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subjected to high temperature (39.8°C) during the late stage of incubation on post-hatch

THIS study aimed to investigate the effect of in ovo injection of organic zinc and eggs

performance and immune response of local Egyptian strain (Bandarah) chicks. A total of 400

Introduction

fertile eggs were weighed and randomly distributed to 8 groups with 5 replicates 10 eggs each. On the
14™ day of incubation, eggs were injected asT1: Eggs not injected (control), T2: eggs injected with
Iml saline solution, T3: eggs injected with 1ml saline solution containing 50ug Zn-Met, T4: eggs
injected with a saline solution containing 100pg Zn-Met. Treatments from T1 to T4 incubated at
normal temperature of 37.8°c and 60%RH, treatments from T5 toT8 injected similar doses as
described and subjected to high temperature of 39.8°c when eggs are transferred from setter to hatcher
machine for 3 hours at 18, 19, and 20 days of incubation. Results showed that in ovo injection with 50
and 100 pg Zn-Met/egg and subjected to high temperature during late incubation could improve
hatching, chicks’ weight, antioxidant activities, and increased WBC's and lymphocyte. Group injected
with 100pg Zn-Met/egg was more effective in improving high-density lipoprotein, low-density
lipoprotein, triglycerides, cholesterol, glucose, zinc, and T;.

Keywords: In ovo injection, organic zinc, hatchability, immune response, biochemical parameters.

Egg yolk is the main compartment storage of

efficiency [3] while plasma corticosterone and

nutrients for embryos, most of the zinc is exhausted
by the late embryonic stage [1]. In ovo injection of
nano, minerals could help embryos at the late stage
of embryogenesis with a supplementary amount of
nutrients. Nutrients are transferred into the amniotic
fluid and then absorbed by the developing embryo
[2]. Antioxidants play an important role in cells
protecting from reactive oxygen species by reducing
free radicals, zinc acts as one of these antioxidants.
In tropical and semi tropical regions, raising broiler
out of their thermal comfort zone can cause
economic loss in the poultry industry. In poultry that
exposed to elevated temperature showed desperation
on the immune responses, body weight and feed

heterophil/ lymphocyte ratio are improved [4]. The
increased temperature during incubation causes stress
before hatching and it affects the development of
embryonic organs. In ovo injection of zinc could
improve the performance of chicks by enhancing the
immune system, improving the antibody synthesis
[5], and performance of non-specific immunity
systems for instance neutrophils and natural killer
cells [6]. This experiment was designed to study the
effect of in ovo injection of zinc-methionine and
subjected to high temperature during the late
incubation on the hatchability, post-hatch-
performance, and immune response of Bandarah
chicks.
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Material and Methods

The present study was conducted at the El-
Sabahia poultry Research station in Alexandria
belonging to Animal Production Research Institute.
Six hundred hatching eggs produced from Bandarah
hens at 48 wks were collected at the same day. All
eggs were individually numbered and weighed (the
average egg weight was 49+1) prior to the beginning
of the incubation. Eggs incubated in Egyptian made
incubator model S100 at 37.8°C and 60% RH during
setting phase of incubation. For starting our
experiment four hundred fertile eggs were weighed
and randomly distributed to 8 groups with 5
replicates. On the 14" day of incubation the injected
was performed included.T1: eggs not injected
(control), T2: eggs injected with 1ml saline solution
(possitive control), T3: eggs injected with 1ml saline
solution containing 50pug Zn-Met, T4: eggs injected
with a saline solution containing 100ug Zn-Met. The
pH of the solution was 7.0. Treatments from T1 to
T4 incubated at normal temperature of 37.8°c and
60%RH, treatments fromT5 to T8 injected as the
similar doses as described and subjected to high
temperature of 39.8°c and 66%RH, when eggs are
transferred from setter to hatcher machine for 3 hours
daily at 18, 19 and 20 days of incubation.

In ovo injection technique

On the 14™ day of incubation, eggs were injected
according to the previous doses through the amniotic
route using a hypodermic needle (25 mm long) and
the pinpoint hole was sealed using wax.

Zinc methionine complex (zinpro®180) zinc
concentration 18% was used in this experiment.

Characteristics investigated: Hatching chicks were
individually weighed at the initial of the experiment,
and then they were weighed for each 4 weeks in each
replicate.

