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ABSTRACT This study aimed to investigate the
effects of time access to post-hatch feeding on the growth
performance, hormone secretion, intestinal morphology,
and intestinal microbiota structure of broilers. A total of
900 broilers were randomly allocated to 3 treatment
groups, with 6 replicates of 50 broilers each. The 3 treat-
ments were: immediate feeding (Group 2 h), delayed
access to feed for 24 h (Group 24 h), and delayed access
to feed for 48 h (Group 48 h). The experiment lasted for
50 d. Results revealed that Group 2 h had a higher aver-
age daily gain (ADG) and average daily feed intake
(ADFI) as well as a lower feed-to-gain ratio (F/G)
than Group 48 h during the starter period (P < 0.05).
Compared with Group 48 h, broilers in Group 2 h exhib-
ited significantly elevated villus height (VH) and villus
height to crypt depth ratio (VH: CD) in the duodenum,
increased Occludin, and Claudin-1 mRNA expression in
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the jejunum but decreased crypt depth (CD) in the duo-
denum at 50 d (P < 0.05). Meanwhile, broilers in Groups
2 h and 24 h had increased glycogen (Gn) and protein
(Pro) levels in breast muscle and TG levels in the liver,
as well as a higher concentration of serum T3, T4, and
IGF-1 compared with Group 48 h at 21 d (P < 0.05).
Besides, intestinal microbiota consisted primarily of Fir-
micutes, Bacteroidetes, and Proteobacteria at the phy-
lum level at 21 d and 50 d; at the genus level, broilers in
Group 2 h displayed significantly reduced abundance of
Escherichia at 21 d and Bacteroides at 50 d compared
with Group 48 h (P < 0.05). Collectively, these findings
signal that early post-hatch feeding measures, especially
at 21 d, improve hormone secretion, intestinal morphol-
ogy, and the growth performance of broilers by enhanc-
ing intestinal health and modulating the intestinal
microbiota.
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INTRODUCTION

Contemporary broilers are chiefly subject to rapid
growth and a high feed conversion ratio, resulting in a
shortened feeding cycle and fast listing (Dixon, 2020;
G€uz et al., 2021). Accordingly, the nutritional and health
status of broilers in the starter periods is increasingly
instrumental to their health throughout the life cycle
(Ravindran and Abdollahi, 2021). The period from late
chick embryonic development to the first few days
following hatching is a critical period for the development
of the gastrointestinal tract and immune system in poul-
try (Wang et al., 2020a). Noy and Sklan (2001) estab-
lished that chicks are more dependent on absorbable
nutrients to cope with a turbulent external environment,
while the utilization efficiency of three major nutrients
(carbohydrates, protein, and lipid) is continuously
improved. In contrast, Van der Wagt et al. (2020)
reported that nutrient source gradually shifts from the
internal yolk itself to exogenous feed, and this adjustment
indirectly promotes the development of the digestive sys-
tem in chicks. Moreover, the later exogenous feeding is
initiated, the lower the absorption efficiency of the yolk
by newborn chicks, and the poorer the growth and devel-
opment during the yolk absorption period, ultimately
influencing the growth homeostasis of the organism
(Proszkowiec-Weglarz et al., 2019; Wang et al., 2020b).
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Table 1. Composition and nutrient levels of the basal diets for
broilers.

Items 1 to 21 d 22 to 50 d

Ingredients (%)
Corn 59.20 65.50
Soybean meal 29.00 23.00
CGM 6.00 6.00
Soybean oil 1.50 1.50
NaCl 0.30 0.30
CaHPO4 1.70 1.50
Limestone 1.30 1.20
Premix1 1.00 1.00
Total 100.0 100.0

Nutrient levels2 (%)
ME (MJ/kg) 12.35 12.68
CP 20.92 18.95
Ca 0.98 0.88
TP 0.65 0.60
Lys 1.10 0.95
Met 0.50 0.40
Met+Cys 0.85 0.72

Abbreviations: CGM, corn gluten meal; CP, crude protein; ME, metab-
olizable energy; TP, total phosphorus.

