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Introduction

A vast amount of research has been conducted to under-
stand the intricate cascade of events that occur once the 
brain detects a disruption in homeostasis (a stressor) and 
the hormonal responses driven by these systems (Thomas 
and Lena 2010; Kyrou and Tsigos 2009; Charmandari 
and Tsigos 2005). The key components of the “stress 
system” are the hypothalamic- pituitary- adrenal (HPA) axis 
and the sympathetic nervous system (SNS). When the 
hypothalamus is triggered by a stressor, corticotropin- 
releasing hormone (CRH or CRF, corticotropin- releasing 
factor), and arginine vasopressin (AVP) are secreted, elicit-
ing both the production of adrenocorticotropin hormone 
(ACTH) from the posterior pituitary and the activation 
of the noradrenergic neurons of the locus caeruleas/nor-
epinepherine (LC/NE) system in the brain. The LC/NE 

system is primarily responsible for the immediate “fight 
or flight” response driven by epinephrine and norepi-
nephrine, whereas ACTH drives the production of cortisol 
from the adrenal cortex. Under normal conditions, the 
production of CRH and ACTH fluctuate in a predictable 
circadian cycle and are inhibited by high levels of blood 
cortisol via a well- described negative feedback loop 
Experimental and clinical evaluations are specific for a 
wide range of body changes also called adaptation syn-
drome, which are predictable rhythm and responses of 
the HPA axis (Thomas and Lena 2010).

Cold and immobilization stressors can generate oxida-
tive stress as well as skeletal muscle fatigue. Cold immo-
bilization stress also called immobilization stress and 
cold- restraint stress had been described by Popovic et al. 
(2009) as experimental induction of very extreme condi-
tion which cannot be carried out on human, but believed 
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Abstract

Cold and immobilization stressors can generate oxidative stress as well as skeletal 
muscle fatigue. Free radicals cause oxidative degradation of lipids, proteins, 
nucleic acids, and carbohydrates molecules thereby compromising cell integrity 
and function. Coturnix japonica (quail) egg had been described as being very 
functional biochemically, due to the essential biomolecules it contains in very 
regulated quantity. This study was designed to evaluate the in vitro antioxidant 
activity of extracts of quail egg yolk and the albumen. The assessment of the 
antioxidant potentials was typified using the total antioxidant capacity, and 
ABTS, DPPH (1-diphenyl-2-picrylhydrazyl) and hydroxyl radicals scavenging 
activities. Others are reducing power, metal chelating and lipid peroxidation 
inhibition activities. The antistress activities of quail egg yolk and albumen were 
evaluated on hepatopathic enzymes as well as endogenous antioxidant enzymes. 
The total antioxidant activities of the yolk extract (YE) and the albumen extracts 
(AE) were, respectively, 186.57 ± 6.441 mg/g and 172 ± 10.690 mg/g AAE 
(Ascorbic Acid Equivalent). The YE exhibited significant, potent and appreciable 
antioxidant activities than AE in a concentration- dependent manner. The study 
confirmed that quail egg yolk contained highly antioxidative bioactive compounds 
not present in albumen, contributing to its (yolk) overall antioxidant and anti- 
inflammatory ( antistress) properties, thus necessitating their (albumen and yolk) 
beneficial effects in the management of oxidative and inflammatory 
conditions.

mailto:oladipo402@yahoo.com


335© 2016 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc. 

Hepatopathy; Antistress; Quail Egg Yolk- AlbumenG. O. Oladipo & E. O. Ibukun

to have same effect on human as it revealed in animal 
models. Free radicals cause oxidative degradation of lipids, 
proteins, nucleic acids, and carbohydrates molecules 
thereby compromising cell integrity and function. The 
large generation of free radicals, particularly reactive oxygen 
species and their high activity play important roles in the 
progression of a great number of pathological disorders 
like inflammation, atherosclerosis, stroke, heart disease, 
diabetes mellitus, multiple sclerosis, cancer, Parkinson’s, 
and Alzheimer’s diseases (Aina and Oyedapo 2013; Ozgen 
et al. 2006; Mensor et al. 2001).

Several studies had predicted quail egg as medically 
relevant in elevating antioxidant status of experimental 
rats. However, this study was aimed to evaluate the antist-
ress properties of quail egg yolk and albumen on hepatic 
function as well as modulation of the antioxidant status 
of the animals, the toxicological evaluation of diazepam 
used as standard antistress drug on antioxidant modula-
tion was established.

Methodology

Reagents and Chemicals used in this experiment were 
obtained from different sources such as British Drug House 
(BDH) and Sigma Aldrich limited and were all of good 
analytical grades. All the solutions, buffers, and reagents 
were prepared using glass distilled water. Diazepam was 
used in this experiment as standard antistress drug (refer-
ence drug) was obtained from Martadol pharmaceutical 
shop, Akure, Ondo State. Nigeria and was NAFDAC 
registered.

