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Abstract

The current study was designed to investigate the influence of mesenteric injection of an amino acid
solution on the ameliorative effects of hatching times against the physiological and antioxidant traits
of broiler chickens (ROSS 308) and to determine whether amino acid injection could mitigate the
physiological and oxidative effects associated with delayed hatching. The first major variable was
hatching time intervals, where 180 chicks were hatched within 493 hours of incubation, while the
rest 180 chicks were hatched after 493 hours of incubation period. The second experimental factor
was injection treatment, namely, mesenteric injection of 0.5 ml of amino acids (IAA), mesenteric
injection of 0.5 ml of deionized water (IWA), and no injection. There were twenty chicks per
replicate and there were three replicates for each treatment group, thus sixty chicks in total per
treatment. The results showed significant interactions between hatching window and mesenteric
injection for several traits studied (P < 0.05). IAA mesenteric injection significantly decreased total
protein (TP) levels to 2.94 and 2.87 g/100 ml before and after 493 h, respectively, and globulin
(GLB) levels to 1.549 and 1.542 g/100 ml, respectively (P < 0.05), whereas albumin (ALB) was not
significantly affected. Regarding antioxidant traits, IAA injection before 493 h resulted in higher
SOD and GSH-PX levels (39.96 and 43.01 pmol/L, respectively). Hatching time significantly
affected SOD, with higher levels before 493 h than after 493 h (34.49 vs. 29.61 umol/L; P < 0.05),
while injection type significantly affected MDA and SOD (P < 0.05). The interaction between
hatching time and injection type significantly affected MDA, CAT, GSH-PX, and SOD (P < 0.05).
Regarding serum lipid traits, hatching time significantly affected TG and VLDL (P < 0.05), while
injection type significantly affected Chol, HDL, and LDL (P < 0.05). The interaction significantly
affected Glu, Chol, HDL, TG, VLDL, and LDL (P < 0.05). Mesenteric amino acid injection
improved antioxidant capacity and lipid metabolism in broiler chicks, particularly in early-hatched
birds.
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Introduction which ranges from 24 to 36 hours. The

hatching window is influenced by several

The variation in the hatching times factors, including the age of the hens, the

of newly hatched chicks is considered one duration of egg storage, and egg weight, as

of the most important challenges in broiler well as the type of incubator, along with
chicken rearing, due to its impact on the other minor factors [3].

chicks' characteristics and, consequently,
the subsequent production performance of )
broiler chickens [1]. This variation in resultsin uneven  or  delayed

hatching times within the same hatch is commencement of the newly hatched
referred to as the “hatching window" [2] chicks from the same starting point, as well

Hatching chicks at different times
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as nutritional  deficiencies.  Chicks
experience dehydration, particularly when
transferring from the hatchery to the
rearing rooms over an extended period.
This process negatively impacts the
subsequent production performance of
broiler chickens [4].

The electrolyte balance of newly
hatched chicks may be altered after
hatching due to prolonged retention in the
hatcher machines [5]. Therefore, amino
acids are essential for maintaining the
physiological balance of each chick,
playing a pivotal role in regulating the
acid-base balance of body fluids [6]. They
also contribute to the maintenance of
various cellular functions by influencing
ion composition in cell membranes and
supporting biochemical reactions within
the body [7].

The mesenteric region supports
intra-abdominal  organs  through a
combination of vascular connection and
peritenon-fascial attachment [8],
demonstrated that the yolk sac—
jejunum/ileum complex is a highly active
mesenteric region that encloses the
vitelline duct, vitelline artery, umbilical
vein, and yolk. This region is contiguous
with the jejunum and ileum, suggesting
that substances injected into the mesenteric
region, such as amino acids, may be
distributed  throughout the adjacent
mesenteric tissues. These tissues are in
close apposition to organs, including the
aorta, pericardium, and heart, potentially
facilitating the subsequent absorption of
amino acids by organs such as the heart,
lungs, and kidneys [10].

Based on the previous findings, this
experiment was conducted to assess the
ability of mesenteric injection with
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amixture of amino acids to mitigate the
effect of hatching windows on the
physiological traits of broiler.

Material and Methods

BIO-AMINO FORT INJ Solution (BS):

The BIO-AMINO FORT INJ
solution, an aseptic injection solution, was
used to replenish essential amino acids and
minerals in the chicks. This solution was
manufactured by Bio-Pharmachemic in
Vietnam and is specifically formulated for
mesenteric  administration in  newly
hatched chicks. The amino acid solution
was administered using a sterile 1 mL
insulin syringe.

