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ABSTRACT This study was conducted to investigate
the effects of in ovo injection of methionine (Met) and/
or disaccharide (DS) on post-hatching pectoral muscle
and small intestine development, glycogen reserves, jeju-
num morphology, and jejunum digestive enzymes activi-
ties. A total of 600 fertilized eggs containing live embryo
from geese were randomly assigned into 4 groups with 6
replicates and 25 eggs per replicate in a completely ran-
domized design employing a 2 x 2 factorial experiment.
Factors in 4 groups included noninjection, Met injection
(5 g/L Met + 7.5 g/L NaCl), DS injection (25 g/L
maltose + 25 g/L sucrose + 7.5 g/L NaCl), or DS plus
Met injection (25 g/L maltose + 25 g/L sucrose + 5 g/L
Met + 7.5g/L NaCl), respectively. In ovo nutritional

injections were performed at day 23 of incubation, and
the experiment until d 21 post-hatching. We found that
in ovo feeding of Met increased relative weight of pecto-
ral muscle and small intestine, jejunum alkaline phos-
phatase activities, and jejunum villus height and surface
area. DS injection improved the relative weight of pecto-
ral muscle, pectoral and liver glycogen contents, jeju-
num villus height, width, and surface area, and jejunum
sucrase, Na'/K'"ATPase, and alkaline phosphatase
activities. In addition, Met plus DS injection synergisti-
cally improved jejunum villus height and surface area.
Therefore, Met plus DS injection is a suitable strategy
for improving intestinal parameters in gosling during
post-hatching periods.
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INTRODUCTION

Commercial poultry hatcheries are common delays to
remove birds from the hatching incubator in order to
make the maximum number of eggs hatched
(Willemsen et al., 2010), which inevitably prolongs the
time for receiving feed and water access at the initial
stage of life (Zamani et al., 2018). Additionally, hatchery
treatments and/or transportation in modern commercial
poultry farming are also subject to delays the access to
feed and water for birds (Nouri et al., 2018). Because the
initial stage after incubation in birds is a period with a
relatively high metabolic rate, the requirements of
energy and protein are increased (Elwan et al., 2019).
The existence of the fasting period leads to a deficiency
of energy and protein supply, resulting in the limited
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growth of birds in the initial crucial period of life
(Kanagaraju and Rathnapraba, 2019).

The geese are seasonal producers, eggs of geese are
mainly used for reproduction and research purposes
(Tserveni-Goussi and Fortomaris, 2011). Therefore, the
improvement of gosling quality during post-hatching
stages in commercial geese farming becomes critical
(Baykalir et al., 2021).

In ovo injection technique provides a suitable way for
helping birds pass the fasting period (Kadam et al.,
2013). The technique of delivering various nutrients,
supplements, immunostimulants, vaccines, and drugs
via the in ovo route is gaining wide attention among
researchers for boosting the production performance and
immunity and for safeguarding the health of poultry
(Saeed et al, 2019; Alagawany et al., 2021;
Hassan et al., 2021). Amnion has proven to be an effec-
tive site for implementing embryo injection (Pee-
bles, 2018). The growth and development of embryo
could be uplifted by injecting nutrients into the amnion
(Jha et al., 2019). Digestible disaccharides (DS) as a
suitable candidate for providing exogenous energy plays
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an important glucose precursor for late-term bird
embryo catabolism, could alleviate the energy deficiency
through stimulating glucose metabolism (Chen et al.,
2010b). Methionine (Met) as the first limiting amino
acid for poultry has many physiological functions, like
giving the methyl group a vital methyl donor
(Reda et al., 2020; Elwan et al., 2021), ameliorating oxi-
dative stress, and uplift the protein supply in embryo
(Elnesr et al., 2019). In our previous study, feeding geese
embryo with DS and/or Met solution had positive
effects on the development of embryo (Dang et al.,
2022).

