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ABSTRACT

Effects of long transportation (~ 900 km - Egypt) stress with or without the use of
antistress formula on H/L ratio, stress hormones and plasma antioxidant enzymes
were carried out in Japanese quail. The transported quail separated into two groups:
G2 was the non-treated transported group, G3 was the treated group (given the
antistress formula 48 h before and 24 h after transportation). The samples of blood
collected before (G1) and after (G2 & G3) transportation. The G2 significantly had a
higher heterophils %, H/L ratio, T4, malondialdehyde level, and corticosterone
hormone concentration immediately on arrival and 24 h after transportation compared
to G3. On the other hand, the results of the G3 significantly had a higher lymphocyte
% and glutathione level immediately on arrival and after 24 h after transportation
compared to the untreated group (G2). The total quail death throughout 24 h after 900
Km transportation were 21% (210 quail) for the G2 and 4% (40 quail) for the G3. The
results indicate that the SH- antistress formula can help quail to better resist long-
term transportation disorders which were reflected on the quail's physiological stability
and avoid economic losses of poultry industry.
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1.INTRODUCTION

birds' wellbeing, production, meat quality, and Concerns about the welfare issues linked
investigational outcomes (Mehraei et al., 2016). with  broiler  chicken  harvesting and
Stress was found to be the cause of 40% of transportation are developing. Broilers are
broilers on arrival deaths (Arikan et al., 2017) subjected to a variety of stress and fear-inducing
with the mortality rate increasing as the transit conditions before being slaughtered (Vecerkova
duration lengthened (Mousa-Balabel et al., et al., 2019). Stress is defined as a series of
2017). The transport of living animals, which is reactions to any external stimuli that result in the
an unavoidable part of animal husbandry, has poultry flock's unexplained situations (Horvath
been documented as one of the important sources and Babinszky, 2018). Because of the growing
of anxiety (Youssef et al., 2015). Transport request for Japanese quail (Coturnix japonica) as
stressors include management, lading, fasting, laboratory and farm birds, the transportation of
quarantine, spiral forces, sharp change in lighting the birds to other research laboratory, ranches, or
conditions, inferior quality of air, and blending of abattoirs has become extensive. However, there
foreign groups (Youssef et al., 2015). The may be negative effects of transportation on the
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All procedures of birds' management as well
as collection and discarding of samples applied
according to the principles of Institutional
Animal Care and Use Committee (IACUC),
Faculty of Veterinary Medicine, University of
Sadat City, Egypt (Ethical approval number:
vusc-006/1-21).

2.2. Diets

Quail fed with a starter diet (3030 kcal of
ME/Kg, 22% crude protein) from 1% to 20" day
and finisher diet (3180 kcal of ME/kg, 19% crude
protein) from 21" to 35" day. The experimental
diets formulated to subtend the nutritious
requirements for Japanese quail as suggested by
the National Research Council (Bailey, 2020).
2.3. Antistress Formula

The present study was added the antistress
formula (the commercial name is SH-Stress) to
the drinking water (2 g L) of group G3 for 48 h
just before transportation and for 24 h after
arrival at the endpoint of the journey (Aswan
province). SH-Stress is an integrated product that
contains a highly concentrated mixture of 7
ingredients; vitamin C (100g), betaine (69g),
sorbitol (50g), ammonium chloride (300g),
sodium sulfate (100g), potassium chloride (60g),
and dextrose up to 1000g of SH Stress powder
(Manufactured by Egyptian Veterinary Industries
Company (EVICO- Sadat City- Menofia- Egypt)
for Al Shorouk — Egypt Company for the drug
trade, export, and import, Egypt).

2.4. Transportation stress and experimental
grouping sampling

On day 35, the quail exposed to catching,
handling, crating in plastic boxes (50 birds/crate),
lading, and transporting for a 900 km journey
(nearly 12 h) by a van cargo truck without a cargo
box or any of active ventilation. The average
speed of journey was 70 Km h! from Menofia
province to Aswan provinces (900 km), Egypt. In
Menofia and Aswan, the average high
temperature in March (2021) was 24.0 & 29.5°C,
respectively. The average low temperature is
12.0 &13.8°C, while the average relative
humidity is 48 & 24 %, correspondingly. On
arrival after transportation, quail kept in
separated pens (2 m?). The quail were divided
into 3 groups:

G1: Negative control (before transportation
and no treatment) sedentary group.

