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Introduction

ABSTRACT. The aim of this study was to determine the effect of stevia and
ginger extracts (SGE) on growth performance, serum biochemical parameters,
organ weights and antioxidant activity in quails under heat stress (HS). A total
of 180, 6-week-old male quails were divided into four groups, five quails each,
with six replicates. The added extract doses were: 0 (control), 0.5 and 1.0%
of the diet for treatments 1-6, respectively. The thermoneutral group (TN) was
kept at a temperature of 21 + 2 °C for 28 days, and the heat stress group
(HS) was exposed to 21 + 2 °C for 18 h and 33 + 2 °C (10.00-16.00) for
6 h. HS exposure adversely affected performance parameters compared to
quails kept at TN, as reflected by lower final body weight (FBW), body weight
gain (BWG), cumulative feed intake (CFI) and cold carcass weight (CCW),
as well as increased feed conversion ratio (FCR) (P < 0.001 and P < 0.0001,
respectively). Raising dietary SGE level linearly increased FBW (P < 0.011),
BWG (P < 0.025) and CCW (P < 0.001), while it decreased FCR (P < 0.026).
Quails exposed to HS conditions had higher serum malondialdehyde (MDA)
(P<0.0001), creatine kinase (CK) (P<0.0001), aspartate aminotransferase (AST)
(P < 0.006) and triiodothyronine (T3) (P < 0.0001) levels than those reared
under TN conditions. SGE supplementation decreased serum MDA (P < 0.003),
glucose (P < 0.0001), CK (P < 0.0001), AST (P < 0.0001), T3 (P < 0.001) and
thyroxine (T4) (P < 0.024) levels compared to the control groups. While heart
and liver weights decreased (P < 0.0001; P < 0.001), an increase in testicular
weight was recorded (P < 0.0001). The addition of SGE to the diet during periods
of elevated environmental temperature can play an important role in reducing
the negative effects of heat stress.

tems that have begun to be applied in recent years in
laying hen breeding are at the higher level compared

In recent years, the progressing global warming
and the negative impact of high environmental tem-
perature on farm animals will intensify. It is known
that poultry will be the most affected farm animal
by the environmental temperature. Ventilation and
cooling systems used in commercial poultry farm-
ing are designed to prevent heat stress, however,
they are usually quite expensive. Free-range sys-

to those used in broiler rearing. It is very difficult
to control the temperature, humidity and ventilation
of the environment, in which broilers are housed
in free-range systems. The use of these systems in
broiler farming is both difficult and uneconomical.
Therefore, it is necessary to develop alternative
breeding programs for these systems (Pirgozliev
et al., 2020).
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Adding antioxidants to poultry diets and reduc-
ing the effect of raising environmental temperature
with climate change has become an important issue.
Increasing environmental temperature causes physi-
ological and biochemical changes in birds and reduc-
es feed consumption and growth performance (Attia
etal., 2018). In addition, heat stress negatively affects
meat oxidative state and aerobic metabolism, thereby
deteriorating its quality (Kaplan and Kdksal, 2021).
Phytochemicals that are of natural origin, environ-
mentally friendly and non-toxic are used to increase
meat quality and growth performance of broiler
chickens (Akbarian et al., 2016). Stevia (Stevia re-
baudiana) is a plant that has been used for centuries
as a natural sweetener in South America and is also
currently applied in human diets (Lemus-Mondaca
et al., 2012). Stevia and its extracts also show anti-
microbial, diuretic, insulinotropic and hypotensive
properties (Atteh et al., 2008). Ginger (Zingiber of-
ficinale) and its extracts have been extensively used
in recent years in animal diets due to their antioxi-
dant, hepatoprotective, antimicrobial, analgesic and
anti-inflammatory effects. Most important bioactive
components of ginger are phenolic compound known
as gingerols (Alsherbiny et al., 2019).

In recent years, many studies have shown that
the addition of stevia and ginger and their extracts
to the diet positively affects many parameters such
as heat stress (HS), growth performance, feed ef-
ficiency, blood serum levels, antioxidant status, as
well as egg and meat yields (Habibian et al., 2016;
Rehman et al., 2018; Xiong et al., 2022). The aim of
this study was to determine the effect of stevia and
ginger extracts (SGE) on fattening performance,
serum biochemical parameters, organ weights and
antioxidant activity in quails under HS.

