Open Journal of Veterinary Medicine, 2015, 5, 197-209 ’Q. Scientific
Published Online September 2015 in SciRes. http://www.scirp.org/journal/ojvm "t’ Eﬁzﬁgﬁng
http://dx.doi.org/10.4236/0jvm.2015.59027 ¢

Antioxidant Properties of Chinese Propolis
in Ross Broilers Exposed to Heat Stress in

Egypt

Manal A. M. Mahmoud*, Hosnia S. Abdel-Mohsein, Mohamed R. F. Farghali

Department of Animal Hyglene Faculty of Veterinary Medicine, Assiut University, Assiut, Egypt
Email: "egymanal@gmail.com, ‘manalmahmoud@vet.au.edu.eg

Received 17 August 2015; accepted 19 September 2015; published 22 September 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Detrimental effects of heat stress that causes great loss to poultry industry have grown the global
attention for the importance of natural antioxidant in alleviating the oxidative stress symptoms in
poultry. The antioxidant effect of Chinese ether extract propolis (EEP) on broilers (Ross 308) ex-
posed to chronic heat stress has been evaluated. Eighty broilers (15 days old) were randomly al-
located into five equal groups; each received a maintenance diet supplemented by vitamin C (250
mg/kg diet) or propolis (250, 500 and 750 mg/kg diet) or not supplemented (control) for 27 con-
secutive days. Blood samples were collected to analyze serum corticosteron, total antioxidant ca-
pacity (TAC) and lipid peroxidation activity (MDA) at the end of the experiment. Moreover, the ac-
tive chemical components responsible for the biological activities of EEP have been determined
using Gas Chromatography/Mass Spectrometry (GC/MS). Results revealed a significant decrease in
corticosterone levels in broilers after vit C or EEP supplementation. This improvement is parallel
to a significant increase in TAC and decrease in MDA in broilers after EEP supplementation, which
may be due to its high flavonoid content. Results show that Chinese EEP has biologically active
compounds responsible for excellent antioxidant activities that ameliorate the negative impacts of
elevated temperature in summer season in Egypt.
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1. Introduction

Heat stress is a cause of great concern among poultry producers as it leads to decrease production with devastat-

“Corresponding author.

How to cite this paper: Mahmoud, M.A.M., Abdel-Mohsein, H.S. and Farghali, M.R.F. (2015) Antioxidant Properties of Chi-
nese Propolis in Ross Broilers Exposed to Heat Stress in Egypt. Open Journal of Veterinary Medicine, 5, 197-209.
http://dx.doi.org/10.4236/0jvm.2015.59027



http://www.scirp.org/journal/ojvm
http://dx.doi.org/10.4236/ojvm.2015.59027
http://dx.doi.org/10.4236/ojvm.2015.59027
http://www.scirp.org
mailto:egymanal@gmail.com
mailto:manalmahmoud@vet.au.edu.eg
http://creativecommons.org/licenses/by/4.0/

M. A. M. Mahmoud et al.

ing economic consequences to poultry industry, especially in subtropical and tropical countries. In Egypt, sum-
mer and early autumn seasons (from May to September) are not within the thermo neutral zone [1]. The ambient
air temperature can remain consistently high for extended time (40°C) with high relative humidity. High mortal-
ity, decreased feed intake, lower body weight gain and poor feed efficiency as well as atrophy of the spleen,
thymus, and bursa of Fabricius, are common adverse effects of heat stress in broiler chickens [2]-[4]. Hormonal
and metabolic changes are also implicated in response to prolonged or chronic exposure to heat stress. Heat
stress has the potential to activate the neuroendocrine system and hypothalamic-pituitary-adrenal (HPA) axis,
resulting in increasing serum and plasma corticosterone levels [5]. Generally, corticosteroid concentrations in
blood have been used as an indicator of environmental stress in birds [6] [7]. Higher levels of circulating corti-
costeroids deteriorate the animal’s health status [8] through muscle wasting and retarded growth [9].