G2: Transport stress control (not given
antistress formula) group.
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increase of adrenal cortex activity, lower immune
resistance, increased disease spread and death
owing to contagious diseases, poor flesh quality,
and emaciation are all physiological impacts of
transportation stress (Samimi et al., 2019).
Numerous researches have been conducted
to describe the behavioral and physiological
responses of birds to transportation. For instance,

measurements of tonic immobility, plasma
corticosterone  concentrations, heart rate,
heterophils/lymphocytes  (H/L) ratio, and

changes in rectal temperature were used in
certain research (Vahdatpour, 2018) via making
a comparison of plasma corticosterone
concentration and H/L ratio in poultry. Fidan et
al. (2017) found that the H/L ratio is a more
valuable measure of stress. Numerous studies on
chickens have been conducted, with the majority
of these studies focusing on the addition of
antioxidant vitamins, electrolytes, probiotics, and
sedatives in hens (Anoh et al., 2018) or the
addition of betaine and vitamin C in quail
(Egbuniwe et al., 2021).

The aim of this work was planned to
investigate the effect of anti-stress formula "SH-
Stress” water supplementation on some quail
blood parameters and mortality rates when they
were transported by road from cold (Menofia) to
hot (Aswan) climatic zones of Egypt for
uninterrupted long-term transportation (~900
km).

2. Materials and Methods
2.1. Birds and housing

Two thousand 1-day-old Japanese quail
were obtained from local commercial hatcheries
of Kafr EI-Sheikh province (Egypt) and
randomly divided into two groups (1000
quail/group); then, each group was separated into
three replicates and each replicate was housed in
separated pens (20 m?). For making a deep litter
system, we used wood shavings as the litter
material. On the first day, the environmental
temperature was 36°C, then and this was
decreased to 25°C till the end of the study.
Twenty-three h of light was provided for the
quail in the first week and reduced to 20 h at the
end of the experiment. The experimental birds
were kept and maintained till marketing weight
(35 days) under similar hygienic and
environmental conditions. Feed and water were
offered ad libitum.
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fortified with Gen5 software at wave length of
450 nm (Biotek, Winooski, VT).
2.6. Determination of mortality rate
percentage:
The percentage of mortality rate obtained from
the following equation:

A-B
Mortality rate % = ------------- x 100

A

Where, A = Number of the quail before
transportation and B = Number of the live birds
after transportation (0.0 h & 24 h).
2.7. Statistical Analysis

The results are provided as mean + SE, and
the statistical analysis of data was performed
using the one-way analysis of variance
(ANOVA) followed by Duncan test using the
SPSS program. The results considered as
statistically significant when the probability level
less than 0.05 (Mishra et al., 2019).

3. Results
3.1. Heterophils / lymphocytes (H/L) ratio

As shown in Tables 1 and 2, the
supplementation of quail of G3 with antistress
formula (SH-Stress) 48 h before transportation
and 24 h after arrival endpoint showed a
significant decline (p < 0.05) in heterophils %,
H/L ratio, T4, and corticosterone hormone
concentrations compared to the untreated group
(G2) and nearly returned to the pre-transport
values of G1.

On the other hand, the supplementation with
antistress formula treated group (G3) before and
after transportation showed significant (p<0.05)
higher lymphocyte % at both immediately on
arrival endpoint 0.0 h and 24 h after
transportation compared to the untreated group
(G2). The plasma concentration of T3 before or
after transportation (0.0 h and 24h) in both G2
and G3 recorded a non-significant (p > 0.05)
changes as revealed in Table 2.

