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Abstract

The present work was carried out to investigate the effects of dietary propolis supplementa-
tion to laying Japanese quail (Coturnix coturnix japonica) on egg production, egg quality,
physiological and immunological aspects under heat stress conditions. A total of 200, 21-
day-old, Japanese quail females were distributed equally into standard wired cages in two
identical environmentally-controlled rooms (10 cages per room, 10 birds per cage). From
29-70 d of age, the quail birds in the first room remained at a normal temperature of 24°C (C
group), whereas the quail birds in the second room were kept under heat stress at 35°C (HS
group). Each group was further assigned to 2 propolis subgroups (5 cages per subgroup);
one of them received a basal diet without propolis supplementation (-PR subgroup), while,
the other received 1 g propolis/ kg basal diet (+PR subgroup). In the present study, perfor-
mance and egg production of laying quail were significantly (P<0.001) impaired by HS treat-
ment and improved by the PR treatment. Similarly, the negative and positive effects of HS
and PR, respectively, were appeared on the egg shell thickness and yolk index. Stress indi-
cators in laying quail were significantly (P<0.001) increased by HS, while, PR significantly
(P<0.05) moderated these levels in the HS+PR group when compared to the HS-PR quail
group. In addition to the positive impact of PR on the plasma levels of calcium, phosphorus,
and albumin, it also normalized the plasma levels of alanine aminotransferase and choles-
terol in the heat-stressed quail birds. Moreover, the quail birds in the HS groups expressed
lower immunological aspects than those in the C group, while, the addition of propolis to the
diets enhanced the immune status of laying quail birds under HS conditions. These results
strongly suggest that dietary propolis supplementation could be a successful attempt to
maintain the performance and egg production of laying Japanese quail at convenient levels
under heat stress conditions.
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Introduction

Farming of Japanese quail (Coturnix coturnix japonica) offers potential alternatives for poultry
meat and eggs worldwide [1]. In addition to the high quality protein, the high biological value
and the low caloric content of quail’s meat and eggs [2], it is also a preferable laboratory animal
model due to its early sexual maturity, short generation interval, high rate of egg laying and
low feed and space requirements, compared to other poultry species [3].

Poultry exposure to heat stress (HS) environment in tropical and subtropical areas
adversely affects their production performance and substantially causes economic losses [4-7].
It is well reported that low performance of heat stressed birds is mainly due to reduce feed con-
sumption in order to reduce the metabolic heat production [8]. In addition, an imbalanced sta-
tus in the physiology and immunology of birds occurs in response to the exposure to HS [9].
In laying quail, heat exposure to 34°C decreased egg production and feed conversion, and
impaired egg quality [10-12]. Furthermore, yolk and serum cholesterol (CH) levels and gen-
eral stress biomarkers increased in laying quail under heat stress environment [13]. Therefore,
many attempts have been developed to minimize the negative effects of HS on growth and
physiological aspects of poultry [14-17], including quail birds [7,10,13,18,19].

Propolis, a natural product made by worker honeybees (Apis melifera) [20], has been widely
used in poultry feeds to expand their productive performance especially under high environ-
mental temperatures [15,21-23]. In a recent study on growing Japanese quail [7], dietary prop-
olis supplementation alleviated the negative effects of HS on growth, physiological and
immunological performance of quail chicks. To our knowledge, few studies were found
regarding the effect of HS and/or propolis on performance of Japanese quail in egg laying
stages. Therefore, the present study aims at evaluating the effects of dietary propolis supple-
mentation on egg production performance, egg quality traits, physiological and immunologi-
cal aspects of laying Japanese quail under HS conditions.

Materials and methods
Propolis preparation and analysis

Propolis was obtained and processed according to methods described in a previous study [24]
and details provided by protocols.io (https://dx.doi.org/10.17504/protocols.io.s7hehj6). The
chemical analysis of the extracted propolis is shown in Table 1.

Birds and experimental design

A total of 200, 21-day-old, Japanese quail females were distributed equally into standard wired
cages (10 birds per cage, measured at 60x50x50 cm) in two identical environmentally-con-
trolled rooms (10 cages per room) at 24°C, 50% relative humidity and 17 h/day light. Birds
were fed according to NRC (1994) guidelines with a basal diet as given in Table 2. During the
experiment, feed and fresh water were offered ad libitum.

Table 1. The chemical analysis of the extracted propolis.

Item Mean value
Phenolic acids (ug/ml) 180.89
Flavonoids (pg/ml) 188.90

Free radical scavenging activity (%) 83.3

https://doi.org/10.1371/journal.pone.0214839.t001
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Table 2. Ingredients and nutrient composition of the experimental basal diet.

Ingredients %
Yellow corn 61.5
Soybean meal (48%) 31.4
Vegetable oil 3.1
Di calcium phosphate 2.0
Limestone powder 1.5
Salt (NaCl) 0.3
Premix* 0.2
Total 100.0
Nutrient composition

Dry matter (%) 94.8
ME (MJ/Kg) 12.56
Crude protein (%) 19.80
Calcium (%) 1.01
Available phosphorus (%) 0.46
Ether extract (%) 5.63
Crude fiber (%) 5.65

*Content per kg of feed: Vitamin A 8,250 IU; Vitamin D3 1,200 IU; Vitamin K 1 mg; Riboflavin 5 mg; Thiamine 0.8
mg; Pyridoxine 1.6 mg; Cyanocobalamin 8 mg; Niacin 12 mg; Calcium pantothenate 8 mg; Manganese Sulphate 230
mg; Magnesium Sulphate 500 mg; Ferrous Sulphate 100 mg; Copper Sulphate 5 mg; Potassium iodide 1 mg.

https://doi.org/10.1371/journal.pone.0214839.t1002

At 29 d of age, quail birds in the first room remained in the same temperature as the begin-
ning of experiment (C group), whereas the quail birds in the second room were kept under HS
at 35°C (HS group). Birds in each group were further assigned to two subgroups according to
dietary propolis supplementation (five cages per subgroup), and one of them was fed on a
basal diet without propolis supplementation (-PR subgroup), while, the other was supple-
mented with propolis at 1 g/ kg basal diet (+PR subgroup). These treatments continued for 6
consecutive weeks (till 70 days of age). Productive performance, egg quality traits, physiologi-
cal and immunological aspects were obtained for each treatment group as will be mentioned
later. In addition, economic efficiency (EE) and relative EE of the experimental diets were cal-
culated according to input-output analysis at the end of the experiment.

Ethics statement

The experiment was performed under protocols approved by Cairo University Ethics Com-
mittee for the Care and Use of Experimental Animals in Education and Scientific Research
(CU-IACUC). Birds were monitored closely twice a day throughout the experimental period
to detect any signs of chronic stress and to allow humane endpoints of suffering birds.