Heat stress could be responsible for releasing the reactive oxygen species (ROS), the major culprits for caus-
ing oxidative stress, if their level exceeds the threshold value [10]. The imbalance or loss of cellular redox ho-
meostasis causing severe damage to cellular components [11] and promote damage to essential biomolecules
such as carbohydrates, proteins, amino acids, lipids and nucleic acids [12]-[15]. As a consequence of increased
free radical generation, lipid peroxidation could be increased. The rise of lipid peroxidation increased the ma-
londialdehyde level in blood and tissues [16]. Lipid peroxidation can compromise the integrity of cell mem-
branes and increase cell membrane fluidity, which adversely affects immune responses. They trigger progressive
destruction of polyunsaturated fatty acids (PUFA), ultimately leading to membrane destruction [10].

Dietary modifications are among the most preferred and practical ways to alleviate the effect of high envi-
ronmental temperature in poultry [17]. Antioxidants are agents that scavenge ROS, prevent their formation, or
repair the damage they cause [18]. Antioxidants are effective because they are capable to donate their own elec-
trons to free radicals. When a free radical gains the electron from an antioxidant, it no longer attacks the cell and
the chain reaction of oxidation is broken [19]. Supplementation of vitamin C, L-ascorbic acid, is perhaps the
most famous form of antioxidant available. Vitamin C is a chain breaking antioxidant, well known to provide
necessary defense against oxidative stress because of their anti-stress effects to poultry [20]-[22]. Reduction in
blood corticosterone level [23] [24] and attenuated lipid peroxidation [16] were also reported.

Recently, there has been a growing interest in the discovery of natural antioxidants for use as substitution for
synthetic antioxidants, which has been restricted because many of them have carcinogenic potential [25] [26].
Propolis can be considered as a candidate alternative for providing powerful antioxidant protection for the body.
It has been used for folk medicine and foods since ancient times in many parts of the world [19]. Propolis is an
adhesive, dark yellow to brown colored balsam that smells like resin. It is collected from the buds, leaves and
similar parts of trees and plants by bees and mixed with their wax [21] [27]. More than 300 constituents have
been identified in different propolis samples [28]; mostly include a mixture of polyphenols, flavonoid aglycones,
phenolic acid and their esters, and phenolic aldehydes and ketones, terpenes, sterols, vitamins and amino acids
[29]. Several biological properties such as antibacterial and antifungal [30], antiviral [31], anti-inflammatory
[32], antitumor [33] and immunomodulatory [34] may be attributed to the variety of chemical compounds iden-
tified in propolis.

The biological potential of propolis could be due to a synergism that occurs among their constituents [35].
There is a correlation between the high content of total flavonoids and the anti free radical activity in propolis
extracted from Argentina [36]. Da Silva et al., 2006 [37] suggested that the flavonoids play an important role in
the antioxidant activity of Brazilian propolis extracts, but that other compounds could be involved [38]. Several
investigations on propolis in Eastern Europe and South America have showed that flavonoids concentrated in
propolis are powerful antioxidants which are capable to scavenge free radicals [39] [40]. Flavonoids and various
phenolics in propolis have been appeared to be capable of scavenging free radicals and thereby protecting lipids
and other compounds from being oxidized or destroyed during oxidative damage [16]. Besides, flavonoids inhi-
bit lipid peroxidation, platelet aggregation, capillary permeability and fragility [41].

Recently propolis is the most important dietary supplement as antioxidant compound because of their anti stress
effects [42] [43]. Furthermore, propolis can relieve the adverse effects of lipid peroxidation and free radical forma-
tion [16] [44]. The antioxidant activities of propolis of various geographic origins such as Argentina, Australia,
Brazil, China, and United States were confirmed in vitro by the presence of strong antioxidant activity [45].

However, because of the vast biodiversity of China, different composition resulted from diverse botanical ori-
gin of Chinese propolis are needed to be identified. Also, there are a few data about using of Chinese ether ex-
tract propolis as natural feed additive to broiler diets for alleviating the metabolic and hormonal changes resulted
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from heat stress. Therefore, the purpose of the present study was to determine the chemical composition and the
antioxidant activity of ether extract of propolis against free radicals generation in Ross broilers in summer sea-
son in Egypt.