However, studies on the effects of DS and/or Met
injected in the amnion of geese embryo on the perfor-
mance of gosling at post-hatching are still limited. We
hypothesized that the delivery of DS and/or Met into
the amnion of geese embryo may serve as a tool to pro-
vide energy for small intestine and embryo activity, in
turn alleviating energy lack, improving pectoral muscle
and intestine development. In order to test this hypothe-
sis, we conducted this study to investigate the effects of
in ovo injection of DS and/or Met on pectoral muscle
development, small intestine parameters, glycogen
reserves, jejunum morphology, and digestive enzymes
activities.

MATERIALS AND METHODS
Experimental Design, Animals, and Housing

A total of 1,000 eggs from Jilin White geese were
obtained from a commercial certified hatchery (Dekun
Poultry Food Co., Ltd, Meihekou, Jilin). All eggs were
laid on the same day, represented in the same weight
class. Fertilized geese eggs were incubated in the stan-
dard condition in an incubator (Keyu CFZ microcom-
puter automatic incubator, Dezhou, Shandong). Before
transiting to the incubator, eggs were pre-heated to 30°
C for 12 h, disinfected with 37% formaldehyde and
potassium permanganate (2:1), and distributed into
incubator tray levels. The incubation period included 3
phases (phase 1, d 1—14; phase 2, d 15—28, phase 3, d 29
—31). During phase 1, the temperature was 38°C and
the humidity was 65%; during phase 2, the temperature
was 37.5°C and the humidity was 55%; during phase 3,
the temperature was 37.2°C and the humidity was 70%.
All eggs were turned once per two hours for 180 s.

On day 23 of incubation, all eggs were candled to
select embryonated eggs and the unfertilized or nonvia-
ble eggs were removed. After that, a total of 600 fertil-
ized geese eggs containing live embryo were randomly
assigned to each of 4 pre-specified treatment groups on
each of 6 replicate tray levels (25 eggs per treatment in
each tray level). This study used a completely random-
ized design comprising a 2 x 2 factorial arrangement of
treatments. Factors involved were in ovo injection of DS
or Met. The groups were divided as: noninjection (con-
trol); DS injection; Met injection; or DS + Met injection.
The DS solution included 25 g/L maltose + 25 g/L
sucrose + 7.5 g/L NaCl. The Met solution included

5 g/L Met + 7.5 g/L NaCl. The DS plus Met complex
solution included 25 g/L maltose + 25 g/L
sucrose + 5 g/L Met + 7.5 g/L NaCl. All injected solu-
tions were freshly prepared on the day of injection. All
injection solution and paraffin were sterilized under 121°
C for 15 min and then allowed to reach room tempera-
ture (30°C) before injection. In ovo delivery of substan-
ces into the eggs was carried out on d 24 of incubation.

Each egg was cleaned using 70% ethanol and posi-
tioned in a holder with the large end on top. The amnion
in the in ovo injection group was identified by candling.
The upper side of the eggs (the air space) was pierced by
an egg-shell punch. Injections were performed with a dis-
infected injector. A 1.5 mL of each solution was injected
into the amnion of each egg to a depth of 20 mm, with-
out hurting the embryo. After each inoculation, the nee-
dle was routinely disinfected to minimize the risk of
infection. All eggs were held outside the incubator for
less than 5 min while injecting, including the non-
injected control eggs. Immediately after the injection,
the hole was sealed using paraffin, the eggs were
returned to the incubator and incubated in line with the
routine procedure until hatch.

One-day-old birds were transported to the farm and
distributed into cages according to the replicates. Birds
were fed the diet (Table 1) beginning as soon as they
were placed in the cages. The geese were raised until 28
d of age. During this period, all birds were kept under
uniform management conditions according to their
treatments. All geese were housed in a temperature-con-
trolled room with continuous lighting. The temperature
of the room was maintained at 24°C and then reduced

Table 1. Composition and nutrient levels of the experimental
basal diet, (%, as-fed basis).