1Supplied per kilogram of diet: vitamin A, 9,600 IU; vitamin D3, 2,700
IU; vitamin E, 36 mg; vitamin K3, 3.0 mg; vitamin B1, 3.0 mg; vitamin B2,
10.5 mg; vitamin B6, 4.2 mg; vitamin B12, 0.03 mg; folic acid, 1.5 mg; nico-
tinamide, 60 mg; D-calcium pantothenate, 18 mg; biotin, 0.225 mg; cho-
line chloride, 1,000 mg; Fe, 80 mg; Cu, 8.0 mg; Mn, 80 mg; Zn, 60 mg; I,
0.35 mg; Se, 0.15 mg.

2ME is calculated value, and other nutrient levels are the measured
values.
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After chicks hatch out of the incubation machine,
there is an interval in the hatching window during which
chicks are deprived of feeds and water for up to 24 h
(Liu et al., 2020). Besides, owing to farm transportation
and other factors, chicken feed deprivation time can
attain 48 h or even 72 h (Boyner et al., 2021). Some pre-
vious studies have corroborated that long-term feed dep-
rivation after hatching can reduce the weight of chick
organs (Lamot et al., 2014), delay the development of
the gastrointestinal tract (Liu et al., 2020), damage
intestinal health and immune system development
(Panda et al., 2015), and lower the survival rate of
chicks (Wijnen et al., 2021). Besides, Proszkowiec-
Weglarz et al. (2020) observed that delayed access to
feed post-hatch may impact the structure and function
of mucus and epithelial cells with tight junction, thereby
indirectly affecting gut barrier function and overall
health of the small intestine while reducing the absorp-
tion and utilization of carbohydrate energy molecules in
the intestinal tract of broilers. However, feed early
acquisition can effectively stimulate the absorption of
residual yolk in chicks, especially the digestion and utili-
zation of hydrophilic compounds such as glucose and
protein (Wang et al., 2020b), and then ameliorate gas-
trointestinal development (Reicher et al., 2020), which
is conducive to the growth and development of chicks
and the maintenance of homeostasis (Jha et al., 2019;
Lingens et al., 2021).

Nevertheless, it remains to be determined whether
the early nutritional consequence of newborn chicks
persists throughout the growth cycle of broilers (1
−50 d) and the mechanism by which it affects intesti-
nal health and intestinal microbiota structure. There-
fore, the primary objective of the present work was to
investigate the effects of early post-hatch feeding on
the growth performance, hormone secretion, intestinal
morphology, and intestinal microbiota composition of
broilers.
MATERIALS AND METHODS

The present study followed Chinese guidelines for ani-
mal welfare and was approved by the Animal Care and
Welfare Committee and the Scientific Ethical Commit-
tee of the Zhejiang University (No. ZJU2013105002,
Hangzhou, China).
Experimental Design and Bird Husbandry

Hatching eggs were collected from breeders of 31-wk-
old Lingnan Yellow at a local hatchery (Qunda Breeder
Company, Jiaxing, China). A total of 900 chicks with
similar body weight (43 g) hatched within 2 h were col-
lected and randomly allocated to three groups with 6
replicates of 50 each after weighing. After placement at
the farm (Xingjian Culture-Farm, Jiaxing, China),
Group 2 h was immediately fed ad-libitum. Chicks in
Groups 24 h and 48 h had delayed access to feed for 24
and 48 h, respectively. All chicks were reared on the
floor with 5-cm deep wood shavings and were provided
with water and food ad libitum after placement. The
whole experiment lasted for 50 d with a light schedule
of 23 h light and 1 h darkness. The temperature of the
chicken house was set to 35°C on d 1, then decreased
by 0.5°C each day, to a final temperature of 21 to 24°C
with a humidity of 60 to 65%. The composition and
nutrient concentration of the basal diet are listed in
Table 1, which were formulated to meet the nutritional
requirements recommended by the National Research
Council (NRC, 1994). All chicks in each replicate were
weighed individually after a 12 h feed deprivation at 21
d and 50d of age, and the consumption of feed by the
chicks and body weight were recorded on the replicate
basis to calculate average daily feed intake (ADFI),
average daily gain (ADG), and feed to gain ratio (F/
G) during the starter (1−21 d), grower (22−50 d), and
overall (1−50 d) periods.
Sample Collection