Productive performance

Body weight gain (g) was determined based on the initial and final body weights of quail in
each treatment group. Feed intake (g/bird/d) was measured weekly for each treatment group.
Onset day of egg laying was observed for each treatment group. Daily egg number and egg
weights were recorded during the experimental period, and average egg production (%), egg
mass (g/bird/d) and feed conversion (g feed intake/ g egg mass) were calculated for each treat-
ment group.
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Egg quality traits

Egg quality measurements were conducted using 15 eggs selected randomly from each treat-
ment group at the last week of the experiment. Egg quality parameters including shape index
(egg width/ egg length) X 100, shell percentage (shell weight/ egg weight X 100), shell thickness
(measured by a dial pipe gauge, 0.01-20 mm), yolk percentage (yolk weight/ egg weight X
100), yolk index (yolk height/ yolk diameter X 100) and albumen percentage (albumen weight/
egg weight X100).

Physiological aspects

Body temperature, as primary stress indicator, was measured at the end of the experiment (70
d) for 10 birds of each treatment group using thermocouple rectal thermometer with a 3-cm
insertion probe.

At the same time, five blood samples from each treatment group were collected into hepa-
rinized tubes and centrifuged at 2000 xg for 10 min at 4° C. The plasma was separated and
stored at -20°C until analyzed. Plasma malondialdehyde (MDA), tumor necrosis factor-alpha
(TNFa) and corticosterone (CORT) concentrations were measured as additional stress indica-
tors in quail birds. The biochemical analysis of alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), calcium (Ca), phosphorus (P), triglyceride (TG) and cholesterol (CH)
concentrations were determined in the plasma. The total protein (TP) and albumin (ALB)
concentrations were also measured in the plasma, while the globulin (GLB = TP-ALB) and
ALB/GLB ratio were then calculated for each treatment group. The TNF-o. and CORT were
analyzed using ELISA reader (BIOTEKELX808), while the MDA and other biochemical analy-
sis were analyzed by an automatic scanning spectrophotometer (CE1010, Cecil Instruments
Limited, Cambridge, UK). All analyses were performed using available commercial kits and
protocols for each analysis were provided by protocol.io (https://dx.doi.org/10.17504/
protocols.io.s7yehpw).

Immunological aspects

Additional five blood samples from each treatment group were collected into heparinized
tubes and assigned to measure some immunological parameters according to methods
described in a previous study [25]. Briefly, the total white blood cells count (TWBC’s) were
manually determined by mixing the blood sample with brilliant cresyl blue (1:50 v/v) and
counting the total leukocytes on a haemocytometer slide under a microscope at 2 00X magnifi-
cation. The heterophils/lymphocytes (H/L) ratio was also determined using Hema-3 stain
solutions (Fisher scientific, USA). The lymphocyte proliferation assay was performed as
described in protocol.io (https://dx.doi.org/10.17504/protocols.io.xjpfkmn).

Statistical analysis

GLM procedure with two-way analysis was used to analyze the main effects of the HS, dietary
propolis supplementation and their interactions on the productive performance, egg quality
traits, stress indicators, biochemical analysis and immunological parameters. The significant
means were separated by performing a multiple pair wise comparison among treatment
groups using Tukey’s HSD test. The number of observations (n) taken from each treatment
group was considered as the experimental unit for each test done. All statistical analyses were
performed using IBM SPSS 22.0 Software Package (IBM corp., NY, USA, 2013).
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Table 3. Effect of heat stress, dietary propolis supplementation and their interaction on productive performance of Japanese quail.

Treatment n
groups '

Heat stress (HS)

C 100
HS 100
SEM

P-value

Propolis (PR)

-PR 100
+ PR 100
SEM

P-value

Interaction

C-PR 50
C+PR 50
HS-PR 50
HS+PR 50
SEM

P-value

Body weight gain
(®

128.20°
100.70°
2.864
0.000

108.60°
120.30°
2.864
0.000

122.60
133.80
94.60
106.80
4.050
0.808

Feed intake (g/ | Onset of egg laying | Egg production Egg mass (g/bird/ |Feed conversion (g feed/ g egg

d) (d) (%) d) mass)
18.96 44.93° 48.50° 6.04° 3.18°
15.28° 49.42° 37.86° 4.52° 3.42°
0.203 0.886 2.079 0.270 0.042
0.000 0.000 0.000 0.000 0.000
16.10° 48.53% 37.25° 4.50° 3.59*
18.14% 45.81° 49.11° 6.06 3.01°
0.203 0.984 2.079 0.270 0.042
0.000 0.000 0.000 0.000 0.000
17.82 44.83° 42.07 5.15 3.44

20.10 45.02° 54.93 6.93 2.92

14.38 52.23° 3243 3.85 3.74

16.18 46.61° 4329 5.19 3.10

0.287 1.342 2.941 0.382 0.060
0.114 0.000 0.734 0.554 0.063

*® Means with different superscripts are significantly different.

! Treatment groups = C: control groups that were exposed to 24°C; HS: heat stress groups that were exposed to 35°C; -PR: subgroups without dietary propolis

supplementation; +PR: subgroups with dietary propolis supplementation.

n: number of observations per treatment group. SEM: standard error of the mean.

https://doi.org/10.1371/journal.pone.0214839.t003

Results
Productive performance

Effects of HS, dietary propolis supplementation and their interaction on quail production per-
formance are shown in Table 3. Heat stress treatment significantly (P<0.001) decreased body
weight gain, feed intake, egg production, egg mass and impaired feed conversion in quail
birds, while it started the onset of egg laying lately. In contrast, body weight gain, feed intake,
egg production, egg mass and feed conversion were significantly (P<0.001) improved by the
PR treatment in quail birds, while, onset day of egg laying started earlier. The interactions of
HS x PR only resulted in a highly significant difference (P<0.001) in the onset day of egg lay-
ing in quail birds (Table 3).

Egg quality traits

Effects of HS, dietary propolis supplementation and their interaction on egg quality traits in
quail are presented in Table 4. No interaction significant effect was obtained for all traits of egg
quality. Average egg weight was significantly (P<0.05) decreased under HS, while, it was sig-
nificantly (P<0.01) increased by the dietary propolis supplementation. The HS treatment sig-
nificantly (P<0.01) decreased the shell thickness, while, the PR treatment significantly
(P<0.001) increased the shell thickness of quail eggs. In addition, yolk index was significantly
(P<0.05) lower in HS than C quail groups, while, it was higher in quail groups +PR than in
quail groups—PR. The other traits of egg quality did not differ significantly (P>0.05) neither
for HS or PR treatments (Table 4).
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Table 4. Effect of heat stress, dietary propolis supplementation and their interaction on egg quality traits of Japanese quail.