2. Materials and Methods
2.1. Birds, Diet and Experimental Design

The experiment was conducted in accordance with animal welfare. A total of eighty, one-day old, unsexed broi-
ler chicks (Ross 308) were randomly allocated to 5 experimental groups according to their initial body weights.
Ross 308 chicks were purchased from Katkoot Al Wadi, a company of Wadi group, Egypt. Each treatment con-
sisted of 16 birds per pen and all pens were bedded with clean, soft wood-shavings litter materials. Broiler
chickens were housed in environmentally controlled floor house system and had ad libitum access to feed and
water through feeders and drinkers. Chicks were fed as follows: 1—Control group; basal diet with no additives,
2—Basal diet supplemented with 250 mg Chinese ether extracted propolis (EEP)/kg diet, 3—Basal diet con-
taining 500 mg EEP/kg diet, 4—Basal diet containing 750 mg EEP/kg diet, 5—Basal diet containing 250 mg
ascorbic acid (Vit C)/kg diet. The addition of EEP and vit C to the diet was started at day 15 till the end of the
experiment (42 days). Small amounts of the basal diet were first mixed with the respective amounts of EEP or
vit C as a small batch and then with a larger amount of the basal diet, until the total amount of the diets were
homogeneously mixed. Birds were given a starter diet to 21 days of age followed by a grower diet till the end of
experiment (42 days). The ingredients of the starter, grower diet and calculated energy uptake/Kg diet are pre-
sented in Table 1. Diet was formulated to meet nutrient recommendations according to the National Research
Council of the US [46]. Birds were reared at a density of 20 kg/m? with a lighting program of 23 hours lightning
and 1 hour darkness per day. Birds were given a starter diet until 21 days of age followed by a grower diet till
the end of experiment (42 days). During the experimental period from 15 to 42 days of age, the indoor tempera-
ture was 38 + 1.4°C, while the relative humidity was 49% + 2%. The heat source was provided by electrical
heaters if the temperature decreases at night. Each broiler chicken was vaccinated against Newcastle Disease
Virus (NDV) via drinking water at 6, 14, 21, and 32 days of age, and against Infectious Bursal Disease (IBD) at
10, 18 and 25 days of age.

2.2. Propolis and Its Analysis

EEP was purchased from Dalian Tianshan Industrial Co.™, Ltd. Changjiang Road, Dalian, Liaoning, China.
Propolis was analyzed by Gas chromatography-mass spectrometry to detect its main components.

Table 1. Composition of the experimental diets (g/kg) and energy uptake (Kg/diet).

Ingredients Starter Grower
Corn 50.5 60.05
Fish meal 35 3
SBM 36.75 29
Sunflower oil 6 4.7
Dicalcium phosphate 15 15
Ground lime stone 1 1
Salt 0.3 0.3
Lysine 0.1 0.1
Methionine 0.1 0.1
Premix 0.25 0.25
Calculated energy uptake/Kg diet Starter Grower
E (Kcal/kg) 3202.465 3208.048
CP (%) 22.977 20.0363
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Sample preparation and identification

Preparation of propolis sample was done according to [47]; 2.5 mg of the dried EEP was prepared for chro-
matography by derivatization for 30 min at 100°C with 50 pl pyridine + 100 pl bis(trimethylsilyl)tri-fluoraceta-
mide (BSTFA) and analyzed by Gas Chromatography/ Mass Spectrometry (GC/MS). The GC/MS analysis was
performed, at the Analytical Chemistry Unit, Faculty of Science, Assiut University, using Agilent Gas Chroma-
tograph Series 7890A linked to Agilent 5975B Inert XL MSD mass spectrometer system (Agilent, USA) equipped
with a DB-5MS column (30 mm x 0.25 mm, 0.25 um film thickness). GC condition: splitless injection mode
(40s). Helium was used as the carrier gas at a flow rate of 10 mL/min. The temperature program was: initial
temperature 80°C (1 min hold) and up to 280°C (6°C/min) with 15 min hold. Column interface T 280°C and io-
nization source T 250°C. The mass spectra were recorded in electron ionization (EI) mode at 70 eV.

The identification compounds were accomplished using computer searches on Wiley & NIST MS data library
using MSD ChemStation software G170EA E.02.01.1177. The components of propolis were characterized by its
retention time (RT) and determined by considering their areas as percentage of the total ion current (Figure 1).
Nineteen chemical compounds were identified from the Chinese ether extracted propolis by GC-MS analysis
(Table 2); they represent a total area of 100%.