Extraction of bioactive components involved (Jianping 
et al.2011); approximately 100 g of freeze- dried egg 
yolk was extracted with 500 mL of 80% methanol (80:20, 
vol/vol) adjusted to pH 1.5 with 1 mol/L HCl. Albumen 
extraction was done by enzymatic hydrolysis using pepsin 
(Davalos et al. 2004). The samples were then mixed thor-
oughly using a vortex mixer for 2 min and centrifuged 
at 6000g for 10 min at 4°C. The supernatant was collected, 
freeze- dried, and reconstituted to 40 mL.

In Vitro antioxidant assays

Since the determination of antioxidant activities is a quan-
titative analysis, all assays were performed in triplicate. 
For each test performed, various concentrations (1–5 mg/mL) 
of the extract and standards were prepared.

Assay for total antioxidant activity

To the reagent solution; sulfuric acid (0.6 mol/L), sodium 
phosphate (28 mmol/L), and ammonium molybdate 
(4 mmol/L); 0.3 mL of sample was added and incubated 

at 95°C in a water bath for 90 min. After cooling to 
room temperature absorbance was recorded at 765 nm 
against reagent blank. The absorbance of the sample was 
extrapolated on the ascorbic acid standard curve to obtain 
concentration of the sample in mg/ml then the total anti-
oxidant activity (mg/g ascorbic acid equivalence) was 
calculated.

Assay of reducing power activity

The reducing power of the extracts was determined accord-
ing to the method of Oyaizu (1986). Extract (0.5 mL) 
was mixed with 1.25 mL each of phosphate buffer and 
potassium ferricyanide (C6N6FeK3). The mixture was incu-
bated at 50°C for 20 min. Trichloroacetic acid (1.25 mL) 
was then added and the mixture centrifuged at 3000 g 
for 10 min. Thereafter, 1.25 mL of the upper layer of 
the solution was mixed with 1.25 mL of distilled water 
and 0.25 mL of FeCl3. The absorbance was read at 700 nm. 
Higher absorbance of the reaction mixture indicates greater 
reductive potential.

Assay of DPPH radical scavenging (1, 
1- diphenyl- 2- picrylhydrazyl) activity

The DPPH radical scavenging activity of the extracts was 
evaluated according to the method described by Leong and 
Shui (2002). Exactly 1 mL of 0.3 mmol/L DPPH prepared 
in methanol was added to 1 mL of extract of various 
concentrations (1–5 mg/mL) and allowed to react at room 
temperature for 30 min. The reaction mixture was vortexed 
thoroughly and left in the dark at room temperature for 
30 min. The absorbance of the mixture was measured 
spectrophometrically at 517 nm and the percentage scav-
enging activity was calculated using the formula below.

% scavenging activity = ((Ac – As)/Ac) × 100

where Ac is the absorbance of control and As the absorb-
ance of the extract.

Assay of 2,2'- azino- bis- (3- ethylbenzothiazoline- 
6- sulfonic acid) (ABTS) radical scavenging 
activity

ABTS radical scavenging activity of the plant extract was 
determined according to the method of Re et al. (1999). 
The stock solutions were of 7 mmol/L ABTS+ and 
2.4 mmol/L potassium persulfate. The working solution 
was then prepared by mixing the two stock solutions in 
equal quantities and allowing them to react for 16 h at 
room temperature in the dark. The solution was diluted 
by mixing 5 mL ABTS+ solution with 145 mL of distilled 
water to obtain an absorbance of 0.076 ± 0.001 units 



336 © 2016 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc. 

G. O. Oladipo & E. O. IbukunHepatopathy; Antistress; Quail Egg Yolk- Albumen

at 734 nm. Extracts (1 mL) at various concentrations 
(1–5 mg/mL) were allowed to react with 1 mL of ABTS+ 
solution, and the absorbance was measured at 734 nm 
after 30 min using a spectrophotometer and the percentage 
scavenging activity was calculated using the formula below.

% scavenging activity = ((Ac–As)/Ac) × 100

where Ac is the absorbance of control and As the absorb-
ance of the extract.

Assay of metal chelating activity

The metal chelating activity was determined according to 
the method of Haro- Vicente et al. (2006). Extract (1 mL) 
was added to 100 μL of 1 mmol/L FeSO4.7H2O. The 
reaction mixture was left at room temperature for 2 min. 
After which 0.5 mL of 0.5 mmol/L 1, 10- phenanthroline 
was added and the mixture was incubated for 10 min at 
room temperature. The absorbance was read at 510 nm. 
The Fe2+ chelating capacity was calculated thus:

Fe2+ chelating activity (%) = ((Ac–As)/Ac) × 100

Assay of hydroxyl radical scavenging 
activity

The hydroxyl radical scavenging activity was measured by 
studying the competition between deoxyribose and the 
extracts for hydroxyl radicals generated from the Fe2+ /
ascorbate/EDTA/H2O2 system according to the method of 
Halliwell et al. (1987). The reaction mixture contained 1 mL 
(3.0 mmol/L deoxyribose, 0.1 mmol/L EDTA, 2 mmol/L 
H2O2, 0.1 mmol/L l- Ascorbic acid, 0.1 mmol/L FeCl3.6H2O 
in 10 mmol/L phosphate buffer, pH 7.4) and various con-
centrations of the extracts (1–5 mg/mL). The reaction 
mixtures were incubated at 37°C for 1 h, followed by the 
addition of 1 mL of 1 % (w/v) TBA (in 0.25 N HCl) and 
1.0 mL 10 % (w/v) TCA. The reaction mixtures were heated 
in boiling water bath at 100°C for 20 min and the pink 
chromogen (malondialdehyde- (TBA) adduct) was extracted 
into 1.0 mL of butan- 1- ol and the absorbance was read 
at 532 nm against reagent blank. The hydroxyl radical 
scavenging activity calculated thus: Hydroxyl radical (OH−) 

scavenging activity (%) = ((Ac–As)/Ac) × 100.