At 22 d and 51 d, four birds of moderate weight were
randomly selected from each replicate (24 birds from
each group) and weighted and slaughtered for sampling,
respectively. Blood samples were collected from the
underwing vein. After standing at 37°C for 2 h, the
serum was separated by centrifugation to 4,000 £ and
stored in a refrigerator at �80°C for further analysis.
The broilers were euthanized by cervical dislocation and
immediately necropsied. Then, the birds were slaugh-
tered to acquire the liver (part of the left liver lobe) and
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the left breast muscle samples, which were swiftly col-
lected into self-sealing bags with corresponding labels
and frozen at �80°C for subsequent analysis. Mean-
while, about 2 cm segment of the middle region of the
duodenum was collected, flushed gently with ice-cold
PBS (pH 7.4) to remove the intestinal contents, and
immediately fixed in a 4% paraformaldehyde solution
for histological measurement. Besides, approximately
2 cm segment of the mid-jejunum was fixed with 2.5%
glutaraldehyde for microvillus analysis under a trans-
mission electron microscope. Lastly, the residual jeju-
num was stored at �80°C for the gene expression
analysis of tight junction proteins.
Measurements of Hormone and Primary
Metabolite

The levels of triiodothyronine (T3), tetraiodothyro-
nine (T4), and insulin-like growth factor 1 (IGF-1) in
serum were quantified using an enzyme-linked immuno-
sorbent (ELISA) assay kit (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, China) according to the
manufacturer’s protocols. Besides, the concentrations of
protein (Pro) and triglyceride (TG) in the liver, as well
as glycogen (Gn) and protein (Pro) in the muscle were
determined by a normal kit (Nanjing Jiancheng Bioengi-
neering Institute).
Intestinal Morphological Analyses

After fixation in 4% paraformaldehyde for 24 h, the
duodenal segments were dehydrated and embedded in
paraffin blocks under standard procedures. The intes-
tines were cut into 5-mm thick sections and then stained
with hematoxylin-eosin. Photographs of the stained sec-
tions were taken through a Nikon microscope (Nikon
Corp., Tokyo, Japan). The measurements of villus
height (VH) and crypt depth (CD) were conducted
with the Image-Pro software (MediaCybernetics, Rock-
ville, MD) and the former was measured from the top of
the villus to the junction of the villus crypt (Guo et al.,
2020). The jejunum samples for transmission electron
microscope (TEM) observation were processed accord-
ing to the previously reported protocols (Mo et al.,
2019). Samples were observed using a Hitachi Model H-
7650 TEM (Hitachi, Tokyo, Japan).
Table 2. Primers used for the genes.

Genes Forward

18S ribosomal RNA 5’-ATTCCGATAACGAACGAGA
Occludin 5’-TCATCGCCTCCATCGTCTA
Claudin-1 5’-TGGAGGATGACCAGGTGAA
Quantitative Reverse-Transcription PCR
Analysis

Jejunum samples were determined for the mRNA
expression of Occludin and Claudin-1. Total RNA was
extracted from the jejunum samples using Trizol reagent
kit (TaKaRa Biotechnology, Beijing, China) according
to the manufacturer’s instructions. RNA was inversely
converted to cDNA using the TaKaRa PrimeScript RT
Reagent Kit (TaKaRa Biotechnology). quantitative
reverse-transcription PCR (qRT-PCR) was carried
out using TB Green Premix Ex Taq TM (TaKaRa Bio-
technology) in CFX96 Real-Time PCR Detection Sys-
tem (Bio-Rad., CA) with specific bird primers (Table 2).
The results were normalized to the housekeeping 18S
ribosomal RNA gene using the 2−DDCt method (Livak
and Schmittgen., 2001).
16S rDNA Sequencing and Gut Microbiota
Analysis

Total DNA of the gut microbiota was extracted from
the cecum chyme samples, and 16S rDNA was ampli-
fied. Sequencing was conducted on an Illumina Miseq
platform (LC-Bio Technology Co., Ltd, Hangzhou,
China) based on the version of QIIME 1. Amplicon
data were denoised using Vsearchv (2.3.4), and clus-
tered to present a 97% sequence identity. All the results
were based on the OTUs. OTUs abundance was nor-
malized by the SILVA classifier. Alpha diversity and
Beta diversity of all the samples were calculated by
QIIME1. Sequence alignment was performed by Blast,
and OTUs sequences were annotated in the SILVA
database. The diagrams were illustrated by the R pack-
age (v3.5.2).
Statistical Analysis