Ingredients, %

Corn 60.00
Soybean meal 29.11
Wheat bran 6.00
Fish meal 2.00
Lysine-HC1 0.20
Methionine 0.23
Dicalcium phosphate 0.84
Limestone 0.82
Sodium chloride 0.30
Vitamin and trace mineral premix’ 0.50
Total 100.00
Calculated value, %
Metabolizable energy, MJ /kg 11.67
Available phosphorus 0.40
Analyzed composition, %
Crude protein 19.78
Methionine 0.50
Total sulfate amino acid 0.77
Lysine 1.08
Calcium 0.78
Crude fiber 0.31
Neutral detergent fiber 1.09
Acid detergent fiber 0.35

'Provided per kg of complete diet: vitamin Dy, 200 TU; vitamin A (ret-
inyl acetate), 1,500 mg; vitamin E (DL-a-tocopheryl acetate), 12.5 mg;
vitamin Kz, 1.5 mg; thiamine, 2.2 mg; riboflavin, 5 mg; nicotinic acid, 65
mg; folic acid, 1 mg; pantothenic acid, 15 mg; pyridoxine, 2 mg; biotin, 0.2
mg; choline, 1,000 mg; Fe, 90 mg; Cu, 6 mg; Mn, 85 mg; Zn, 85 mg; I, 0.42
mg; Se, 0.3 mg; Co, 2.5 mg.
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by 2°C per week to a final temperature of 20°C. The sex
of geese was not determined in this experiment.

This study was conducted under the supervision of the
Animal Care and Use Committee of Jilin Agricultural
University (Changchun, China).

Feed Analysis

After homogeneous mixing, feed samples were col-
lected from each dietary group. All feed samples were
dried in a 70°C constant temperature oven for 72 h. Sub-
sequently, feed samples were ground and sieved with a
1-mm sieve. Collect feed powder with a diameter of less
than 1-mm for feed composition analysis. According to
the procedure established by the Association of official
analytical chemists (2000), the dry matter (method
930.15), crude protein (nitrogen x 6.25; method
968.06), calcium (method 984.01), and crude fiber
(method 991.43) composition in the diet were analyzed.
Then, the representative feed samples in each group
were hydrolyzed with 6 N HCI for 24 h at 110°C. An
amino acid analyzer (2690 Alliance, Waters, Inc., Mil-
ford, MA) was used for determining amino acid contents
in the diet. In addition, the contents of neutral detergent
fiber and acid detergent fiber in the diet were measured
according to the method provided by Mertens (2002).

Sample Collection

On d 1, 14, and 21 post-hatching, 3 birds were ran-
domly selected from each replicate group, weighed, and
slaughtered by cervical dislocation for measuring rele-
vant parameters.

The liver was removed from the carcass and the
adherent material of the liver was carefully removed
under ice-cold saline. The sample of the liver was frozen
as aliquots in liquid nitrogen, and stored at —80°C for
measuring the liver glycogen contents.

One side of the pectoral muscle was weighed and
stripped frozen as aliquots in liquid nitrogen after being
slaughtered and stored at —80°C for measuring pectoral
muscle glycogen contents.

The whole small intestine was removed and the adher-
ent material of the small intestine was carefully removed
under ice-cold saline, weighed, and separated into the
duodenum, jejunum, and ileum. About the 1-cm long
segment from the middle of jejunum were taken in dupli-
cate and placed in 2 separate tubes. One sample was
fixed with 10% neutral-buffered formalin solution for
histology and the other sample was frozen in liquid
nitrogen, and then stored at —80°C for measuring diges-
tive enzymes activities.

Experimental Parameters Measurement

Pectoral Muscle Parameters. The relative weight of
breast muscle analysis.

The relative weight of pectoral muscle was calculated
using the following equation:

0 ight
rgan weig 100 %,

) mdexr =
rgan waer Live body weight

Glycogen Reserves Analysis. About 0.1 grams sam-
ple of liver and pectoral muscle were stored at 1 mL of
8% HCIO,, homogenized (in ice) for 45 s, and centri-
fuged at 7,700 rpm at 4°C for 16 min. A 10-uL aliquot of
the supernatant was transferred to a clean polypropyl-
ene tube, along with 0.4 mL of 8% perchloric acid and
2.6 mL of iodine color reagent made of 1.3 mL of solution
A (0.26 g iodine + 2.6 g potassium iodide dissolved in 10
mL of distilled water) in 100 mL of 67.8% saturated cal-
cium chloride. All samples were read at a wavelength of
450 nm. The amount of glycogen present in sample solu-
tion was determined by preparation of a known glycogen
standard curve.