Assay of lipid peroxidation inhibition 
activity

The inhibition of lipid peroxidation was ascertained accord-
ing to the method of Ohkawa et al. (1979). Albino rats 
were killed by cervical dislocation. The liver was carefully 
excised and washed in ice cold 1.15% potassium chloride 
solution, blotted with filter paper and weighed. The liver 

homogenized in four volumes phosphate buffer (pH 7.4) 
using a Teflon homogenizer. The resulting homogenate 
was centrifuged at 3000 rpm for 10 min to obtain the 
supernatant. A 200 μL aliquot of each of the supernatant 
was mixed with 60 μL 0.1 mol/L Tris HCl buffer (pH 
7.4) and extracts of various concentrations (1–5 mg/mL) 
followed by the addition of 50 mmol/L FeSO4 and 240 μL 
of distilled water. The resultant mixture were incubated 
at 37°C for 1 h. 600 μL of 8.1% SDS was added followed 
by the addition of 1200 μL of 1.3 mol/L Acetic acid buffer 
(pH 3.4) and 1200 μL 0.8 % TBA. The mixture was heated 
at 100°C for 1 h to complete the reaction. Then the sam-
ples were cooled, centrifuged at 3000 rpm for 10 min. 
The intensity of pink colored complex was measured at 
532 nm and the inhibition of lipid peroxidation was cal-
culated thus:

Inhibition (%) = ((Ac–As)/Ac) × 100

Experimental Design

Immobilization Stress combined with cold-
restraint stress

Male albino rats were used according to the standard guide-
lines of the Care and Use of Experimental Animal Resources. 
40 male albino rats weighing 200 ± 10 g were used to 
evaluate the ability of the quail egg yolk and albumen extracts 
to combat stress and were obtained from standard animal 
house. The rats were housed 5 per cage under constant 
environmental conditions (20–24°C; 12 h light/dark cycle), 
and were given ad libitum access to standard pelleted food 
and water. After the administration of quail egg yolk and 
albumen extracts for 21 days, combined IS and cold- restraint 
stress (CRS) test was performed by immobilizing animals 
in the cold chamber at 4 ± 0.3°C; the plexiglass cage volume 
was adjusted to the size of the animal, to restrain completely 
their movements (Popovic et al. 2009) for 2 h, except group 
1. Group 2 animals were treated after stress with diazepam 
(5 and 10 mg/mL BW). Immobilization was done in a 
plastic container with the aid of paper glue.

Group 1: Untreated, unstressed group- Negative control 
group (C− ).

Group 2: Untreated, stressed group- Positive control 
group (C+).

Group 3: Diazepam treated (5.0 mg/mL/BW/0.2 mL 
ip), stressed group (D1).

Group 4: Diazepam treated (2.5 mg/mL/BW/0.2 mL 
ip), stressed group (D2).

Group 5: Treated (albumen 5 mg/mL/BW/0.5 mL orally), 
stressed group (A1).

Group 6: Treated (albumen10 mg/mL/BW/0.5 mL 
orally), stressed group (A2).
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Group 7: Treated (yolk 5 mg/mL/BW/0.5 mL orally), 
stressed group (Y1).

Group 8: Treated (yolk 10 mg/mL/BW/0.5 mL orally), 
stressed group (Y2).

Preparation of serum and tissue 
homogenates

Blood samples were collected by ocular punctures into 
plain bottles. Serum was prepared by aspiration of the 
clear liquid after clotting and centrifuged for 10 min 
at 3000 g in a bench centrifuge. Rats were anaesthetized 
by cervical dislocation and killed loss of consciousness. 
The liver and kidneys were excised, washed in ice cold 
1.15% potassium chloride solution, blotted with filter 
paper and weighed, and were homogenized in ice cold 
5 % w/v sodium phosphate buffer (pH 7.4) using a 
Teflon homogenizer. The resulting homogenates were 
stored at 4°C and then used for biochemical analysis.

In vivo Biochemical Estimation

Liver function evaluations

Assay of determination of TP in liver tissues
This was carried out using the manufacturer protocol of 
Randox laboratory limited, United Kingdom. Total Protein 
Kit based on Weichselbaumin, Randox laboratory limited, 
United Kingdom (1995). 1 mL of reagent R1(Sodium 
hydroxide (100 mmol/L), sodium- potassium tartrate 
(16 mmol/L), potassium iodide (15 mmol/L), and copper 
II sulfate [6 mmol/L]) was added to 0.02 mL of the test 
sample, the mixture was incubated at 25°C and the absorb-
ance was then measured against the reagent blank at a 
wavelength of 546 nm.