Five chicks at one day old from each replicate were
slaughtered. Blood samples were taken into
heparinized tubes for measuring white blood cells
(WBCs) counted using hemocytometer using a light
microscope at 100x magnification after diluted the
blood samples 20 times with diluting fluid (1% acetic
solution with little of Leishman's stain) before
counting according to Hepler [7] Plasma was obtained
by centrifugation of the remaining blood at 3000 rpm
for 20 minutes, and kept at -20°c until used for
biochemical analysis. Plasma glucose concentration
was determined by the method of Trinder [8] using
commercial kits (Diamond Diagnostics). Plasma low
density lipoprotein LDL and high-density lipoprotein
HDL were determined according to Wieland and
Seidel and Lopes-Virella ef al. [9,10] respectively. Total
antioxidant capacity (TAC) and malondialdehyde

(MDA) were determined according to Erel and Ricard
et al. [11,12] respectively.

Plasma total cholesterol determined according to
the method of Stein [13], triglycerides, glutathione
(GSH-Px), Superoxide dismutase (SOD) activities
and copper-zinc superoxide dismutase (Cu-Zn-SOD),
mineral (Zn) were determined using commercial kits.
Triiodothyronine (T;) was measured by using
radioimmunoassay (RIA) kits according to the
method described by Hollander and Shenkman [14].

The statistical analysis was performed using 2-
way analysis by general linear model procedure of
SAS version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA).

The statistical model used in this study was: Y=
|,l+Ai+ Gj +AGij +eijk

Where: Yji,= an observation from the kth bird, p
=General mean, Aj=the effect of injection, Gj= the
effect of temperature, AG;= the effect of interaction
between injection and temperature, and e;y= random
error. The statistical significance of the effects was
assessed at a p-value of 0.05.

Results and Discussion

Table (1) showed the effect of in ovo injection of
Zn-Met and subjected to high temperature (HT) in
late incubation and their interaction on hatching%,
chick's body weight and hatch weight as a percentage
of egg weight. Regardless of HT hatchability%,
chick weights at Oday, 4wks, 8wks , and hatch
weight as a percentage of egg weight were higher
(p<0.05) in ovo injection of Zn-Met groups than in
control groups. However, non-hatched eggs were
decreased (p<0.05) in ovo injection of Zn-Met levels
than in control groups. Concerning the effect of HT
in incubation on hatchability% and chick weights at
Oday, 4wks, 8wks and hatch weight% of egg weight
were lower (p<0.05) under HT than the group under
normal (NT). However, non-hatched eggs were
increased (p<0.05) under HT. Hatchability, chick's
weight at Oday, 4wks, 8wks and hatch weight % /egg
weigh were significantly affected by an interaction
between in ovo injection Zn-Met levels and HT and
NT hatchability, chicks weight from Oday to 8 wks
and hatch weight % /egg weight were higher
(p<0.05) in ovo injection of Zn-Met levels group
under HT or NT compared to control groups (T1
andT2). Moreover, the group of Zn-Met at
100pg/egg recorded the highest chicks weight at
4wks, 8wks and hatch weight % /egg weight under
HT and NT. Followed that the group of 50pg/egg.
Control (T2) recorded the highest value (p<0.05)
concerning non-hatched eggs, compared to the other
groups. Results are in agreement with, Biria et al.
[15] who found nano ZnO in ovo injection increased
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the hatchability of eggs and decreased the early
embryo mortality rate in broilers. High incubation
temperature could negatively affect hatchability and
post-hatch growth performance [16]. Wilson [17]
noted that each lg of increase in BW at hatch leads
to 8 to 13g of increase in BW at marketing. Tako ef
al. [18] concluded that Zn-Met in ovo injected
improved villus surface at hatching and improved
weight gain in broilers. Hassan [19] found in ovo
injection nano-zinc improved the hatching weight of
chicks, and weight gain, of broiler chicks under heat
stress.

In addition, Hee et al. [20] noted that in ovo
injection of Zn (200 mg/egg) at 18 embryonic days,
increased body weight. Kouassi ef al. [21] reported
that development of the in ovo technology allowing
for the delivery of bioactive substances into chicken
embryos during their development represents a way
to accommodate the perinatal period, late embryo
development, and post- hatch growth. Also, Sogunle
et al. [22] found that in ovo injection of Zn at
80ug.egg” and/or Cu at 16pg.egg” enhanced growth
in broiler chickens. Effects of in ovo injection of
zinc methionine and subjected to high temperature
(HT) in incubation and their interaction on the
immune response of post-hatch chicks are shown in
Table(2). Regardless of HT, WBC's count, and
lymphocyte% were increased (p<0.05) by injection
Zn-Met groups compared with two control groups.
While heterophil and H/L ratios were lower (p<0.05)
than in the control groups. Regarding the effect of
HT, it was shown that WBC's count, and lymphocyte
were significantly lower (p<0.05) than normal
temperature (NT) while heterophil and H/L ratio
increased.

