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Abstract
This study evaluated the effect of spraying incubated quail eggs with betaine on chick development,
hatchability and some physiological estimates of Japanese quails during early embryogenesis. A total of
750 eggs were equally divided into two groups (2 groups × 5 treatments × 5 replicates × 15 eggs). Eggs in
the 1st group were incubated at normal incubation temperature (37.5°C/NIT), while those in the 2nd group
were incubated at chronic incubation temperature (39.5 °C/CIT) for 3 hours daily from the 4th up to and 6th

day of incubation. Eggs in NIT and CIT groups were subjected to �ve treatments, T1 (negative control), T2
sprayed distilled water (positive control), while T3, T4, T5 groups sprayed distilled water supplemented with
500, 1000 and 2000mg betaine/L respectively. The chick weight at hatch and slaughter weight and �rst
egg weight was signi�cantly impaired by CIT treatment. CIT group revealed a signi�cant increase in the
H/L ratio and a signi�cant decrease in T3 hormone and blood protein levels than the NIT group. Regarding
betaine effects, the embryonic mortality rates, hatchability, hatched chick weight, and slaughter weight
were signi�cantly improved compared with the control. Also, betaine signi�cantly increased blood protein
and T3 hormone levels and signi�cantly decrease the liver enzymes levels and total feed consumption
compared with untreated group. The RV/TV ratio of quails in CIT group was signi�cantly increased, while
betaine treatment signi�cantly decreased this ratio. Considering these results, it’s strongly suggested that
spraying of betaine on eggs at 1000 or 2000 mg//L optimizes Japanese quails performance.

Introduction
Japanese quail (Coturnix coturnix japonica) farming offers potential alternatives for meat and eggs
(Runjaić-Antić et al., 2010). Heat stress negatively affects poultry performance and causes economic
losses (Niu et al., 2009; Mehaisen et al., 2017). The heat-stressed bird has low production performance due
to a reduction of feed consumption (Abuoghaba et al., 2021). Also, heat stress adversely affects the
physiology status of quails (Alagawany et al., 2017). In vertebrates, the environment of embryogenesis
affects the development and health of individuals (Sandra et al., 2011). Indeed, incubation parameters
including temperature affect the embryonic environment (Loyau et al., 2015). An ine�cient heat impairs
functionality of the physiological, immunological aspects and organs of quails which negatively
in�uencing the hatchability (Abuoghaba et al., 2021). Therefore, several attempts to attenuate and
alleviate the detrimental in�uences of heat stress on quails performance (Gholami et al., 2015; Mehaisen et
al., 2017; Mehaisen et al., 2019).

Betaine is involved in many essential functions in cells allows water retention, thus aids in protecting cells
from the dehydration effects and facilitates secretion of digestive enzymes (Eklund et al., 2006). Also,
Betaine protects tissues include the leukocytes, kidney, liver, and brain (Klasing et al., 2002). The
intracellular accumulation of betaine does not affect the cell component and functions (Gholami et al.,
2015; Ratriyanto and Mosenthin 2018). Betaine is an important agent of the methionine (Met) cycle which
is important for the regulation of genes (Anderson et al., 2012). Betaine supplementation has been widely
utilized in the poultry industry for its osmoregulatory and methyl donor functions to maintain the intestinal
health of birds especially reared under heat stress situations (Metzler-Zebeli et al., 2009). Moreover, dietary
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supplementation with betaine may protect digestive tract intestinal cells and microbes against osmotic
variation (Ratriyanto et al., 2009). In Japanese quails, dietary betaine supplemented alone (Ratriyanto et al.,
2018) and in combination with other dietary protein supplements (Ratriyanto et al., 2015) promotes the
production. Studies have shown that betaine has bene�cial properties in resistance to heat stress in poultry
birds (Khan et al., 2012). The injection hatching eggs technique during incubation phase is considered a
stressful procedure for embryos growing; in addition to, it requires experience and skill for application.
Therefore, this study was planned to investigate the effect of spraying hatching eggs exposed to high
incubation temperatures with betaine solutions during early incubation phase on chick development,
hatchability, hematological variables and physiological status of Japanese quails.

Materials And Methods
The experiment was conducted at the Experimental Poultry Farm, Poultry Production Department, Faculty
of Agriculture, Assiut University, Assiut, Egypt.

Preparation of betaine solution 

Betaine solutions were freshly prepared by dissolving betaine powder in distilled water. Both betaine
mixture solutions and distilled water were set in an incubator at 37.5°C for 2 hours before spraying. 

Egg incubation 

A total of 750 freshly fertilized Japanese quail eggs were collected from the �ock reared under Assiut
governorate atmosphere, at 20 weeks of age. All eggs were classi�ed into two equal experimental groups
(3 group × 5 treatments × 5 replicates × 15 eggs). In the �rst group (control), eggs were incubated at 37.5oC
and 55-60% RH (normal incubation temperature/NIT) from day 0 up to 14 days of incubation. In the
second group (chronic incubation temperature/CIT), eggs were daily exposed to 39.0oC and 55-60% for 3
successive days (E4-E6) during the early embryogenesis for 3 hours (14:00-17:00). Eggs in each group
were classi�ed into �ve spraying betaine treatments; in the 1st one, eggs were not treated (negative control),
while those in the 2nd treatment were sprayed with distilled water only (Positive control). Eggs in the 3rd, 4th

and 5th treatments were sprayed with 500, 1000 and 2000 mg betaine per liter distilled water, respectively.