Treatment groups ! n Egg weight (g) Shape index (%) Shell (%) Shell thickness (mm) Yolk (%) Yolk index (%) Albumen (%)
Heat stress (HS)

C 30 | 13.30° 79.30 8.56 0.28° 34.71 40.55° 56.75
HS 30 |12.63° 78.36 8.62 0.26"° 35.19 38.07° 56.20
SEM 0.392 1.228 0.410 0.007 1.784 1.498 1.936
P-value 0.019 0.282 0.828 0.003 0.707 0.023 0.692
Propolis (PR)

-PR 30 | 1257° 78.38 8.43 0.26° 35.10 38.10° 56.47
+PR 30 | 13.37° 79.29 8.74 0.28* 34.81 40.52° 56.47
SEM 0.392 1.228 0.410 0.007 1.784 1.498 1.936
P-value 0.005 0.302 0.292 0.000 0.819 0.026 0.999
Interaction

C-PR 15 [13.13 78.99 8.29 0.27 34.58 38.83 57.13
C+PR 15 | 1347 79.62 8.82 0.29 34.85 4227 56.36
HS-PR 15 | 12.00 77.77 8.58 0.25 35.61 37.37 55.82
HS+PR 15 |1327 78.95 8.66 0.27 34.77 38.77 56.58
SEM 0.554 1.736 0.580 0.009 2.522 2.118 2.738
P-value 0.097 0.750 0.444 0.619 0.661 0.337 0.577

> Means with different superscripts are significantly different.

! Treatment groups = C: control groups that were exposed to 24°C; HS: heat stress groups that were exposed to 35°C; -PR: subgroups without dietary propolis
supplementation; +PR: subgroups with dietary propolis supplementation.

n: number of observations per treatment group. SEM: standard error of the mean.

https://doi.org/10.1371/journal.pone.0214839.1004

Stress indicators

The parameters taken as stress indicators of laying quail under HS with or without dietary
propolis supplementation are summarized in Table 5. Body temperature of quail significantly
(P<0.001) elevated under HS, while dietary PR supplementation decreased (P<0.001) body
temperature of quail. Results also demonstrate that HS significantly (P<0.001) increased
plasma MDA, TNF-a and CORT levels, while, PR maintained these stress indicators almost
like control quail or decreased these levels in the HS+PR group when compared to the HS-PR
quail group (P<0.05).

Plasma biochemical analysis

Results of plasma biochemical analysis as affected by HS, dietary propolis supplementation
and their interactions are shown in the Table 6. While, plasma ALT, AST and TG levels were
significantly (P<0.01 and P<0.001) higher in the HS group vs. the C group, dietary propolis
supplementation normalized only the plasma ALT levels in the HS+PR group to the control
levels when compared to the HS-PR group (Table 6). In addition, propolis significantly
(P<0.01) decreased plasma CH levels when it was supplemented to both C and HS quail diets.
Furthermore, a significant (P<0.001) decrease was observed in the plasma Ca of HS quail
group vs. C group, while propolis treatment significantly (P<0.05) increased the levels of Ca
and P compared to groups without PR. As shown in Table 6, the interactions of HS x PR on
the plasma levels of TP, ALB, GLB and ALB/GLB ratio were not significantly different
(P>0.05). However, the TP and ALB levels in the plasma were significantly decreased
(P<0.001) by HS treatment and increased (P<0.01) by PR treatment, while the plasma GLB
and ALB/GLB ratio were not affected by the HS or PR treatment.
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Table 5. Effect of heat stress, dietary propolis supplementation and their interaction on stress indicators' of Japanese quail.

Treatment groups 2 BT (°C) MDA (nmol/ml) TNF-a (pg/ml) CORT (ng/ml)
Heat stress (HS)

C 40.69° 1.67° 9.66" 427°
HS 40.96* 3.76% 17.77% 9.77%
n 20 10 10 10
SEM 0.032 0.124 0.259 0.406
P-value 0.000 0.000 0.000 0.000
Propolis (PR)

-PR 40.97° 3.19° 14.26% 8.55%
+PR 40.68" 2.23° 13.17° 5.51°
n 20 10 10 10
SEM 0.032 0.124 0.259 0.406
P-value 0.000 0.000 0.009 0.000
Interaction

C-PR 40.84 1.87¢ 9.76¢ 4.77¢
C+PR 40.55 1.47¢ 9.55°¢ 3.76°
HS-PR 41.11 4.52° 18.75% 12.34*
HS+PR 40.80 2.99° 16.78" 7.26
n 10 5 5 5
SEM 0.046 0.176 0.366 0.575
P-value 0.828 0.006 0.029 0.003

¢ Means with different superscripts are significantly different.

! Stress indicators = BT: body temperature; MDA: malondialdehyde; TNF-o: tumor necrosis factor-alpha; CORT: corticosterone.

* Treatment groups = C: control groups that were exposed to 24°C (); HS: heat stress groups that were exposed to 35°C; -PR: subgroups without dietary propolis
supplementation; +PR: subgroups with dietary propolis supplementation.

n: number of observations per treatment group. SEM: standard error of the mean.

https://doi.org/10.1371/journal.pone.0214839.t005

Immunological parameters

The results shown in Table 7 display effect of HS, PR and their interaction on some immuno-
logical parameters of laying quail. The TWBC’s and SI of T-lymphocyte cells were significantly
(P<0.01) lower, and H/L ratio was significantly (P<0.001) higher in the HS group than the C
group. In contrast, the TWBC’s and SI were significantly higher, and H/L ratio was signifi-
cantly lower in the group of +PR vs. the group of-PR (P<0.001). Moreover, addition of propo-
lis to diets of laying quail significantly (P<0.05) diminished H/L ratio and improved SI of T-
cells in the heat-stressed quail groups (0.63 vs. 0.81 H/L ratio and 2.89 vs. 1.24 SI for the HS
+PR group vs. HS-PR group, respectively).