Experimental Design:

A total of three hundred sixty unsexed one
day old chicks (ROSS 308) (45+1.5 g)
were used for this trial, they were
distributed into 6 factorial treatments (2x
3) , the first main factor (360 chicks) was
an hatching windows threshold (180 chicks
that hatched before 493 h and 180 chicks
that hatched after 493 h of incubation), the
second main factor was administration
method with 120 chicks (ROSS 308) for
each (via mesenteric injection with 0.5 ml
of amino acids, mesenteric injection with
0.5 ml de-ionized H,0O, and Non-injected
control group), 20 chicks were used for
each replicate and 3 replicates for each
treatment (60 chicks per treatment). Feed
and water were free access (ad libitum),
illumination and other directions of broiler
rearing were used according to ROSS 308
guide [11].

Blood Collection and Analysis:

Blood samples were collected at the ages
of one day and eleven days. Two birds
were selected from each replicate, ensuring
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their live weights were as close as possible
to the average live weight for that
replicate, with the selection done
randomly. The birds were deprived of feed
for 6-12 hours but allowed to drink water.
Thereafter, the live weight of each bird

analysis of the serum, according to the
procedures outlined in the research of
Kelly and Alworth [12] and Lebedev et al
[13]. The diets used in the experiment met
the recommended nutritional requirements
of the breeding company [11].

Statistical Analysis:

To assess the significant effect of main
factors and its interactions on selected
parameters, firstly, every percentage data
was transfer to arc sine, then all
transformed data were analysed using
Two-Way ANOVA analysis. The analysis
was applied by using General Linear
Model (GLM) procedure of statistical
software package SAS version 9.1 [14], P-
values less than 0.05, 0.01 and 0.001 were
considered to be significant for the main
effect, results were presented as mean/
SEM (pooled).

Results and Discussion

Table 1 Shows that there was a
significant effect of the interaction
between the two experimental factors on
total protein content in the blood at 11 days
of age, as the interaction treatment of chick
pull time after 493 hours with the control
significantly recorded the highest mean
value of (3.23 ¢g/100 ml) compared with
the other interaction treatments. It is also
observed that the interaction treatment of
chick pull time before 493 hours with the
control was not significantly different from
the treatment of chick pull time after 493
hours with 1AA, recording mean values of

3047

was measured, and then they were
slaughtered by cutting the jugular vein and
left to bleed out in a vertical position. Two
milliliters (2 ml) of blood were collected in
standard glass tubes (Bijou bottles) for the
biochemical composition

(3.12 and 2.87 g/100 ml), respectively. The
remaining treatments shared significant
superiority and were arranged accordingly
from the highest to the lowest, where the
treatments of chick pull time before 493
hours with the control, chick pull time after
493 hours with IWA, and chick pull time
before 493 hours with IWA showed the
highest significant superiority. Finally, the
two treatments of chick pull time before
493 hours with 1AA and chick pull time
after 493 hours with IAA ranked at the end
of the significance scale. The table also
shows that hatch window and injection
factors did not significantly affect serum
total protein content. It is also observed
from the table that hatch window,
injection, and their interaction did not
significantly affect serum albumin content.
The stability of serum albumin levels may
indicate that hepatic protein-synthetic
function was not markedly affected by the
treatments. These results agree with the
study of Elwan et al. [15], who did not
observe any significant effect of amino
acids on serum albumin content.

As for blood globulin content, a
significant response to the interaction
between the two experimental factors was
observed. The treatment of chick pull time
before 493 hours with the control
significantly achieved the highest mean
value of (1.763 g/100 ml) compared with
the other interaction treatments. The
control treatment before 493 h showed a
higher value compared with the amino acid
treatment after 493 h (1.763 vs. 1.542
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0/100 ml, respectively). The remaining
treatments showed significantly higher
values and were arranged accordingly from
the highest to the lowest, including the
treatments of chick pull time after 493
hours with the control and IWA, the
interaction treatment of chick pull time
before 493 hours with IAA, and the
interaction treatment of chick pull time
after 493 hours with IAA. The interaction
treatment of chick pull time before 493
hours with IWA recorded the lowest value.
It is also noted that the pull-time factor at
both levels did not significantly affect
serum globulin content.