Eggs treatments

Egg surfaces were cleaned by using ethanol 100% before incubation. Eggs in the second group were
transferred to the separate incubator and exposed to 39.0°C and 55%-60% relative humidity for three hours
daily on days 4, 5 and 6 of incubation. All eggs were horizontally placed, and the solution was sprayed on
the egg surface opposite to the air chamber. The eggshell was sprayed with 50 ml betaine per 1000 eggs
after heat exposure. All eggs were daily turned automatically 12 times i.e. every 2 hours (Aygun and Sert
2013). 

Studied variables
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Egg weight loss (amount of moisture loss)

The difference in the egg weight before setting in the incubator and on the 6th day of incubation was used
to determine the water loss amount and represented as the initial egg weight percentage. 

Embryonic mortality, hatchability traits of incubation and chick weight at hatch

At the end of incubation period, the un-hatched eggs were broken to determine the embryonic mortality rate
by using the equation: (number of dead embryos/whole viable egg numbers) × 100, the chick cull rate was
calculated as abnormal chick numbers/whole viable chick numbers at hatch) × 100. At hatch, the
hatchability rate was calculated as (hatch chick numbers/whole egg numbers) × 100 (Molenaar et al.,
2011). The incubation time (TEPH/h) was calculated as the hour numbers from setting eggs in the
incubator till hatch. All hatched chicks were weighed at hatch by using a digital balance, while relative
chick weight (RCW/%) were determined as (hatch chick weight / initial egg weight) × 100. Ninety newly-
hatched quails (2 groups × 5 treatments × 3 replicates × 3 birds) were used to cloaca temperatures (°C)
temperatures by using a digital thermometer throughout inserting it one cm deep into the hatched-chick
cloaca.

Newly-hatched chick quality traits

Approximately after 12 hours from the hatch, 100 dry chicks (2 groups × 5 treatments × 5 replicates × 2
chicks) were randomly taken to determine chick weight and then killed by cervical dislocation to determine
the residual yolk sac weight (YSW/g). After drying excessive quail embryonic �uids using absorbent
papers, yolk sacs, heart, intestine, gizzard, liver and empty chick weight (ECW/%) were weighed and
represented as the chick weight at hatch percentage. 

Productive traits

300 chicks (2 groups × 5 treatments × 5 replicates × 6 chicks) from hatched chicks were individually
weighed and placed in �oor wooden pens from the �rst day of the growing period up to 15 days and then
kept in the battery cages from 15 up to 42 days of age. From one day old till 14days, all chick quails were
fed a ration containing 22.52% CP and ME 12.78 MJ kg−1, from days 15 to 28d they were fed a diet
containing 22.12% CP and ME 14.14MJ kg−1 of diet, while from 28 to 42 day the chick was fed on a diet
21.0% CP and ME 13.56 MJ kg−1 of diet. The feed and fresh tap water was offered ad-libitum all over the
experimental period. The chick quails were daily exposed to 23 lighting hours (30-40 lux m2) during the
experiment. All chicks were weekly weighed from hatch up to 42 days of age, while total weight gain (TWG)
was measured according to the equation (The �nal body weight - initial body weight)/ number of days)
during the experiment. Total feed consumption (TFC/g) was measured during the experiment, while feed
conversion ratio (FCR) was calculated by dividing total feed consumption (TFC) by total weight gain (g) of
chicks. Age at laying �rst egg (AFE/day) was calculated and the weight of �rst egg (WFE/g) was weighted
and recorded. 

Slaughter traits
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At day 42 of the experiment, 100 female quails (2 groups × 5 treatments × 5 replicates × 2 birds) were
weighed and then slaughtered by cervical dislocation to measure eviscerated carcass (%), heart
parameters: (right ventricle (RV), total ventricle (TV) and RV/TV ratio, intestine (%), liver (%), gizzard (%),
spleen (%), ovary (%) and oviduct (%) to life body weight. The largest ovarian follicles were weighed by
using a digital balance. 

Hematological parameters, blood proteins, liver enzymes, cholesterol, T3 hormone  

At 42 days of age, 100 blood samples were collected from females (2 groups × 5 treatments × 5 replicates
× 2 birds) into heparinized tubes for hematological analysis. The plasma samples were taken after
centrifugation the blood samples at 3000 rpm for 15 minutes. Total protein (mg/dl), albumin (mg/dl) and
globulin (mg/dl) were measured by using commercial kits according to (Trinder, 1969) and triiodothyronine
(T3) hormone concentration determined by commercial kits. Hemoglobin (Hb) concentration was
spectrophotometrically measured; the numbers of red blood cell (RBCs/106) and white blood cells
(WBC/103) were counted using a hemocytometer as described by (Schalm et al., 1975), while heterophils to
lymphocyte (H/L) ratio were estimated as described by (Gross and Siegel 1983). Serum triglyceride,
cholesterol, aspartate amino transferase (AST) and alanine amino transferase (ALT) were measured by
using their accompanying commercial kits. 

