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Abstract 
Nutritionally enriched food products such as eggs and honey are known to be beneficial for human health. In addition, 
they also have vital biological functions, such as antibacterial and antioxidant properties. Dietary antioxidants are known 
to be beneficial for reducing oxidative damage and promoting human health. The objective of the present study was to 
assess the antioxidant activity and radical scavenging activity of honey and poultry eggs. The antioxidant potential of all 
the samples was measured by DPPH and FRAP assays. The FRAP values of the egg samples were reported to be 
significantly greater in the summer season (25.80 mg GAE/g) than in the winter season (22.88 mg GAE/g). The DPPH 
radical scavenging activity of poultry eggs exhibited a greater trend in winter (26.86%) than in summer (24.53%). In 
contrast, the FRAP values of honey samples were reported to be highest for Panipat (279.52 µM Fe(II)), followed by 
Gurgaon (141.19 µM Fe(II)), Rohtak (87.41 µM Fe(II)) and Hisar (87.19 µM Fe(II)) (the lowest). DPPH radical scavenging 
in honey samples was greatest in Panipat (43.92%) and was similar in samples from Rohtak (17.79%), Gurgaon (17.63%) 
and Hisar (17.02%). To date, little research has been conducted on this topic involving eggs and honey. For that reason, 
more studies are required to determine the antioxidant properties of these food products and their impact on human 
health. This study provides insight into the antioxidant potential of egg and honey samples collected from different 
districts of Haryana.  
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Over the past few decades, the prevalence of chronic 

diseases such as diabetes mellitus, cancer, atherosclerosis, 

cancer, heart disease, hypertension and Alzheimer’s disease has 

increased globally. These diseases have now become a major 

concern due to increasing deaths worldwide [1-2]. Some recent 

evidence indicates the role of oxidative stress in the occurrence 

and severity of these diseases [3-4]. Oxidative stress can be 

defined as the imbalance of antioxidants and oxidants, which 

potentially results in damage to cells [5]. This is due to an 

increase in production or a decrease in the removal of reactive 

species through antioxidant defences. Oxidative stress results in 

oxidative damage. It is the damage to biomolecules that occurs 

when reactive species attack the components of living 

organisms [6]. 

To counteract the damage caused by oxidants such as 

superoxide, O2, lipid peroxy radicals and OH-, antioxidants are 

needed. Aging, cancer, atherosclerosis, degenerative lingering 

diseases and the synthesis of mutagens are prone to oxidative 

stress [7]. However, cells have a defense system in response to 

oxidative damage. This defensive system is composed of free 

radicals and some protective agents, such as peroxidase, 

catalase, tocopherol, superoxide dismutase, ascorbic acid and 

polyphenols, which protect against oxidation [8]. These 

antioxidants fuel biomolecules such as proteins, nucleic acids, 

carbohydrates and lipids. This stimulation alters the cells and 

eventually provokes the antioxidant response [9]. The ingestion 

of antioxidants along with dietary sources is considered to be 

beneficial for reducing oxidative stress [10-12]. Antioxidants 

maintain homeostasis and protect cellular functions [13]. 

Honey is known to possess high antioxidant activity 

[14]. This antioxidant capacity is beneficial for the prevention 

of some acute and chronic diseases, such as diabetes, cancer, 

inflammation, thrombosis, cardiovascular risks and allergies. 

The antioxidant activity of honey can be accessed via ferric 

reducing antioxidant power (FRAP) assays and 1,1-diphenyl-2-

picrylhydrazyl (DPPH) radical scavenging assays [15]. Poultry 

eggs also exhibit antioxidant activity. There are various 

compounds in egg yolk and albumen that display antioxidant 

properties. Several egg proteins, such as phosvitin and 

ovalbumin, and egg lipids, such as phospholipids, 

ovotransferrin, some micronutrients, vitamin A, selenium, 

carotenoids and vitamin A, are known to exhibit antioxidant 

properties. Additionally, eggs can be made rich in antioxidants 

such as carotenoids, selenium, iodine and vitamin E by 

manipulating poultry feed [16]. Ovalbumin is a naturally 

occurring antioxidant found in eggs. It is composed of 385 

amino acids and accounts for approximately 54% of the total 

egg protein [17-18]. Ovotranferrin constitutes 12 to 13% of the 

total egg protein and belongs to the transferring family. It is also 

called conalbumin [18-19]. 

Both natural and artificial antioxidants have the ability to 

neutralize free radicals and eliminate overproduced reactive 
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oxygen species (ROS) by inhibiting oxidative diffusion [20]. 