The interaction effect between Zn-Met levels and
HT noted that the highest value for WBC's, and
lymphocytes was observed for 50 and100pg Zn-
Met/egg either with HT or NT. While injected Zn-
Met levels with HT and NT had the lowest value for
heterophil and H/L ratio compared with control
groups (Tland T2). Results agreement with, Biria et
al. [15]. Sogunle et al. [22] found that in ovo
injection of Zn at 80pg.egg” and/or Cu at 16pg.egg”
enhanced immune response of blood serum in broiler
chickens. They found nano ZnO in ovo injection
increased immune responses of broilers. Zinc has a
well-known role in the development of the immune
system of the chicks [23] and dietary Zn
supplementation improve the antibody synthesis [5]
and performance of non-specific immunity system
for instance neutrophils and natural killer cells [6] in
broilers. Shokraneh et al. [24] reported that injection
of Nano-ZnO had alleviated the negative effects of
high-temperature incubation. In contrast, Jose et al.
[25] found in ovo administration of different forms of

Zn did not positive response on the immune status of
birds post-hatch. Table (3) summarized the effect of
in ovo injection of Zn-Met and subjected to HT in
incubation and their interaction on antioxidant
activity (TAC), GSH-Px, (SOD), (Cu-Zn-SOD) and
(MDA) in post-hatch chicks. Regardless of HT the
activities of TAC, GSH-Px, SOD and CuZnSOD
were enhanced (p<0.05) in ovo injection of Zn-Met
levels than control groups. However, MDA was
reduced for Zn-Met levels than in control groups.

Concerning the effect of HT in incubation, the
activities of GSH-Px, SOD, CuZnSOD, and MDA
were decreased except TAC increased (p<0.05)
compared with the groups subjected to normal
temperature (NT). Concerning the interaction
between ovo injection Zn-Met levels and HT in
incubation, the antioxidant was significantly affected,
our results recorded that the activity of the
antioxidant in ovo injection under HT and NT
increased (p<0.05) than those control exposed to HT.
However, MDA was lower in Zn-Met levels under
HT than in control groups. In ovo Zn injection with
0, 50,150, 200pug Zn/egg, up-regulated the
metallothionein (MT) mRNA expression levels in the
embryonic liver at E20, and Cu-Zn-SOD activities.
While MDA did not affect. Shokraneh et al. [24]
recorded that in ovo injection of nano-Zinc oxide and
high eggshell temperature during late incubation
increased (p<0.05) activity of GSH-Px and SOD at
high EST. In our experiment injection of Zn-Met had
a significant role in alleviating the negative effects of
high temperature during incubation by increased
antioxidant activity and reduced oxidative stress.
Also, Xiao et al. [26] observed high incubation
temperature is a stressor for embryos of all ages. So
during high eggshell temperature, ROS generation
and oxidative damage were increased and reduced
antioxidant activity. Table (4) summarized the effect
of in ovo injection of Zn-Met and HT during late
incubation and their interaction on (LDL), HDL,
triglycerides,  cholesterol, glucose, Zn, and
triiodothyronine  (T;). Regardless of HT in
incubation, LDL, triglycerides, and cholesterol were
decreased (p<0.05) by in ovo injection of 50 or
100pug Zn-Met/egg compared with control groups
(T1 andT2), however. HDL, glucose, and T; were
higher (p<0.05) in Zn-Met 100ug/egg than in other
treatment groups. I/n ovo injection, 50 or 100 ng/egg
plasma zinc concentration increased (p<0.05) in
other groups. Irrespective of in ovo injection of Zn-
Met levels, HDL was not affected by HT. However,
LDL, triglycerides, and cholesterol were affected by
HT and increased (p<0.05) in NT groups. While,
glucose, zinc, and T; were reduced (p<0.05) by HT
than NT. Results indicated that the interaction
between in ovo injection of Zn-Met levels with HT
and NT lowered (p<0.05) both LDL, triglycerides,
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cholesterol, and glucose than in other control groups.
While, HDL, zinc, and T; were higher (p<0.05)
under HT with in ovo injection of Zn-Met levels and
Zn-Met with NT than in control groups (Tland T2).
Results, Willemsen et al., and Willemsen et al. [27, 28]
found that high incubation temperature increased
plasma levels of triglyceride and cholesterol. Sarica et
al. [29] reported that the high levels of stress
hormones stimulate lipolysis, which explains the
increasing  concentration of cholesterol and
triglyceride under high EST and decreased plasma
concentration of total protein is due to the catabolism
of proteins to free amino acid for using as
gluconeogenic substrates. Ayo et al. [30] noted that
changes in incubation temperature and subsequently
hormonal alterations led to changes in some
metabolic responses.