Statistical analysis

The data were subjected to statistically analysis by using to general linear model (GLM) of SAS (SAS
Institute 2004) according to the model: Yijk =μ + Ii + Bj + IBij + eijk, Where Yijk is an observation, μ is the
overall mean, Ii is the effect of incubation temperature (i=1, 2), Bj is the effect of the betaine dose (j=1, 2, 3,
4, 5), IBij is the effect of interaction between incubation temperature and betaine dose, and eij is the random
error. The differences between least squares means (LSM) were tested at P<0.05 level by using Duncan’s
multiple range test (Duncan, 1955).

Results
Embryonic mortalities 

No signi�cant differences were found among treatments for chick cull rate, egg weight, relative loss weight,
and embryo quality traits (Table 1). No impact of the embryonic thermal manipulation was observed on the
mortality rate. Regarding the effect of betaine treatments, the results revealed a signi�cant decrease
(P=0.02 & 0.03) in early and late embryonic mortalities. The interactions of incubation temperature and
betaine treatments had no signi�cant effect on these parameters.

Hatchability traits, chick weight at hatch and cloaca temperature 

The data presented in Table 2 reveal no signi�cant effects of incubation temperatures on hatchability
percentages and relative chick weight. The high incubation temperature signi�cantly (p=0.023) decreased
the incubation period, the TEPH as well as chick weight at hatch than the control group. Furthermore, the
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cloacal temperature in the NIT (39.61°C) group was signi�cantly (p=0.002) lower than those reported in the
CIT (39.97°C) group.

Regarding betaine treatments, the results revealed a signi�cant increase (p=0.01) in the hatchability
percentage and chick weight at hatch. No effect of the interaction between the betaine treatments and
incubation temperature on these parameters.

Carcass traits of newly-hatching chicks 

After hatch, the results revealed that chick weight before (7.29g) and after the slaughter (7.88g) in NIT
group was signi�cantly higher (p=0.01) than (6.88 and 7.34g) in CIT group (Tables 3). Also, the heart
percentage (1.05%) was signi�cantly lower (p=0.01) in the CIT group than (0. 86%) in the NIT group. The
liver percentage in the CIT group (3.73%) was signi�cantly higher (p=0.002) than (2.92%) in NIT group. The
weights of chick before and after slaughtering were signi�cantly higher (p=0.04) in betaine-treated eggs
(T4 and T5) than the control group. No effect of betaine treatment or interaction between incubation
temperature and betaine treatment on the percentages of the intestine, liver and gizzard.

Productive performance 

At 42 days after hatch, the results revealed that chick weight at 42 days of age (212.2g) and the weight of
the �rst egg (7.59g) in CIT group was signi�cantly higher (p=0.02) than (217.5 and 8.60g) in the NIT group
(Tables 4). No effect of incubation temperatures on the total weight gain, total feed consumption, feed
conversion ratio and age at laying �rst egg.

The betaine treatments signi�cantly (p=0.04 & 0.002) increase the chick weight at 42d, total weight gain
and the weight of �rst egg. Also, the total feed consumption and feed conversion ratio were signi�cantly
(p=0.0001) decreased compared with control group. No impact of the interaction between incubation
temperature and betaine treatment on these parameters except for total feed consumption and feed
conversion rate were signi�cantly decreased.

Carcass traits of female quails  

At 42 days of age, the results presented in Tables 5 revealed that RV and RV/TV ratio in the CIT group were
(0.493 and 0.308g) signi�cantly higher (p≤0.05) than (0.418 and 0.205g) in the NIT group. While, spleen
percentage (0.049%) signi�cantly (p=0.02) decreased than (0.065%) in the NIT group. The RV/TV ratio in
quails treated with betaine signi�cantly (p=0.001) decreased than those of the control group. No signi�cant
effect due to interaction between incubation temperature and betaine treatment on these parameters.

Effects of incubation temperature and betaine treatment on female reproductive traits

Data presented in Table 6 showed no signi�cant effect of the incubation temperatures on the percentages
of ovary and oviduct as well as follicle weights. Regarding betaine treatments (T4, T5) signi�cantly
(p=0.013) increased oviduct percentage compared with other groups. No effect of the interaction between
incubation temperature and betaine treatment on female reproductive traits.
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Hematological parameters and blood proteins of female quails  

From data in Table 7, the RBCs (×106) and H/L ratio in the CIT group were signi�cantly (p=0.01 &
p=0.0001) increased, while WBC (×103), total protein, albumin and globulin were signi�cantly (p=0.001)
decreased than in the NIT group. Hb (g dL−1) was not affected. Regarding the effect of betaine treatments
the WBC (×103), total protein, albumin and globulin were signi�cantly (p=0.001) increased than those of
the control groups. No effect due to interaction between incubation temperature and betaine treatment on
all parameters.

Liver enzyme triglyceride, cholesterol and T3 hormone of female quails 

From data in Table 8, the ALT, AST, triglyceride and cholesterol in the CIT group were signi�cantly (p=0.001)
increased, while T3 hormone (μg L−1) signi�cantly (p=0.001) decreased than in the NIT group. Regarding
the effect of betaine, the ALT, AST, triglyceride and cholesterol in the treated groups were signi�cantly
(p≤0.05) decreased, while T3 hormone signi�cantly (p=0.027) increased than those of the control group.
No effect of the interaction between incubation temperature and betaine treatment on the liver enzymes,
triglyceride, cholesterol and T3 hormone of female quails.