The significant superiority of the
control treatment in total protein and
globulin levels may be related to
differences in amino acid availability and
utilization during the early post-hatch
period. Amino acids provide substrates for
hepatic  protein  synthesis and the
production  of  circulating  proteins,
including globulins, which are closely
associated  with  humoral  immune
functions. During the early growth stage,
cells are more responsive to nutritional
stimulation, making adequate amino acid
availability particularly important for
protein synthesis, immune development,
and nutrient utilization. This agrees with
what was indicated by Madej et al [16],
who stated that early nutrition effectively
contributes to improving the health of
newly hatched chicks by reducing
dehydration and stress levels and
stimulating the growth of gut-associated
lymphoid tissues, thereby enhancing bird
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immunity and efficiency in utilizing
nutrients during this sensitive stage of life,
which is positively reflected in total
protein and globulin levels.

The results also agree with what was
reported by Mohamed et al [17], in their
study on broiler chickens, where they
explained that supplying ionized water
caused an increase in total protein and
globulin concentrations in blood serum.
Our results are also consistent with the
study of Abou-Elkhair et al [18], which
indicated that supplementation of low
crude protein diets with a mixture of amino
acids (threonine, tryptophan, and valine)
linearly increased serum total protein and
globulin values. The Significantly higher
values of the interaction treatments in
blood globulin content may be explained
by its association with the vital role of the
method of treatment administration (in
IWA, and 1AA) in enhancing the immune
response of the bird. Injection, particularly
with water, may facilitate the rapid
absorption and direct delivery of
substances into the bloodstream, bypassing
gastrointestinal digestion and degradation,
thereby enhancing globulin formation [19].
On the other hand, amino acids act to
maintain  effective  homeostasis and
enhance protein synthesis in tissues in
addition to improving immune response
[20], [21]. In contrast to our results, the
study of Saleh et al [22], indicated that the
addition of amino acids at moderate to
high levels to chicken diets had no
significant effect on total protein, albumin,
and globulin levels.
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Table 1. Effect of Injection Type and Chick Pull Time During the Hatch Window on
Serum Protein Parameters of Broiler Chicken at 11 Days of Age.

treatments” TP (9/100 ml) ALB (g/100 ml) GLB (g/100 ml)
Main effect of hatching time
Before 493 h 3.054 1.407 1.646
After 493 h 3.044 1.513 1.531
Probability 0.9008 0.0610 0.1689
Main effect of injection type
Without 3.094 1.496 1.597 ab
Water 3.072 1.372 1.699a
Amino acid 2.981 1512 1.469 b
Probability 0.4445 0.0804 0.0433 *
Interaction between hatch pull time and injection type
Control 3.12ab 1.353 1.763a
S water 3.00 ab 1.620 1.419b
22  Amino 2.94b 1.391 1.549 ab
acid
™ Control 3.23a 1.596 1.631ab
< Water 3.10ab 1.487 1.626 ab
£°  Amino 2.87b 1.323 1,542 ab
< acid
P-value 0.0379 * 0.3137 0.049 *
Total mean 3.049 1.460 1.588
SEM®@ 0.037 0.03 0.40

1- Experimental Design: The hatching window (prior to 493 hours and after 493 hours) was considered the first factor, whereas the injection
treatment (control, mesenteric water, mesenteric amino acids) was regarded as the second factor.

2- SEM: Values are presented as the Standard Error of the Mean.
3- Statistical Significance: Means within the column

The data presented in Table (2)
indicate a significant effect of the
interaction between the two experimental
factors on serum malondialdehyde content
at 11 days of age. The treatments of chick
pull time before 493 hours with the control
and chick pull time after 493 hours with
the control significantly recorded the
highest mean values of (32.79 and 31.75
pumol/L), respectively, compared with the
remaining interaction treatments. It was
also observed that there were no significant
differences between the treatment of chick
pull time before 493 hours with the control
and the treatment of chick pull time after
493 hours with IAA. The remaining
treatments shared significant superiority
and were arranged accordingly from the
highest to the lowest, where the treatments

bearing different superscripts differ significantly at
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(p=0.05).

of chick pull time after 493 hours with
IAA and IWA showed the highest
significant  superiority.  Finally, the
treatments of chick pull time before 493
hours with IWA and IAA ranked at the end
of the significance scale. It is also noted
that the pull-time factor at both levels did
not significantly affect serum
malondialdehyde content.