Material and methods

Animal management and treatments

All procedures used in the present study were
approved by the Institutional Animal Care and
Use Committee at the Faculty of Veterinary Medi-
cine, Dicle University (Diyarbakir, Turkey). Quails
(Coturnix coturnix japonica) used in the study were
purchased from the poultry unit at the Faculty of Vet-
erinary Medicine, Dicle University (Diyarbakir, Tur-
key). One-day old male chicks (180) were randomly
divided into six groups. The experiment was conduct-
ed in 6 replicated cages (60 % 120 x 30 cm), 5 birds
each. During the first days, the birds were housed
in a poultry room with a temperature of 35 = 2 °C
and 24-hour lighting period. Room temperature was

gradually reduced to 21 £ 2 °C until day 15. The birds
were housed in two separate rooms at two different
ambient temperatures during the 28-day trial. The
thermoneutral (TN) and heat stress (HS) groups were
kept at a temperature of 21 + 2 °C for 28 days, and
a long-term temperature of 21 + 2 °C for 18 h, and
33+£2°C(10.00-16.00) for 6 h, respectively. The rel-
ative humidity in the TN group was around 52%. The
relative humidity in the HS group was maintained at
52 £ 2%. The illumination period in both groups was
similar for 32 days (1042 days) (18L:6D).

Animal feeding and data collection

All birds were fed the same basal diet for
42 days. Stevia (S. rebaudiana 20 000 mg/kg; Sigma-
Aldrich, Interlab, Istanbul, Turkey) and ginger
(Z. officinale 5 000 mg/kg; Calbiochem, Interlab,
Istanbul, Turkey) extract mixtures (0, 0.5 and 1%)
were added daily to the diets of each subgroup of
the TN and HS groups. Feed and fresh water were
offered ad Ilibitum throughout the experiment.
The nutritional and chemical compositions of
the ration are given in Table 1. Cumulative feed
consumption, changes in full body weight (FBW),

Table 1. Ingredient and nutrient composition of the basal diet'

Ingredients, % Grower Finisher
' (15-28d)  (29-424d)
Corn 55.9 60.69
Soybean meal (44%) 34.3 29.6
Soy il 55 5.7
Limestone 1.7 1.5
Dicalcium phosphate 1.5 1.4
Sodium chloride 04 0.41
DL-methionine 0.2 0.2
Vitamin-mineral premix? 0.5 0.5
Chemical analyses, dry matter basis, %
crude protein 22.25 19.62
crude fat 6.12 6.26
crude fiber 476 3.83
calcium 1.15 0.95
phosphorus 0.77 0.73
Calculated compositions?
metabolizable energy, kcallkg 2918 3029
lysine, % 1.12 1.09
methionine + cysteine, % 0.86 0.81

" mix was added into the basal diet at a dosage of 0, 0.5 and 1 g/100 g;
2 yitamin premix provides the following per kg: mg: all-trans-retinyl ac-
etate 1.8, cholecalciferol 0.025, all-a-tocopherol acetate 1.25, menadi-
one (menadione sodium bisulphate) 1.1, riboflavin 4.4, thiamine (thia-
mine mononitrate) 1.1, pyridoxine 2.2, niacin 35, Ca-pantothenate 10,
vitamin B,, 0.02, folic acid 0.55, d-biotin 0.1; mineral premix provides
the following per kg: mg: Mn (from MnQ) 40, Fe (from FeSO,) 12.5, Zn
(from Zn0) 25, Cu (from CuS0,) 3.5, | (from KI) 0.3, Se (from NaSe)
0.15, choline chloride 175; ® value calculated according to tabulated
values listed for the feed ingredients
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body weight gain (BWG) and feed conversion ratio
(FCR) were calculated weekly. At the end of the
experiment, 12 randomly selected quails (2 quails
from each cage) from each group were slaughtered
to determine cold carcass and visceral weights.
Carcasses were obtained by separating the internal
organs, feet and feathers. Cold carcass weight
(CCW) and cold carcass yield (CCY) were
calculated by keeping the carcasses at 4 °C for
24 h. For the analysis of blood serum parameters,
blood samples were collected during slaughter
into biochemical tubes. Blood samples were
centrifuged at 3 000 rpm for 10 min at 4 °C. The
obtained blood sera were stored at —20 °C for
analysis.