Economic efficiency

Data of Table 8 showed that heat stress reduced the relative economic efficiency by 55% com-
pared to control. However, dietary propolis supplementation returned the relative economic
efficiency to normal level under HS. Furthermore, under normal temperature supplementing
quail’ diet with 1g/kg of propolis was more economic and cheaper and increased relative eco-
nomic efficiency by 50% compared to control.
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Table 6. Effect of heat stress, dietary propolis supplementation and their interaction on plasma biochemical assay' of Japanese quail.
Treatment groups 2 |n |ALT (U/) |AST (U/) TG (mg/dl) |CH (mg/dl) |Ca (mg/dl) |P (mg/dl) |TP (g/dl) |ALB (g/dl) |GLB (g/dl) | ALB/GLB ratio
Heat stress (HS)

C 10 |10.40° 12.34° 176.50° 205.92 12.28° 6.69 5.04% 2.95° 2.09 1.54
HS 10 |12.66° 16.99° 212.27° 188.07 9.21° 5.50 4.14° 2.34° 1.80 1.33
SEM 1.139 1.455 7.122 16.274 0.900 0.870 0.166 0.186 0.256 0.339
P-value 0.013 0.000 0.000 0.140 0.000 0.071 0.000 0.000 0.134 0.403
Propolis (PR)

-PR 10 |13.83° 15.32 198.38 230.20 9.61° 5.44° 435° 2.44° 1.91 1.30
+PR 10 | 9.23° 14.01 190.39 163.79° 11.87° 6.75* 4.83° 2.852 1.98 1.57
SEM 1.139 1.455 7.122 16.274 0.900 0.870 0.166 0.186 0.256 0.339
P-value 0.000 0.222 0.132 0.000 0.003 0.049 0.001 0.007 0.721 0.280
Interaction

C-PR 5 |11.77° 12.88 174.54° 256.85° 10.67 6.04 4.87 2.76 2.11 1.34
C+PR 5 |9.05° 11.80 178.47° 154.99° 13.89 7.34 521 3.14 2.06 1.73
HS-PR 5 | 15.90° 17.75 222.22° 203.55° 8.55 4.84 3.83 2.12 1.71 1.26
HS+PR 5 |9.42° 16.22 202.31° 172.59° 9.86 6.16 445 2.56 1.89 1.40
SEM 1.610 2.057 10.072 23.015 1.272 1.230 0.235 0.263 0.363 0.479
P-value 0.033 0.830 0.031 0.007 0.152 0.981 0.248 0.828 0.539 0.618

¢ Means with different superscripts are significantly different.

! Biochemical parameters = ALT: alanine aminotransferase; AST: aspartate aminotransferase; TG: triglycerides; CH: cholesterol; Ca: calcium; P: phosphorus; TP: total
protein; ALB: albumin; GLB: globulin.

% Treatment groups = C: control groups that were exposed to 24°C; HS: heat stress groups that were exposed to 35°C; -PR: subgroups without dietary propolis
supplementation; +PR: subgroups with dietary propolis supplementation.

n: number of observations per treatment group. SEM: standard error of the mean.

https://doi.org/10.1371/journal.pone.0214839.t006

Discussion

Many natural additives extracted from plants and bees, such as propolis, are widely used to
minimize the deleterious effects of HS on poultry performance and to sustain their production
under high environmental temperatures [15,23,26]. In a recent study on growing quail, the
addition of propolis at a rate of 1 g/kg diet of quail chicks improved their productive and phys-
iological performance under HS conditions [7]. The current research was designed to evaluate
the possible effects of dietary propolis supplementation on egg production and some physio-
logical and immunological aspects of laying Japanese quail reared under HS conditions.

Low feed intake that observed in the HS-quail in the current study negatively affected the
other performance variables such as egg production, egg mass and feed conversion. A reduced
egg weight, shell thickness and yolk index were also observed in the HS-quail group. Similar
results were obtained in laying Japanese quail [12,27] and in layer chickens [9,16] submitted to
cyclic/constant HS conditions. Low feed intake in the HS-quail may also be the reason for the
low body weight gain and, consequently, induces the late onset of egg laying in the same
group. In contrast, PR had a positive effect on these productive performance (Table 3) and egg
quality traits (Table 4). Most of recent studies on poultry species that fed diets with propolis
have also suggested an increase in their production performance [7,24,28]. Moreover, PR
induced the onset of egg laying in the HS+PR quail birds (46.61 d) as earlier as in control
groups (44.83 d in C-PR and 45.02 d in C+PR), compared to HS-PR group (52.23 d).

Heat stress is an important stressor that induces the expression of many indicators related
to oxidative stress and inflammation in poultry species [5,23,29]. Plasma levels of MDA, TNEF-
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Table 7. Effect of heat stress, dietary propolis supplementation and their interaction on some immunological

parameters’ of Japanese quail.

Treatment groups > n TWBC’s (x10%/ul) H/L ratio SI
Heat stress (HS)

C 10 103.93* 0.35° 5.79°
HS 10 89.40° 0.72* 2.06°
SEM 3.306 0.017 0.188
P-value 0.007 0.000 0.000
Propolis (PR)

-PR 10 74.93" 0.59° 2.72°
+PR 10 118.40* 0.47° 5.13°
SEM 3.306 0.017 0.188
P-value 0.000 0.000 0.000
Interaction

C-PR 5 84.70 0.38° 4.20°
C+PR 5 123.15 0.32° 7.37%
HS-PR 5 65.15 0.81* 1.24¢
HS+PR 5 113.65 0.63" 2.89°
SEM 4.675 0.024 0.266
P-value 0.298 0.018 0.011

4 Means with different superscripts are significantly different.

! Immunological parameters = TWBC’s: total white blood cells; H/L ratio: heterophils/lymphocytes ratio; SI:

sstimulation index of T-lymphocyte cells.

* Treatment groups = C: control groups that were exposed to 24°C; HS: heat stress groups that were exposed to 35°C;

-PR: subgroups without dietary propolis supplementation; +PR: subgroups with dietary propolis supplementation.

n: number of observations per treatment group. SEM: standard error of the mean.

https://doi.org/10.1371/journal.pone.0214839.t007

o.and CORT were higher in HS quail birds than C quail birds. The elevated body temperature
of quail under HS condition could be attributed to high plasma TNF-o and CORT levels in

Table 8. Effect of heat stress (HS) and dietary propolis (PR) supplementation on economic efficiency of Japanese quail.