The significant interaction effect on
serum malondialdehyde content may be
attributed to the significant superiority
observed in the chick injection factor. A
significant effect of injection treatments
was noted in this trait, as the IWA
treatment significantly recorded the highest
mean value of (31.79 pmol/L) compared
with the lower mean values of the IAA and
control ~ treatments, with  significant



Euphrates Journal of Agricultural Science-18 (2): 3045-3061 , (june.2026)

Kadhim....

increases of (13.43 and 21.01%),
respectively. This increase may be
explained by the fact that in mesenteric
injection temporarily altered the fluid and
electrolyte balance within the body,
leading to activation of a defensive
oxidative response. Although water may
improve hydration status and restore ionic
balance, the injection process itself is
considered a stress stimulus that may
temporarily  elevate  malondialdehyde
levels. This was indicated by Akbarian et
al. [23], in their study on the effects of heat
and environmental stress in chickens,
where any disturbance in homeostasis
increased malondialdehyde concentration
as an indicator of lipid oxidation. Xu et al
[24], and Kohrogi et al [25], also explained
that physiological stress, early injections,
transportation, or immune stimulation
cause significant increases in
malondialdehyde concentrations due to
elevated production of reactive oxygen
species (ROS) and reduced efficiency of
antioxidant enzymes such as SOD and
GPx. This is also supported by Mohamed
et al [17], who reported that water
supplementation reduced MDA levels in
the blood of chickens at 37 days of age.

On the other hand, El-Tarabany et
al [26], reported that improving amino acid
balance and antioxidant properties in
broiler chickens leads to oxidative stability
and reduced lipid peroxidation associated
with elevated MDA. Elwan et al [15], also
demonstrated that amino acids, including

methionine and cysteine, improved
antioxidant  status through increasing
glutathione and antioxidant capacity,

which was reflected in reduced oxidative
stress in the resulting chicks. In contrast,
Saleh et al. [22], indicated that chicks fed
low crude protein diets with high amino
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acid levels (LPHA) recorded significantly
(P<0.05) higher hepatic malondialdehyde
(MDA) content.

Serum catalase enzyme content also
showed a significant effect of the
interaction treatments between the two
experimental factors. The treatment of
chick pull time after 493 hours with IWA
significantly achieved the highest mean
value of (22.21 umol /L) compared with
the remaining interaction treatments. It was
observed that the interaction treatment of
chick pull time before 493 hours with the
control was not significantly different from
the treatment of chick pull time after 493
hours with 1AA, recording mean values of
(13.24 and 17.30 pmol/L), respectively.
The  remaining  treatments  shared
significant superiority and were arranged
accordingly from the highest to the lowest,
where the treatments of chick pull time
after 493 hours with IAA and chick pull
time before 493 hours with IWA showed
the highest significant superiority. Finally,
the treatment of chick pull time after 493
hours with the control and the treatments
of chick pull time before 493 hours with
the control and IAA ranked at the end of
the significance scale.

The table also shows that hatch
window, injection, and their interaction did
not significantly affect serum catalase
enzyme content. The effect of both chicks
pull time and method of administration on
catalase enzyme activity may be attributed
to the influence of these factors on ionic
and water balance within the body, thereby
contributing to enhanced antioxidant
enzyme activity represented by catalase
and improving the body’s ability to resist
oxidative stress. CAT is considered one of
the most important antioxidant enzymes, as
it plays a major role in catalyzing the
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decomposition of hydrogen peroxide
(H2 O, ), which is considered a reactive
oxygen species. Oxidative stress may be

indicated that amino acid supplementation
caused a reduction in catalase enzyme
activity and an increase in SOD level,

stimulated in the body when the attributing the decrease in catalase activity
concentration of these radicals exceeds the to increase NO production and cellular
physiological limit. More importantly, damage in the jejunum. In contrast, the

catalase contributes to preventing the
reaction of hydrogen peroxide with oxygen
under the influence of iron-binding
compounds,  thereby  reducing the
production of more toxic hydroxyl radicals
(OH) and other radicals [27], [28].

The catalase enzyme response may

increase in SOD activity represented an
attempt to compensate for the increase in
free radicals and reduce oxidative damage
[30]. Likewise, Ogbuagu et al [31],
reported that supplementation with amino
acids, including L-serine, increased blood
catalase enzyme levels. This indicates that

the effect of amino acids on the antioxidant
system depends on the type of amino acid
added to the diet, its biological nature, and
the level of oxidative stress to which the
birds are exposed.

also be associated with the role of amino
acids in improving the physiological and
immune status of the bird and reducing
oxidative damage. Khatlab et al [29],