2.3. Blood Samples Collection and Analysis

At the end of the experiment (day 42), five birds were randomly selected from each treatment, slaughtered and
then blood samples were collected in centrifuge tubes without anticoagulant. Blood samples were centrifuged at
3000 rpm for 10 min, and then serum was collected and stored at —20°C for later analysis. Total antioxidant ca-
pacity, lipid peroxidation and serum corticosterone concentrations were determined. The tests were performed
by Digital-VIS/ultraviolet spectrophotometer (Cecil instruments, Cambridge, England, Series No. 52.232) in the
laboratory at the Department of Animal Medicine, Assuit University, Egypt

Serum corticosterone concentrations were determined using commercially available Assay Max Corticoste-
rone ELISA kits according to the procedures described by manufacture (Assay pro LLC Saint Charles, Missouri,
USA).

Total antioxidant capacity (TAC) and lipid peroxidation (Malonaldialdehyde) were estimated using TAC and
MDA Colorimetric Assay Kits, respectively. TAC and MDA Colorimetric Kits were supplied by Bio-Diagnos-
tics Company (Bio-Diagnostics Company, Cairo, Egypt).-

The total antioxidant capacity was performed by the reaction of antioxidants in the sample with a defined
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Figure 1. GC/MS chromatogram of Chinese EEP.
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Table 2. Chemical analysis of EEP propolis bioactive components by GC/MS.

Comp No. RT (min) Compound name Peak area %
1 8.397 2-Methyl-thieno[2',3":3,4]benzo[2,1-d]thiazol-5-ol 2.4
2 8.769 5,7-dihydroxy-4-chromenone (Luteolin) 0.7
3 9.021 2-Propenoic acid, 2-[(trimethylsilyl)oxy]-, trimethylsilyl ester 0.6
4 10.554 p-(Dimethylamino)cinnamic acid 0.5
5 12.139 3,5,7-trihydroxy-2-phenylchromen-4-one (Galangin) 11
6 15.452 3-Acetyl-2-methyl-6-phenyl-4H-pyran-4-one 11.7
7 16.11 (E)-3-phenylprop-2-enoic acid (cinnamic acid) 0.3
8 25.666 Benzene, (2-methyl-1-propenyl)- 0.8
9 27.915 Flavanone, 5,7-dihydroxy, mono-TMS" 46.9
10 30.696 3-0-[(S)-2-Methylbutyroyl] pinobanksin” 254

(2R,3R)-3-(Acetyloxy)-2,3-dihydro-5,7-dihydroxy-2-phenyl-4H-1-benzopyran-4-one

1 32418 (Pinobanksin acetate) 0.8
12 35.519 3,5,4'-tri-O-methyl-7-O-(trimethylsilyl) kaempferol 1.6
13 35.863 Chalcone, 2',4',6'-trihydroxy-4-methoxy, tris-TMS 1.3
14 36 2'-Acetyl-1'-(1,2-dihydroquinoxalin-2-yl)-1',2'-dihydroquinoline 0.9
15 36.32 1,3-Dihydro-2-methyl-1,3,2-naphtho[1,8-cd]diazaphosphole-2-oxide” 0.8
16 36.641 6-Cinnamylchrysin” 15
17 37.98 2-Monopalmitin trimethylsilyl ether” 11
Silane, ([9-(([Dimethyl(propyl)silylJoxy)methyl)-6,6-dimethyl-3-pentyl-6a,7,8,10
18 38.266 1.6
a-tetrahydro-6H-benzo[c]chromen
19 39.038 5-Nitrobenzofuran-2-Carboxylic Acid 0.2

“Components have similarity more than 50% of the search results by comparison with data from literature and the profiles from the Nist library.

amount of exogenously provided hydrogen peroxide (H,O,). The antioxidants in the sample eliminated a certain
amount of the provided H,0,. The residual H,O, is determined colorimetrically by an enzymatic reaction which
evolve the conversion of 3, 5, dichloro-2-hydroxy benzensulphonate to colored product that was measured by
spectrophotometer.

Regards to Malonaldialdehyde activity, thiobarbituric acid (TBA) reacted with MDA in acidic medium at
temperature of 95°C for 30 min to form thiobarbituric acid reactive product, the absorbance of this products
could be measured at 534 nm. The results of reading were expressed as mmol/l.

2.4. Statistical Analysis

Results were analyzed statistically using SPSS ver 16.0 for windows. The data were described using means, and
standard deviations as descriptive statistics. Significant differences among treatment means were measured and
compared by general linear model (GLM) and Tukey’s post hoc test. Statistical difference with P<0.05 was con-
sidered as significant.