On the other hand, Biria et al. [15] noted that
injection of 50, 75, and 100 ppm nano-ZnO in
broilers. Causes increasing cholesterol, LDL, and
HDL [31]. Found that high temperature (38.8°)
during d 10 to 18 of incubation increased T; in the
broiler.

The results of Shokraneh et al. [24] are in agreement
with our results they found that ovo injection with
NaCl solution containing 500pg Nano-ZnO and
incubated at high EST significantly decreased the
levels of triglyceride, cholesterol, glucose, and T; at
high EST. Thyroid hormones were increased and
reached a peak during external piping. So, T; was
beneficial during hatching and supplied more energy.
While high incubation temperature caused decreased
T; hormone and non-hatch due to decreased T;
hormone [32].

Conclusion

It could be recommended that in ovo injection
zinc methionine at 50 or 100pg/egg could alleviate
the negative effects of high temperature during late
incubation by increasing antioxidant activity,
improving hatchability, chicks’ performance, and
immune response of hatched chicks.
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TABLE 1. Effect of in ovo injection of zinc methionine and subjected to high temperature in late incubation and their
interaction on hatching traits and chicks weights hatch represented by mean + SE
Mean effect Hatchability Non-hatched Hatch Chick weight | Body weight at | Body weight
from fertile from fertile weight% / at 0 day (g) 4wks (g) 8wks(g)
eggs% eggs% egg weight
Inject
Non injected control(T,) 74.79+4.1° 8.54 +2.4° 69.51£1.0° 35.02+0.53°¢ 179.75+3.34¢ 657.25 +4.5¢
Injected with saline control(T,) 70.07 +3.7¢ 17.65 £2.31° 68.5+0.94¢ 34.52+047° 173.23 +4.02° | 650.15 £5.45°
Inject 50ug Zn-Met(T;) 91.99+0.43° | 653+021° 79.5+09° 40.07£0.5° | 305.93+191° | 829.67+2.15°
Inject100pg Zn-Met(Ty) 93.89 £0.68° 5.12+£0.33° 81.84 £0.49" | 41.23+0.23° 315.45 40.36* 843.20 £0.9°
P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Temperature
Normal temperature 87.39 £0.33% 9.06 +0.45° 75.54+£0.03" | 38.58+0.13" | 247.98+2.51" | 751.21 £1.04"
High temperature 77.89 £1.36° | 9.87+0.54" | 742+0.56" | 36.8440.35"° | 239.20+2.54° | 738.93+3.4°
P value 0.0001 0.0001 0.0006 0.0026 0.0001 0.0001
Interaction between injecting and temperature
Non injected Normal 83.77+0.54° 10.31 40.33¢ 71.75+0.01°¢ 36.14+0.31°¢ 186.55 +0.84° 666.95+1.1°
control(T;) High 65.82+1.31¢ 6.76+0.33 ¢ 67.28+0.01% | 33.89+0.28° | 172.95+2.97% | 647.55£3.20°
Injected with Normal 79.3140.13° 15.2940.33° 70.58 40.54° | 35.5540.03° 182.3540.09° | 662.35+0.09°
saline control(T,) High 60.82+1.31° 20.01+0.57* | 66.50+0.01% | 33.50 +0.28¢ 164.100.69° | 637.95 +0.03°
Inject 50pug Zn- Normal 92.05+0.71° 6.10+0¢ 81.67+0.03 | 41.13+0.92% | 306.90+3.03° | 830.45+3.32°
Met(T,) High 91.94+0.65" | 6.95+033% | 77.42+0.65° [ 39.00°+0.02 | 304.95°+2.82 828.90+ 3.4°
Inject100ug Zn- Normal 94.45 £1.31° 4.55+0.58°¢ 82.41+0.93* | 41.50+0.12° 316.10 £0.5° 845.10 £1.03%
Met(Ty) High 93322038° | 5.68%033° | 812940.17° | 4095=043" | 31480=0.12° | 84130 £0.17°
P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

b-Means within a column within each factor not sharing similar superscripts are significantly different , P-value=probability level

TABLE 2. Effect of in ovo injection of zinc methionine and subjected to high temperature in late incubation and their
interaction on immune response in post-hatch chicks represented by mean + SE .