Table 2. Effect of Injection Type and Chick Pull Time During the Hatch Window on
Serum Antioxidant Parameters of Broiler Chicken at 11 Days of Age

treatments” MDA (umol/L) CAT (umol/L) GSH-PX (umol/L)  SOD (umol/L)
Main effect of hatching time
Before 493 h 28.32 15.74 40.44 34.49 a
After 493 h 27.96 16.23 43.09 29.61b
Probability 0.8354 0.7605 0.1599 0.0311 *
Main effect of injection type
Without 25.11b 13.76 43.75 36.89 a
Water 31.79a 16.31 40.76 31.16 b
Amino acid 27.52b 17.87 40.79 28.11b
Probability 0.0097 ** 0.1237 0.3242 0.0072 **
Interaction between hatch pull time and injection type
Control 32.79a 13.24b 41.76 ab 36.05 ab
S Water 21.74b 16.93 ab 47.29 29.76 ab
22 Amino 24.41b 11.77b 43.01ab 39.96a
acid
™ Control 31.75a 14.47 D 39.45b 28.64 b
% - Water 27.77 ab 22.21a 36.55b 27.46 b
£ Amino 28.39 ab 17.30 ab 42.52 ab 30.43 ab
< acid
P-value 0.0379 * 0.0002 ** 0.050 * 0.0498 *
Total mean 3.049 28.14 15.98 41.76
SEM® 0.037 0.94 0.84 0.97

1- Experimental Design: The hatching window (prior to 493 hours and after 493 hours) was considered the first factor, whereas the injection
treatment (control, mesenteric water, mesenteric amino acids) was regarded as the second factor.

2- SEM: Values are presented as the Standard Error of the Mean.
3- Statistical Significance: Means within the column

bearing different superscripts differ significantly at (p<0.05).
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It is evident that serum glutathione
peroxidase  enzyme content  was
significantly affected by the interaction
between the two study factors. The
treatment of chick pull time before 493
hours with IWA significantly recorded the
highest mean value (47.29 pmol/L)
compared with the remaining interaction
treatments. It was also observed that the
treatment of chick pull time before 493
hours with the control showed no
significant difference from the treatment of
chick pull time after 493 hours with 1AA,
recording mean values of (41.76 and 42.52
pmol/L,  respectively). Among the
remaining treatments, chick pull time
before 493 hours with IAA, chick pull time
after 493 hours with 1IAA, and chick pull
time before 493 hours with the control
showed higher mean values, whereas the
treatments involving chick pull time after
493 hours with the control and IWA
occupied the lowest significant rank. The
interaction between hatch window and
injection type was significant at the
(p<0.05).

Furthermore, a significant
interaction response between the two
experimental factors was observed in
serum superoxide dismutase enzyme
content. The treatment of chick pull time
before 493 hours with IAA significantly
recorded the highest mean value (39.96
pumol/L) compared with the remaining
interaction treatments. The treatment of
chick pull time before 493 hours with the
control did not differ significantly from the
treatment of chick pull time after 493
hours with IAA, with mean values of
(36.05 and 30.43 pmol/L, respectively).
Among the other interaction treatments,
chick pull time before 493 hours with IWA
also showed a higher mean value, whereas
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the treatments involving chick pull time
after 493 hours with the control and IWA
occupied the lowest significant rank. This
significant interaction may be related to the
significant effect of chick pull time on
serum superoxide dismutase enzyme
content, with the treatment before 493
hours recording a higher mean value
(34.49 pmol/L) than the treatment after
493 hours (29.61 pumol/L), corresponding
to a percentage increase of (14.14%).

The significant interaction effect on
serum superoxide dismutase enzyme
content may also be attributed to the
significant superiority observed in the
chick injection factor. A significant effect
of injection treatments was observed in this
trait, as the control treatment significantly
achieved the highest mean value of (36.89
pmol/L) compared with the lower mean
values of the IWA and in IAA treatments,
which were (31.16 and 28.11 pmol/L),
respectively, with percentage increases of
(15.53 and 23.80%). The significant
superiority in serum glutathione peroxidase
and  superoxide dismutase  enzyme
contents, particularly in the IAA
treatments, may also be attributed to the
vital role of amino acids in enhancing
immune system efficiency and improving
antioxidant capacity in birds. Increased
ROS production during immune cell
activation raises the requirement for
glutathione, while increased glutathione
synthesis requires the availability of amino
acids involved in its formation. Mak et al.
[32], observed increased glutathione levels
during T-cell activation, and de novo
glutathione synthesis, rather than recycling
from GSSG, was found to be important for
T-cell differentiation and functions [33].
Therefore,  previous  studies  have
demonstrated that amino acids such as
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glutamine, arginine, and threonine play
important roles in supporting immune
function and maintaining intestinal
integrity in broiler chickens. Gottardo et al
[34] reported that dietary amino acid
supplementation influenced the immune
response of broilers challenged with
Eimeria spp. and E. coli, while Tan et al
[35] found that supplemental L-arginine
attenuated intestinal mucosal disruption in
broilers subjected to a coccidial challenge.
In addition, Khatlab et al [29] reported that
free methionine supplementation alleviated
intestinal  oxidative stress in Dbroiler
chickens, whereas Maroufyan et al [36]
indicated that methionine and cysteine

contribute to immune function and
resistance to Eimeria infection. These
findings support the physiological

importance of amino acids in immune and
intestinal functions; however, the present
study differs from these studies in the route
of amino acid administration, as amino
acids were administered by mesenteric

injection rather than dietary
supplementation.