Small Intestine Parameter Analysis. The relative
weight of small intestine was calculated using the follow-
ing equation:

ight
Organ weig « 100 %.

Organ index =
J Live body weight

Jejunum Morphology Analysis. The jejunum sam-
ples were cut into small pieces and fixed with 10% neu-
tral buffered formalin for 12 h, followed by dehydration
in increasing concentrations of alcohol (70, 80, 90, 95,
and 100%) and xylene. Consequently, samples were
embedded in paraffin and stored in an oven at 60°C.
Twelve hours later, samples were removed from the
oven and histological cassettes. Fragments were placed
in “paper boxes” and covered with paraffin. After the
paraffin solidified into blocks, the “papers” were removed
and the blocks were kept under refrigeration until the
cuts were realized (Felicio et al., 2013).

Serial tissue sections (5 um thickness) were excised
perpendicular to the direction of the myofibers using a
cryostat. After sectioning, put the paraffin section rib-
bon on the coating slide glass. Dried slides were kept in
oven with 60°C for 2 h to eliminate any excess paraffin.
The next step consisted of paraffin removal and slide
hydration, using xylene, different concentrations of eth-
anol. Samples were then stained following the hematox-
ylin and eosin staining protocol (Felicio et al., 2013).

Samples were then dehydrated again and mounted.
In each specimen, the villus height and width were
measured under a light microscope equipped with a Sco-
pePhpto (LY-WN 300, Hangzhou Scopetek Opto-Eletric
Co., Ltd., China). A minimum of 5 measurements per
slide were made for each parameter and averaged into
one value (Tako et al., 2004). Villus surface area was cal-
culated from the villus height (from the tip of the villi to
the villus crypt junction) and width at half height
(Uni et al., 1998). Values presented are means from 10
adjacent villi and only vertically oriented villi were mea-
sured.

Digestive Enzymes Activities Analysis. Enzyme
activities were assayed in homogenized jejunal tissue.
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Samples were thawed at 4°C and homogenized in
10 times of the volume of cold normal saline. The homo-
genates were then centrifuged at 20,000 x ¢ for 20 min
at 4°C and the supernatant was collected for enzyme
assays. Sucrase (Enzyme Commission [EC] 3.2.1.48) was
assayed colorimetrically using sucrose as substrates
(Dahlqvist, 1984). The activity was expressed as micro-
moles of glucose released per minute per gram of jejunal
wet tissue. Alkaline phosphatase (EC 3.1.3.1) activity
was determined by measuring the hydrolysis of p-nitro-
phenol at 37°C according to Palo et al. (1995) and the
unit of activity was expressed as per minute per gram of
jejunal wet tissue. Na' /K" ATPase (EC 3.6.1.3) activity
was determined by measuring the liberation of phos-
phate from ATP-Na2 (No. A7699, Sigma-Aldrich, St.
Louis, MO) in 2 media: medium I (all ATPases system);
medium IT (Na" /K" ATPase restrained system) accord-
ing to the description by Wheatly and Henry (1987) and
the activity of Na' /K" ATPase was calculated as the
difference between phosphates liberated by each homog-
enate in the 2 media and was expressed as micromoles of
phosphates per milligram homogenate protein or per
milliliter of serum per hour.

Statistical Analysis

The data were analyzed as a two-way ANOVA facto-
rial arrangement of treatments using the GLM proce-
dure in SPSS18.0 software, with treatment as the fixed
effect and the replicate cage as the experimental unit.
Factors involved were in ovo injection of DS and/or
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Met. The data are presented as the means + standard
deviation. Results were considered significant at P <
0.05.

RESULTS

The relative weight of pectoral muscle was increased
by in ovo injection of Met (P < 0.01) or DS (P < 0.01) at
d 1 post-hatching (Table 2).

In ovo injection of DS increased pectoral (P < 0.01)
and liver (P < 0.01) glycogen contents at d 1 post-hatch-
ing, whereas Met delivery had no significant effects on
the glycogen reserves (Table 3).