Artificial antioxidants such as butylated hydroxytoulene (BHT) 

and butylated hydroxyanisole are less expensive and possess 

powerful antioxidant properties. However, these synthetic 

antioxidants can cause toxicity, possible carcinogenic effects 

and other side effects if consumed over a longer time period; 

hence, their use is legally restricted [21-23]. Therefore, the 

research interest of the scientific community has shifted 

towards the use of natural antioxidants in food and for 

therapeutic applications. However, investigations have 

explored substances from natural dietary sources that are 

economical and have excellent antioxidant properties [24-28]. 

Some natural antioxidants are anthocyanin, peptides obtained 

from soybean, isoflavone, whey, eggs and bioactive protein 

[29-31]. According to the available literature, few 

investigations have been conducted in this field. In comparison 

to plant-derived antioxidants, available data on antioxidants 

from animal sources are limited. Therefore, this study aimed to 

assess the antioxidant potential of honey and poultry eggs in 

different districts of Haryana. 

 

MATERIALS AND METHODS 
 

Study site 

This study was carried out in four districts of Haryana, 

namely, Rohtak, Gurgaon, Hisar and Panipat. Haryana is a state 

that lies in the northern part of India. It is located between 

29.0588° N and 76.0856° E and lies at an altitude varying from 

700 to 3600 ft above sea level. The study area lies between 

Rohtak, 28.8955° N and 76.6066° E; Gurgaon, 28.4595° N and 

77.0266° E; Hisar, 29.1492° N and 75.7217° E; and Panipat, 

29.3909° N and 76.9635° E (Fig 1). 

 
  

Fig 1 All egg and honey samples were collected from four districts of Haryana viz. Rohtak, Hisar, Gurgaon and Panipat 

Sample collection 

The honey and egg samples were collected from four 

districts (Rohtak, Gurgaon, Hisar and Panipat). A total of 10 

eggs were collected from each district during the summer (May-

June) and winter (Dec-Jan) seasons. Eggs were cleaned using 

distilled water, and then, drying was performed using a towel to 

decontaminate the shell. The eggs were then broken, and the 

contents were poured into sterilized Falcon tubes. These were 

then stored at 4°C for further use. A total of 5 honey samples 

were collected from each district. Samples were collected from 

local apiaries and beehives. All the samples were collected in 

prelabelled Falcon tubes and were ensured to be free from 

contamination. All the samples collected from different 

locations were heated at 400°C for 30 min and then cooled for 

24 hours. It was then filtered through a cotton filter mesh and 

stored in Falcon tubes at room temperature (25 to 35°C) for 

further use. 

 

Methods used to determine antioxidant activity in honey 

samples 

Ferric reducing antioxidant potential (FRAP) assay 

For determination of FRAP, the Benzie and Strain [32] 

method was used with slight modifications. O.2 ml of 50% 

(w/v) honey solution was dissolved in 2.8 ml of FRAP reagent 

containing 2.5 ml of 10 mM 2,4,6-tripyridyl-s-triazine solution 

in 40 mM HCl, 2.5 ml of 20 mM FeCl3, and 25 ml of 0.3 M 

acetate buffer at pH 3.6. The mixture was then incubated for 15 

min at 37°C. The absorbance of the reaction mixture was 

measured spectrophotometrically at 593 nm. For the calibration 

curve, an aqueous standard solution of FeSO4.7H2O (100-1000 

µM) was used, and the results are expressed as the FRAP value 

(µM Fe(II)) of a 50% honey solution [33]. 

DPPH assay for honey and egg samples 

The radical scavenging activity of honey was measured 

with 2,2-diphenyl-1-picrylhydrazyl (DPPH), a synthetic free 

radical. This assay was previously described by Blois [34]. This 

method was used for the present study with slight 

modifications. For this purpose, 2 g of honey sample was mixed 

in 10 mL of distilled water to make a solution. Then, 0.2 ml of 

this honey solution was dissolved in 1.8 ml of 0.1 mM DPPH 

solution in methanol and kept at room temperature in the dark 

for 60 min. A UV‒VIS spectrophotometer at 517 nm was used 

to measure the decrease in absorbance. Trolox and quercetin at 

concentrations ranging from 0.1-100 µg/mL in methanol were 

used as positive controls. For analysis of the egg samples, 100 

µL of each egg sample was dissolved in 1000 µL of methanol 

[35-36]. All calculations were performed in triplicate. The 

radical scavenging activity was determined using the following 

equation: 

 

Radical scavenging 

activity (%) = 

Control – Sample 
× 100 

Control 

 

Methods used to determine antioxidant activity in egg samples 

Ferric reducing antioxidant potential (FRAP) assay 

The ferric reducing property of the egg samples was 

determined using the assay described in [37-38] with some 

modifications. An aqueous solution of egg samples was 

prepared. Egg yolk extract (0.15 ml) was dissolved in 2.4 ml of 

distilled water, 0.75 ml of HCl, 0.75 ml of 1% potassium 

ferricyanide (C6N6FeK3), 0.45 ml of ethanol, 0.25 ml of 1% 

sodium dodecyl sulfate (NaC12H25SO4) and 0.25 ml of 0.2% 

ferric chloride (FeCl3). The tubes with samples were then 

capped and incubated for 20 min at 50°C. The mixture was then 
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allowed to cool at room temperature. The absorbance was 

measured at 750 nm. The antioxidant activity was expressed as 

mg equivalents of gallic acid (standard) per g of sample [39]. 
 