Results

Growth performance

Table 2 shows the effects of HS and SGE
supplementation on quail performance parame-
ters, including FBW, BWG, CFI, FCR, CCW and
CCY. HS exposure adversely affected performance
parameters compared to quails kept at TN condi-
tions, as reflected by reduced FBW, BWG, CFI and
CCW, and increased FCR (P < 0.001, P < 0.001,
P < 0.0001, P < 0.0001 and P < 0.0001, respec-
tively). Increments in dietary SGE levels linearly
increased FBW (P < 0.011), BWG (P < 0.025) and
CCW (P <0.001), and decreased FCR (P < 0.026),
whereas CFI and CCY were not affected.

Table 2. Effect of dietary stevia and ginger extract (SGE) supplementation on performance in heat-stressed quails

ET
Variables N HS SEM P-value
0 0.5 1 0 0.5 1 ET SGE ET x SGE

FBW,g 2277 2329 240.4 215.1 224.6 2272 3.951 0.001 0.011 0.812
BWG,g 2132 2184 225.9 200.7 210.3 212.7 3.956  0.001 0.025 0.791
CFl, g 847 862 877 807 798 789 17.760  0.0001 0.568 0.905
FCR, g 3.97 3.94 3.88 4.02 3.79 3.70 0.054  0.0001 0.026 0.979
CCw,g 1422 146.0 151.1 131.2 137.6 141.3 2447  0.0001 0.001 0.878
CCY, % 62.4 62.7 62.9 61.0 61.3 62.2 0.749  0.063 0.525 0.867

ET - environmental temperature, TN — thermoneutral, HS — heat stress, FBW - final body weight, BWG — body weight gain, CFl — cumulative feed
intake, FCR - feed conversion ratio, CCW — cold carcass weight, CCY — cold carcass yield, SEM - standard error of the mean; 0, 0.5, 1 —levels
of SGE supplementation (%); P < 0.05 indicates significantly different data

Laboratory analyses

Malondialdehyde (MDA) levels in the homoge-
nate and serum were determined using the single
heating method of Yoshioka et al. (1979) based on
thiobarbituric acid (TBA) reactivity. Serum aspartate
aminotransferase (AST) (Archem, A2212, Istanbul,
Turkey) activity and cholesterol, glucose and creatine
kinase (CK) (Archem, A2091, Istanbul, Turkey) levels
were measured using commercially available kits on
a D280 biochemistry auto analyzer (Sinnowa, Nan-
jing, JS, China). Thyroid hormones, triiodothyronine
(T,, ng/ml) and thyroxine (T,, ng/dl) were analyzed by
the RIA method according to Akiba et al. (1982).

Statistical analysis

Data were analysed by 2-way ANOVA using the
PROC GLM procedure implemented in the SPSS
software (version 16.0 for Windows; Chicago, Il,
USA). Differences between treatment means were

evaluated by Duncan’s multiple range test. Statisti-
cal significance was considered at P < 0.05.

Serum biochemical parameters

Quails exposed to the HS conditions had
higher serum levels of MDA (P < 0.0001), CK
(P <0.0001), AST (P <0.006) and T, (P < 0.0001)
than those reared in TN (Table 3). SGE supplemen-
tation decreased serum levels of MDA (P < 0.003),
glucose (P < 0.0001), CK (P < 0.0001), AST
(P<0.0001), T, (P<0.001)and T, (P < 0.024) com-
pared to the control groups. On the other hand, the
addition of SGE did not induce any changes in
serum cholesterol levels in both the HS and TN
groups.