Met injection increased the relative weight of the
small intestine (P < 0.01). However, DS injection had no
significant effects on the relative weight of the small
intestine (Table 4).

In ovo feeding of Met increased the jejunum villus
height and surface area at d 1 (P < 0.01; P < 0.01),
14 (P < 0.01; P < 0.01), and 21 (P < 0.01; P < 0.01)
post-hatching. DS injection had positive effects on the
villus height (P < 0.01), width (P < 0.05), and surface
area (P < 0.01) at d 1 post-hatching. Additionally, a
synergistic effect of in ovo injection of Met plus DS on
the jejunum villus height (P < 0.05) and surface area
(P < 0.05) was observed at d 1 post-hatching in this
study (Table 5).

The effects of in ovo injection of Met and/or DS on the
activities of the digestive enzymes were shown in Table 6.
Met injection increased the activity of jejunum alkaline
phosphatase at d 1 post-hatching (P < 0.01). DS

Table 2. Effects of in ovo injection of methionine (Met) and disaccharide (DS) on pectoral muscle parameters of geese during the early-

life period of post-hatching".

P-value
Control DS Met DS + Met Met DS Met x DS
Relative weight of pectoral muscle, %
D 1 post-hatching 0.74+0.07 0.94+0.07 0.88+0.09 1.09+0.06 <0.001 <0.001 0.913
D 14 post-hatching 0.944+0.16 0.924+0.10 0.924+0.05 0.944+0.04 0.973 0.960 0.583
D 21 post-hatching 0.83+0.06 0.84£+0.07 0.86 +£0.04 0.88+0.04 0.137 0.440 0.719

1 o g
The data are presented as the means + standard deviation.

Factors in four groups included noninjection (control), DS injection (25 g/L maltose + 25 g/L sucrose + 7.5 g/L NaCl), Met injection (5 g/L
Met + 7.5 g/L NaCl), or DS + Met injection (25 g/L maltose + 25 g/L sucrose + 5 g/L Met + 7.5 g/L NaCl).

Table 3. Effects of in ovo injection of methionine (Met) and disaccharide (DS) on glycogen reserves of geese during the early-life period

of post-hatching.

P-value
Control DS Met DS + Met Met DS Met x DS

Pectoral glycogen contents, mg/g

D 1 post-hatching 2.04£0.22 2.45+0.21 2.01£0.32 2.39£0.32 0.682 0.002 0.891

D 14 post-hatching 1.66 £ 0.28 1.87+0.26 1.70+0.31 1.78 +0.22 0.849 0.198 0.558

D 21 post-hatching 1.57£0.18 1.66 £0.20 1.60£0.32 1.69£0.19 0.725 0.348 0.986
Liver glycogen contents, mg/g

D 1 post-hatching 9.78 £0.60 11.59+1.04 9.82+0.78 10.13+1.06 0.067 0.009 0.052

D 14 post-hatching 43.69+2.36 45.214+4.06 45.114+2.13 43.46 £ 3.59 0.897 0.960 0.231

D 21 post-hatching 46.36 £4.34 43.48+3.95 45.24 4+ 3.86 43.55 £ 1.55 0.722 0.135 0.688

'The data are presented as the means # standard deviation.

?Factors in four groups included noninjection (control), DS injection (25 g/L maltose + 25 g/L sucrose + 7.5 g/L NaCl), Met injection (5 g/L
Met + 7.5 g/L NaCl), or DS + Met injection (25 g/L maltose + 25 g/L sucrose + 5g/L Met + 7.5 g/L NaCl).
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Table 4. Effects of in ovo injection of methionine (Met) and disaccharide (DS) on small intestine parameters of geese during the early-
life period of post-hatching.'**

P-value
Control DS Met DS + Met Met DS Met x DS
Relative weight of small intestine, %
D 1 post-hatching 4.16+0.36 4.10+£0.30 5.21+0.25 5.58+0.19 <0.001 0.201 0.079
D 14 post-hatching 7.48 +£0.60 7.76 +£0.53 7.61+0.37 8.07+0.30 0.268 0.068 0.629
D 21 post-hatching 6.454+0.59 6.25 1+ 0.55 6.83 £0.56 6.69 & 0.50 0.081 0.453 0.890