Discussion
In the present study, Incubation temperature manipulation during embryogenesis had negative long-lasting
effects on quail development and physiology, including weight and production performance traits. The
results revealed incubation period and TEPH were signi�cantly decreased by thermal stress similar to
previous �ndings in quails (Piestun et al., 2008; Alkan et al., 2013; Sgavioli et al., 2015). The chicks cloacal
temperature in the CIT group was signi�cantly (p≤0.05) increased compared with control as indicated by
(Abuoghaba, 2017) suggesting that heat stress caused internal temperature dysregulation. The achieved
results showed no impact of thermal manipulation during quail’s embryogenesis in embryonic mortality
and hatchability percentages similar results were obtained in previous studies in quails (Alkan et al., 2013;
Vitorino Carvalho et al., 2020).  

Previous studies in broilers revealed heat stress impact on weights of newly hatched chicks as well as
weights before and after slaughtering (Abuoghaba, 2017). Similarly in quails, the results showed a
negative impact of thermal stress on newly hatched quail weights. The heart weight was signi�cantly lower
in CIT group than in the control group. Also, in broilers the heart weight was decreased in the heat-stressed
group may be related to the increased susceptibility of cardiovascular disorders such as ascites
(Leksrisompong et al., 2007, Abuoghaba, 2017). The liver weight was signi�cantly higher (p≤0.05) in CIT
group than in the control group. These �ndings agree with (Sgavioli et al., 2015) who found that incubation
heat stress led to an increase in liver weight as well as a decrease in heart weight in broilers. At slaughter
age (D42) in female quails, the quail's weight and weight of the �rst egg were signi�cantly decreased by
incubation thermal manipulation this may be due to decrees in the initial body weight of the chick that
affected the �nal body weight. These results agreed with the �ndings of (Hulet et al., 2007).  
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The slaughter weights of TV (g), and spleen (%) were signi�cantly decreased, while RV and RV/TV ratio
were signi�cantly increased by incubation thermal manipulation. These results are in agreement with
�ndings in broilers (Molenaar et al., 2011). The increase in RV/TV ratio was an indicator for ascites
(Wideman, 2001). No impacts of thermal stress were observed in the female reproductive traits.

The obtained �ndings showed adverse impacts of thermal stress on quail blood parameters. The CIT
quails displayed a higher number of red blood cells and H/L ratio than the control group similar results
were obtained in quails (Mehaisen et al., 2019) and in broilers (Abuoghaba, 2017). The increase of the H/L
ratio is an indicator of stress in quails (Nazar and Marin, 2011). Furthermore, the total leucocyte count
reduction in CIT quails may be due to increased corticosterone levels which increased in response to heat
stress (Mehaisen et al., 2017; Mehaisen et al., 2019). 

The total protein, albumin, and globulin levels in the CIT groups were signi�cantly decreased compared
with the control group as previously seen in quails (Mehaisen et al., 2019). These results could be
explained by heat stress-induced increase levels of CORT which included denaturation and breakdown of
protein (Sahin et al., 2006; Mehaisen et al., 2019).

The thermal stress resulted in a decrease T3 level which was observed in CIT females compared with NIT
females as previously seen in quails (Badran et al., 2012) and broiler (Yalçın et al., 2009; Abuoghaba,
2017). The increase in ALT and AST enzymes is an indicator of the harmful effects of heat stress in liver
tissues (Vahdatpour et al., 2011). These results are consistent with the obtained �ndings that ALT and AST
enzymes were signi�cantly increased in CIT quails compared to NIT quails. Furthermore, lipase enzyme
activity becomes low at heat stress with low digestion of nutrients (Al-Zghoul et al., 2019). Therefore, CIT
quails were displayed higher concentrations of triglyceride and cholesterol compared to NIT quails. This is
in agreement with a previous study in quails (Sahin et al., 2006).

Positive impacts of nutrients in ovo administration including support egg nutrients (Foye et al., 2006)
increase chick weight at hatch day (Saki et al., 2014) and improve the immune system (Sławinska et al.,
2014). The embryonic mortality in the betaine-treated eggs decreased compared with those of the control
group. Spraying of betaine improved hatchability percent compared with a control group. Furthermore,
increasing betaine level caused a numerical increase in hatchability percent. These results agree with the
report of (Gholami et al., 2015) that increasing in ovo injected betaine level improved hatchability percent.
Hatch weight was signi�cantly affected by betaine treatments. These results agree with those of (Saki et
al., 2014; Gholami et al., 2015) that the betaine administration improved hatching weight. Interestingly, the
interaction between incubation temperature and betaine treatment signi�cantly decreases the relative
water loss may be due to betaine is an osmoregulatory agent that increases water retention (Attia et al.,
2005), and reduce water evaporation from the eggs or may be due to the ability of betaine to substitute
methyl group donor such as Met (Metzler-Zebeli et al., 2009).