Total Protein Concentration = ((Abs Sample/ Abs 
Standard) x standard concentration.

Assay of aspartate amino transferase activity in 
serum

Activity of AST was evaluated using manufacturer protocol 
of Randox AST Kit based on the principle of Reitman and 
Frankel (1957). Diluted sample (0.1 mL) was mixed with 
0.5 mL of R1 (phosphate buffer (100 mmol/L, pH 7.4), 
l- aspartate (100 mmol/L), and α- oxoglutarate [2 mmol/L]) 
and the mixture incubated for 30 min at 37°C after which 
0.5 mL of R2 (2, 4- dinitrophenylhydrazine (2 mmol/L]) 
was added to the reaction mixture and allowed to stand 
for another 20 min at 25 0 C. Then, 5.0 mL of NaOH 
(0.4 mol/L) was added and the absorbance was read against 
the reagent blank after 5 min at 546 nm. The activity of 

AST in homogenate was obtained following the extrapola-
tion of absorbance value on AST standard curve.

Assay of alanine amino transferase activity in serum

Assay of alanine amino transferase (ALT) activity was car-
ried out using the manufacturer protocol of Randox ALT 
Kit based on the principle described by Reitman and 
Frankel (1957). Reagent1 (0.5 mL) containing Phosphate 
buffer (100 mmol/L, pH 7.4), l- alanine [200 mmol/L), 
and α- oxoglutarate (2.0 mol/L) was added to a test tube 
already containing 0.1 mL of serum sample and the mix-
ture was incubated at 37°C for 30 min. Then, 0.5 mL of 
R2 containing 2, 4- dinitrophenylhydrazine (2.0 mmol/L) 
was added and the mixture incubated again at 20°C for 
20 min. Finally, 5 mL of NaOH was added. The mixture 
was allowed to stand for 5 min at room temperature and 
the absorbance was read at 546 nm. The activity of ALT 
in the homogenate was obtained from a standard curve.

Assay of alkaline phosphatase activity in serum

Assay of alkaline phosphatase (ALP) activity was carried out 
according to the procedure provided by Randox Kit 
Manufacturer which is based on the method of Englehardt 
(1970). ALP activity was measured by monitoring the con-
centration of p- nitrophenol formed when ALP reacted with 
p- nitrophenyl phosphate. Exactly 1.0 mL of the reagent 
(1 mol/L, pH 9.8 Diethanolamine buffer, 0.5 mmol/L MgCl2; 
substrate: 10 mmol/L p- nitrophenolphosphate) was added to 
0.02 mL of sample and then mixed. The absorbance was read 
for 3 min at intervals of 1 min at a wavelength of 405 nm.

Calculation

ALP activity was determined using the formula:

U/l = 2760 × A405 nm/min.

Assay of determination of bilirubin concentration 
in serum

The colorimetric method based on that described in Randox 
kit protocol. Total bilirubin is determined in the presence 
of caffeine, which releases albumin bound bilirubin, by 
the reaction with diazotized sulfanilic acid, absorbance 
was read at 578 nm.

Evaluation of GGT activity in serum

The assay was conducted using a Randox kit protocol. 
Using a water- bathe set at 37°C for the incubation of 
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the reaction, the reaction is constituted of 100 μL of the 
sample extract 1000 μL of the reagent at a pH of 8.25 
using tris- buffer of 100 mmol/L concentration. The reagent 
contains glycylglycine (100 mmol/L) and L- γ- glutamyl- 3- 
carboxy- 4- nitroanilide (2.9 mmol/L). The absorbance of 
the mixture was read at 405 nm.

Calculation

To calculate the GGT activity use the following formula.

U/L = 1158 × A 405 nm/min.

Evaluation of endogenous antioxidant 
enzyme in serum

Superoxide dismutase activity

SOD activity was assayed by the method of Kakkar et al. 
(1984). Reaction mixture contained 1.2 mL of sodium 
pyrophosphate buffer (0.052 mmol/L, pH 7.0), 0.1 mL of 
phenazine methosulfate (PMS) (186 μmol/L), 0.3 mL of nitro 
blue tetrazolium (NBT) (300 μmol/L). 0.2 mL of the super-
natant obtained after centrifugation (1500g, 10 min followed 
by 10,000g, 15 min) of 10% kidney homogenate was added 
to reaction mixture. Enzyme reaction was initiated by add-
ing 0.2 mL of NADH (780 μmol/L) and stopped precisely 
after 1 min by adding 1 mL of glacial acetic acid. Amount 
of chromogen formed was measured by recording color 
intensity at 560 nm. Results are expressed as units/mg 
protein.