'The data are presented as the means + standard deviation.
%Factors in four groups included noninjection (control), DS injection (25 g/L maltose + 25 g/L sucrose + 7.5 g/L NaCl), Met injection (5 g/L
Met + 7.5 g/L NaCl), or DS + Met injection (25 g/L maltose + 25 g/L sucrose + 5 g/L Met + 7.5 g/L NaCl).

Table 5. Effects of in ovo injection of methionine (Met) and disaccharide (DS) on jejunum parameters of geese during the early-life
period of post-hatching'~.

P-value
Control DS Met DS + Met Met DS Met x DS

Villus height of jejunum, pum

Day 1 post-hatching 211.844+13.81 244.30 £23.70 219.50£18.74 287.43 +£17.70 0.004 <0.001 0.032

Day 14 post-hatching 866.61 +72.63 911.13+87.84 1,206.01 +41.24 1,168.30 £ 111.91 <0.001 0.921 0.236

D 21 post-hatching 1,087.45 £ 36.57 1,127.34 £81.41 1,229.40 £ 102.3 1,245.19 £ 69.41 <0.001 0.382 0.703
Villus width of jejunum, pm

D 1 post-hatching 52.02+7.34 55.83+6.07 50.68 £1.22 59.41 £5.23 0.622 0.011 0.282

D 14 post-hatching 176.29 £+ 10.86 172.42 £18.17 166.18 £12.41 163.90 £+ 16.03 0.135 0.612 0.896

D 21 post-hatching 175.45 £17.00 176.86 £+ 13.32 185.19 +£9.44 188.75+19.35 0.098 0.694 0.864
Villus surface area of jejunum, um?*x10%

D 1 post-hatching 10.95+1.04 13.55£1.07 11.13+1.06 17.154+2.58 0.008 <0.001 0.015

D 14 post-hatching 152.14 + 3.96 158.05 £ 29.64 200.81 +21.72 190.04 £+ 5.91 <0.001 0.753 0.288

D 21 post-hatching 190.75 + 18.90 198.65+9.16 228.45 £29.97 234.41 £20.15 <0.001 0.426 0.911

}The data are presented as the means + standard deviation.
2Factors in four groups included noninjection (control), DS injection (25 g/L maltose + 25 g/L sucrose + 7.5 g/L NaCl), Met injection (5 g/L
Met + 7.5 g/L NaCl), or DS + Met injection (25 g/L maltose -+ 25 g/L sucrose + 5 g/L Met + 7.5 g/L NaCl).

injection increased jejunum sucrase activity at d 1 (P < key role in metabolic activity (De Oliveira et al., 2008).
0.01) and 14 (P < 0.05) post-hatching, Na' /K "ATPase It has been reported that feeding DS into the amnion of
activity at d 1 post-hatching (P < 0.01), and alkaline  chicks stimulated the growth of pectoral muscle
phosphatase activity at d 1 post-hatching (P < 0.05;  (Uni et al., 2005). Dong et al. (2013) found that the pec-
Table 6). toral muscle of pigeons was increased by in ovo injection
of DS. In the present study, in ovo injection of DS or

Met increased the relative weight of pectoral muscle.

DISCUSSION Studies on the effects of embryo feeding of Met on the

development of pectoral muscle were still limited, no

The pectoral muscle is the largest tissue for poultry, it  study can be used for comparison with this study. We
has relatively large size and glycogen storage, plays a  concluded that in ovo injection of Met or DS had

Table 6. Effects of in ovo injection of methionine (Met) and disaccharide (DS) on jejunum digestive enzymes activities of geese during
the early-life period of post-hatching'~.