G3: Transport stress and treated group
(given the antistress formula for 48 h before and
24 h of transportation at a rate of 2.0 g L of
drinking water as recommended by the supplier.
2.5. Blood sampling and analysis

Random blood samples of 10 birds of each
group collected by venipuncture of the wing in
tubes containing EDTA before (G1) treatment
and transportation of quail. Also, blood samples
were collected immediately at the time of arrival
and 24 h after arrival for G2 and G3. Two blood
drops obtained and two blood films prepared per
sample. Blood films stained using Giemsa stain,
and heterophils (H) and lymphocytes (L) count
were recorded per 100 leucocytes (Scanes, 2016).
The division of the heterophils number by the
lymphocytes number recorded as H/L ratio. The
means calculated per bird sample through
counting of both slides. The collection of plasma
samples carried out by centrifugation (3000
rpm/30 min) and stored at -80 °C until analysis.
It is recommended that the same individual
collect all the samples and bird’s excitation was
prevented by all efforts.

The levels of malondialdehyde (MDA) in
plasma were measured by spectrophotometer
using the Bio-Diagnostics Kits (CAT. No. MD
2529) according to the procedure designated by
Khoubnasabjafari et al. (2015). Also, the levels
reduced glutathione (GSH) in plasma were
measured by spectrophotometer using the Kits of
Bio-Diagnostics (CAT. No. GR 2511) according
to Abdel-Daim et al. (2016). Plasma
concentrations of T4 (ug/dl), T3 (ng/mL), were
measured by radioimmunoassay (Abdel-Daim et
al., 2016). The concentrations of corticosterone
(ng/mL) were measured using an ELISA kit
(Catalog No. ADI-900-097, Enzo life sciences,
Farmingdale, NY) according to the directions of
the manufacturer. The samples absorbance was
read using a Biotek Synergy H1 plate reader

Table 1. Effects of the transport stress on heterophils/lymphocytes (H/L) ratio in quail (mean + SE), n=10.

After Transportation

Parameters Before * 0.0 h after 24 h after
Trans(pc);olr)tatlon Untreated Treated group Untreated gf;j%d
group (G2) (G3) group (G2) (G3)
Heterophils % 20.48+0.48° 37.38£0.62°  31.26 + 0.56° 31.32+0.63" 21.16+
0.53¢
Lymphocytes %  76.82+0.55% 51.63+0.719 5754 +0.67° 5457+ 0.70° 77.28%
0.612
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H/L ratio 00.27+0.01°¢ 00.73+0.03? 00.54+0.01° 0.57+0.01° 0027 +
0.01°
In the same row, means + SE with different letters superscripts are significantly different at P < 0.05. *
0.0 h after transportation= immediately on the arrival endpoint of transportation.
3.2. Hormones profile
Table 2. Effects of the transport stress on some plasma stress hormones concentrations in quail (mean =
SE), n=10.

After Transportation

Parameters Before * 0.0 h after 24 h after
Transportation Untreated Treated Untreated Treated group
(G1) group (G2)  group (G3) group (G2) (G3)
Corticosterone 1.04+0.07¢ 1.96+0.09? 1.38+0.08° 1.22+0.08 1.07 £ 0.03°
(ng/mL)
T4 (ng/dL) 2.98+0.13¢ 4.17+#0.15%  3.48+0.15°  352+0.15°  3.32+0.16*
T3 (ng/mL) 1.16+0.08? 1.09+0.05? 1.09+0.06* 1.13+0.07° 1.04+0.05?

In the same row, means + SE with different letters superscripts are significantly different at P < 0.05. *
0.0 h after transportation= immediately on the arrival endpoint of transportation.
3.3. Antioxidant activity

Table 3 demonstrates the effects of antistress prescription (contains AA and betaine) supplementation
on the antioxidant activities [glutathione and malondialdehyde - MDA "lipid peroxidation biomarker "] in
long transportation stressed quail. Primarily, a rise (p < 0.05) in the MDA level in addition to a sharp
decline (p < 0.05) in glutathione content were manifest in the control untreated quail either on endpoint
arrival (13.32-30.49) or 24 h (11.66-31.11) of transportation journey relative to recorded values before
(G1) transportation (9.77-36.20), respectively. Controversy, the levels of reduced glutathione were
significantly increased (p < 0.05) in quail groups that were supplemented with antistress prescription either
on endpoint arrival or 24h of transportation trip compared with those in control untreated group. In
contrast, the MDA levels showed a significant (p < 0.05) decrease in antistress treated group relative to
the untreated ones (G1) and returned to recorded values before transportation (G1).
Table 3. Effects of the transport stress on some plasma antioxidant enzymes concentrations in quail (mean
+ SE), n=10.