Newly hatched chick weights before and after slaughter were signi�cantly increased with betaine spraying
(T4 and T5). No impacts of betaine spraying in internal organ weights were observed.
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At slaughter age, BW and TWG were signi�cantly affected by experimental treatments, spraying of betaine
improved BW and TWG than control groups. The obtained results agree with (Gholami et al., 2015) that
betaine administration improved the �nal weight of chickens. These positive effects of betaine could be
attributed to betaine can replace methyl group donors such as Met (Metzler-Zebeli et al., 2009) therefore
decreased Met needed (McDevitt et al., 2000). In ovo administration of Met would increase utilization of
amino acids, deposition of protein, and improve BW in geese (Li et al., 2015).

Positive impacts were obtained by spraying different betaine levels in incubated eggs. Total feed
consumption and feed conversion ratio were signi�cantly decreased by betaine spraying. Due to its
osmotic properties, betaine may have the potential to improve the digestibility of nutrients, improved
protein utilization, and reduced protein breakdown (Eklund et al., 2006). In laying hens, the betaine
supplementation in the diets increased FC (Ezzat et al., 2011). Previous reports have revealed that betaine
supplementation improves nutrient digestibility because of its osmoprotective properties and supporting
intestinal microbes growth (Ratriyanto et al., 2009; Ratriyanto et al., 2010). Furthermore, betaine
signi�cantly decreased the total feed consumption and feed conversion ratio in quails under heat stress.
Similar �ndings in the broiler, that dietary betaine supplementation increased the feed intake and reduced
the FCR of broilers subjected to heat stress (Attia et al., 2009; Sakomura et al., 2013; Chand et al., 2017).

The betaine spraying in the eggs would improve the feed intake, feed conversion, and body weight gain in
post-hatch life this was con�rmed by starting egg-laying at earlier ages and improve the weight of the �rst
egg (Table 4).

This in agreement with previous observations in laying hens indicated that betaine supplementation in the
diets increased egg weight (Ezzat et al., 2018), who found that the feed conversion ratio, egg production
and egg mass in Mamourah chickens fed the diet containing 1600 mg betaine + 600 mg/Kg GAA under
summer conditions in Egyptian signi�cantly (P<0.01) improved in hens as compared to the control group.

The observed increase in the egg weight may due to higher egg components with betaine supplementation.
These results may be attributed to the methyl donor function of betaine, which is involved in protein and
energy metabolism (Ratriyanto et al., 2009). Supplementation of betaine improved and increased egg
albumen weight (Joseph et al., 2000). Also, the oviduct % was increased due to spraying betaine in
incubated eggs these �ndings agree with the effects of dietary supplementation of betaine in laying hen
(Attia et al., 2011).

In this study, when spraying betaine in heat-stressed eggs, the carcass traits were subsequently improved.
Interaction between betaine and incubation heat stress signi�cantly increases the EC weight and
normalizes the spleen weight. Moreover, betaine treatments and the interaction between betaine and
incubation temperature signi�cantly decrease the RV/TV ratio. Consistent with the obtained results in
broiler, dietary betaine supplementation enhances and improves the carcass traits of heat-stressed chicks
(Attia et al., 2009; Rao et al., 2011; Nofal et al., 2015).  

No impact of betaine in blood parameters except total leukocyte count signi�cantly increased this in line
with that betaine improve the immune status of the birds through protecting leukocytes (Klasing et al.,
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2002).

Serum ALT and AST are important indexes of liver status. ALT and AST were decreased by spraying
betaine to incubated eggs this may be due to betaine protects the liver (Klasing et al., 2002). Betaine
increases the choline availability for the synthesis of very low-density lipoprotein, which avoids deposition
of fat in the liver and increases the removal of fat from the liver (Attia et al., 2005; Ratriyanto and
Mosenthin 2018).

Betaine treatment decreased serum lipids, triglyceride, and cholesterol. This was in agreement with the
�ndings in quails (El-Bahr et al., 2021) and in laying hens (He et al., 2015), that betaine supplementation
increased lipase activity and reduced the concentration of triglyceride and cholesterol (Ratriyanto et al.,
2009).  

Betaine treatment elevated serum levels of T3 hormone. The activity of T3 hormone is positively impacted
with betaine compared to the control group. Accordingly, it’s reported that betaine supplementation
elevated the thyroid activity in broilers as indicated by increases in the levels of T3 hormone (Nofal et al.,
2015; Attia et al., 2011). Besides, the obtained results revealed that betaine supplementation increased
levels of total protein and globulin as previously reported in laying hens (Rao et al., 2011).

In conclusion, the spraying betaine in eggs during incubation phase would likely reduce the mortality rate,
feed intake and feed conversion as well as improve hatchability rate, chick weight at hatch, chick weight at
slaughter age, so that quail birds start the egg-laying at earlier ages. This could be re�ected positively on
the egg weight and egg quality traits. Moreover, betaine positively improves the WBC, blood proteins, liver
enzymes, blood lipids, and thyroid activity. Under heat stress conditions the results showed increase
cloacal temperature, RV/TV ratio, H/L ratio, ALT, AST, cholesterol, triglyceride levels in quail. While, the
hatching time, chick weight at hatch, chick weight at slaughter age, the weight of the �rst egg, TWBC’s and
blood proteins were signi�cantly decreased compared to the control group.