Organ weights

The effects of HS and SGE supplementation on
liver, heart and testis weights are shown in Table 4.
While liver (P < 0.0001), heart (P < 0.001) and
testis (P < 0.0001) weights in quails exposed heat
stress decreased, SGE supplementation increased
testis weight (P < 0.034) and did not affect liver
and heart weights.
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Table 3. Effect of dietary stevia and ginger extract (SGE) supplementation on serum malondialdehyde (MDA), glucose, creatine kinase (CK),
cholesterol, aspartate aminotransferase (AST), triiodothyronine (T,) and thyroxine (T,) levels in heat-stressed quails

ET
Variables ™ HS SEM P-value
0 0.5 1 0 0.5 1 ET SGE ET x SGE

MDA, nmol/ml 413 3.38 3.50 5.95 4.62 4.69 0.302  0.0001 0.003 0.523
Glucose, mg/di 3332 3210 3230 3372 326° 290¢ 5314  0.080 0.0001 0.002
CK, U/l 1245¢ 729¢ 661¢ 22462 2193®  1842° 45,088  0.0001 0.0001 0.0001
Cholesterol, mg/di 208 206 200 220 218 206 6.347  0.093 0.243 0.856
AST, U/l 278 264 258 307 267 272 6.196  0.006 0.0001 0.136
T,,ng/ml 2.62 243 2.08 217 1.84 1.67 0.124  0.0001 0.001 0.756
T, ug/ml 0.55 0.54 0.52 0.49 0.47 0.46 0.020 0.277 0.024 0.335

ET - environmental temperature, TN — thermoneutral, HS - heat stress, SEM - standard error of the mean; 0, 0.5, 1 — levels of SGE
supplementation (%); P < 0.05 indicates significantly different data; >4 — means in the same row with different superscript are significantly different

Table 4. Effect of dietary stevia and ginger extract (SGE) supplementation on organ (liver, heart and testis) weights in heat-stressed quails

ET
Variables TN HS SEM P-value
0 1 2 0 1 2 ET SGE ET x SGE
Liver, g 3.4 3.5 3.5 3.2 2.7 3.0 0.126 0.0001 0.282 0.085
Heart, g 2.0 1.9 1.9 1.7 1.8 1.6 0.061 0.001 0.315 0.131
Testis, g 2.6 3.0 2.9 2.2 25 24 0.114 0.0001 0.034 0.657

ET - environmental temperature, TN — thermoneutral, HS — heat stress, SEM — standard error of the mean; 0, 0.5, 1 — levels of SGE supplemen-

tation (%); P < 0.05 indicates significantly different data

Discussion

Growth performance

Heat stress exerts a very strong effect on poultry.
Feed consumption, live weight gain and feed
efficiency decreases in poultry exposed to heat stress
(Biswal etal.,2020; Vandanaetal., 2021). Comparing
the groups in our study, the FBW and BWG ratios in
the TN group were found to be higher. In addition,
it was observed that SGE added to both the TN and
HS groups had a significant positive effect on FBW
and BWG. It has been previously reported that FBW
increased significantly in groups supplemented with
stevia (Khalifa et al., 2021; Xiong et al., 2022).
Similarly, it was demonstrated that the addition of
ginger extract to the diet in broilers exposed to heat
stress increased growth performance compared to
control groups (Rehman et al., 2018). The addition
of dried fermented ginger was found to have a strong
effect on broiler body weight increase (El-Kashef,
2022). These positive outcomes could be due to the
beneficial effects of herbal stevia and ginger extracts
on growth, digestibility, strong antibacterial potential
and health status (Rehman et al., 2018; Khalifa et al.,
2021). However, some researchers reported that