Data from the present study were analyzed by one-
way ANOVA using SPSS statistical software (version
20.0 for Windows; SPSS Inc., Chicago, IL). Differences
among treatments were examined using Tukey’s multi-
ple range tests, and a probability of P < 0.05 was consid-
ered to be significant. Results were presented as
standard deviation (SD). Figures were made by Graph-
Pad Prism 8.00 software (GraphPad Software, San
Diego, CA).
Reverse

CT-3’ 5’-GGACATCTAAGGGCATCACA-3’
C-3’ 5’-TCTTACTGCGCGTCTTCTGG-3’
GA-3’ 5’-CGAGCCACTCTGTTGCCATA-3’
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RESULTS

Growth Performance

Compared with Group 48 h, the ADFI and ADG of
broilers were significantly increased in Group 2 during
the starter period (P < 0.05; Table 3). Moreover,
Group 2 h and Group 24 h had lower F/G than Group
48 h during the starter period (P < 0.05). However,
there were no differences in ADG, ADFI, and F/G
among three groups during the grower period and the
overall periods, but broilers fed early had higher BW,
ADG, and ADFI (P > 0.05).
Primary Metabolites and Serum Hormones

Compared with Group 48 h, significantly increased
levels of Gn and Pro were observed in breast muscle as
well as TG levels in liver in Groups 2 h and 24 h at 21 d
(P < 0.05; Figures 1A−C). Meanwhile, Group 2 h and
Group 24 h had higher concentrations of serum T3, T4,
and IGF-1 than Group 48 h (P < 0.05; Figures 1E−G).
Nevertheless, there were no statistically significant dif-
ferences in Gn and Pro contents of muscle, hepatic Pro
and TG levels, as well as serum T3 and T4 concentra-
tions between the groups (P > 0.05) at 50 d.
Small Intestinal Histomorphology

Compared with the Group 48 h, lower levels of CD
but increased VH:CD values were found in the duode-
num of broilers in Group 2 h and Group 24 h at 50 d
(P < 0.05; Figures 2B−D). Meanwhile, Group 2 h had
higher VH values in the duodenum of broilers than
Group 24 h and Group 48 h at 50 d (P < 0.05);
Figures 2A and D). Besides, there were no differences
in duodenal CD and VH:CD values at 21 d (P > 0.05;
Figures 2B−D)).
Table 3. Effects of initial feeding time on growth performance and fee

Items

Treat

Group h Group

Starter (1 to 21 d)
1d BW(g) 42.97 § 0.45 43.03 §
21d BW(g) 474.1 § 27.53a 455.0 §
ADG (g/d) 20.53 § 1.29a 19.62 §
ADFI (g/d) 28.45 § 1.86a 27.00 §
F/G 1.386 § 0.01b 1.377 §

Grower (22 to 50 d)
50d BW(g) 1744 § 118.72 1723 §
ADG (g/d) 44.19 § 2.99 43.74 §
ADFI (g/d) 111.6 § 4.22 109.3 §
F/G 2.530 § 0.09 2.498 §

Overall (1 to 50 d)
ADG (g/d) 34.02 § 2.37 33.61 §
ADFI (g/d) 74.33 § 3.94 72.90 §
F/G 2.188 § 0.05 2.170 §
a,bMeans with different superscript differ significantly (P < 0.05) within a sa
1Each group n = 6.
22 h group (immediately feeding), 24 h (delayed access to feed for 24 h), 48 h
Jejunum Tight Junction Protein Expression

Compared with Group 48 h and Group 24 h, the
mRNA levels of Occludin and Claudin-1 in the jejunal
epithelium were significantly increased in Group 2 h at
21 d. Meanwhile, Group 48 h showed lower mRNA levels
of Occludin and Claudin-1 in the jejunal epithelium in
comparison with Groups 2 h and 24 h at 50 d (P > 0.05;
Figures 2E and F). Moreover, ultrastructural analysis of
the jejunum specimens displayed that the microvilli on
the cell surface were well-arranged, and the marginal
zone of the tight junction was clear and complete in
Group 2 h at 21 d. In the corresponding period, the
microvilli on the cell surface of Group 24 h and 48 h
were shorter in length and looser in arrangement relative
to Group 2h. However, broilers with delayed access to
feed for 24 h or 48 h showed a normal arrangement of
microvilli compared with that in immediate feeding at
50 d (Figure 2G).
16S rDNA Sequencing of Caecal Microbiota