Mean effect WBC ’s 10°mm’ | Lymphocyte% | Heterophil% | H/L ratio
Inject
Non injected control(T;) 21.53 +0.19° 34.08 +0.5° 23.28 +0.48" 68.45+1.9°
Inject with saline, control(T,) 21.18 +0.43° 32.48 40.5° 23.94 +0.47% 73.83+1.8°
Inject 50ug Zn-Met(Ts) 25.27£0.16° 41.24+0.1° 20.14 £0.28° 49.19+1.7°
Inject100pg Zn-Met(T,) 2487 02° 42.99 +0.72° 19.78 £0.26° 46.17+£1.2°
P value 0.0001 0.0001 0.0001 0.0001
Temperature
Normal temperature 23.72 £0.35° 38.76 £0.9° 21.35+0.49° 56.46 £1.96°
High temperature 22.71 £0.19° 36.64 £0.71° 22.21+0.51° 62.37 £1.76°
P value 0.0001 0.0040 0.0317 0.0001
Interaction between injecting and temperature
Non injected Normal 21.73 £0.34° 35.12 £0.44° 22.7+0.46° 64.54 +1.94°
control(T)) High 21.3340.17° 32.93 £0.27° 23.85+0.81° 72.37 £2.03°
Inject with saline, Normal 22.34 £0.34° 33.73£0.31° 23.57 £0.79° 69.81 £1.7°
control(T,) High 20.02 £0.19° 31.23 £0.459 24.30 +0.54° 77.85 +1.69°
Inject 50ug Zn- Normal 25.61 £0.18° 4226 £1.58° 19.70 £0.34° 46.93 +2.319
Met(T5) High 2493 +0.16° 40.23 +1.54° 20.57 +0.38° 5145+221°
Inject100pg Zn- Normal 25.18 +0.23° 43.83 +1.28° 19.43+0.4° 4456 +1.9¢
Met(T,) High 24.56 £0.27° 42.16 £0.56° 20.12 +0.29° 47.78 +1.12¢
P value 0.0019 0.0050 0.0038 0.0051

P-Means within a column within each factor not sharing similar superscripts are significantly different, P-value=probability level,

WBC’s=white blood cells.
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TABLE 3. Effect of in ovo injection of zinc methionine and subjected to high temperature in late incubation and their
interaction on antioxidant activity in post-hatch chicks represented by mean + SE .

Mean effect TAC (mg/dl) | GSH-Px (Umol/l) SOD (u/ml) CuZnSOD (p/ml) MDA (U/T)
Inject
Non injected control(T)) 394.17+1.05° 823.49 +1.18° 153.58 +0.52¢ 162.08 £0.69° 11.80 £0.29°
Inject with saline 375.61 43.6° 823.89+0.99° 155.3440.46 ¢ 162.73 +0.84 ¢ 12.2240.21°
control(T,)
Inject 50pg Zn-Met(T3) 44714 +1.5° 958.09 +2.7° 172.86+0.95° 184.36+2.11° 10.29+0.02°
Inject 100ug Zn-Met(T,) 44834 £1.7° 961.10 +3.2° 174.95£0.81° 187.95 £46° 10.08 +0.16°
P value 0.0001 0.0001 0.0001 0.0001 0.0001
Temperature
Normal temperature 406.6 £1.65° 89423 +1.09° 165.98 £0.28* 177.73 £0.34* 11.33+0.21°
High temperature 426.13 £0.84° 889.06 +1.06° 162.33 £0.5° 170.83 £0.62° 10.86 +33°
P value 0.0001 0.0001 0.0001 0.0001 0.0053
Interaction between injecting and temperature
Control(T,) Normal 425.52+3.06° 826.21+£1.6° 152.17 £0.25° 160.17 £0.51 ¢ 11.030.2°
! High 362.83£0.9¢ 820.770.259 154.99 +0.42° 163.99+0.18 12.57+0.96°
Inject with Normal 392.19 +1.92°¢ 826.67+0.70°¢ 154.40+0.35 ° 161.40+0.28 12.19+0.45°
saline(T,) High 359.02 £0.08 ¢ 821.11£0.21°¢ 156.04 £0.72° 164.04+1.51°¢ 12.24 +0.01°
Inject 50pug Zn- | Normal 442.7120.84° 950.42 £1.56 ™ 170.0620.1 ™ 178.06 £0.18° 10.30+0.04°
Met(T;) High 451.56 +0.57° 965.78 £0.29° 175.59 +0.34° 190.65 +0.34° 10.82+0.03°
Inject 100pg | Normal 444.09 £0.8° 952.93 £0.49° 172.66 £0.42° 183.66+0.38° 9.92+0.15°¢
Zn-Met(T}) High 452.59+1.81° 969.27 +3.5° 177.24 £0.43° 192.24 £0.43° 10.2320.3°
P value 0.0001 0.0001 0.0002 0.0001 0.0041