Treatment groups
Items Control (C)-PR C+PR HS-PR HS+PR
Costs
Price/kg feed (LE) 5.5 5.5 6.5 6.5
Total feed intake/bird (kg) 0.499 0.403 0.453 0.563
Total feed cost/bird (LE) 2.74 2.22 2.94 3.66
Labor cost/egg (LE) 0.30 0.39 0.29 0.23
Labor cost/bird production of eggs (LE) 3.54 3.55 3.51 3.54
Total cost 6.28 5.77 6.45 7.2
Benefit
Egg number/bird 11.8 9.1 12.1 15.4
Price/egg (LE) 0.75 0.75 0.75 0.75
Total revenue/bird 8.85 6.82 9.07 11.55
Net revenue/bird 2.57 1.05 2.62 4.35
Economic efficiency 0.4 0.18 0.40 0.60
Relative EE 100 45 100 150

https://doi.org/10.1371/journal.pone.0214839.t008
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these quail birds [30]. When propolis was supplemented in quail diets, all the parameters taken
as stress indicators in the present study were decreased in HS-laying quail birds (Table 5).
These results agree with previous results obtained in HS-quail chicks treated with propolis [7].
The propolis used in this work contains some components, like phenolic acids and flavonoids
(Table 1), which have been implicated in other works as anti-inflammatory [31] and anti-oxi-
dant [32] agents, especially under the HS environment [7].

In accordance with our previous work on quail chicks [7], the current research displayed
that HS also impaired the immunity status in quail birds during egg production phase. The
high H/L ratio and low lymphocyte proliferation observed in the heat-stressed quail were
accompanied with high plasma CORT and MDA levels. This negative correlation between the
immunity status and both CORT and MDA levels was confirmed in previous works
[6,7,25,33]. It is well documented that propolis has immune-modulatory properties based on
its content of flavonoid and phenolic acid compounds [34-38]. The present study demon-
strates that the dietary propolis supplementation significantly improved the SI of T-cells in lay-
ing quail in both C+PR and HS+PR groups when compared to C-PR and HS-PR groups,
respectively (Table 7). In addition, it is thought that propolis promotes the humoral immunity
via inhibiting anti-immune substances such as prostaglandins [39].

The increase in ALT and AST enzymes in the blood usually indicates the harmful effects on
liver tissues caused by excessive stress [40]. In the present study, PR treatment seems to have a
protective effect against HS and normalized the ALT levels in heat-stressed quail birds
(Table 6). The changes in these enzymes could be attributed to the parallel change in the
CORT levels [25] as affected by HS and PR treatments. Moreover, propolis significantly
decreased the plasma CH levels, but not TG levels, when it was added to diets of both C and
HS quail groups. Low plasma CH levels in the PR groups may be due to high transportation of
CH, the main compartment in egg yolks, from the plasma and its high depletion in egg yolk
[41]. These findings are consistent with the result obtained in the present study that demon-
strated an increase in the yolk index of quail eggs in the PR treatment groups (Table 4). In
addition, reducing of cholesterol by propolis might be induced through the inhibition of
HMG-CoA reductase enzyme that mediates the first step in cholesterol biosynthesis [42].

On the other hand, there was a significant increase in the plasma Ca and P levels in the PR
quail groups compared to groups without PR. The positive effects of propolis on Ca and P lev-
els lead to increase the absorption of Ca by shell gland, as previously reported in laying hens
[43] and quail [44]. Consequently, it increases the eggshell thickness as observed in the PR
groups (Table 4). In contrast, the poor egg shell thickness in HS group could be explained by
the excessive reduction in CO, and bicarbonate in blood as a result of panting, with a conse-
quent dissociation of Ca required for eggshell deposition during egg formation [12]. Further-
more, the TP and ALB levels in the plasma were significantly decreased under HS and
increased by dietary propolis supplementation, while no effects for HS or PR treatments were
found on the plasma GLB and ALB/GLB ratio (Table 6). In other studies [23], these parameters
were not influenced by the propolis treatments. The positive effects of propolis on TP and ALB
may partially interfere with the reduction in MDA and CORT levels which are responsible for
protein denaturation and breakdown [45].

In conclusion, the presence of propolis in the laying quail diets would likely improve the
feed intake, body weight gain and feed conversion, so that quail birds start the egg laying at
earlier ages. This could be reflected positively on the daily egg production, egg mass, egg
weight and egg quality traits, especially under HS conditions. The stress indicators like body
temperature, MDA, TNF-o. and CORT levels in quail were reduced by the PR treatment dur-
ing HS. Moreover, PR protects the HS-quail against the elevation in the plasma ALT and cho-
lesterol levels, and maintains the calcium, phosphorus, total protein and albumin at high
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levels. The TWBC’s and T-cell lymphocyte proliferation were enhanced and the H/L ratio was
decreased by PR, indicating that propolis can protect the physiological and immunity status of
laying quail during HS. Furthermore, supplementing quail’ diet with propolis was more eco-
nomic and cheaper. Therefore, the addition of propolis to diets of laying Japanese quail could
be recommended as a successful attempt to maintain the performance and egg production of
quail birds at non-optimal conditions like HS.

Supporting information

S1 File. Suppl 1_DATAset_r2_2019: A supplementary file includes the original dataset of
this experiment.
(XLSX)

S2 File. ARRIVE Checklist HSPR_Quail_PlosOne2018: A supplementary file includes the
ARRIVE guidelines design for the reporting of animal research in this experiment.
(PDF)

Acknowledgments

This study was implemented under activities carried out by the Project of Rapid Climate
Change in Poultry Cellular and Molecular Physiology (RCC-PCMP) funded by the General
Scientific Research Department at Cairo University (GSRD-CU). Ahmed O. Abass is the prin-
cipal investigator and research team leader of the project. The authors thank Prof. Dr. Magdi
M. Mashaly (Professor of Poultry Immunology, Cairo University), and Prof. Dr. Abdel-Rah-
man M. M. Atta (Professor of Poultry Immunology, Cairo University), for their technical sup-
port during this study. We are very grateful to all the personnel from the Poultry
Biotechnology Lab and members of Poultry Services Center at Faculty of Agriculture, Cairo
University, for their assistance in sample preparation and monitoring of birds throughout the
experimental period.

Author Contributions
Conceptualization: Gamal M. K. Mehaisen, Adel A. Desoky, Ahmed O. Abass.

Data curation: Gamal M. K. Mehaisen, Adel A. Desoky, Osama G. Sakr, Walid Sallam,
Ahmed O. Abass.

Formal analysis: Gamal M. K. Mehaisen, Adel A. Desoky, Walid Sallam, Ahmed O. Abass.
Funding acquisition: Ahmed O. Abass.

Investigation: Gamal M. K. Mehaisen, Adel A. Desoky, Ahmed O. Abass.
Methodology: Gamal M. K. Mehaisen, Adel A. Desoky, Walid Sallam, Ahmed O. Abass.
Project administration: Gamal M. K. Mehaisen, Ahmed O. Abass.

Resources: Adel A. Desoky, Osama G. Sakr, Ahmed O. Abass.

Supervision: Adel A. Desoky, Ahmed O. Abass.

Validation: Gamal M. K. Mehaisen, Adel A. Desoky, Ahmed O. Abass.