ginger supplementation had no effect on body weight
(Herve et al., 2018). They explained these results by
changes in the phenolic and flavonoid compound
levels in the digestive tract of the animal caused by
the ginger extract composition. Feed consumption
in the TN group was higher than in the HS group.
Recent studies reported that heat stress reduced feed
consumption, which was consistent with the results
of the present study (Pirgozliev et al., 2020; Woods
et al., 2021). Insufficient thermoregulatory capacity
of quails under high temperature conditions results
in lower food intake and nutrient absorption from
the intestines (Sohail et al., 2012). There was an
increase in CFI and FCR in the TN group fed the
herbal extract. Although CFI decreased in the
experimental group under HS, FCR increased. In
other words, FCR in the experimental groups in
both TN and HS increased compared to the control
groups. In a study where stevia was added to broiler
diets, it was reported that CFI and FCR increased
(Atteh et al., 2008). Moreover, a study conducted on
pigs found that the addition of different dietary stevia
doses elevated CFI and FCR (Xiong et al., 2022).
Similarly, other authors reported that the addition
of ginger to broiler diets increased CFI and FCR
(Kafi et al., 2017; Safiullah et al., 2019; Asghar
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et al., 2021). The effect of ginger on performance is
due to the fact that it contains two types of enzymes,
i.e. protease and lipase (Zhang et al., 2009). These
enzymes enhance food digestion and absorption of
birds by positively affecting gastric secretion, as
well as enterokinase and digestive enzyme activities
(Demir et al., 2003). The current study determined
that the effect of heat stress and dietary SGE
addition on cold carcass yield was significant, but
cold carcass parameters were not affected. Similarly,
another study showed that heat stress affected cold
carcass yield (Habibian et al., 2016); however, other
authors reported that the addition of herbal extract
exerted no effect on cold carcass yield (Asghar
et al., 2021; Kaplan and Kdoksal, 2021).

Serum biochemical parameters

MDA levels in the HS group were higher com-
pared to the TN group. However, the concentration
of MDA in both experimental groups was lower
than in the control groups. MDA is one of the most
important indicators of oxidative damage in skeletal
muscles. It is the main oxidation product of per-
oxidized polyunsaturated fatty acids. Its level raises
with increasing temperature (Lehtonen et al., 1979),
and bird exposure to high temperatures elevates lipid
peroxidation and MDA concentration (Hangalapura
etal., 2003). The increase in serum MDA levels may
be due to the higher activity of mitochondrial respira-
tory chains (Kalmath and Swamy, 2013). The health
status of birds is mostly determined by the level of
antioxidants, and ginger and its products show he-
paprotective antioxidant, anti-inflammatory and an-
timicrobial properties (Ogbuewu, 2013). A previous
study found that MDA levels were lowered due to
the antioxidant properties of ginger (Zhang et al.,
2009). Stevia extract, added to pig diets at different
doses, was demonstrated to linearly reduce MDA
levels and exhibit high antioxidant activity (Xiong
et al., 2022). Additionally, Herve et al. (2018) re-
ported that ginger essential oil added to quail ra-
tions significantly lowered MDA levels in the ex-
perimental groups compared to the control group.
The antioxidant activity is one of the body’s defense
mechanisms against the harmful effects of reac-
tive oxygen species in birds. Bioactive substances
in the ginger structure protect the cells against free
radicals through their antioxidant activity (Haksar
et al., 2006). Glucose levels in the present study
were similar in the TN and HS groups. However,
there was a difference between all experimental and
control groups, and an interaction between ambient