b-Means within a column within each factor not sharing similar superscripts are significantly different, P-value=probability
level, TAC=total antioxidant capacity, GSH=glutathione-peroxidase, SOD=superoxide dismutase, CuZnSOD=copper zinc

superoxide dismutase. MDA=Malonaldehyed

TABLE 4. Effect of in ovo injection of zinc methionine and subjected to high temperature in late incubation and their

interaction on some biochemical parameters in post-hatch chicks represented by mean + SE .

HDL Triglycerides Cholesterol Glucose .
Mean effect LDL (mg/dl) (mg/dI) (mg/dI) (mg/dI) (mg/dI) Zinc (mg/dl) T3 (nmol/l)
Inject
I\i‘(’)ﬁtfgf(‘}te)d 96.41 £0.547 | 35.74+034° | 96.79+0.57° | 202.79+1.56* | 161.73£1.589 | 70.88+0.54° | 1.420.02°
1
InJiZ‘ﬁﬁgﬁ;a;me 95.94+0.18° | 35.9540.38° | 97.77+0.14" | 202.28+1.5% | 163.16£1.31° | 70.68+0.42° | 1.460.07°¢
2
I“Jeif[jt‘()ﬁzn' 88.9340.16° | 50.43+0.44° | 66.6140.54° | 169.6120.54" | 183.13+0.95" | 83.65+0.20* | 1.94+0.01°
3
I“Je‘l’\t/[le‘i?{‘% Zn- 85.63£0.69¢ | 51.93+0.7% | 62.80+0.98° | 164.80£1.3° | 189.78+1.46 | 84.21+0.15* | 2.00+0.02°
4
P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Temperature
Normal temperature | 91.16940.3° | 43.59+0.5 | 79.59+0.37° | 181.34+037° | 178.54+0.23° | 77.88+0.36° | 1.780.1°
High temperature 9229+0.6° | 43.42+025 | 82.4+024° | 188.4140.25° | 170.36+0.34° | 76.82+0.25° | 1.630.05°
P value 0.0051 NS 0.0001 0.0001 0.0001 0.0001 0.0001
Interaction between inject and temperature
in}i‘c’:‘e q N‘;{m 9526+0.34% | 34.932025° | 95.15+0.23° | 198.1540.23° | 167.1540.08° | 72.18+0.61° | 1.46+0.24°
control (T;) | High | 97.56:0.74° | 36.54+0.36° | 98.45:023° | 207.45+0.23° | 156.3:020% | 69.58+0.33° | 1.38+0.14°
IHJ:;EI‘I’Z“}] N‘;lm 96.2240.22% | 36.34£0.65° | 97.69+0.29° | 197.69£0.29° | 167.0740.19¢ | 71.75+0.17° | 1.64+0.03"
control (T,) | High | 95.6740.23° | 35.26+0.08° | 97.86£0.03° | 206.86+0.03° | 159.25 0297 | 69.61+0.44° | 1.27 40.05°
Inject 50ug NZ{”‘ 88.89+0.26° | 49.2320.25° | 65.62+0.75° | 168.62+0.76° | 185.81£0.46° | 83.420.39° | 1.96+0.01°
Zn-Mei(T5) High | 88.96:0.23° | 51.63%0.27° | 67.59+0.52° | 170.0040.52° | 180.43+0.43° | 83.87+0.08° | 1.92+0.01°
Inject100pg N‘;{m 84.3120.22° | 53.5940.79% | 59.89+0.20° | 160.89+0.20% | 194.1140.20% | 84.19+0.28% | 2.04+0.02°
Z0-Met(Te) T 86.0621.13° | 502620297 | 657120197 | 168.7120.19° | 185.5:044° | 842420.16° | 1.96:0.01°
P value 0.0086 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

*b-Means within a column within each factor not sharing similar superscripts are significantly different, P-value=probability
level, NS=No significantly, LDL=Low density lipoprotein, HDL=High density lipoprotein, T;= triiodothyronine
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