Glutathione peroxidase activity (GSH- Px)

Glutathione peroxidase (GSH- Px) activity was measured 
by NADPH oxidation, using a coupled reaction system 
consisting of glutathione, glutathione reductase, and cumene 
hydroperoxide (Tappel 1978). 100 μL of enzyme sample 
was incubated for 5 min with 1.55 mL stock solution 
(prepared in 50 mmol/L Tris buffer, pH 7.6 with 0.1 mmol/L 
EDTA) containing 0.25 mmol/L GSH, 0.12 mmol/L NADPH, 
and 1 unit glutathione reductase. The reaction was initiated 
by adding 50 μL of cumene hydroperoxide (1 mg/mL), 
and the rate of disappearance of NADPH with time was 
determined by monitoring absorbance at 340 nm. One unit 
of enzyme activity is defined as the amount of enzyme 
that transforms 1 μmol of NADPH to NADP per min. 
Results are expressed as units/mg protein.

Catalase activity

The activity of Catalase activity (CAT) was measured using 
its perioxidatic function according to the method of 
Johansson and Borg (1988). 50 μL potassium phosphate 

buffer (250 mmol/L, pH 7.0) was incubated with 50 μL 
methanol and 10 μL hydrogen peroxide (0.27%). The 
reaction was initiated by addition of 100 μL of enzyme 
sample with continuous shaking at room temperature 
(20°C). After 20 min, reaction was terminated by addition 
of 50 μL of 7.8 mol/L potassium hydroxide. 100 μL of 
purpald (4- Amino- 3- hydrazino- 5- mercapto- 1,2,4- triazole, 
34.2 mmol/L in 480 mmol/L HCl) was immediately added, 
and the mixture was again incubated for 10 min at 20°C 
with continuous shaking. Potassium peroxidate (50 μL 
65.2 mmol/L) was added to obtain a colored compound. 
The absorbance was read at 550 nm in a spectropho-
tometer. Results are expressed as micromoles of formal-
dehyde produced/mg protein.

Reduced glutathione (GSH)

Reduced glutathione (GSH) level in the liver was assayed 
following the method of Ellman (1959), modified by Hissin 
and Hilf (1973). The homogenate (720 μL) was double 
diluted and 5% TCA was added to it to precipitate the 
protein content of the homogenate. After centrifugation 
(10,000g for 5 min) at 4°C the supernatant was taken, 
5,5'- dithiolbis- 2- nitrobenzoic acid (DTNB) solution 
(Ellmam’s reagent) was added to it and the absorbance 
was measured at 412 nm on a spectrophotometer. A 
standard graph was drawn using different concentrations 
of standard GSH solution (1 mg/mL). With the help of 
the standard graph, GSH contents in the homogenates 
of the experimental animals were calculated.

Glutathione- S- transferase

Glutathione- S- transferase (GST) catalyzes the conjugation 
reaction with glutathione in the first step of mercapturic 
acid synthesis. GST activity was measured by the method 
of Habig and Jakoby (1974). The reaction mixture con-
tained suitable amount of the enzyme (25 μg of protein 
in homogenates), 1 mL of KH2PO4 buffer, 0.2 mL of 
EDTA, 0.1 mL of 1- chloro- 2,4- dinitrobenzene (CDNB), 
and GSH. The reaction was carried out at 37°C and moni-
tored spectrophotometrically by the increase in absorbance 
of the conjugate of GSH and CDNB at 340 nm. A blank 
was run in the absence of the enzyme. One unit of GST 
activity is 1 μmol product formation per minute.

All values are expressed as mean ± standard deviation. 
Statistical evaluation was done using One Way Analysis of 
Variance (ANOVA) followed by Duncan’s Multiple Range 
Test (DMRT). The significance level was set at P < 0.05.

Result and Discussion

The total antioxidant capacities of the extracts of the quail 
egg yolk and albumen (Table 1) were 186.57 ± 6.441 and 
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172.04 ± 10.690 mg/g Ascorbic acid equivalent (AAE), 
respectively, these results revealed that the yolk extract (YE) 
had higher antioxidant activity than albumen extract (AE).

Table 2 shows the iron reducing activities of extracts of 
quail egg yolk and albumen increasing in a concentration- 
dependent manner. It was observed that, the iron reducing 
potential of YE and AE were significantly lower (P < 0.05) 
than ascorbic acid at all working concentrations (1–5 mg/
mL) (P < 0.05). However, YE gave significantly higher ferric 
reducing activity than AE at all concentration (P < 0.05).

DPPH radical scavenging activity (Table 3) showed the 
proton- donating property of the extracts at all concentra-
tions. At 5 mg/mL the variation was significantly different; 
ascorbic acid (93.02 ± 0.59%) exhibited a higher radical 
scavenging activity than albumen (50.33 ± 2.30%) but a 
significantly lower activity than yolk extracts 
(95.61 ± 0.14%). This radical protonating activities of 
ascorbic acid and YE did not replicate their ferric reduc-
ing properties, however, contradicted it.

The YE and AE of quail egg were fast and effective 
scavengers of the ABTS radical and this activity was com-
parable to that of trolox (Table 4). Efficiency in quenching 
free radicals in the system is dependent on the concentra-
tion of YE and AE, and result of Table 4 presented YE 
(97.15 ± 0.440%) to have significant activity than trolox 
(89.31 ± 0.079%) and AE (84.15 ± 0.66%) at 500 μg/
mL (P < 0.05). ABTS radical scavenging activities were 
concentration dependent (P < 0.05).