The present data showed that spraying of betaine could reduce the adverse effects of heat stress on RWL,
TFC, FCR, carcass weight and RV/TV ratio indicating that betaine has an anti-heat stress role. The
bene�cial impacts of betaine on quail’s performance may be due to its osmoregulatory action, methyl
group donors and anti-oxidative effect.
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Tables
Table1 Impact of incubation temperature, betaine manipulations and their interaction on relative water loss
of incubated eggs at 6 days of age and embryonic mortality rates
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Traits IEW 

(g)

EW 

(g-
6d)

RWL

 (%)

Embryonic mortality rate (%) Chick cull
rate (%)

Early (0-
7d)  

Late 

(8-
17d)

Before
piping 

(%)

After
piping 

 (%)

Incubation temperature (IT)

NIT (37.5oC) 11.03 10.16 7.93 10.67 9.47 5.67 3.07 2.33

CIT (39.0oC) 11.05 10.07 8.92 9.07 8.27 6.13 2.53 2.00

SEM 0.10 0.10 0.35 1.26 0.75 0.55 0.74 0.63

Betaine manipulations (BM)

T1(Negative
control)

11.05 10.08 8.89 12.67a 12.67a 6.00 4.00 1.33

T2(Positive
control)

10.96 10.01 8.70 11.67a 8.67b 5.33 2.50 3.17

T3(500mg/L) 11.16 10.23 8.45 10.00ab 7.67b 6.67 3.17 1.83

T4(1000mg/L) 11.14 10.27 7.78 7.83b 7.67b 6.00 2.83 2.00

T5(2000mg/L) 10.91 10.01 8.32 7.17b 7.67b 5.50 1.50 2.50

SEM 0.15 0.15 0.56 2.00 1.19 0.87 1.17 0.99

Probability

IT 0.884 0.505 0.056 0.382 0.273 0.555 0.617 0.712

BM 0.732 0.628 0.685 0.027 0.031 0.834 0.661 0.742

IT×BM 0.553 0.318 0.209 0.989 0.994 0.928 0.887 0.929

A, b Means with different superscripts in the same column are signi�cantly different (P<0.05)

IEW (g) = Initial egg weight (g), EW (g-6d) = Egg weight at 6 day, RWL (%)= Relative water loss, NIT= Normal
incubation temperature, CIT= Chronic incubation temperature, NC= Negative control, PC= Positive control,
SEM= Standard error of mean

Table 2 Impact of incubation temperature, betaine manipulations and their interaction on hatchability
traits, chick weight at hatch and cloaca temperature 
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Traits Hatchability traits  Chick
weight at
hatch  

(g)

RCW 

 (%) 

Cloaca 

temperature 

(ºC)

Hatchability

(%)

Incubation
period (hours)

TEPH 

( hours)

Incubation temperature (IT)

NIT (37.5oC) 56.93 407.1a 22.73a 7.72a 70.05 39.61b

CIT (39.0oC) 53.80 384.7b 15.67b 7.51b 68.03 39.97a

SEM 2.98 6.44 1.03 0.04 0.70 0.08

Betaine manipulations (BM)

T1 (Negative
control)

46.50b 405.8 20.50 7.54b 68.39 39.98

T2 (Positive
control)

51.33ab 395.8 22.00 7.43b 67.84 39.86

T3 (500mg/L) 56.33ab 393.3 17.67 7.63ab 68.47 39.69

T4
(1000mg/L)

60.00ab 391.7 18.83 7.83a 70.39 39.70

T5
(2000mg/L)

62.67a 392.8 17.50 7.64ab 70.11 39.71

SEM 4.72 10.2 1.63 0.07 1.11 0.12

Probability

IT 0.467 0.023 0.0001 0.0028 0.050 0.0020

BM 0.015 0.861 0.252 0.0058 0.401 0.3669

IT×BM 0.992 0.983 0.781 0.3439 0.677 0.7786

A, b Means with different superscripts in the same row are signi�cantly different (P<0.05) 

TEPH= Time between external piping and hatching, RCW (%) =Relative chick weight (%), NIT= Normal
incubation temperature, CIT= Chronic incubation temperature, NC= Negative control, PC= Positive control,
SEM= Standard error of mean

Table 3 Impact of incubation temperature, betaine manipulations and their interaction on carcass traits of
newly-hatching chicks
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Traits CWBS

(g)

CWAS

(g)

RYSW
(%)

Heart
(%)

Intestine
(%)

Gizzard
(%)

Liver

(%)

ECW

(%)

Incubation temperature (IT)

NIT (37.5oC) 7.78a 7.34a 5.269 1.05a 4.83 5.55 2.92b 68.50

CIT (39.0oC) 7.29b 6.88b 4.939 0.86b 5.09 5.08 3.73a 68.03

SEM 0.12 0.12 0.35 0.05 0.29 0.21 0.17 0.94

Betaine manipulations (BM)

T1 (Negative
control)

7.55ab 7.13ab 4.90 0.87 4.54 5.03 3.09 68.54

T2 (Positive
control)

7.47ab 7.06ab 5.05 0.94 4.84 5.17 3.18 68.16

T3 (500mg/L) 7.12b 6.69b 5.16 0.98 4.83 5.26 3.33 68.60

T4 (1000mg/L) 7.99a 7.57a 5.13 0.99 5.33 5.34 3.39 67.66

T5 (2000mg/L) 7.57ab 7.08ab 5.27 1.01 5.27 5.77 3.62 68.36

SEM 0.19 0.19 0.54 0.08 0.46 0.34 0.27 1.48

Probability

IT 0.008 0.010 0.506 0.015 0.537 0.132 0.002 0.728

BM 0.054 0.045 0.993 0.809 0.726 0.615 0.689 0.992

IT×BM 0.275 0.226 0.999 0.958 0.976 0.992 0.971 0.999

A, b Means with different superscripts in the same row are signi�cantly different (P< 0.05).