On the one hand, the a-diversity index was used to
evaluate the richness and species diversity of gut micro-
biota. As illustrated in Figure 3A, the Chao1 index
and observed species index richness of the Group 48 h
were significantly lower than those of Group 2 h at 21 d
(P < 0.05). On the other hand, b-diversity is a metric for
comparing the similarity of bacterial composition
between groups, as measured by the distance between
them. Figure 3B depicts that Group 48 h had a different
microbiota structure compared with Group 2 h at 21 d
(P < 0.01). The intestinal microbiota predominantly
comprised Firmicutes, Bacteroidetes, Proteobacteria,
and Actinobacteria (>95%) at the phylum level at 21 d,
while the dominant populations (relative abundances
>5%) in the intestinal microbiota of the chickens
were Lachnospiraceae, Ruminococcaceae, Alistipes,
d utilization in broilers1.

ments2

P-value24 h Group 48 h

0.45 42.89 § 0.71 0.936
16.05ab 421.1 § 20.77b 0.011
0.75ab 18.02 § 1.00b 0.011
0.73ab 25.76 § 1.22b 0.031
0.03b 1.430 § 0.02a 0.008

70.54 1674 § 122.38 0.519
2.18 42.84 § 3.53 0.729
109.25 106.7 § 7.51 0.321
0.06 2.495 § 0.04 0.615

33.61 32.61 § 2.45 0.516
2.68 70.97 § 4.69 0.345
0.02 2.178 § 0.03 0.694

me row.

(delayed access to feed for 48 h).



Figure 1. Effects of initial feeding time on primary metabolite contents and hormone levels. (A) Contents of glycogen in breast muscle; (B) con-
tents of protein in breast muscle; (C) contents of triglyceride in liver; (D) Contents of protein in liver; (E) concentration of T3 in serum; (F) concen-
tration of T4 in serum; (G) concentration of IGF-1 in serum. The different letters represent significant differences among each group (P < 0.05).
Mean values with their SD (n= 6). a, b, c Mean values within a row with unlike letters are significantly different (P < 0.05). Abbreviations: Gn, glyco-
gen; Group 2 h, immediately feeding; Group 24 h, delayed access to feed for 24 h; Group 48 h, delayed access to feed for 48 h; IGF-1, insulin-like
growth factor 1; Pro, protein; TG, triglyceride; T3, triiodothyronine; T4, thyroxine.
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Faecaligranulum, and Subbdoligranulum at the genus
level at 21d. Besides, compared with Group 48h, signifi-
cantly decreased the abundance of Proteobacteria at the
phylum level and Escherichia at the genus level were
observed in Group 2 h at 2 1d (P < 0.05; Figures 4C
and D).
Figure 4A delineates that the Chao1 and Observed spe-
cies index richness of Group 48 h were significantly lower
than those of the Group 2 h and Group 24 h at 50 d
(P < 0.01). The results exposed that the gut microbiota
structure was significantly altered in Group 48 h at 50 d
(P < 0.01), whereas that in Group 2 h and Group 24 h



Figure 2. Effects of initial feeding time on intestinal health. (A) Villus height in duodenum; (B) crypt depth in duodenum; (C) villus height to
crypt depth ratio in the duodenum; (D) light microscopy of the cross-sections of the duodenum (40 £); (E) occludin mRNA abundance in jejunum;
(F) claudin-1 mRNA abundance in jejunum; (G) transmission electron-photomicrograph of tight junction in the jejunum (12,000 £), red arrow
means tight junction and adhesion belt. Mean values with their SD (n = 6). a, b Mean values within a row with unlike letters are significantly differ-
ent (P < 0.05). Abbreviations: Group 2 h, immediately feeding; Group 24 h, delayed access to feed for 24 h; and Group 48 h, delayed access to feed
for 48 h.
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were similar, as shown in Figure 4B. Figure 4(C) depicts
the bacterial composition at the phylum level; the gut
microbiota at 50 d was mainly composed of Firmicutes
and Bacteroidetes. Interestingly, the relative abundance
of Actinobacteria at the phylum level (P < 0.05) was sig-
nificantly decreased in Group 2 h. At the genus level, the
dominant populations (relative abundances >5%) in the
intestinal microbiota of the chickens were essentially com-
posed of Lachnospiraceae, Ruminococcaceae, Alistipes,
and Acetivibrio (Figure 4D). Besides, the relative abun-
dance of Bacteroides was significantly decreased in Group
2 h (P < 0.05). These findings imply that early feeding