Quality control and assurance for controlled methods 

Quality control during analysis was the primary concern. 

The environmental conditions of the experimental areas were 

maintained according to the ISO standards. The glassware used 

during the experiments was kept in 20% HNO3 (6 M) for one 

day and then washed carefully with deionized water. All the 

samples were analyzed in triplicate. In every analysis, quality 

control (QC) was carried out at regular intervals. A control chart 

was constructed at the time of analysis to check for deviations 

from the QC standard [40]. 
 

Statistical analysis 

The data presented in this study were analyzed for the 

mean and standard error (SE). The significance level among 

different districts (Rohtak, Gurgaon, Panipat and Hisar) was 

calculated by one-way ANOVA and t tests using SPSS 

statistical software. 

 

RESULTS AND DISCUSSION 

 

Antioxidant content in honey samples collected from different 

districts of Haryana 

The DPPH radical scavenging assay was used to 

determine the radical scavenging activity of the collected honey 

samples. DPPH is known to be a stable radical with nitrogen in 

the center. It has been widely utilized to measure the free radical 

scavenging potential of different samples. DPPH is used for this 

evaluation because the antioxidant potential of honey is known 

to be directly linked to the concentration of phenols and 

flavanoids present in it [41]. In the present study, the radical 

scavenging activity of honey was expressed in terms of % 

DPPH inhibition. A higher DPPH scavenging activity indicates 

a high antioxidant potential of the sample. The samples from 

Panipat exhibited the highest inhibition percentage (43.92%), 

indicating their high antioxidant activity. In contrast, the DPPH 

scavenging activities of the samples from Rohtak, Gurgaon and 

Hisar were 17.79%, 17.63% and 17.02%, respectively (Table 

1). Honey samples from Hisar exhibited the lowest DPPH 

scavenging activity. 

The antioxidant capacity of the honey samples was 

determined via the FRAP assay. It is an uncomplicated test that 

is generally carried out to analyze the antioxidant activity of 

various samples. Among all the samples, the honey samples 

from Panipat had the highest antioxidant capacity (279.52 µM 

Fe(II)), which indicates that they have greater antioxidant 

properties. Higher FRAP values suggest increased reduction of 

ferric ions to ferrous ions [42]. The antioxidant capacities of the 

Rohtak, Gurgaon and Hisar samples were reported to be 87.41 

µM Fe(II), 141.19 µM Fe(II) and 87.19 µM Fe(II), respectively. 

Honey from Rohtak and Hisar had similar antioxidant 

capacities. 

The percentages of DPPH inhibition in the analyzed 

honey samples were similar to those recorded in previous 

studies conducted by Khalil and others and Dżugan et al. [43]. 

Other studies demonstrating the radical scavenging activity and 

antioxidant capacity of honey are listed in Table. The values 

obtained for antioxidant capacity in honey were greater than 

those reported by Khalil and others in 2012 and Bundit and 

others in 2016. The antioxidant properties possessed by honey 

are usually contributed by pollen, nectar and substances that 

consist of enzymes, organic acids and vitamins [44]. Variation 

in these properties also depends on the floral source, method of 

collection [45], processing and handling, method of storage, 

season and other environmental factors [46]. 

 

Table 1 Antioxidant activity of honey samples collected from different locations 

Parameters Rohtak Gurgaon Hisar Panipat 

FRAP (µM Fe(II)) 87.41±0.73a 141.19±1.06 b 87.19±1.60 a 279.52±3.29c 

Range 85.97-88.30 139.30-142.97 84.97-90.30 272.97-283.30 

DPPH (%) 17.79±0.50 a 17.63±0.53 a 17.02±0.62 a 43.92±1.47b 

Range 17.13-18.78 16.80-18.62 15.97-18.12 41.99-46.80 
 

The mean ± standard error bearing superscripts (a-d) indicates a significant difference (p< 0.05) 