3. Results and Discussion

3.1. Effect of EEP on Corticosterone Levels in Broilers Exposed to Heat Stress

High environmental temperature alters the activity of the neuroendocrine system of poultry, resulting in activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis, and elevated plasma corticosterone concentrations [48]
[49]. Kutlu and Forbes, 1993 [50] reported that heat stress tended to elevate plasma corticesterone concentra-
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tions and their levels according to Mahmoud et al., 2014, [51] increased by an average of 67.57%. Similarly, it
was observed that broiler chickens exposed to chronic heat stress (30°C) induced a 90% increase in plasma cor-
ticosterone compared to birds kept on thermo neutral conditions (20°C) [48]. Moreover, heat stress (31 + 1 and
36 + 1°C) applied to broiler chickens from d 35 to 42 of life, increased the corticosterone serum levels (110 and
147% high, respectively) [52] accompanied by negative effects on the chickens’ performance, immune function
and the intestinal mucosa as consequences for the stress-induced hypothalamic-pituitary-adrenal axis activation
[52].

As shown in Figure 2, a significant decrease in corticosterone level in heat stressed broilers after vit C sup-
plementation (P < 0.01). Oxidative stress in broilers during summer could be ameliorated using synthetic vit C
[53]. Accordingly, vit C was used as a positive control in this study. This finding agreed with Nockels et al.,
1973 [54], Sheila and Cheryl, 1978 [55] and McKee et al., 1997 [56] who mentioned that, ascorbic acid has
been widely used to reduce the stress in chickens, because this vitamin could decrease corticosterone level in the
blood circulation.

Our study revealed significant decrease in serum corticosterone levels (P < 0.01) in all the treatment groups
compared with the control. Elevated serum corticosterone levels in control group exposed to prolonged heat
stress were attenuated by propolis (250, 500 and 750 mg/kg diet) and vit C (250 mg/kg diet) supplementation
(Figure 2). Our results was not in accordance with Mahmoud et al., (2014) [51] who observed a non significant
decrease in serum corticosterone level following supplementation of propolis at 250 mg/kg diet for broilers ex-
posed to heat stress. In stressed mice, non significant effect of Brazilian green propolis on serum corticosterone
levels was also reported by Missima and Sforcin, 2008 [34] and Pagliarone et al., 2009 [57]. The same observa-
tion was observed among the chronically stressed mice (assessing the T9oll-like receptor (TLR-2 and TLR-4)
expression by spleen cells) after propolis supplementation [58].

On the contrary, reduction of corticosterone level due to propolis administration in stress condition was re-
ported for other species than broilers. In rats, ethanolic extract of Brazilian propolis exerted a protective effect
against stress induced gastric mucosal lesions indicted by decrease serum corticosterone level significantly [59].
In addition, propolis showed effects on anxiety of restraint-stressed mice trough antagonizing the hyper-function
of hypothalamic-pituitary-adrenal axis resulting in decreased levels of corticosterone and improving the ability
of antioxidation on brain tissue which may be possible due to propolis essential oils [60].

Oral administration of Brazilian red propolis had a significant decreased in serum cortisol level in ewes (P <
0.05) which might be related to high concentration of flavonoieds [61]. Furthermore, Ohno et al., 2002 [62]
showed that flavonoieds were able to inhibit significantly cortisol secretion from H295R cells and this may be
related to the hydroxyl group at position 6 of pyran ring or the 4 position of the benzene ring of flavones. In
isoflavones, a hydroxyl or methylxy group in the 4 position of the benzene ring inhibited cortisol production, but
the glucosyl group in the 7 position on the pyran ring did not [62]. Moreover, recent studies have shown that
propolis essential oil has an anxiolytic effect on an acutely stressed mouse model through modulation of the hy-
pothalamic-pituitary-adrenal (HPA) axis [58] [63]. Abdel-Mohsein et al., 2014 [64] suggested that propolis
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Figure 2. Effect of Chinese EEP (250, 500 and 750 mg/kg diet) and vit C

(250 mg/kg diet) on corticosterone level in broilers exposed to heat stress. abc:
means with different letters are significantly different (P < 0.05).
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supplementation could improve the HPA axis and reduce the blood corticosterone level, through the restoration
of intestinal microbial ecology of broilers subjected to hot environment.