After Transportation

Before * 0.0 h after 24 h after
Parameters Transportation Untreated  Treated group  Untreated Treated
(G1) group (G2) (G3) group (G2) group (G3)
Malondialdehyde  9.77+0.17¢ 13.3240.43%  10.94+0.34°  11.66+0.82°  10.18+0.44°
(mmol mL™?)
Reduced 36.27+1.43? 30.49+1.10°  35.42+0.94%  31.11+1.13" 36.26+1.13°
glutathione  (mg
dL?

In the same row, means + SE with different letters superscripts are significantly different at P < 0.05. *
0.0 h after transportation = immediately on the arrival endpoint of transportation.
3.4. Mortality rate percent

The data obtained in Figure 1 showed that the antistress formula supplemented group (G3) lower
strikingly (p<0.05) the mortality rates % immediately on arrival (3.00 + 0.34%) and 24 h (1.03 + 0.11%)
after transportation compared with the untreated transported (G2) one (13.00 = 0.73% and 8.03 + 0.27%,
respectively). The total quail death throughout 24 h after 900 Km transportation was 21% (210 quail) for
the non-treated group (G2) and 4% (40 quail) for the treated group (G3).
| Figure 1. Effects of the transport stress on mortality rates % in quail (mean + SE), * n=3. ]
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4. DISCUSSION
4.1. Heterophils/lymphocytes (H/L) ratio
The rapid H/L responses have been

occurred in chickens after road journey
(Habibian et al., 2014). Furthermore, Compendio
et al. (2018) confirmed that H/L ratios can be
increased within 24 - 48 h in fowls in reply to
strains and reach its peak after 20 h. The results
of the present study showed that the antistress
formula-treated group (G3) showed a significant
decrease (P < 0.05) in H/L ratios than the other
group (G2) at both 0.0 h and 24 h post-
transportation to the endpoint. The H/L ratio of
the treated group after 24 h of transportation was
reverted to the same value before transportation
(0.27). Correspondingly, Compendio et al.
(2018) reported that pretreatment of broiler
chicks with vitamin C reduced H/L ratio
responses to different types of stress (gathering,
crating, and transport). There is a clear
explanation of the vitamin C blocking effect on
adrenal steroidogenesis (Gouda et al., 2020)
which, was reflected in our research through
lowering H/L ratios in quail supplemented with
antistress formula when compared with control
non-treated quail at both on arrival and after 24 h
post-transportation to the endpoint (900 km).

Antistress formula contains a large amount
of vitamin C (10%) with other synergistic
ingredients as "betaine, sorbitol, and ammonium
chloride...... ". Vitamin C (VC) is probably the
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most vitamin that have been studied for
homeostasis distress in the poultry industry.
There is considerable indication to recommend
that the treatment of poultry with VC under field
and laboratory conditions may augment vyield,
immunity, disease fighting, and livability under
stressful circumstances (Njoku et al., 2017).
Abo-Al-Elaet al. (2017) concluded that the avian
species have the ability to synthesize VC, thus the
VC supplementation generally thought to be
needless. Nevertheless, environmental stress
causes a visible rise in VC necessities, and the
ability of the birds to produce adequate VC to
substitute the significant losses of this vitamin
during stress (Colovié et al., 2019).
Consequently, VC supplementation might help
overcoming any lack and augment resistance to
stresses. Paredes et al. (2020) assumed that the
adding of VC to drinking water of broiler
chickens diminished the adrenal cortex response
to the shocking practice of gathering and
transport. Fidan et al. (2017) reported that the
changes in plasma corticosterone concentration
and H/L ratio responses is a good index of long-
lasting stress in poultry when comparing plasma
corticosterone concentration and H/L ratio
responses to different stressors. Jaiswal et al.
(2017) has reviewed the accuracy of the H/L ratio
as a biological indicator of stress in avian species.
Additionally, a solid connection between VC
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treatment and H/L ratio response has been
reported (Shojadoost et al., 2021).