P-value
Control DS Met DS + Met Met DS Met x DS

Sucrase activities of jejunum, gmol-min~'-g~! tissue

D 1 post-hatching 2.30£0.18 3.324£0.50 2.114+0.42 2.9240.52 0.108 <0.001 0.565

D 14 post-hatching 4.70+£0.30 5.524+0.23 4.85+1.10 5.62£0.81 0.678 0.012 0.945

D 21 post-hatching 5.12£0.34 5.41£0.35 5.47+0.43 5.24£0.75 0.654 0.878 0.215
Na ™ /K ' ATPase activities of jejunum, U-min~'-g~* tissue

D 1 post-hatching 14.80 £1.39 16.92 +£0.94 15.23+1.84 17.95+1.65 0.243 0.001 0.628

D 14 post-hatching 20.76 £2.46 21.33+2.15 20.06 £ 3.22 20.15+1.79 0.361 0.747 0.812

D 21 post-hatching 22.58 £2.14 22.62 +1.65 22.75+£2.27 21.944+3.10 0.791 0.692 0.659
Alkaline phosphatase activities of jejunum, gmol-min~'-g~" tissue

D 1 post-hatching 6.72+0.58 8.46+1.19 8.54+1.54 9.35+1.04 0.009 0.012 0.334

D 14 post-hatching 9.84+1.16 11.05 £ 0.66 10.03£1.31 11.13£2.30 0.826 0.071 0.923

D 21 post-hatching 12.14 £1.29 11.98 £0.53 12.10+£1.37 12.31+£1.30 0.754 0.959 0.705

'The data are presented as the means # standard deviation.
?Factors in four groups included non-injection (control), DS injection (25 g/L maltose + 25 g/L sucrose + 7.5 g/L NaCl), Met injection (5g/L
Met + 7.5 g/L NaCl), or DS + Met injection (25 g/L maltose + 25 g/L sucrose + 5 g/L Met + 7.5 g/L NaCl).
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positive effects on the development of pectoral muscle,
which probably related to the improvement of glycogen
reserves in the body (Kornasio et al., 2011).

The growth of muscle has reported to be supported by
enhancing liver and pectoral muscle glycogen reserves via
in ovo injection technique (Kornasio et al., 2011). Insuffi-
cient glycogen reserves will force the embryo to mobilize
more muscle proteins towards gluconeogenesis, thus
restricting the development of pectoral muscle (Uni et al.,
2005). A sufficient glycogen supply reduced the need for
glucose synthesis via gluconeogenesis from muscle protein
(Bertocchi, 2019), which was benefited to the develop-
ment of pectoral muscle (Uni et al., 2005). The delivery
of DS into the amnion of birds' embryo has been reported
to improve the embryo energy reserves status
(Chen et al., 2010b). Uni et al. (2005) noted that feeding
DS to the amnion of chicks increased liver and muscular
glycogen storages. Foye et al. (2006) injected the DS into
the embryo of turkey found an increase of liver and mus-
cular glycogen contents. In this study, in ovo injection of
DS had positive effects on the liver and muscular glyco-
gen contents at d 1 post-hatching, which indicated that
DS injection increased the glycogen store in geese during
the first stage after incubation. However, Met injection
had no significant effects on the glycogen reserves in
geese. Therefore, we considered that the promotion of
pectoral muscle development by in ovo injection of DS
was related to the increase of glycogen contents in the
body. In addition, the skeletal muscle as a ‘demand’ tis-
sue, its development is supported by the ‘support’ tissue
such as gastrointestinal tract (Rance et al., 2002). There-
fore, a mature and well-absorbed intestine is also
benefited to the development of pectoral muscle.