CWBS (g) = Chick weight before slaughtering, CWAS (g) = Chick weight after slaughtering, RYSW (%) =
Residual yolk sac weight (%), ECW (%) = Empty chick weight. NIT= Normal incubation temperature, CIT=
Chronic incubation temperature, NC= Negative control, PC= Positive control, SEM= Standard error of mean

Table 4 Impact of incubation temperature, betaine manipulations and their interaction on productive
performance of female quails during experimental period (hatch-42day of age)
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Traits 0ne

day

42

days

TWG

(g)

TFC

(g)

FCR (g feed/g
meat)

AFE 

(day)

WFE 

(g)

Effect of incubation temperature (IT)

NIT (37.5oC) 7.74 217.5a 209.7 637.1 3.06 41.33 8.60a

CIT (39.0oC) 7.37 212.2b 204.9 606.2 2.97 40.73 7.59b

SEM 0.2 1.7 1.8 11.4 0.06 0.05 0.20

Betaine manipulations (BM)

T1(Negative
control)

7.57 207.3b 199.7b 790.7a 3.97a 41.00ab 7.48b

T2(Positive
control)

7.37 214.6ab 207.2ab 645.6b 3.12b 41.17ab 8.23ab

T3 (500mg/L) 6.97 215.2ab 208.2ab 588.7c 2.83bc 41.17ab 8.00ab

T4 (1000mg/L) 8.26 220.6a 212.4a 527.2cd 2.48cd 42.33a 8.08ab

T5 (2000mg/L) 7.61 216.5a 208.9a 555.9d 2.67d 39.50b 8.62a

SEM 0.3 2.8 8.2 18.1 0.12 0.77 0.32

Probability

IT 0.202 0.047 0.065 0.071 0.373 0.395 0.002

AA 0.113 0.043 0.054 0.0001 0.0001 0.019 0.015

IT×BM 0.398 0.215 0.200 0.0001 0.0001 0.671 0.229

A, b, c Means with different superscripts in the same row are signi�cantly different (P< 0.05).

TWG (g) = Total weight gain (g), TFC (g) = Total feed consumption, FCR (g feed/g meat) = Feed conversion
ratio, AFE (day) = Age at laying �rst egg, WFE (g) = Weight �rst egg (g), NIT= Normal incubation
temperature, CIT= Chronic incubation temperature.

Table 5 Impact of incubation temperature, betaine manipulations and their interaction on female carcass
traits of female quails 
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Traits LBW
(g)

EC

(%)

Heart parameters Intestine
(%)

Liver

(%)

Gizzard

(%)

Spleen

(%)RV 

(g)

TV 

(g)

RV/TV
ratio 

Incubation temperature (IT)

NIT
(37.5oC)

247.0 65.15 0.418b 2.104a 0.205b 6.40 2.64 1.70 0.065a

CIT
(39.0oC)

234.8 64.25 0.493a 1.659b 0.308a 5.93 2.37 1.58 0.049b

SEM 6.15 0.86 0.012 0.09 0.01 0.20 0.16 0.09 0.004

Betaine manipulations (BM)

T1 (NC) 233.5 66.39 0.488 1.622 0.325a 6.36 2.34 1.79 0.062

T2 (PC) 250.0 64.16 0.474 1.933 0.249b 6.26 2.25 1.54 0.049

T3
(500mg/L)

252.5 64.60 0.468 1.882 0.256b 6.11 2.64 1.64 0.056

T4
(1000mg/L)

241.9 64.65 0.417 2.050 0.220b 6.35 2.50 1.74 0.047

T5
(2000mg/L)

226.5 63.71 0.430 1.922 0.232b 5.75 2.81 1.50 0.072

SEM 9.66 1.35 0.02 0.14 0.014 0.31 0.25 0.14 0.01

Probability

IT 0.177 0.465 0.001 0.003 0.0001 0.116 0.252 0.322 0.022

BM 0.312 0.689 0.110 0.359 0.001 0.630 0.511 0.554 0.142

IT×BM 0.420 0.
308

0.180 0.340 0.002 0.290 0.562 0.599 0.305

A, b, c Means with different superscripts in the same row are signi�cantly different (P< 0.05).