The increase in  glutathione
peroxidase and superoxide dismutase
enzyme activities in some interaction

treatments may also be attributed to the
fact that these enzymes represent the
antioxidant defense line in the body.
Improvement in the immune and
physiological status of birds enhances their
efficiency in eliminating free radicals and
reducing oxidative damage. Chrystal et al
[37] and Hilliar et al [38] explained that
amino acid metabolism, digestibility, and
absorption are affected by the health status
of birds, and that supplementation may
contribute to improving physiological
stability and reducing pathological and
stress-related effects, which is positively
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reflected in the biological and enzymatic
indicators associated with health status and
resistance to oxidative stress.

Table 3 shows that indicated a
significant interaction response between
the two study factors in serum glucose
content at 11 days of age. The interaction
treatment of chick pull time after 493
hours with IWA recorded the highest value
of (171.73 mg/100 ml) compared with the
remaining interaction treatments. It was
also observed that there were no significant
differences  between the interaction
treatments of chick pull time before 493
hours with the control and early pull chick
after 493 hours with IAA, recording mean
values of (160.17 and 164.32 mg/dL),
respectively. The higher serum glucose
concentration observed in the control
treatment may be related to differences in
nutrient  availability and  metabolic
utilization during the early post-hatch
period. Glucose represents an important
energy substrate for newly hatched chicks,
and its circulating concentration may vary
according to energy requirements, nutrient
utilization, and metabolic adaptation
during early growth. Therefore, the higher
glucose concentration observed in the
control treatment may reflect differences in
endogenous energy metabolism and
glucose utilization among the experimental
treatments. The remaining treatments
differed significantly and were ranked
accordingly from the highest to the lowest
mean value, where the treatments of chick
pull time after 493 hours with IAA and
chick pull time before 493 hours with the
control showed the highest significant
superiority, followed by the treatment of
chick pull time before 493 hours with
IWA. Finally, the treatments of chick pull
time after 493 hours with the control and
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chick pull time before 493 hours with IAA
occupied the lowest significant rank.

Table 3 also showed that hatch
window, injection, and their interaction did
not significantly affect serum glucose
content. These findings are consistent with
those reported by Jassim and Ageel [39],
which showed that water increased blood
glucose levels in broiler chickens. This
may be attributed to the fact that water
administration, as part of in injection
substances, improves fluid balance within
the body, thereby enhancing the absorption
of essential nutrients such as glucose.
Water also helps improve digestion and
nutrient absorption through the intestines,
leading to increased blood glucose
concentration [17], [40].

A significant interaction effect
between the two experimental factors was
also observed in serum cholesterol content.
The interaction treatment of chick pull
time after 493 hours with IWA
significantly recorded the highest mean
value of (162.31 mg/dL) compared with
the remaining interaction treatments. It was
also observed that there were no significant
differences  between the interaction
treatments of chick pull time before 493
hours with the control and chick pull time
before 493 hours with IAA, recording
mean values of (154.46 and 160.67
mg/dL), respectively. This was followed
by a group of treatments that shared the
same significant superiority rank and
significantly exceeded the remaining
treatments. Their mean values were
arranged from the highest to the lowest as
follows: chick pull time after 493 hours
with IAA, chick pull time before 493 hours
with IWA and the control, and chick pull
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time after 493 hours with the control.
Finally, the treatment of chick pull time
before 493 hours with 1AA ranked at the
end of the significance scale. It is also
noted that the hatch window factor at both
levels did not significantly affect blood
cholesterol content.

