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TAGGEDPABSTRACT The objective of this experiment was to
investigate the influence of dietary tributyrin on repro-
duction performance and ovary function of broiler
breeders with different egg laying rate. Two hundred
fifty-six AA broiler breeders (48-wk-old) were allocated
to 4 treatment in a 2 £ 2 factorial arrangement with the
main effects of tributyrin supplementation (0 and
1,000 mg/kg tributyrin [TRI]) and 2 egg laying rate lev-
els (average [AR, 81.01 § 0.79%] and low [LR, 70.98 §
0.95%]). The results shown that the LR breeders pre-
sented higher egg weight, but lower egg laying rate,
qualified egg rate and feed efficiency than the AR
breeders (P(laying) < 0.05). Also, the superoxidase dismu-
tase (SOD) activity in magnum was lower while malon-
dialdehyde (MDA) was higher in ovary and magnum of
LR breeders than that in the AR breeders (P(laying) <
0.05). Dietary supplementation with tributyrin signifi-
cantly enhanced egg weight (P(TRI) < 0.05), increased
albumen height as well as Haugh unit (HU) in AR
breeders (P(interaction) < 0.05), and also had higher
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total antioxidant capacity (T-AOC) and lower MDA
in ovary (P(TRI) < 0.05). The cell apoptosis rate and
proapoptosis related gene expression (caspase 8, 9 and
Bax) in the ovary of LR breeders was higher, while
anti-apoptosis related gene (Bcl-2) expression were
lower in LR breeders when compared with the AR
breeders (P(laying) < 0.05). Dietary supplementation
with tributyrin decreased the cell apoptosis rate and
downregulated caspase 9 expression in LR breeders
(P(Interaction) < 0.05), up-regulated the Bcl-2 expres-
sion in both 2 breeders (P(TRI) < 0.05). These findings
suggest that the breeders with lower egg laying rate
also characterized by deteriorate ovary function indi-
cated by lower antioxidant capacity and higher cell
apoptosis rate. Dietary supplementation with tribu-
tyrin increased egg albumen quality, decreased ovar-
ian proapoptosis related gene expression to improve
reproductive tract function; and the positive effect on
egg albumen quality is more pronounced in average
reproductive breeders.
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TAGGEDH1INTRODUCTION TAGGEDEND

TaggedPThe productive performance of broiler breeders is fun-
damental to the development of poultry industry. Nutri-
tion has great impact on performance and efficiency of
all animals, and a healthy digestive and reproductive
system function is critical to maintain production perfor-
mance and health of the breeders (Yang et al., 2020).
Ovary function is the main factor affecting the reproduc-
tive performance of layers and breeders (Johnson, 2012),
and it is also the organ that is the most sensitive to aging
and stress (Rozenboim et al., 2007; Devine et al., 2012;
Wang et al., 2018). The follicle utilization rate is
extremely low because most follicles are removed from
the ovaries before ovulation via a degenerative process
known as atresia (Kaipia and Hsueh, 1997; Zhang et al.,
2019). With the aging of ovary, the oxidative stress may
cause follicular atresia and lead to the declines of fertility
(Tatone, 2008; Peters et al., 2020). Follicle atresia in late
laying phase (35−50 wk of age) may be the main con-
tributing factor for the inferior total laying performance
and the early culling in practice. TaggedEnd
TaggedPButyrate is produced by microbial fermentation, pri-

marily in the large intestine of animals and birds
(Vinolo et al., 2011; Tan et al., 2014). Generally, buty-
rate known to be served a primary nutrient that pro-
vides energy to colonocytes, but also to be involved in
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TaggedEndTable 1. Composition and nutrient level of basal diet (as-fed
basis).

Item, % Amount

Corn 69.50
Soybean meal, 43% 19.00
Soybean oil 1.00
Calcium carbonate 8.25
Calcium hydrophosphate 1.14
L-lsine hydrochloride 0.08
DL-methionine 0.11
Threonine 0.02
NaCl 0.30
Choline chloride, 50% 0.10
Vitamin and mineral premix1 0.50
Total 100.00
Analyzed nutrient levels, %
ME2, kcal/kg 2,780.00
Crude protein 13.70
Calcium 3.35
Available phosphorus 0.35
Lysine 0.75
Methionine 0.34
Methionine + cysteine 0.61
1Provided per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 4,000

IU; vitamin E, 100 mg; vitamin K3, 4.0 mg; thiamin, 3.0 mg; riboflavin,
11.5 mg; pyridoxine, 7.2 mg; vitamin B12, 0,02 mg; folic acid, 10.8 mg; nia-
cin, 47.1 mg; pantothenic acid, 21.6 mg; biotin, 0. 6 mg; iron, 80 mg; cop-
per, 20 mg; manganese, 82.5 mg; zinc, 100 mg; selenium, 0.30 mg; iodine,
1.20 mg.
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regulating multiple functions of gut cells, including gene
expression, cell differentiation, immune modulation, and
anti-inflammatory (Sengupta et al., 2006). It is also indi-
cated that butyrate and its derivatives (butyric acid,
sodium or calcium butyrate, and butyrate glycerides)
were found to exert antioxidant effect in animals’models
in vivo or in vitro (Lin et al., 2014; Wu et al., 2016;
Memon et al., 2019; Guo et al., 2020). On the same time,
lots of studies have demonstrated that sodium butyrate
and butyrate glycerides (such as tributyrin and monobu-
tyrin) could improve intestinal health and have benefi-
cial effects on performance of broilers, laying hens and
breeders (Czerwinski, et al., 2012; Jahanianand Gol-
shadi, 2015; Kaczmarek et al., 2016; Bedford et al.,
2017; Bedford and Gong, 2018; Yang et al., 2018;
Zhao et al., 2019; Lan et al., 2020; Feng et al., 2021).
However, the response of broiler breeders with different
reproduction performance to tributyrin on ovarian anti-
oxidant capacity and function in is not clear. TaggedEnd