Figure 3. Effects of initial feeding time on the composition of the gut microbiota at 21d. (A) a-diversity of the Observed species index(a) and
Chao1 index(b); (B) b-diversity assessed by PCoA analysis; (C) column diagram of the microbial composition at the phylum level(a), and the rela-
tive abundances of Proteobacteria(b); and (D) column diagram of the microbial composition at the genus level (a), and the relative abundances of
Escherichia(b). Each plot represents one sample (n= 10). The different letters represent significant differences among each group (P < 0.05). Abbre-
viations: 2 h, immediately feeding; 24 h, delayed access to feed for 24 h; and 48 h, delayed access to feed for 48 h.

Figure 4. Effects of initial feeding time on the composition of the gut microbiota at 50d. (A) a-diversity of the observed species index(a) and
Chao1 index(b); (B) b-diversity assessed by PCoA analysis; (C) column diagram of the microbial composition at the phylum level(a), and the rela-
tive abundances of Actinobacteria (b); and (D) column diagram of the microbial composition at the genus level(a), and the relative abundances of
Bacteroides (b). Each plot represents one sample (n = 10). The different letters represent significant differences among each group (P < 0.05).
Abbreviation: 2 h, immediately feeding; 24 h, delayed access to feed for 24 h; and 48 h, delayed access to feed for 48 h.
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could increase microbial community diversity and opti-
mize the structure of the microbial flora.
DISCUSSION

With advances of breeding genetics and the shorten-
ing of the feeding period, the nutritional status of
broilers following shell release is particularly significant
for the overall growth performance (Zuidhof et al.,
2014). Jha et al. (2019) reported that early nutrition is
a nutritional management approach used to protect the
developing embryo or the newborn chick from acquiring
the required nutrients before the digestive system
matures. Several studies have established that early
post-hatch feeding treatment can increase broiler body
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weight and feed intake at 7 d (Lamot et al., 2014),
whereas early fasting for 24 h is detrimental to the start
phase weight gain (Zulkifli et al., 2016). Additionally,
Willemsen et al. (2010) also revealed that chick growth
performance was reduced by early fasting, which is not
conducive to chest muscle production and can result in
death in extremely circumstances. Herein, our results
determined that early feeding significantly increased
ADG and ADFI and decreased F/G during the starter
period. The growth performance of Group 2 h was supe-
rior to that of Group 24 h, which is consistent with the
above findings. However, there were no significant differ-
ences in the ADG and FCR of the three treatments
during the overall period; nonetheless, the growth per-
formance of Group 2 h was still better than Group 48 h,
indicating that compensatory growth occurred in the
fasting group but did not return to that of the early
post-hatch feeding group. Similarly, Zubair and Leeson
(1996) uncovered that broilers may receive insufficient
compensation gain from feed management. The earlier
the chicken fasted, the less resistant it was, and the
longer the adjustment time required to correct for
development.