temperature and SGE was recorded. Glucose levels
in the groups supplemented with the SGE mixture
were lower than in the control group. Similar results
were reported in birds under HS, where dietary SGE
addition also lowered serum glucose levels (Saeid
et al., 2010; Wu et al., 2019; Khalifa et al., 2021),
and that there was no interaction between environ-
mental temperature and SGE (Rehman et al., 2019).
In another study on HS stress, blood glucose levels
in broilers fed herbal preparations were lower than
in the control group (Rao et al., 2021). Regulation
of glucagon secretion and blood sugar by the herbal
mixture can be explained by increased insulin pro-
duction and improved glucose tolerance, and thus
lower blood sugar levels and carbohydrate absorp-
tion in birds (Chen et al., 2005). Heat stress is an
environmental factor that affects the welfare and
even vital activities of livestock. CK levels in the
HS-treated group were found to be higher in the
present experiment; however, they were lower in all
experimental groups compared to the control group.
In addition, there was an interaction observed be-
tween ambient temperature and SGE. An increase
in plasma creatine kinase levels determines the oc-
currence of muscle damage and its extent. It is well
known that higher plasma creatine kinase activity
is indicative of myopathy. Therefore, high plasma
creatine kinase levels may serve as a marker of heat
stress occurrence (Sandercock et al., 2006). A study
on broilers reported that high environmental tem-
perature increased blood creatine kinase levels (Tao
et al., 2011). Evaluating the findings of our study, it
can be observed that dietary SGE addition reduces
blood CK levels. It can be concluded that the lower
the CK level, the less damage to the muscles, and this
result may be an important finding in terms of ani-
mal welfare and health. In the present study, serum
AST levels were found to be higher in the HS group.
However, AST concentrations in the treatment
groups were lower compared to the control groups.
It has been found that an increase in ambient tem-
perature may cause damage to serum metabolites by
increasing the formation of reactive oxygen species
at the cellular level. Liver is one of the organs most
severely affected by heat stress. Chronic exposure of
the liver to heat causes cell damage and their exces-
sive secretion. This in turn results in higher ALT and
AST enzyme levels in the blood (Mohamed et al.,
2012). AST levels in a study on quails fed different
levels of ginger essential oil were similar to those
obtained in our study (Herve et al., 2018). The addi-
tion of ginger to the diet of broilers exposed to heat
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stress was previously shown to significantly reduce
AST levels compared to the control group (Rehman
et al., 2019; El-Kashef, 2022). However, a numeri-
cal decrease in AST levels in pigs fed different dos-
es of stevia residue extract was previously reported
(Xiong et al., 2022). This could be due to the differ-
ent effect of stevia derivatives in individual species.
Although the cholesterol level in the HS group was
numerically higher than in the thermoneutral group,
the difference was not statistically significant. Sim-
ilarly, cholesterol levels in the treatment groups
were numerically lower compared to the control
group. This indicated that the SGE mixture exert-
ed a positive effect on the concentration of blood
cholesterol. Some researchers reported that the
addition of ginger to the diet reduced cholesterol
concentration (Rehman et al., 2019; Asghar et al.,
2021; El-Kashef, 2022). The increase in serum cho-
lesterol levels caused by heat stress may be due to
hyperactivity of the adrenal glands, which produce
adrenocorticotropin hormones (Malik et al., 2013).
Many studies have demonstrated that heat stress
lowers serum T, concentrations. The T, value in
the HS group was higher than in the TN group and
these values were similar to those reported earlier
(Mack et al., 2013). Blood T, values in birds fed
SGE decreased compared to the control group. At-
teh et al. (2008) found that T, levels were lower in
birds fed stevia leaves and stevioside, which was
consistent with our study. However, previous works
also reported different results regarding plasma T,
concentrations under high temperature stress. Some
researchers recorded an increase (Elnagar et al.,
2010), some a decrease (Attia et al., 2016), and yet
others found no changes in this parameter (Wan
et al., 2017). Like in the latter case, long-term tem-
perature stress did not have any effect on plasma T,
concentration.

Organ weights

When assessing the effect of HS and SGE on
organ weights, it was found that heat stress exerted
a significant impact on this parameter. SGE only
affected the weight of the testicles. Heat stress can
lead to fertility disorders in livestock and birds.
Depending on the temperature, disruptions in the
release of gonadotropic hormones and lower sperm
motility can occur, leading even to full infertility
in birds (Bonato et al., 2014). In our study, testis
weights in the experimental groups were higher
than in the control group, which was in line with the
results of Herve et al. (2018). On the other hand,
heart and liver weights were lower, which could

be related to lower feed consumption and nutrient
absorption due to chronic heat stress (de Souza
et al., 2016).

Conclusions

High ambient temperatures cause great eco-
nomic losses in the poultry industry as they nega-
tively affect growth and reproductive performance.
The addition of SGE at different doses to the poul-
try diets increased FBW, BWG, CCW and FCR in
quails. In addition, MDA, glucose, CK, AST and
T, levels in the experimental groups fed the SGE
mixture were lower compared to the control group.
There was no effect on liver and heart weights, but
an increase in testicular weight was noted. The latter
result may have a positive effect on semen quality.
The addition of SGE to the diet during periods of
increased environmental temperature may play an
important role in reducing the negative effects of
heat stress.
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