3.2. Effect of EEP on Antioxidant Capacity and Lipid Peroxide in Broilers Exposed to Heat
Stress

Oxidative stress is known as the main cause of balance disturbance between cellular metabolic antioxidant and
oxidant [65]. Dietary supplementations of EEP and vit C to broilers (15 - 42 days) exposed to chronic heat stress
led to increase in total antioxidant capacity (TAC) and decrease the activity of lipid peroxide (malondialdehyde,
MDA) level (Figure 3(a) & Figure 3(b)). The highest and significant protective effect of EEP was achieved at
concentrations of 250 and 500 mg/kg diet. However, higher concentration of EEP (750 mg/kg diet) and vit C
(250 mg/kg diet) led to increase the TAC but not significantly. Meanwhile, the MDA resulted from heat stress
was significantly ameliorated with EEP at concentrations of 500 and 750 mg/kg diet (P < 0.01). Non significant
decrease in MDA level at 250 mg/kg diet for EEP or vit C was observed.

Treatment with vit C or propolis reduced the oxidative stress in broilers exposed to heat stress, represented by
increased total antioxidant capacity and decreased activity of the malondialdehyde (MDA, the end product of li-
pid peroxidation) in the blood. The role of vit C as an antioxidant agent has been reported in several studies
[66]-[68]. EEP showed very good antioxidant activity and decrease in MDA, compared to the well-known anti-
oxidant vit C, used as a positive control.

This finding is consistent with that of previous study on propolis supplementation to rabbit bucks which could
reduce the oxidative stress during the summer season, represented by increased total antioxidant capacity and
decreased activity of the malondialdehyde in the blood [69]. Studies on ethanolic extract of Brazilian
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Figure 3. Effect of Chinese EEP (250, 500 and 750 mg/kg
diet) and vit C (250 mg/kg diet) on (a) total Antioxidant ca-
pacity and (b) malondialdehyde activities in broilers exposed
to heat stress. abc: means with different letters are signifi-
cantly different (P < 0.05).
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propolis exerted antioxidant activity by inhibiting lipid peroxidation and by scavenging reactive oxygen species
(ROS) in rats. That is possibly due to artepillin C., although a high dose of propolis reduced the protective effect
possibly by enhancing the sensitivity to stress response [59]. In addition, the scavenging activity against supe-
roxide anion radical of water extract Brazilian propolis was very strong even at concentrations lower than that of
ascorbic acid [70]. According to De Sa et al., 2013 [71] propolis from Brazil (Guarapari) could be considered as
a promising antioxidant product due to three main reasons: a) it contributes to protect membrane lipids from
H,0, stress; b) in response to an O2e-stress mediated by menadione, propolis acts maintaining the redox status
by scavenging ROS and c) it activates Cu/Zn-superoxide dismutase, one of the most important antioxidant en-
Zymes.

3.3. Bioactive Compounds of Chinese EEP and Antioxidant Activity

Phenolic compounds either alone or in combination with other active ingredients was reported to be responsible
for the antioxidant activity of propolis. Ethanol extracts of propolis collected from various climate and oro-
graphic characteristics, from Italy, Brazil and Russia had a higher antioxidant power due to higher content of
polyphenols [72]. Also, propolis samples from Canada demonstrated significant radical scavenging activity
against DPPH, due to the high concentrations of phenolic compounds: p-coumaric acid and its esters and hy-
droxyacetophenone and dihydrochalcones [73].

Phenolic compounds (flavonoids and phenolic acid derivatives) were the most important active constituents in
Chinese EEP (Table 1). Because of the diversity and complexity of the natural mixtures of bioactive compounds
in the propolis extract, it is rather difficult to characterize every compound present and elucidate its structure in a
single study. The major flavonoids detected from EEP in our study were, flavanone, pinobanksin, galangin,
kaempferol, pinobanksin acetate, luteolin and chalcone. However, a small amount of phenolic acid and esters
include p-cinnamic acid, 6-Cinnamylchrysin, propenoic acid ester were also identified. So, we observed some
similarities in the qualitative composition between Chinese EEP in our study and European and Argentinean
propolis; the most abundant compounds were chrysin (2% - 4%), pinocembrin (2% - 4%), pinobanksin acetate
(1.6% - 3%), and galangin (1% - 2%) [74]. The biological activities of the European-type propolis (popular type)
which collected not only in Europe but also in China and other countries [75] are mainly due to flavonones, fla-
vones, phenolic acids, and their esters [76].