The significant interaction effect on
cholesterol content may be attributed to the
occurrence of significant superiority in the
chick injection factor levels. A significant
effect of injection treatments was observed
in this trait, as the IWA treatment
significantly recorded the highest mean
value of (164.28 mg/dL) compared with
the IAA treatment, which recorded the
lowest mean value of (142.46 mg/dL). The
control treatment shared significance with
both the superior and inferior treatments.
These results may agree with what was
reported by Soltan and Hussein [41], who
stated that supplementation of broiler diets
with tryptophan at levels of 0.20%, 0.25%,
and 0.30% reduced total lipid and plasma
cholesterol levels. Saleh et al [22], also
reported that amino acid supplementation
in chicken diets did not show a significant
effect on glucose and cholesterol levels.
Similarly, Abou-Elkhair et al [18], did not
observe any significant effect on
cholesterol or glucose among treatments
supplemented with amino acids. This
variation in cholesterol response may be
attributed to differences in the type of
amino acid used, dietary protein level, and
the balance between cholesterol synthesis
in the liver and its utilization in cell
membrane and hormone  formation
processes, making the effect of amino
acids on cholesterol inconsistent and
dependent on the nutritional and
physiological conditions of the bird.



Euphrates Journal of Agricultural Science-18 (2): 3045-3061 , (june.2026)

Kadhim....

Table 3. Effect of Injection Type and Chick Pull Time Within the Hatch Window on
Serum Lipid and Glucose Parameters Traits of Broiler Chickens at 11 Days of Age.

Treatments Glu Chol HDL TG VLDL LDL
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Main effect of hatching time
Before 493 h 152.23 153.76 41.46 9491 a 18.98 a 93.32
After 493 h 149.01 155.82 37.96 76.46 b 15.29b 102.57
- 0.6022 0.8029 0.3021 0.0017 ** 0.0016 ** 0.2576
Probability
NS
Main effect of injection type
Without 142.35 157.65 ab 34.52b 89.93 17.98 105.13 a
Water 156.16 164.28 a 40.08 ab 76.98 15.39 108.89 a
Amino acid 153.34 142.46 b 4452 a 90.15 18.03 79.90 b
Probability 0.634 0.0443 * 0.0491 * 0.0968 0.0965 0.010 **
Interaction between hatch pull time and injection type
Control 160.17 ab 154.46 ab 37.19ab 112.61 a 22.52a 94.74 b
%’ i Water 151.22 b 154.98 ab 44.63a 69.03b 13.80b 96.54b
22 Amino 12479¢c  14452b  4147ab 83.58 b 16.71b 86.34 b
acid
o Control 13147 ¢ 151.82 ab 38.36ab 76.93b 15.38b 98.07 ab
< Water 171.73 a 162.31 a 45.72 a 88.55b 17.71b 98.87 ab
E = Amino 164.32 ab 160.67 ab 30.87b 83.44 b 16.69 b 113.10 a
< acid
P-value 0.0379 * 0.0483 * 0.0447 * 0.0411 * 0.0029 ** 0.0027 **
Total mean 3.049 150.62 154.79 39.71 85.69 17.13
SEM®@ 0.037 3.06 412 1.74 3.35 0.67

1- Experimental Design: The hatching window (prior to 493 hours and after 493 hours) was considered the first factor, whereas the injection
treatment (control, mesenteric water, mesenteric amino acids) was regarded as the second factor.

2- SEM: Values are presented as the Standard Error of the Mean.
3- Statistical Significance: Means within the

It is evident from the table that
there was a significant effect of the
interaction between the two experimental
factors on HDL content in serum. The
treatments of chick pull time after 493
hours with IWA and chick pull time before
493 hours with IWA significantly recorded
the highest mean values of (45.72 and
44.63 mg/100 ml), respectively, compared
with the remaining interaction treatments.
It was also observed that the treatment of
chick pull time before 493 hours with the
control did not differ significantly from the
treatment of chick pull time after 493
hours with 1AA, recording mean values of
(37.19 and 30.87 mg/100 ml), respectively.
The  remaining  treatments  shared
significant superiority and were arranged

column bearing different

3055

superscripts  differ significantly at (p<0.05).

in descending order from the highest to the
lowest, where the treatments of chick pull
time before 493 hours with 1AA, chick pull
time after 493 hours with the control, and
chick pull time before 493 hours with the
control showed the next levels of
significant  superiority.  Finally, the
treatment of chick pull time after 493
hours with IAA recorded the lowest
significant value. It is also noted that the
pull-time factor at both levels did not
significantly affect serum HDL content.

The significant interaction effect on
HDL content may be attributed to the
significant effect of the chick injection
factor, as injection treatments showed a
significant influence on this trait. The IAA
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treatment significantly recorded the highest
mean value of (44.52 mg/100 ml)
compared with the lowest mean value in
the control treatment (34.52 mg/100 ml),
with a percentage increase of (22.46%),
while the IWA treatment showed an
intermediate level between them.