Early growth and development of the gastrointestinal
tract are critical to optimizing the growth of poultry
(Das et al., 2021). The relative weight of small intestine
and the intestinal morphology are commonly used param-
eters to evaluate the status of gut (Chen et al., 2021). In
the small intestine, the epithelium is thrown into long
folds, the villi, which serve to increase the surface area for
enzyme secretion and nutrient absorption (Dibner and
Richards, 2004). The most villi abundant part of the
small intestine is the jejunum, which leads to the jejunum
are the greatest location for nutrient digestion and
absorption (Vaezi et al., 2011; Liu et al., 2014). In ovo
injection of DS has been reported to promote the devel-
opment of villi from jejunum in poultry (Jia et al., 2011;
Dong et al., 2013). Chen et al. (2010a) reported that in
ovo injection of DS improved the villus surface area in
the jejunum of duck. Lugman et al. (2019) observed the
increase of jejunum villus surface area by DS delivery in
pigeons. In the present study, the delivery of DS had pos-
itive effects on the jejunum villus height, width, and sur-
face area, which indicated that the administration of DS
promoted the development of jejunum villi. Additionally,
the Met has been reported to be crucial for the mainte-
nance of gut integrity and function (Nazem et al., 2017).
In this study, in ovo injection of Met improved the devel-
opment of small intestine and jejunum morphology. Simi-
larly, Mohammadrezaei et al. (2015) reported that

feeding Met into the embryo of chicks had positive effects
on the absorption function by improving small intestine
villus height and width. Chen et al. (2021) noted that
delivery of Met increased the relative weight of small
intestine and villus height in chicks. Therefore, the injec-
tion of DS or Met into the amnion of birds had positive
effects on the development of the small intestine, which
in turn supported the development of pectoral muscle. In
addition, a synergistic effect on DS plus Met administra-
tion was observed in improving the jejunum villus height
and surface area, which indicated that the injection of
DS and Met is a suitable strategy for promoting the
development of the small intestine.

A mature intestine is always accompanied by abun-
dant digestive enzymes secretion and high activities
(Chen et al., 2010a). The digestive enzymes play an
important role in the facilitation of nutrient absorption
in the host (Wang et al., 2021). Disaccharidase breaks
down the DS into glucose, its high activity presents in
the small intestine ensures rapid carbohydrate digestion
(Shibata et al., 2019). Additionally, alkaline phospha-
tase is a key enzyme that involves the process of glucose
absorption (Bilal et al., 2015). The increase of the
amount of substrate in the intestine has been reported
to increase the activity of disaccharidase (Chen et al.,
2009; Dong et al., 2013). Plenty of studies have reported
that the delivery of DS into the embryo of birds
increased sucrase and alkaline phosphatase activity in
the small intestine (Chen et al., 2010a; Lugman et al.,
2019). In this study, the increase of sucrase and alkaline
phosphatase were observed in ovo injection of DS. More-
over, in ovo injection of Met had positive effects on the
activity of alkaline phosphatase in the jejunum. There-
fore, the delivery of DS or Met had positive effects on
the enhancement of digestive enzymes activities in the
jejunum. In addition, the absorption of nutrients in the
intestine is achieved by Na -dependent kinetics
(Suvarna et al., 2005; Uni, 2006). Sodium transport
achieves by the enterocyte’s basolateral Na'/
K "ATPase (Uni, 2006). Na+/K+ATPase pumps
sodium out of cells while pumping potassium into cells,
it helps maintain resting potential, affect transport, and
regulates cellular volume, especially used to transport
most nutrients in the intestinal tract (Kiela and
Ghishan, 2016; Abbasi et al., 2018; Revajova et al.,
2019). In this study, we observed that DS injection
increased the activity of Na /K" ATPase from jejunum,
while not Met injection. Therefore, we concluded that
the injection of DS had positive effects on nutrient
absorption, which was achieved by increasing digestive
enzymes activities and Na'/K'ATPase activity. In
addition, Met administration was beneficial to acquire
the glucose, which probably related to the improvement
of jejunum morphology.

CONCLUSIONS

This study indicated that the delivery of DS into the
amnion of geese embryo increased the digestive enzymes
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activities and jejunum morphology, moreover, in ovo
injection of Met improved jejunum digestive enzymes
activities, intestinal development, and jejunum mor-
phology. The delivery of DS plus Met synergistically
improved the jejunum morphology. Improvement in
intestinal development and jejunum digestive enzymes
activities were beneficial to increase the uptake of
nutrients through the intestinal enterocytes for distrib-
uting to other tissues such as pectoral muscle for pro-
moting its development. Therefore, the delivery of DS
plus Met is a suitable strategy for improving intestinal
development during the post-hatching stage of geese.
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