S. 

RBC (million cell/ml3) 6.68 ± 0.713 5.75 ± 0.447 5.76 ± 1.31 N.S. 

HGB (gm/100 ml) 10.6 ± 1.28 9.82 ± 0.539 10.8 ± 1.25 N.S. 

HCT % 43.5 ± 4.76 36.9 ± 2.64 44.5 ± 6.10 N.S. 

MCV 65.1 ± 0.742 64.2 ± 1.03 66.8 ± 1.47 N.S. 

MCH 15.4 ± 0.729 17.1 ± 0.545 16.5 ± 0.797 N.S. 

MCHC 23.7 ± 1.20 26.6 ± 0.512 24.8 ± 1.35 N.S. 

RDW 13.3 ± 0.286 13.5 ± 0.476 13.5 ± 0.294 N.S. 

PLT (thousand cell/ml3) 401 ± 106 401 ± 118 285 ± 99.8 N.S. 

MPV 6.90 ± 0.403 6.62 ± 0.460 6.48 ± 0.284 N.S. 

PCT % 0.263 ± 0.067 0.250 ± 0.070 0.184 ± 0.063 N.S. 

PDW 7.67 ± 0.994 8.07 ± 0.828 8.01 ± 0.695 N.S. 

Mean ± Standard Error. N.S.: Non-Significant at probability value (P≤0.05). 

 

 

Table 2 - Effect of raw and cooked onion on the lipid profile in serum of rabbits 

Item Control Raw onion Cooked onion P-value 

Cholesterol (mg/dl) 51.7 ± 6.32 54.7 ± 8.33 43.5 ± 15.3 N.S. 

Triglyceride (mg/dl) 147 ± 33.9 139 ± 49.7 81.0 ± 15.2 N.S. 

High Density Lipoprotein (mg/dl) 9.12 ± 1.18 6.87 ± 1.73 6.03 ± 1.62 N.S. 

Low Density Lipoprotein (mg/dl) 17.6 ± 6.03 20.0 ± 3.87 25.8 ± 15.8 N.S. 

Very Low Density Lipoprotein (mg/dl) 29.5 ± 6.74 27.7 ± 10.1 16.1 ± 3.08 N.S. 

Mean ± Standard Error. N.S.: Non-Significant at probability value (P≤0.05). 

 

 

 
Figure 1 - Effect of raw and cooked onion on the antioxidant enzymes activity in serum of rabbits (mean ± standard error), 

P0.05  
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DISCUSSION 

 

In this study, the addition of raw or cooked onions had a limited impact on whole blood characteristics, as decrease in the 

rate of corpuscular hemoglobin (MCH) and erythrocytes (RBC). This comes in agreement with (Ajao and Ola, 2022) 

findings. Additionally, these findings supported those of Zeweil et al (2016), who discovered no impact of adding raw 

onions to the diet of rabbits on whole blood characteristics. While they found that adding raw onions to rabbit ration at 

(400 and 800 mg/kg) significantly reduced the level of total fats, triglycerides, total cholesterol and low density 

Figure 2 - Photomicrograph of liver from rabbits stained with HandE (x100) (arrows and star) 

Cooked onion Raw onion Control 

Figure 3 - Photomicrograph of kidney from rabbits stained with HandE (x100) (arrows) 

Cooked onion Raw onion Control 

Figure 4 - Photomicrograph of heart from rabbits stained with HandE (x100) (stars) 

Cooked onion Raw onion Control 

Figure 5 - Photomicrograph of gastric mucosa from rabbits stained with HandE (x100) (stars) 

Cooked onion Raw onion Control 
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lipoproteins. These findings conflicted with those of the current investigation, in which we discovered that adding onions, 

both cooked and raw, had no influence on the lipid index. 

The liver, kidneys, and heart tissues were affected, particularly in the rabbits in the control group. This damage may 

be the result of the feed's lipids being held at high temperatures, which can lead to oxidation and the formation of free 

radicals (Lin et al., 1998). Additionally, unsanitary feed storage conditions promote the growth of mold, which results in 

mycotoxins being produced in the fodder (Alam et al., 2014). Free radicals in the body start protein and lipid breakdown, 

which changes cell permeability and affects the movement of enzymes between cells and serum (Nakamura et al, 1985). 

Flavonoids are the main phenols in onions, which can be classified into their sub-families (flavones, flavanones, 

flavonols, isoflavones, flavanonols, flavanols, chalcones, and anthocyanins), and the most abundant in onions are 

flavonols (Liguori et al., 2017). Razavi and Kenari (2016) believe that there is an association between the antioxidant 

activity and free radical elimination of onions' phenolic content. By increasing the concentration of total phenols, the 

ability of the total phenols extracted from onions to remove free radicals (DPPH, FRAP, and OH) in vitro was further 

enhanced. 

Protection of tissues depends on cellular protein synthesis and then entire proper cell performance, which 

necessarily depends on contribution of antioxidant system. Therefore, several factors may have contributed to 

maintaining the normal tissue of the kidney and liver without any focal lesions in the rabbits exposed to the two groups of 

onions, especially the cooked onion group and to a lesser extent in the raw onion group (Ahmed et al., 2017). These 

factors mainly arose from; role of complete phenols by inhibiting Xanthine oxidase activity (Ouyang et al., 2018), free 

radical chain reaction stopping by the phenolic OH groups that behave as hydrogen or electron donors (Ahmed et al, 

2017), and phenols effective function in reducing malondialdehyde oxidation role. 

This study is unique in that it focuses on releasing phenolic compounds, which lose a lot of their active components 

when plants are cooked, particularly onions, where many studies have shown that cooking has a significant impact on 

adjusting the content of phenolic compounds in onions (Cattivelli et al, 2021). Some substances, including anthocyanins, 

may disintegrate at high temperatures or be released into the medium as flavonols after boiling (Palermo et al, 2014). 

According to results reported by Pellegrini et al. (2009), the release of antioxidant compounds from onion briquettes after 

they were softened by high heat, the creation of new antioxidant compounds, or polyphenol oxidation to intermediate 

oxidation states showing higher efficiency in free radical removal were all possible explanations for the increase in total 

antioxidant capacity of cooked onions. Price et al. (1997) stated that onions that have been fried for five minutes have 

more quercetin than those that have not. Another study of Lombard et al. (2005) found that baking or frying onions boosts 

their flavonol concentration and that the cooking duration should not be less than five minutes validated this. 

According to the results of the current study, both raw and cooked onions boosted the activity of some antioxidant 

enzymes, and cooked onions were more effective than raw onions at protecting liver, kidney, and heart tissues against 

cell necrosis caused by oxidative processes. 

Onions are abundant in phenolic compounds, which act as antioxidants. It can be concluded that onions require heat 

treatment through cooking in order to achieve the greatest benefits from phenolic chemicals. Boiling onions have a 

protective effect on the liver, kidneys, and cardiac tissues because they protect them from free radicals and other 

oxidative agents. Increasing the activity of superoxide dismutase is one of those mechanisms. 
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