The present study, as denoted from chemical analysis of propolis bioactive components, flavonoids (flava-
none, 5,7-dihydroxy, mono-TMS and 3-O-[(S)-2-Methylbutyroyl] pinobanksin) constitute about 72.3% of the
total compounds which could be responsible for the excellent antioxidant activities obtained. Because flavonoids
are the most abundant and most effective antioxidants in propolis [77] [78]; Gardana et al., 2007 [74] suggested
taking the total flavonoid content as a quality index. Propolis with a content less than 11% should be considered
of low quality, whereas propolis with a content of 11% - 14%, 14% - 17%, or>17% should be classified as
propolis of acceptable, good, and high quality, respectively. Thus, accordingly, Chinese EEP used in this study
was a high quality grad because flavonoid content was higher than 17%.

Analysis of propolis by Volpi and Bergonzini, 2006 [79] had a great amount of pinocembrin flavonoid (63%),
but no presence of genistein, kaempferol, apigenin, or chrysin for the sample from China. Another study about
ethanol Chinese propolis identified other active components as rhamnetin, galangin, isoferulic acid, pinocembrin,
chrysin, 5-methoxy-3,7-dihydroxyflavanone, apigenin, isorhamnetin and quercetin [70]. However, the major
functional phenolic compounds in Chinese water extracted propolis (WEPS) were epicatechin, p-coumaric acid,
morin, 3,4-dimethoxycinnamic acid, naringenin, ferulic acid, cinnamic acid, pinocembrin, and chrysin, which
had strong antioxidant activities [80]. Most of those compounds could not be identified in EEP in our study, as
some propolis samples are extracted more efficiently by water than by ethanol which is also, nontoxic, can be
absorbed easily, and can prevent the side effects caused by alcohol in EEP [80].

Gregoris and Stevanato, 2010 [81] correlated polyphenol composition of ethanolic extracts of Venetian prop-
olis with antioxidant activity due to caffeic acid and its derivatives caffeic acid phenethyl ester and 1,1-dime-
thylallylcaffeate. They demonstrated the importance of the existence of two ortho-hydroxyl groups in an aro-
matic ring such as in caffeic acid and its derivatives on the antioxidant activity. The presence of only one hy-
droxyl group or two meta-hydroxyl groups in the aromatic ring (pinocembrin and chrysin) contributed to a low
inhibition of lipid peroxidation. The antioxidant activity of propolis may due to the ability of phenolic com-
pounds to donate hydrogen ions that can attack the free radicals to prevent the oxidation reactions in the cell [82].
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Furthermore, the mechanisms of flavonoid as antioxidant action can include 1) suppression of ROS formation
either by inhibition of enzymes or by chelating trace elements involved in free radical generation; 2) scavenging
ROS; and 3) up-regulation or protection of antioxidant defenses [83] [84]. The occurrence, position, structure,
and total number of sugar moieties in flavonoid (flavonoids glycosides) play an important role in antioxidant ac-
tivity [85].

Italian propolis mainly constituted by flavonoids and had possessed high antioxidant ability [86]. However,
ethyl acetate extracts of propolis from several Algerian regions show high activity by scavenging free radicals,
preventing lipid peroxidation and inhibiting myeloperoxidase (MPO) which could be contributed to polyphenols
and flavonoids (kaempferol) and other compounds such as cinnamic acid and the combination of these com-
pounds appears to be important to have the best antioxidant properties that prevent the damage produced by
oxidative stress [87] (Boufadi et al., 2014).

The presence of diverse phenolic compounds, although dissimilar in different samples, is a good explanation
for the antioxidant activity of propolis from different geographic origin [73]. This difference between the bioac-
tive compounds responsible for antioxidant activities may be due to the qualitative and quantitative differences
in their physico-chemical compositions [88]. In addition, geographic areas [89], the local flora and plant species
in the region [90], the season of harvesting [91], the availability of water and the climate [87] and the solvents
used in extraction [80] were key factors influencing the total phenolic content of the propolis.

The study suggested that Chinese EEP had a strong antioxidant activity in broilers exposed to chronic heat
stress at summer season in Egypt. The recommended dose for Chinese EEP applied was 500 mg/kg diet which
could alleviate the hormonal and metabolic drawbacks of heat stress; indicated by lowest corticosteron level and
maximum total antioxidant and malondialdehyde capacity in broilers.
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