The metal (iron) chelating activities of the extracts at 
different concentrations were represented in Table 5. The 
chelating abilities of YE and AE were found to be com-
parable to the reference compound (EDTA) at all working 
concentrations and exhibited high chelating ability which 
were significantly different. At 5 mg/mL concentration, 
YE had a lower activity (77.47 ± 0.25%) which is sig-
nificantly different (P < 0.05) from EDTA (95.62 ± 0.16%). 
The albumen (35.75 ± 0.08%) had much lower activities 
at 5 mg/mL concentrations; inferring that its potency to 
chelate metals and inhibit the Fenton chemistry was lowest 
significantly compared to EDTA and YE.

The hydroxyl radical scavenging activity (Table 6) 
 represents the percentage hydroxyl ion scavenging 
 activities of the YE and AE at varying concentrations 
(1–5 mg/mL). It was revealed that the concentration of 
the reference compound- mannitol tested (at 5 mg/mL), 
significantly scavenged hydroxyl radical more than AE 
(91.86 ± 0.77%), no significant difference existed between 

Table 1. Total antioxidant (mg/g AAE).

Extracts Total antioxidant (mg/g AAE)

Yolk 186.57 ± 6.441a

Albumen 172.04 ± 10.690a

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05). AAE, Ascorbic 
Acid Equivalent.

Table 2. Reducing power activities of extracts of yolk and albumen.

CONC 
(mg/ml) Ascorbic acid Yolk Albumen

1 1.37 ± 0.025g 0.48 ± 0.032c 0.2 ± 0.002c

2 1.85 ± 0.013i 0.65 ± 0.02d 0.21 ± 0.009c

3 2.31 ± 0.011j 0.78 ± 0.018e 0.20 ± 0.008c

4 2.38 ± 0.032k 0.92 ± 0.026f 0.36 ± 0.002b

5 3.26 ± 0.03l 1.44 ± 0.111h 0.39 ± 0.035b

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05).

Table 3. DPPH radical scavenging activities of extracts of yolk and 
albumen.

CONC 
(mg/ml) Ascorbic acid Yolk Albumen

1 83.55 ± 1.09e 88.86 ± 0.27g 22.25 ± 0.1a

2 87.57 ± 1.18f 89.61 ± 0.23gh 26.27 ± 0.58b

3 90.63 ± 0.27hi 89.74 ± 0.07gh 36.39 ± 0.86c

4 91.92 ± 0.99ij 94.43 ± 0.08kl 51.19 ± 1.06d

5 93.02 ± 0.59jk 95.61 ± 0.14l 50.33 ± 2.3d

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05).

Table 4. 2,2'- azino- bis- (3- ethylbenzothiazoline- 6- sulfonic acid (ABTS) 
radical scavenging activities of extracts of yolk and albumen.

CONC 
(mg/ml) Trolox Yolk Albumen

1 48.33 ± 0.13a 75.81 ± 0.43e 67.96 ± 0.34b

2 74.69 ± 0.41d 79.11 ± 0.87g 73.15 ± 0.90c

3 79.08 ± 0.35g 85.32 ± 0.95j 77.26 ± 0.35f

4 86.43 ± 0.11k 92.89 ± 0.47m 82.15 ± 0.64h

5 89.31 ± 0.08l 97.15 ± 0.44n 84.15 ± 0.66i

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05).

Table 5. Metal chelating activities of extracts of yolk and albumen.

CONC 
(mg/mL) EDTA Yolk Albumen

1 67.25 ± 0.04h 35.52 ± 0.22d 22.91 ± 0.06a

2   75.5 ± 0.12i 47.52 ± 0.26e 25.81 ± 0.05b

3 79.67 ± 0.11k 56.21 ± 0.11f 26.07 ± 0.12b

4 84.35 ± 0.17l 64.51 ± 0.23g 26.56 ± 0.19c

5 95.62 ± 0.16m 77.47 ± 0.25j 35.75 ± 0.08d

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05).
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the activity of the YE (97.81 ± 0.06) and mannitol 
(97.51 ± 0.154) (P < 0.05).

The lipid peroxidation inhibition activity (Table 7) was 
peculiar with the YE and AE. YE and AE had lipid per-
oxidation inhibition activities that were significantly lower 
compared to quercetin, at all concentrations (P < 0.05).

Biochemical estimations

The profile of biochemical indices such as, alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), Gamma- glutamyl 
transferase (GGT), catalase activities, SOD, Glutathione 
peroxidase (GSH- Px) activities, and reduced glutathione 
(GSH) level total bilirubin and total protein concentra-
tion, were used in assessing the antistress properties 
of the YE and AE.

Exposure to immobilization stress may lead to incre-
ment of free radical generation which may have changed 
liver enzyme activities, and lipid peroxidation elevation 
in plasma of rats. Cold restraint and immobilization 
stressors in rats are known to produce oxidative stress 
and skeletal muscle fatigue.