As an osmolyte, Betaine keep the cellular
water equilibrium in birds to prevent cellular and
tissues dehydration and osmotic inactivation
through helping water holding in the body as well
as maintaining both the energy balance and feed
intake. The bird’s maintenance energy
requirement is then reduced, despite osmotic
stress and more energy is available for growth
and production. EI-Moniary et al. (2019)
described that the broiler diets which have been
supplemented with betaine improved the broilers
performance significantly during heat stress.
Daudu et al. (2020) revealed that the increasing
of betaine levels in duck diets linearly improved
the average daily gain and feed: gain ratio. The
quail diet that has been supplemented with
betaine at 0.06 and 0.12% levels augmented the
utilization of nutrients and ameliorate
performance and production (Ratriyanto et al.,
2017). Betaine supplementation increases
nutrient digestibility owing to its osmoprotective
characteristics, intestinal cells support and
intestinal flora growth (Ratriyanto et al., 2017).
So, betaine might be used as a valuable tool to
improve  bird's  resistance to  elevated
temperatures and diminish the harmful impacts
of heat stress.

4.2. Hormones profile

The stress responses include the endocrine
response and the main indicator of stress in
different species is cortisol (Dai et al., 2021). As
stressful ~ condition,  transportation  could
stimulate the sympathetic nervous system and
hypothalamo-pituitary-adrenal axis, which is
recognized as stress response and leads to an
increase in serum concentration of cortisol
(Samimi et al., 2019). Cortisol is produced in the
adrenal cortex and is considered as an index of
stress in various animal species (Jama et al.,
2016). Correspondingly, research by Compendio
et al. (2018) concluded that pretreatment with
vitamin C lowered the plasma corticosterone
responses to different types of stress (harvesting,
cooping, and transport) in broilers. The data of
the current study revealed that the antistress
formula-treated group (G3) had lower (p<0.05)
plasma corticosterone and T4 hormones
concentrations than the other group (G2) at both
0.0 hand 24 h after transportation. In contrast, the
serum corticosterone concentration was not
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changed in response to acute and chronic heat
stress in broiler breeders (Mosleh et al., 2018)
relative to non-stressed ones. The current study
was recorded a non-significant T3 values
alteration of the transport stress in quail relative
to pre-stressed ones. Contradictory, Mosleh et al.
(2018) noted a reduced T3 and increase of plasma
glucose of stressed birds which help in fighting
acute heat stress in broiler breeders. There is a
clear explanation of the vitamin C blocking effect
on adrenal steroidogenesis (Gouda et al., 2020).
The tested hormones profile has been improved
through adding of antistress formula (which
contains ammonium chloride and potassium
chloride) and this effect may be attributed to the
acidic properties of ClI" ion, which maintains the
electrolytes balance in the blood, improves the
pH and some of the other blood parameters such
as hemoglobin and red and white blood cells
count (Saki et al., 2016). This allows the bird to
survive under interior stability as through
controlling internal biological processes, which
is manifested in the thyroid gland function. So,
the rise of T4 (to the pre-stressed birds) is a better
indicator of the interior stability improvement in
comparison with the control (Liang et al., 2016).
4.3. Antioxidant activity