Visualization: Ahmed O. Abass.

Writing - original draft: Gamal M. K. Mehaisen, Ahmed O. Abass.

Writing - review & editing: Gamal M. K. Mehaisen, Ahmed O. Abass.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214839  April 9, 2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214839.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214839.s002
https://doi.org/10.1371/journal.pone.0214839

® PLOS |ONE

Propolis and performance of laying Japanese quail under heat stress conditions

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Runjaic-Antic D, Pavkov S, Levic J. Herbs in a sustainable animal nutrition. Biotechnol Anim Husb.
2010; 26: 203—214. https://doi.org/10.2298/BAH1004203R

Agiang EA, Oko OOK, Essien GE. Quails Response to Aqueous Extract of Bush Marigold (Aspilia afri-
cana) Leaf. Am J Anim Vet Sci. 2011; 6: 130—134.

El-Daly EF, EI-Wardany |, EI-Gawad AHA, Hemid AEA, EI-Azeem NAA. Physiological, Biochemical and
Metabolic Responses of Japanese Quail (Coturnix coturnix japonica) as Affected by Early Heat Stress
and Dietary Treatment. Iran J Appl Anim Sci. 2013; 3: 207-216.

Niu ZY, Liu FZ, Yan QL, Li WC. Effects of different levels of vitamin E on growth performance and
immune responses of broilers under heat stress. Poult Sci. 2009; 88: 2101-2107. https://doi.org/10.
3382/ps.2009-00220 PMID: 19762862

Quinteiro-Filho WM, Gomes a. VS, Pinheiro ML, Ribeiro A, Ferraz-de-Paula V, Astolfi-Ferreira CS,

et al. Heat stress impairs performance and induces intestinal inflammation in broiler chickens infected
with Salmonella Enteritidis. Avian Pathol. 2012; 41: 421—427. hitps://doi.org/10.1080/03079457.2012.
709315 PMID: 22900578

Kamel NN, Ahmed AMH, Mehaisen GMK, Mashaly MM, Abass AO. Depression of leukocyte protein
synthesis, immune function and growth performance induced by high environmental temperature in
broiler chickens. Int J Biometeorol. 2017; 61: 1-9. https://doi.org/10.1007/s00484-016-1186-z

Mehaisen GMK, Ibrahim RM, Desoky AA, Safaa HM, El-Sayed OA, Abass AO. The importance of prop-
olis in alleviating the negative physiological effects of heat stress in quail chicks. PLoS One. 2017; 12:
1-17. https://doi.org/10.1371/journal.pone.0186907 PMID: 29053741

Miller DB, O’Callaghan JP. Neuroendocrine aspects of the response to stress. Metabolism. 2002; 51:
5-10. Available: http://www.ncbi.nlm.nih.gov/pubmed/12040534

Mashaly MM, Hendricks GL, Kalama MA, Gehad AE, Abbas AO, Patterson PH. Effect of Heat Stress
on Production Parameters and Immune Responses of Commercial Laying Hens. Poult Sci. 2004; 83:
889-894. https://doi.org/10.1093/ps/83.6.889 PMID: 15206614

Sahin K, Sahin N, Onderci M. Vitamin E supplementation can alleviate negative effects of heat stress
on egg production, egg quality, digestibility of nutrients and egg yolk mineral concentrations of Japa-
nese quails. Res Vet Sci. 2002; 73: 307—312. https://doi.org/10.1016/S0034-5288(02)00126-1 PMID:
12443690

Sahin K, Kucuk O. Zinc supplementation alleviates heat stress in laying Japanese quail. J Nutr. 2003;
133: 2808—-11. Available: http://www.ncbi.nlm.nih.gov/pubmed/12949369 https://doi.org/10.1093/jn/
133.9.2808 PMID: 12949369

Vercese F, Garcia E, Sartori J, Pontes SA de P, Faitarone A, Berto D, et al. Performance and egg qual-
ity of Japanese quails submitted to cyclic heat stress. Rev Bras Ciéncia Avicola. 2012; 14: 37—41.
https://doi.org/10.1590/S1516-635X2012000100007

Akdemir F, Sahin N, Orhan C, Tuzcu M, Sahin K, Hayirli A. Chromium-histidinate ameliorates productiv-
ity in heat-stressed Japanese quails through reducing oxidative stress and inhibiting heat-shock protein
expression. Br Poult Sci. 2015; 56: 247-254. https://doi.org/10.1080/00071668.2015.1008992 PMID:
25622754

Patra T, Pati PK, Mohapatra AK. Study on carcass quality of coloured broiler chicks supplemented with
vitamin E and C during summer stress. SAARC J Agric. 2011; 9: 123—132. Available: https://www.
cabdirect.org/cabdirect/abstract/20123050083

Mahmoud UT, Abdel-Rahman MAM, Darwish MHA. Effects of Propolis, Ascorbic Acid and Vitamin E on
Thyroid and Corticosterone Hormones in Heat Stressed Broilers. J Adv Vet Res. 2014; 4: 18-27. Avail-
able: http://www.advetresearch.com/index.php/avr/article/viewFile/227/168

Seven PT. The effects of dietary Turkish propolis and vitamin C on performance, digestibility, egg pro-
duction and egg quality in laying hens under different environmental temperatures. Asian-Australasian
J Anim Sci. 2008; 21: 1164—1170. https://doi.org/10.5713/ajas.2008.70605

Deng W, Dong XF, Tong JM, Zhang Q. The probiotic Bacillus licheniformis ameliorates heat stress-
induced impairment of egg production, gut morphology, and intestinal mucosal immunity in laying hens.
Poult Sci. 2012; 91: 575-582. https://doi.org/10.3382/ps.2010-01293 PMID: 22334732

Sandikci M, Eren U, Onol AG, Kum S. The effect of heat stress and the use of Saccharomyces cerevi-
siae or (and) bacitracin zinc against heat stress on the intestinal mucosa in quails. Rev Med Vet (Tou-
louse). 2004; 11: 552-556. Available: http://www.revmedvet.com/artdes-us.php?id=1273

Sahin N, Orhan C, Tuzcu M, Sahin K, Kucuk O. The Effects of Tomato Powder Supplementation on
Performance and Lipid Peroxidation in Quail. Poult Sci. 2008; 87: 276—283. https://doi.org/10.3382/ps.
2007-00207 PMID: 18212370