Furthermore, the table also
indicates a significant interaction effect
between the two experimental factors on
triglycerides and very low-density
lipoproteins (VLDL), where the treatment
of chick pull time before 493 hours with
the control significantly recorded the
highest mean values of (112.61 and 22.52
mg/100 ml), respectively, compared with
the remaining interaction treatments. It was
also observed that the treatment of chick
pull time before 493 hours with the control
significantly outperformed the treatment of
chick pull time after 493 hours with 1AA
by (25.90% and 25.88%), respectively.
The remaining treatments followed a
descending order of significance, including
the treatments of chick pull time after 493
hours with IWA, chick pull time before
493 hours with 1AA, chick pull time after
493 hours with 1AA, and the control
treatment, while the treatment of chick pull
time before 493 hours with IWA occupied
the lowest significant rank. It is also noted
that injection levels did not significantly
affect serum triglycerides and VLDL
content.

The previous significant differences
may be attributed to the significant effect
of chick pull time before and after 493
hours, as this factor significantly
influenced serum triglycerides and VLDL,
where the treatments before 493 hours
recorded the highest mean values of (94.91
and 18.98 mg/100 ml), respectively.
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These results are also in agreement
with  Abou-Elkhair et al [18], who
observed a significant reduction in
triglycerides in amino acid-supplemented
treatments compared with the control,
attributing this effect to reduced feed
intake, which led birds to utilize body fat
as an energy source, thereby reducing
serum triglyceride levels [42]. Several
studies [18], [22], [43], also reported that
broilers fed low-protein diets
supplemented with amino acid mixtures
(threonine, tryptophan, and valine) showed
reduced blood triglycerides. Xie et al. [44],
also reported that dietary tryptophan
supplementation  influenced glycolipid
metabolism-related parameters in broiler
chickens, with the effects varying
according to dietary protein level. These

findings indicate that amino acid
supplementation may influence lipid
metabolism in broilers, although the

response may depend on the amino acid
provided and the nutritional context.

Regarding low-density lipoprotein
(LDL) content, a significant interaction
response between the two experimental
factors was observed. The treatment of
chick pull time after 493 hours with 1AA
significantly recorded the highest mean
value of (113.10 mg/100 ml) compared
with the remaining interaction treatments.
It was also observed that this treatment
significantly exceeded the treatment of
chick pull time before 493 hours with the
control by (16.23%). The remaining
treatments were arranged in descending
order of significance, starting with the
treatments of chick pull time after 493
hours with the control and in IWA, while
the treatments of chick pull time before
493 hours with IWA, the control, and IAA
occupied the lowest significant ranks. It is
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also noted that the hatch window factor did
not significantly affect serum LDL content.

The significant interaction effect on
LDL may be attributed to the significant
effect of the injection factor, as injection
treatments significantly influenced this
trait. The IWA and control treatments
recorded the highest mean values of
(108.89 and 105.13 mg/100 ml),
respectively, compared with the lowest
mean value in the I1AA treatment (79.90
mg/100 ml), with percentage increases of
(26.62% and 23.99%). These findings are
consistent with Shihab et al. (2019), who
reported that water administration
increased LDL levels in quail blood.

This increase in LDL may also be
explained by the role of amino acids in
regulating lipid and cholesterol
metabolism, as elevated levels of certain
amino acids, particularly tryptophan, may
stimulate hepatic lipid and cholesterol
synthesis through effects on insulin
secretion and metabolic pathways. Xie et

al [44], reported that tryptophan
supplementation in low-protein diets
increased  serum  triglycerides  and

cholesterol levels, while Wang et al [45],
also found that increased tryptophan levels
elevated total plasma cholesterol in broiler
chickens.

Conclusion

The  study concluded  that
mesenteric injection with either the amino
acid mixture (IAA) or water (IWA)
produced several physiological,
biochemical, and antioxidant responses in
broiler chickens compared with the other
treatments. Mesenteric IAA was associated
with  improved  antioxidant  status,
particularly in SOD and GSH-Px, and
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generally lower concentrations of some
lipid fractions, including LDL and TG.
These effects may be related to the role of
amino acids in supporting antioxidant
defense and regulating lipid metabolism. In
contrast, mesenteric IWA was associated
with increased CAT activity and HDL
concentration but also with higher Chol
and LDL levels. These findings indicate
that the physiological and biochemical
responses to mesenteric injection varied
according to the injected solution, with the
amino acid mixture showing effects on
antioxidant and lipid-related parameters
that differed from those observed
following water injection.
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