Acute emotional stress (immobilization or restraint, 
alone or in combination with cold exposure) is one form 
of emotional stress, that has been widely used as a tech-
nique for and physiological changes coping ability of 

animals in response to stress (Pearl et al.1966). It had 
been reported that rats with restraint stress demonstrated 
elevation in the plasma levels of ACTH and corticosterone 
which occur during stress response via activation of the 
hypothalamic- pituitary- adrenal (HPA) axis (Lou et al. 
2008). In response to stress, ACTH is released, which 
acts on the adrenal cortex to stimulate the synthesis and 
release of cortisol (Sadock and Sadock 2003). Increased 
plasma cortisol influences the mobilization of stored fat 
and carbohydrate reserves which in turn increases blood 
glucose level. The increased cortisol levels are reversed 
by antistress agents. Previous reports had also established 
that chronic vitamin E administration reduces an increase 
in plasma corticosterone level in rats with cold stress or 
immobilization stress (Lu et al. 2003).

Liver damage or hepatopathy could be confirmed by 
elevated activities of AST, ALP, and ALT. Chida et al. 
(2006) reported that although all the interactions between 
stress and the liver are not completely understood, there 
appears to be a negative association between stress on 
liver disease progression (Chida et al. 2006). The result 
of this study is in agreement with Chida et al. (2006) 
and some previous report on the effect of stress on liver 
enzymes.

Table 8 revealed the effect of quail egg yolk and albu-
men on physiological stress on liver enzyme markers in 
the serum; the alterations in the activities of ALT, AST, 
and ALP. Pretreatment with doses of yolk (5 and 10 mg/
mL/BW) and albumen (5 and 10 mg/mL/BW), and the 
standard drug (diazepam) (5.0 and 2.5 mg/mL/BW) in 
the stressed groups, significantly (P < 0.05) reduced the 
elevated liver ALP, AST, and ALT levels, which could be 
due to inhibition of stimulation of sympathetic nervous 
system by the polyphenolic and/or other antioxidants 
compounds. The ability of quail egg yolk and albumen 
to significantly ameliorate hepatopathy by reducing the 
activities of ALP, AST, and ALT due to the induced stress 
indicated anti- stress activity which may also be due to 
their membrane stabilizing ability. The slight increase 
(though not/slightly significant) in liver ALP, AST, and 
ALT levels observed in the treated stressed group with 
5.0 mg/mL/BW of diazepam may be due to slight toxicity 
to the liver of the dose of the standard drug used.

Gamma glutamyl transferase activity was evaluated in 
the serum. The untreated but stressed group (C+) revealed 
higher activity for GGT, confirming the denaturing effect 
of stress. All the treated groups demonstrated ameliorative 
indices, however, administration of yolk extract of 10 mg/
mL/BW demonstrated more ameliorative activity than 
albumen and leading to the reduced production of this 
enzyme by hepatic cells. Elevated serum GGT can be 
found in patients with hepatitis, biliary, and pancreas 
related disorders. The primary role of cellular GGT is to 

Table 6. Hydroxyl radical scavenging activities of extracts of yolk and 
albumen.

CONC 
(mg/ml) Mannitol Yolk Albumen

1 68.22 ± 0.08d 53.21 ± 0.02c 32.57 ± 0.18a

2 76.37 ± 0.06f 74.69 ± 0.07e 46.46 ± 0.36b

3 92.26 ± 0.12h 94.32 ± 0.2i 87.68 ± 0.06g

4 95.54 ± 0.09j 96.51 ± 0.07k 94.86 ± 1.39ij

5 97.51 ± 0.15l 97.81 ± 0.06l 91.86 ± 0.77h

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05).

Table 7. Lipid peroxidation inhibition activities of extracts of yolk and 
albumen.

CONC 
(mg/ml) Quercetin Yolk Albumen

1 64.75 ± 0.53d 57.52 ± 0.51c 34.89 ± 0.48a

2 73.48 ± 0.29g 65.97 ± 0.67e 46.19 ± 0.29b

3 81.59 ± 0.14i 73.73 ± 0.42g 56.97 ± 0.55c

4 87.32 ± 0.38j 78.93 ± 0.52h 66.59 ± 0.27e

5 92.25 ± 0.12l 88.69 ± 0.33k 68.86 ± 0.28f

Values are expressed as mean ± standard deviation (n = 3). Values with 
different superscript are significantly different (P < 0.05).



341© 2016 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc. 

Hepatopathy; Antistress; Quail Egg Yolk- AlbumenG. O. Oladipo & E. O. Ibukun

metabolize extracellular reduced glutathione (GSH), allow-
ing for precursor amino acids to be assimilated and reu-
tilize for intracellular GSH synthesis (Lee et al. 2004). 
The frequent denaturation of protein in the extracellular 
environment by activities of free radicals promote the 
activities of the GGT as more amino acids are made 
available for transmembrane mobility leading to the gen-
eration of glutathione necessary for the endogenous anti-
oxidant activities against the radicals. However, Lee et al. 
(2004) reported that the increased in the activity GGT 
in the presence of iron and other transition metals would 
lead to the generation of free radicals through the reduc-
ing ability of cysteinylglycine which reduces F3+ to Fe2+ 
which is one of the deleterious radical of protein, lipid, 
and nucleic acids. We can therefore infer that the increase 
in GGT ectoactivity is a compromising factor leading to 
the cell proliferation.