PLOS ONE | https://doi.org/10.1371/journal.pone.0214839  April 9, 2019 12/14


https://doi.org/10.2298/BAH1004203R
https://doi.org/10.3382/ps.2009-00220
https://doi.org/10.3382/ps.2009-00220
http://www.ncbi.nlm.nih.gov/pubmed/19762862
https://doi.org/10.1080/03079457.2012.709315
https://doi.org/10.1080/03079457.2012.709315
http://www.ncbi.nlm.nih.gov/pubmed/22900578
https://doi.org/10.1007/s00484-016-1186-z
https://doi.org/10.1371/journal.pone.0186907
http://www.ncbi.nlm.nih.gov/pubmed/29053741
http://www.ncbi.nlm.nih.gov/pubmed/12040534
https://doi.org/10.1093/ps/83.6.889
http://www.ncbi.nlm.nih.gov/pubmed/15206614
https://doi.org/10.1016/S0034-5288(02)00126-1
http://www.ncbi.nlm.nih.gov/pubmed/12443690
http://www.ncbi.nlm.nih.gov/pubmed/12949369
https://doi.org/10.1093/jn/133.9.2808
https://doi.org/10.1093/jn/133.9.2808
http://www.ncbi.nlm.nih.gov/pubmed/12949369
https://doi.org/10.1590/S1516-635X2012000100007
https://doi.org/10.1080/00071668.2015.1008992
http://www.ncbi.nlm.nih.gov/pubmed/25622754
https://www.cabdirect.org/cabdirect/abstract/20123050083
https://www.cabdirect.org/cabdirect/abstract/20123050083
http://www.advetresearch.com/index.php/avr/article/viewFile/227/168
https://doi.org/10.5713/ajas.2008.70605
https://doi.org/10.3382/ps.2010-01293
http://www.ncbi.nlm.nih.gov/pubmed/22334732
http://www.revmedvet.com/artdes-us.php?id=1273
https://doi.org/10.3382/ps.2007-00207
https://doi.org/10.3382/ps.2007-00207
http://www.ncbi.nlm.nih.gov/pubmed/18212370
https://doi.org/10.1371/journal.pone.0214839

® PLOS |ONE

Propolis and performance of laying Japanese quail under heat stress conditions

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bankova VS, de Castro SL, Marcucci MC. Propolis: recent advances in chemistry and plant origin. Api-
dologie. EDP Sciences; 2000; 31: 3—15. https://doi.org/10.1051/apido:2000102

Seven PT, Seven I. Effect of dietary Turkish propolis as alternative to antibiotic on performance and
digestibility in broilers exposed to heat stress. J Appl Anim Res. 2008; 34: 193—196. https://doi.org/10.
1080/09712119.2008.9706970

Seven PT, Seven |, Yilmaz M, Simsek UG. The effects of Turkish propolis on growth and carcass char-
acteristics in broilers under heat stress. Anim Feed Sci Technol. 2008; 146: 137—148. https://doi.org/10.
1016/j.anifeedsci.2007.11.003

Seven PT, Yilmaz S, Seven |, Cerci IH, Azman MA, Yilmaz M. Effects of Propolis on Selected Blood
Indicators and Antioxidant Enzyme Activities in Broilers under Heat Stress. Acta Vet Brno. 2009; 78:
75-83. https://doi.org/10.2754/avb200978010075

Abass AO, Kamel NN, Khalifa WH, Gouda GF, El-Manylawi MAF, Mehaisen GMK, et al. Propolis sup-
plementation attenuates the negative effects of oxidative stress induced by paraquat injection on pro-
ductive performance and immune function in Turkey poults. Poult Sci. 2017;96. https://doi.org/10.3382/
ps/pex248 PMID: 29053856

Mehaisen GMK, Eshak MG, Elkaiaty AM, Atta AMM, Mashaly MM, Abass AO. Comprehensive growth
performance, immune function, plasma biochemistry, gene expressions and cell death morphology
responses to a daily corticosterone injection course in broiler chickens. van den Bos R, editor. PLoS
One. 2017; 12: e0172684. https://doi.org/10.1371/journal.pone.0172684 PMID: 28235061

Sur Arslan A, Tatli Seven P. The effects of propolis on serum malondialdehyde, fatty acids and some
blood parameters in Japanese quail (Coturnix coturnix japonica) under high stocking density. J Appl
Anim Res. 2017; 45: 417—422. https://doi.org/10.1080/09712119.2016.1206901

Sahin N, Orhan C, Tuzcu M, Juturu V, Sahin K. Capsaicinoids improve egg production by regulating
ovary nuclear transcription factors against heat stress in quail. Br Poult Sci. 2017; 58: 177—183. hitps://
doi.org/10.1080/00071668.2016.1262001 PMID: 27869499

Khan SH. Recent Advances in Role of Propolis as Natural Additive in Poultry Nutrition. J Apic Sci. 2017;
61: 167-183. https://doi.org/10.1515/jas-2017-0020

Ohtsu H, Yamazaki M, Abe H, Murakami H, Toyomizu M. Heat Stress Modulates Cytokine Gene
Expression in the Spleen of Broiler Chickens. J Poult Sci. 2015; 52: 282—-287. https://doi.org/10.2141/
jpsa.0150062

Wigley P, Kaiser P. Avian cytokines in health and disease. Rev Bras Ciéncia Avicola. 2003; 5: 1-14.
https://doi.org/10.1590/S1516-635X2003000100001

Hori JI, Zamboni DS, Carrao DB, Goldman GH, Berretta AA. The Inhibition of Inflammasome by Brazil-
ian Propolis (EPP-AF). Evidence-Based Complement Altern Med. 2013; 2013: 418508. https://doi.org/
10.1155/2013/418508 PMID: 23690844

Seven |, Aksu T, Seven PT. The Effects of Propolis on Biochemical Parameters and Activity of Antioxi-
dant Enzymes in Broilers Exposed to Lead-Induced Oxidative Stress. Asian-Australasian J Anim Sci.
2010; 23: 1482—-1489. https://doi.org/10.5713/ajas.2010.10009

Shini S, Huff GR, Shini A, Kaiser P. Understanding stress-induced immunosuppression: exploration of
cytokine and chemokine gene profiles in chicken peripheral leukocytes. Poult Sci. 2010; 89: 841-851.
https://doi.org/10.3382/ps.2009-00483 PMID: 20308420

Sforcin JM, Orsi RO, Bankova V. Effect of propolis, some isolated compounds and its source plant on
antibody production. J Ethnopharmacol. 2005; 98: 301-305. https://doi.org/10.1016/j.jep.2005.01.042
PMID: 15814263

FanY, LuY, Wang D, Liu J, Song X, Zhang W, et al. Effect of epimedium polysaccharide-propolis fla-
vone immunopotentiator on immunosuppression induced by cyclophosphamide in chickens. Cell Immu-
nol. 2013; 281: 37—43. https://doi.org/10.1016/j.cellimm.2013.01.008 PMID: 23435348