In all types of poultry (including quail),
stress has a high concern due to their
susceptibility to elevated environmental
temperature as result of sweat glands deficiency
and high metabolic rates (Liao et al., 2018). Heat
stress might also interrupt the oxidation-
reduction stability and encourage oxidative stress
through reactive oxygen species (ROS)
production in broiler breeders (Mishra and Jha,
2018). The adverse effect of elevated
environmental temperature and any types of
stress on the broiler breeder’s performance can be
alleviated by several available methods. Due to
the elevated costs of buildings cooling, the focus
of these methods mostly has applied to the
dietary and/or drinking water manipulations. The
antioxidant character and the contribution in the
antioxidant protection system considered as one
of the most important functions of ascorbic acid
(AA). Ascorbic acid is a vital micronutrient as it
is needed for the normal body metabolic function
(Dawood and Koshio, 2018). In particular, AA
could guard against oxidative stress impairment
via its scavenging activity to free-radical (Bai et
al., 2016). Betaine (BET), is a naturally occurring
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compound with osmoprotective properties,
which is vital in the nervous, immune, renal, and
cardiovascular systems (Ghasemi and Nari,
2020). Betaine conserves osmotic balance and
keeps the tertiary structure of the large molecules
in the kidney and others (ElI-Moniem et al.,
2016). Also, it is an important source for the
methyl group that is needed for the methionine
and S-adenosylmethionine (SAM) synthesis (El-
Moniem et al., 2016). During exposure to heat
stress, ample oxygen-derived free radicals are
generated causing oxidative damage of
macromolecules (Waiz et al, 2016).
Additionally, catecholamines and corticosteroids
are released in excess inducing lipid peroxidative
damage (Chainy and Sahoo, 2020). In the current
study, the tested anti-stress prescription was
supplemented to improve transport stress
impacts, antioxidants, and lipid peroxidation in
quail. Because vitamin C is located at the
membrane level, it contributes actively in the
structure of organic compounds and diminishes
the oxidative damage and fatty acids and
phospholipid components peroxidation (El-
Moniem et al., 2016). On the other hand, the
methyl donor property of betaine could be
partially responsible for its antioxidant activity
(Jiang et al., 2019). The results of the present
study agreed with the study of Jiang et al. (2019),
who concluded that supplementation of betaine
and VC were similarly powerful for fractional
improvement of heat stress impacts on the
performance of slow-growing chicks. Similarly,
betaine showed a significant improvement in
antioxidant status, digestibility, and growth
performance with potency like that of vitamin C
in heat-stressed rabbits (Zhang et al., 2016).
Betaine might keep the thermos-neutral state of
the animal through lowering the heat-induced
inhibition of osmotic balance and maintaining the
tertiary structure of the large molecules in the
kidney and other tissues as result of its osmolyte
properties and its property as methyl group donor
(Van Every et al., 2021).
4.4. Mortality rate

Many studies have been done on transport
stress in broiler to determine the chief factors
influencing the rate of mortality and the losses in
live weight during transportation between the
farms and/or the abattoirs. These factors include
catching method (Jacobs et al., 2017),
transportation distance and time (Vecerek et al.,
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2016), crate stocking density (Arikan et al.,
2017), and daily average temperature (Arikan et
al., 2017). The antistress formula-treated group
(G3) of the current study were recorded a lower
mortality rate (4%) than the untreated group (G2-
21%) at both immediately on arrival and 24 h
after 900km transportation. The cause of elevated
mortality rate in the untreated transported
stressed group (G2) is the long duration of
transportation of the birds by road at which the
birds may be exposed to many stressors such as
temperature changes, movements, trembling,
food deprivation, water removal, social
disruption, noise, and internal vehicle thermal
microenvironment (Jayaprakash et al., 2016).
Similarly, Kettlewell et al. (2000) established
that the post-mortem investigation of on arrival
birds deaths at the abattoir revealed that up to
40% of the birds died from heat stress caused by
irreqular ~ truck  aeriation and  avian
thermoregulation failures. The high occurrence
of deaths during transportation is related to bad
welfare and it is responsible for a significant loss
in the poultry industry (Vecerek et al., 2016). In
addition to its effect on meat quality parameters
(color, texture, palatability, preservation time
...etc.) that could have negative effects on
consumer satisfactoriness and poultry products
manufacturing (Schwartzkopf-Genswein et al.,
2012). The current results indicate that the
transport stressed treated group (G3) by the
valuable harmonized antistress formula can
efficiently aid Japanese quail to tolerate transport
stress, which was reflected on the noticeable
lower mortality rates.

5. Conclusions

The synergistic constituents of SH-
Antistress formula (vitamin C, betaine,
ammonium chloride...... etc.) offers a better

handling practice to diminish transport and heat
stress related disorders in Japanese quail, which
were reflected on the pathophysiological stability
of hematological, endocrine, antioxidant, and
mortality rates status, especially during long-
distance transportation (900 km) and reduce the
poultry industry's economic losses.
Acknowledgments: The authors express thanks
Alshorouk- Miser Co. for the drug trade, export
& import (Egypt) for their kind support in the
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