Earlier studies have shown that early post-hatch feed-
ing promotes the absorption of leftover egg yolk in
chicks, as well as the absorption and utilization of hydro-
philic substances such as Gn and Pro, thereby stimulat-
ing early gastrointestinal development and broiler
performance (Bigot et al., 2003; Noy and Uni, 2010),
whereas delayed nutrition lowers glycogen levels in the
breast muscle (Kornasio et al., 2011) and liver of chicks
(Wang et al., 2014). Besides, Knowles et al. (1995)
showed that plasma glucose and total plasma protein
levels were reduced in birds deprived of food or water.
Early post-hatch feeding significantly boosted the levels
of Gn and Pro in breast muscle as well as TG levels in
the liver at 21 d, which is in line with previous studies.
T3 is distinguished by high activity in vivo at a low con-
centration, while thyroxine deiodinases (DIOs) can
catalyze the conversion of T4 to T3, regulate body
metabolism, stimulate protein synthesis and transport,
facilitate the metabolism of other nutrients and induce
animal growth and development (Lin et al., 2014; Moja-
dadi et al., 2021). In this study, early nutrition raised
the serum T3 and T4 concentrations during the starter
stage, which concurs with the findings of Lu et al.
(2007), who discovered a positive correlation between
chick BW and T3 and T4 levels. Meanwhile, IGF-1 can
mediate the growth-promoting impact of GH (V�elez and
Unniappan, 2021), and given that the liver is the most
critical site for IGF-1 synthesis, it is a key target tissue
for GH ( Ohlsson et al., 2009). According to relevant
research, IGF-1 promotes skeletal muscle growth by
increasing the rate of protein synthesis, and its concen-
tration is usually positively related to broiler body
weight (Boschiero et al., 2013; Wen et al., 2014). More-
over, Kita et al. (2002) also identified that feed fasting
lowered plasma IGF-1 concentrations in chick. In our
experiment, early post-hatch feeding improved serum
IGF-1 levels at 21 d, supporting other studies that
demonstrated that early feeding encouraged broiler
growth and development in the early growth stage.
Notably, IGF-1 levels in Group 24 h were significantly
higher than in the other 2 groups at 50 d, which was pos-
sibly attributable to compensatory growth in the 24 h
open feeding group.
The morphology of intestine has become a typical bio-

marker of intestinal development (Lilburn and Loeffler,
2015; Lv et al., 2022). Following chick hatching, the
intestine length, weight, and digestive enzyme activity
rapidly increase, whereas fasting can impair the growth
and development of the intestine and hence limit food
absorption (Yegani and Korver, 2008; Jha and Berro-
coso, 2015; Liu et al., 2020). However, early nourishment
can accelerate yolk absorption, stimulate intestinal
health and maintain healthy growth (Henderson et al.,
2008). Previous research uncovered that the villus sur-
face area of the duodenum and VH of the duodenum
and jejunum of broilers declined after fasting(Gonzales
et al., 2003; Potturi et al., 2005; Mahmoud and Edens,
2012). In comparison, our research demonstrated that
early post-hatch feeding significantly enhanced the VH/
CD of broilers over the course of the study, suggesting
that early feeding can stimulate and maintain intestine
growth, digestion, and absorption.
Gastrointestinal epithelial cells are the main barrier

between the body and the external environment, and
can prevent hazardous substances such as bacteria and
endotoxins from entering the bloodstream and partici-
pating in bodily circulation through the gut mucosa
(Ornelas et al., 2022). Meanwhile, the impenetrable
connections between adjacent intestinal epithelial cells
that make it impossible for massive molecules to pass
through are known as tight junctions (Van Itallie and
Anderson, 2006). However, studies on the effects of
early post-hatch fasting on intestinal barrier function
are limited. Horn et al. (2014, 2017) discovered that
water and feed restriction for 24 h, or water deprivation
for 24 h lowered the mRNA expression of the tightly
related genes Occludin, Claudin-1, and ZO-1 in weaned
pigs. Additionally, Gilani et al. (2017) noted that early
fasting substantially increased intestinal permeability
in broilers after 21 d. In our experiment, early post-
hatch feeding enhanced the mRNA expression level of
Occludin and Claudin-1 of jejunum epithelial tight
junction genes, which is analogous to previous works.
Furthermore, Reicher et al. (2020) shared that intesti-
nal morphology ultrastructure is a powerful part to
evaluate intestinal health of broilers, microvilli clumps,
and crypt structure anomalies of unhealthy animals.
The results of our research also showed that the jejunal
microvilli in the early feeding group were well-arranged,
and the marginal zone of the tight junction was clear
and complete in Group 2 h (2 h>24 h>48 h). While the
microvilli on the surface of jejunum epithelial cells in
each group displayed a neat arrangement at 50d, with
complete close-connection and increased density, only
the microvilli length was shorter in Group 48h. The
results revealed that early post-hatch feeding exten-
sively enhanced the morphology of jejunal villi in the
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early stage, and the compensatory growth adaptation
to the external environment appeared broiler suited to
in the later period, which was consistent with the
growth performance.