YuanJ, Liud, HuY, FanY, Wang D, Guo L, et al. The immunological activity of propolis flavonoids lipo-
some on the immune response against ND vaccine. Int J Biol Macromol. 2012; 51: 400—405. https://doi.
org/10.1016/j.ijbiomac.2012.06.002 PMID: 22705053

Borrelli F, Maffia P, Pinto L, lanaro A, Russo A, Capasso F, et al. Phytochemical compounds involved in
the anti-inflammatory effect of propolis extract. Fitoterapia. 2002; 73: S53—-S63. https://doi.org/10.1016/
S0367-326X(02)00191-0 PMID: 12495710

Prytzyk E, Dantas AP, Salomao K, Pereira AS, Bankova VS, De Castro SL, et al. Flavonoids and trypa-
nocidal activity of Bulgarian propolis. J Ethnopharmacol. 2003; 88: 189—193. Available: http://www.ncbi.
nim.nih.gov/pubmed/12963141 PMID: 12963141

Namgoong SY, Son KH, Chang HW, Kang SS, Kim HP. Effects of naturally occurring flavonoids on
mitogen-induced lymphocyte proliferation and mixed lymphocyte culture. Life Sci. 1994; 54: 313-320.
Available: http://www.ncbi.nim.nih.gov/pubmed/8289592 PMID: 8289592

PLOS ONE | https://doi.org/10.1371/journal.pone.0214839  April 9, 2019 13/14


https://doi.org/10.1051/apido:2000102
https://doi.org/10.1080/09712119.2008.9706970
https://doi.org/10.1080/09712119.2008.9706970
https://doi.org/10.1016/j.anifeedsci.2007.11.003
https://doi.org/10.1016/j.anifeedsci.2007.11.003
https://doi.org/10.2754/avb200978010075
https://doi.org/10.3382/ps/pex248
https://doi.org/10.3382/ps/pex248
http://www.ncbi.nlm.nih.gov/pubmed/29053856
https://doi.org/10.1371/journal.pone.0172684
http://www.ncbi.nlm.nih.gov/pubmed/28235061
https://doi.org/10.1080/09712119.2016.1206901
https://doi.org/10.1080/00071668.2016.1262001
https://doi.org/10.1080/00071668.2016.1262001
http://www.ncbi.nlm.nih.gov/pubmed/27869499
https://doi.org/10.1515/jas-2017-0020
https://doi.org/10.2141/jpsa.0150062
https://doi.org/10.2141/jpsa.0150062
https://doi.org/10.1590/S1516-635X2003000100001
https://doi.org/10.1155/2013/418508
https://doi.org/10.1155/2013/418508
http://www.ncbi.nlm.nih.gov/pubmed/23690844
https://doi.org/10.5713/ajas.2010.10009
https://doi.org/10.3382/ps.2009-00483
http://www.ncbi.nlm.nih.gov/pubmed/20308420
https://doi.org/10.1016/j.jep.2005.01.042
http://www.ncbi.nlm.nih.gov/pubmed/15814263
https://doi.org/10.1016/j.cellimm.2013.01.008
http://www.ncbi.nlm.nih.gov/pubmed/23435348
https://doi.org/10.1016/j.ijbiomac.2012.06.002
https://doi.org/10.1016/j.ijbiomac.2012.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22705053
https://doi.org/10.1016/S0367-326X(02)00191-0
https://doi.org/10.1016/S0367-326X(02)00191-0
http://www.ncbi.nlm.nih.gov/pubmed/12495710
http://www.ncbi.nlm.nih.gov/pubmed/12963141
http://www.ncbi.nlm.nih.gov/pubmed/12963141
http://www.ncbi.nlm.nih.gov/pubmed/12963141
http://www.ncbi.nlm.nih.gov/pubmed/8289592
http://www.ncbi.nlm.nih.gov/pubmed/8289592
https://doi.org/10.1371/journal.pone.0214839

® PLOS |ONE

Propolis and performance of laying Japanese quail under heat stress conditions

40.

M.

42,

43.

44,

45.

Vahdatpour T, Nikpiran H. Effects of Protexin®, Fermacto® and combination of them on blood enzymes
and performance of Japanese quails (Coturnix Japonica). Ann Biol Res. 2011; 2: 283-291. Available:
http://scholarsresearchlibrary.com/ABR-vol2-iss3/ABR-2011-2-3-283-291.html

Tarugi P, Reggiani D, Ottaviani E, Ferrari S, Tiozzo R, Calandra S. Plasma lipoproteins, tissue choles-
terol overload, and skeletal muscle apolipoprotein A-I synthesis in the developing chick. J Lipid Res.
1989; 30: 9-22. Available: http://research.bmn.com/medline/search/results?uid=MDLN.89140614
PMID: 2493058

Albokhadaim I. Influence of dietary supplementation of propolis on hematology, biochemistry and lipid
profile of rats fed high cholesterol diet. J Adv Vet Anim Res. 2015; 2: 56—63. https://doi.org/10.5455/
javar.2015.b49

Abdel-Kareem AAA, EI-Sheikh TM. Impact of supplementing diets with propolis on productive perfor-
mance, egg quality traits and some haematological variables of laying hens. J Anim Physiol Anim Nutr
(Berl). 2017; 101: 441-448. https://doi.org/10.1111/jpn.12407 PMID: 26614568

Seven |, Seven PT, Silici S. Effects of dietary Turkish propolis as alter- native to antibiotic on growth and
laying performances, nutrient digestibility and. 2011; 3: 186-191.

Sahin K, Onderci M, Sahin N, Gursu MF, Khachik F, Kucuk O. Effects of lycopene supplementation on
antioxidant status, oxidative stress, performance and carcass characteristics in heat-stressed Japa-
nese quail. J Therm Biol. 2006; 31: 307—312. https://doi.org/10.1016/j.jtherbio.2005.12.006

PLOS ONE | https://doi.org/10.1371/journal.pone.0214839  April 9, 2019 14/14


http://scholarsresearchlibrary.com/ABR-vol2-iss3/ABR-2011-2-3-283-291.html
http://research.bmn.com/medline/search/results?uid=MDLN.89140614
http://www.ncbi.nlm.nih.gov/pubmed/2493058
https://doi.org/10.5455/javar.2015.b49
https://doi.org/10.5455/javar.2015.b49
https://doi.org/10.1111/jpn.12407
http://www.ncbi.nlm.nih.gov/pubmed/26614568
https://doi.org/10.1016/j.jtherbio.2005.12.006
https://doi.org/10.1371/journal.pone.0214839