LBW (g) = Life body weight, EC (%) = Eviscerated carcass (%), RV= Right Ventricle, TV= Total Ventricle and
RV: TV ratio, NIT= Normal incubation temperature, CIT= Chronic incubation temperature, NC= Negative
control, PC= Positive control, SEM= Standard error of mean

Table 6 Impact of incubation temperature, betaine manipulations and their interaction on female
reproductive traits of female quails
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Traits Ovary Oviduct (%) Largest follicle weights

 (g)  (%) F1 F2 F3 F4 F5

Incubation temperature (IT)

NIT (37.5oC) 8.10 3.26 3.30 2.103 1.737 1.520 1.256 0.783

CIT (39.0oC) 6.85 2.95 3.11 2.128 1.761 1.438 0.903 0.482

SEM 0.78 0.29 0.07 0.17 0.19 0.21 0.19 0.17

Betaine manipulations (BM)

T1 (Negative control) 6.23 2.62 3.09bc 2.245 1.650 1.587 1.195 0.520

T2 (Positive control) 8.02 3.21 3.04c 1.997 1.772 1.343 0.812 0.645

T3 (500mg/L) 6.75 2.72 2.97c 1.740 1.537 1.460 1.003 0.507

T4 (1000mg/L) 7.06 2.95 3.42ab 2.252 1.495 1.367 0.787 0.617

T5 (2000mg/L) 9.33 4.02 3.51a 2.347 2.292 1.639 1.602 0.875

SEM 1.22 0.46 0.12 0.26 0.29 0.34 0.30 0.27

Probability 

IT 0.269 0.453 0.080 0.927 0.935 0.774 0.205 0.232

BM 0.432 0.242 0.013 0.503 0.345 0.956 0.323 0.876

IT×BM 0.145 0.076 0.222 0.462 0.368 0.244 0.384 0.910

A, b, c Means with different superscripts in the same row are signi�cantly different (P<0.05).

NIT= Normal incubation temperature, CIT= Chronic incubation temperature, SEM= Standard error of mean

Table 7 Impact of incubation temperature, betaine manipulations and their interaction on hematological
parameters and blood proteins of female quails
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Traits RBC
(×106)

WBC
(×103/ul)

Hb
(g/dl)

H/L 

ratio

Blood proteins

Total protein
(mg/dl)

Albumin
(mg/dl)

Globulin 

(mg/dl)

Effect of incubation temperature (IT)

NIT (37.5oC) 2.986b 106.80a 11.94 0.487b 5.91a 4.07a 1.84a

CIT (39.0oC) 3.194a 92.80b 10.82 0.573a 4.82b 3.17b 1.65b

SEM 0.05 2.52 0.45 0.01 0.08 0.08 0.02

Betaine manipulations (BM)

T1 (Negative
control)

3.082 81.75b 10.58 0.531 4.54d 3.08c 1.46d

T2 (Positive
control)

3.068 90.77b 10.73 0.517 5.13c 3.42bc 1.71c

T3 (500mg/L) 3.118 103.87a 11.56 0.530 5.44bc 3.74ab 1.70c

T4(1000mg/L) 3.130 108.20a 11.93 0.535 5.64b 3.79ab 1.85b

T5(2000mg/L) 3.052 114.40a 12.08 0.537 6.05a 4.06a 1.99a

SEM 0.08 3.99 0.72 0.018 0.12 0.12 0.03

Probability

IT 0.011 0.001 0.097 0.0001 0.0001 0.0001 0.0001

BM 0.956 0.0001 0.482 0.940 0.0001 0.0002 0.0001

IT×BM 0.920 1.000 0.999 0.482 0.074 0.121 0.226

A, b, c Means with different superscripts in the same row are signi�cantly different (P< 0.05).

NIT= Normal incubation temperature, CIT= Chronic incubation temperature, NC= Negative control, PC=
Positive control, RBC (×106) = Red blood cells, WBC (×103/ul) = White blood cells, SEM= Standard error of
mean

Table 8. Impact of incubation temperature, betaine manipulations and their interaction on liver enzymes,
triglyceride, cholesterol and T3 hormone of female quails
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Traits Liver enzymes Triglyceride 

(mg/dl)

Cholesterol

(mg/dl)

T3 

(μg L-1)ALT

 (U/I)

AST 

(U/I)

Effect of incubation temperature

NIT (37.5oC) 9.96b 11.64b 176.87b 172.80b 84.88a

CIT (39.0oC) 12.17a 16.30a 203.33a 188.67a 72.76b

SEM 0.576 0.188 1.990 3.101 1.268

Betaine manipulations (BM)

T1 (Negative control) 12.97a 14.62a 196.50a 194.66a 74.69b

T2 (Positive control) 12.59ab 14.27ab 194.50a 195.66a 76.91ab

T3 (500mg/L) 10.96bc 14.02ab 188.83ab 175.33b 78.6ab

T4 (1000mg/L) 9.90bc 13.47b 183.50ab 169.67b 81.33a

T5 (2000mg/L) 8.92c 13.46b 187.17b 168.33b 82.53a

SEM 0.912 0.298 3.147 4.903 2.004

Probability

IT 0.014 0.0001 0.0001 0.002 0.0001

BM 0.023 0.051 0.049 0.001 0.027

IT×BM 0.999 0.992 0.948 0.998 0.996

A, b, c Means with different superscripts in the same row are signi�cantly different (P< 0.05).

NIT= Normal incubation temperature, CIT= Chronic incubation temperature, SEM= Standard error of mean

 