Broiler intestinal microbiota colonization occurred
chiefly in the early stages after hatching, with host and
environmental factors impacting the makeup and activ-
ity of future microbiota (Kers et al., 2018). Moreover,
fluctuations in gut microbiota diversity, composition,
and general community structure of chickens are caused
by differences in feedstuffs, digestion of substances, and
eating or feeding behaviors ( Tan et al., 2019; Berrocoso
et al., 2017; Yadav and Jha, 2019). Furthermore, a rela-
tively stable and sophisticated gut microbiota evolved
throughout time (Kogut, 2022). In our study, the intesti-
nal microflora richness was higher in Group 2 h com-
pared with Group 48 h, and the community structure
composition exhibited significant variations. Addition-
ally, after environmental adaptation, the bacterial com-
munity structure of Group 24 h shifted from between
Group 2 h and Group 48 h to near to Group 2 h. These
findings suggest that various feeding times influence the
variety, composition, and overall community structure
of the chicken intestinal microbiota. Additionally, the
early post-hatch feeding group provides a species-rich
microecosystem to withstand external stressors and
maintain the healthy development of the intestinal tract
(Clarke et al., 2014; Valdes et al., 2018 ).

Similar to previous studies, the top three most abun-
dant bacteria at the phylum level were Firmicutes, Bac-
teroidetes, and Proteobacteria ( Yadav et al., 2021). In
addition, our research found that early post-hatch feed-
ing lowered the relative abundance of Proteobacteria
and Escherichia in the starter stage. The former is a
gram-negative bacterium that includes numerous signifi-
cant pathogens such as Salmonella, Vibrio, and Helico-
bacter, as well as several Cyanobacteria species, which
can create a variety of neurotoxins that cause sickness
(Codd et al., 2005). Dai et al. (2018) pointed out that a
lower percentage of Proteobacteria phylum indicates a
healthy intestinal environment and probably contrib-
utes to the higher performance observed in poultry. The
Escherichia genus belongs to the Proteobacteria family
and is composed of Escherichia albertii, E. fergusonii, 5
cryptic Escherichia clades, and E. coli sensu stricto
(Beghain et al., 2018). More importantly, Mellata
(2013) revealed that most Escherichia members have
detrimental effects on maintaining the health of organ-
isms. Dai et al. (2018) reported that microbial species
richness and diversity in caeca were considerably
reduced in co-infected birds, whereas the abundance of
the Escherichia, Helicobacter, and Bacteroides groups
was relatively higher. Moreover, Escherichia coli in the
cecal lumen penetrated deeper layers in infected birds,
which eventually led to death (Abdelhamid et al., 2020).
In brief, early post-hatch feeding inhibited the growth of
harmful bacteria and improved organic intestinal devel-
opment throughout the early phases of development in
the starter phase. In line with earlier studies, adult poul-
try intestinal microbiota is dominated by Bacteroidetes
and Firmicutes, whereas Actinobacteria and Proteobac-
teria are present only in minor proportions (Zhai et al.,
2020 2021). Conversely, feed deprivation for 48 h signifi-
cantly raised the relative abundance of Actinobacteria
and Bacteroides at 50 d in our research. Barka et al.
(2015) reported that Actinobacteria are Gram-positive
bacteria that constitute one of the largest bacterial
phyla, and they are ubiquitously distributed globally.
The abundant genes for the metabolism of xenobiotics,
terpenoids, and polyketides in the chicken gut are rele-
vant to Actinobacteria, which decompose organic mat-
ter and create diverse natural medicines, enzymes, and
potentially vast secondary metabolites (Ventura et al.,
2007). Besides, researchers have discovered that a range
of Bacteroidetes members play a favorable role in broiler
digestion by improving nutrient digestion and absorp-
tion, and that the quantity of Bacteroidetes is positively
correlated with broiler growth (Li et al., 2016; Huang
et al., 2021; Wang et al., 2021). In short, the high abun-
dance of Actinobacteria and Bacteroides in Group 48 h
at 50 d was related to compensatory expansion, and this
intricate mechanism warrants further exploration.
In conclusion, early feeding after hatching can regu-

late hormone secretion and material metabolism and
promote the digestion and absorption of feed-in broilers
by optimizing the structure of intestinal microflora and
improving intestinal development, thereby enhancing
the growth performance of broilers. Notably, age-
related compensatory growth occurred in the feed dep-
rivation groups to allow the chickens to adapt to their
environment.
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