Antioxidant content in egg samples collected from different 

districts of Haryana 

During the summer season, DPPH (2,2-Diphenyl-1-

picrylhydrazyl) scavenging activity was highest in honey 

samples from Gurgaon (24.86%), followed by those from 

Rohtak (24.78%) and Hisar (24.53%), and lowest in those from 

Panipat (23.93%). However, there was no significant difference 

between the values obtained after analysis of egg samples from 

all four districts (Table 2). The antioxidant capacity analyzed 

using the FRAP assay was the highest in Panipat (31.64 mg 

GAE/g), followed by Gurgaon (26.19 mg GAE/g) and Hisar 

(23.30 mg GAE/g), and was the lowest in Rohtak (22.08 mg 

GAE/g). In winter, the samples collected from Hisar had the 

highest radical scavenging activity (27.94%), followed by those 

from Panipat (27.05%) and Rohtak (26.89%), and the lowest 

radical scavenging activity was from Gurgaon (25.58%). The 

average concentration of FRAP was the highest in Panipat 

(26.30 mg GAE/g), followed by Hisar (25.97 mg GAE/g) and 

Gurgaon (20.08 mg GAE/g), and the lowest was in Rohtak 

(19.19 mg GAE/g). Overall, the FRAP values of the analyzed 

honey samples were reported to be greater during the summer 

than during the winter. Similarly, the DPPH radical scavenging 

activity was greater in the winter season than in the summer 

(Table 3). 

 

Table 2 Antioxidant activity of egg samples collected from different locations during the summer season 

Parameters Rohtak Gurgaon Hisar Panipat 

FRAP (mg GAE/g) 22.08±0.45 a 26.19±1.79 a 23.30±0.67 a 31.64±1.45 b 

Range 21.63-22.97 22.63-28.30 22.63-24.63 28.97-33.97 

DPPH (%) 24.78±0.80 a 24.86±0.30 a 24.53±0.15 a 23.93±0.04 a 

Range 23.39-26.17 24.27-25.16 24.27-24.78 23.89-24.02 
 

The mean ± standard error bearing superscripts (a-d) indicates a significant difference (p< 0.05) 
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Table 3 Antioxidant activity of egg samples collected from different locations during the winter season 

Parameters Rohtak Gurgaon Hisar Panipat 

FRAP (mg GAE/g) 19.19±0.67 a 20.08±1.44 a 25.97±1.50 b 26.30±0.69 b 

Range 17.97-20.30 17.63-22.63 24.30-28.97 24.97-27.30 

DPPH (%) 26.89±0.60 b 25.58±0.11 a 27.94±0.39 b 27.05±0.00 b 

Range 26.17-28.07 25.41-25.79 27.43-28.70 27.05-27.05 
 

The mean ± standard error bearing superscripts (a-d) indicates a significant difference (p< 0.05) 

 

Table 4 Average antioxidant activity of egg samples during the summer and winter seasons 

Parameters Summer Winter 

FRAP (mg GAE/g) 25.80±1.23 22.88±1.10 

DPPH (%) 24.53±0.22 26.86±0.30 

There was a significant difference in the (2,2-Diphenyl-

1-picrylhydrazyl) radical scavenging and FRAP values 

obtained from the analysis of honey samples from four different 

locations. The overall antioxidant activity of honey tended to 

increase in the summer season. This could be most likely 

because of heat stress. The most favourable temperature for 

laying hens is 20°-25°C [47]. For that reason, if the temperature 

surpasses 30°C, environmental challenges linked to 

temperature start appearing, particularly heat stress. Increased 

temperature conditions severely affect health and production in 

the poultry sector [48]. Antioxidant activities differ 

significantly due to increases in heating temperature. This could 

be most likely due to alterations in the structure of proteins 

present in eggs. High temperatures can impact food by 

damaging its antioxidant compounds [49]. The deficiency of 

naturally protecting substances and increased exposure 

stimulate the generation of reactive oxygen metabolites [50], 

which results in the progression of oxidative damage to some 

major biological macromolecules, such as DNA, proteins and 

lipids. This interferes with their normal functioning and 

eventually results in decreased performance and several 

diseases [51]. 

 

CONCLUSION 
 

The present study provides insight into the antioxidant 

potential of honey and poultry eggs. Moreover, it also depicts 

the effect of season on the antioxidant activity in eggs. The 

figure also shows the variations at different selected locations. 

The FRAP values of poultry eggs tended to increase in the 

summer. This could be due to the increase in temperature and 

heat stress conditions during summer. The FRAP values of 

honey from different locations varied significantly and were 

highest in Panipat and lowest in Hisar. This indicates that 

season is an important factor for antioxidant activity. However, 

other factors can also be considered. To date, the antioxidant 

potential of honey and eggs has not been explored much. 

Additionally, in comparison to data on antioxidants obtained 

from plant sources, data on animal-derived antioxidants are 

scarce. Therefore, further investigations and surveys must be 

conducted on this topic. Such studies could unveil the 

significant antioxidant properties and components in food 

products and their benefits in the promotion of human health. 
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