Bilirubin is a natural product of heme catabolism by 
heme oxygenase in the liver when worn out red blood 
cell is broken down often due to oxidative proliferation. 
Serum bilirubin is considered as one of the true test of 
liver function since it reflects the liver ability to take up 
bilirubin and metabolize it to bile. Elevated levels of total 
bilirubin as a result of the unconjugated form indicate 
the severity of the acute hepatopathy resulting from physi-
ological stress. The serum levels of the total bilirubin by 
antistress effect of the extracts were shown in Table 8. 
From the result, all the extracts have ameliorating proper-
ties. The stressed but untreated (C+) group had higher 
total bilirubin which was significantly different from the 
unstressed and untreated group (C−). The result also 
expressed toxic effect of posttreatment with 5 mg/mL/
BW diazepam, whereas the 2.5 mg/mL/BW had a reduced 
total bilirubin which is significantly different from 5 mg/
mL/BW. This suggested 2.5 mg/mL/BW diazepam as better 
antistress dose over 5 mg/mL/BW. Yolk administered group 
showed higher total bilirubin than albumen and diazepam. 
This was due to the conjugated bilirubin which on aggre-
gate contributed to the total bilirubin concentration. The 
relationship between total bilirubin and stress could be 
traced to be oxidative proliferation of the erythrocyte 
membrane leading to denaturation of hemoglobin, this 
further led to cascade of reaction that generated total 
bilirubin. Moreover, hepatopathy would cause defect in 
the conjugation of bilirubin, leading to increased release 
of unconjugated bilirubin into the blood, justifying the 
hepatoprotective properties of the quail egg yolk and 
albumen.

The contributions of the bioactive compounds in the 
yolk and albumen to the inhibition of denaturation could 
not be simplified. We assume that the antidenaturation 
effects of the quail egg yolk and albumen revealed their 
relevance as possessing the ability to prevent the Ta
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proliferation of the proteins by scavenging- free radicals 
generated by physiological stress. The result of the liver 
tissue total protein evaluation revealed that there was 
no significant difference between the two diazepam con-
centrations administered, however, they showed consider-
able ameliorating effects but were not able to nullify 
the effect of the cold immobilization stress. Yolk (10 mg/
mL/BW) and albumen (10 mg/mL/BW) ameliorated 
stressed condition but without significant difference 
(P < 0.05).

The modulation of endogenous antioxidant biomolecules 
in the blood revealed that the yolk and albumen facilitated 
the hepatic antioxidant system from the damage induced 
by the stress. Cells have cooperative defense systems for 
the reduction in oxidizing agents. The defense systems 
contain numerous enzymatic and nonenzymatic antioxi-
dants, including SOD, catalase (CAT), glutathione per-
oxidase (GPx), reduced glutathione (GSH), and glutathione 
S- transferase (GST). However, when there is an over- flux 
of free radical, protective systems are overwhelmed. Catalase 
catalyzes the breakdown of hydrogen peroxide which is 
a reactive oxygen species to water and molecular oxygen, 
thus minimizing the proliferation of cells. SOD is one 
important enzyme involved in the dismutation of super-
oxide radical. SOD protects against free radical injury by 
converting superoxide radical to hydrogen peroxide and 
prevents the formation of hydroxyl radical. In the stressed 
and untreated group (C+) there was significant decrease 
in the activities of SOD and catalase. During the advent 
of free radicals, the antioxidant system of the body is 
compromise. Initially, there will be increase in the activi-
ties of the enzymes. However, prolong assault will result 
in proliferation of the hepatocytes as well as other sites 
of synthesis of these enzymes, thus leading to reduction 
in their activities. The result revealed endogenous- enzymes- 
activity promoting ability of yolk and albumen which 
increased as the dose increased. Yolk demonstrated sig-
nificantly higher ameliorative property than albumen. 
Excess free radicals have been shown to react with several 
amino acid residues in vitro, making active enzymes dena-
tured (Stadtman and Berlett 1998). Thus, treatment with 
yolk and albumen had a significant reduction in free 
radicals influence. The bioactive compounds of the extracts 
act as ligands that promote the genetic transcriptional 
and translational production of these endogenous anti-
oxidant enzymes increasing the antioxidant status of the 
experimental animals.

Conclusion

This study revealed that the extracts of egg yolk and albu-
men have antioxidant activities. The yolk demonstrated 
higher antistress and antioxidant modulating activity than 

higher concentrations of diazepam and albumen. The 
activity of 5 mg/mL/kg BW diazepam was revealed as 
toxic dose. The albumen antistress property could be as 
a result of the free R- group of the peptides which had 
been described to be responsible for the biological roles 
of the amino acids. This study thus established that the 
increased consumption of Coturnix japonica (quail) egg 
could curtail physiological stress.
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