TaggedPTherefore, the purpose of the current study was to
verify the hypothesis that dietary tributyrin supplemen-
tation could promote the reproductive performance of
broiler breeders, and whether this effect will be different
between broilers with different egg laying rate. TaggedEnd
2Calculated according to NRC (1994).
TAGGEDH1MATERIALS AND METHODS TAGGEDEND

TaggedH2Birds, Experimental Design TaggedEnd

TaggedPThe investigation plan and methods has been autho-
rized with the guidelines of the Animal Care and Use
Committee of Sichuan Agricultural University. A total
of 256 Arbor Acres broiler breeders at 48 wk of age were
randomly assigned to a 2 by 2 factorial design. Treat-
ment composed of 2 egg laying rate levels (average [AR,
81.01 § 0.79%] and low [LR, 70.98 § 0.95%]) and 2 lev-
els of tributyrin (control [no additive], 1,000 mg/kg trib-
utyrin [TRI]; based on the previous studies [Zhao et al.,
2019]). Each treatment has 8 replicates with 8 birds per
replicate. TRI is provided by Shanghai Aladdin Chemi-
cal Co., Ltd. (Shanghai, China), with a purity of 98%.
The experimental diet was formulated to meet nutrient
specifications according to the NRC (1994) in a mash
form (Table 1). Broiler breeders were allowed ad libitum
access to water and restricted feeding (154 g/d/breeder).
The total experimental period was 8 wk. All birds were
individually housed in a temperature-controlled room
(maintained at 20−22°C) on a 16L:8D photo-period
throughout the duration of study. TaggedEnd
TaggedH2Productive Performance and Sample
Collection TaggedEnd

TaggedPEgg production, egg weights, and unqualified eggs
(egg weight <50 g or >75 g, misshaped egg, dirty egg,
and sand-shelled egg) of were measured daily. Feed con-
version ratio was calculated as the ratio of grams of total
feed intake to grams of total egg weight. The qualified
egg rate was defined as the ratio of total qualified eggs to
total laid eggs per treatment. TaggedEnd
TaggedPAt d 57 of experimental period, blood samples were
collected from the wing vein of 2 hens per replicate.
Blood samples were then centrifuged at 3,000 £ g for
15 min, and then serum was stored at �20°C till analy-
sis. Thereafter, broiler breeders were sacrificed by CO2

suffocation, the ovarian tissues (ovary cortex) and mag-
num of oviduct were taken and then stored at �80°C till
gene expression analysis. TaggedEnd
TaggedH2Egg Quality and Egg Hatchability
Performance TaggedEnd

TaggedPTo determine the egg quality indices, egg samples
(4 eggs/replicate, 32 eggs/treatment) were collected at
the end of the supplementation period. After individual
weighing, each egg was using an eggshell force gauge
model II (Robotmation Co., Ltd., Tokyo, Japan) and
eggshell thickness gauge to measure strength and thick-
ness respectively. Egg internal quality (including Haugh
unit [HU], albumen height, and yolk color) were ana-
lyzed via an Egg Multi-tester (EMT-7300, Robotmation
Co., Ltd., Tokyo, Japan). Albumen or eggshell ratio was
computed as 100 £ (albumen weight or eggshell weight
[g]/egg weight [g]). TaggedEnd
TaggedPAt the end of the experiment, all eggs produced

over 5 consecutive days were collected, labeled, and
weighted individually, and then stored at 15°C until
incubation. Eggs were incubated in a commercial
hatchery (Jinling JLZ-2., Yaan, China). Fertility was
expressed as the ratio of fertile eggs to total eggs set.
The number of eggs that hatched was recorded after
21 d of incubation. Embryonic mortality of eggs was
expressed as the ratio of mortalities to set eggs.



TaggedEndTable 2. Related gene and primer information.1

Genes1 Orientation Primer sequences (50-30) Product size Accession number

b-actin Forward GCTACAGCTTCACCACCACA 90 NM_205518.1
Reverse TCTCCTGCTCGAAATCCAGT

Caspase 9 Forward TATGGTGGAGGACATGCAGA 99 XM_424580.5
Reverse AATATTGGGAAGGCCTGCTT

Caspase 3 Forward AAAGATGGACCACGCTCAGG 204 NM_204725
Reverse TGAACGAGATGACAGTCCGG

Caspase 8 Forward GCTGTATCCTATCCCACG 125 KM_016991
Reverse TCATCAGGCACTCCTTT

Bax Forward GTACGTCAATGTGGTCACCC 210 XM_015274882
Reverse TGGGATAATGCTGGGGTTGA

Bcl2 Forward ACCATGAATGAAACCGTGCC 181 NM_205339.2
Reverse TTGTCGTAGCCTCTTCTCCC

1Abbreviation: Bax, B lymphoma 2 associated X protein, Bcl2, B lymphoma cell 2.
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Hatchability of set eggs was calculated as the ratio of
hatching chicks to set eggs. TaggedEnd
TaggedH2Serum Reproductive Hormones AssayTaggedEnd

TaggedPSerum concentration of estradiol (E2), follicle
stimulating hormone (FSH), testosterone, anti-
M€ullerian hormone (AMH), and progesterone were
assessed by enzyme-linked immunosorbent assay
(ELISA) test kits (Nanjing Jiancheng Bioengineer-
ing Institute, China) following the manufacturer’s
protocol. TaggedEnd
TaggedH2Magnum and Ovary Antioxidant Capacity TaggedEnd

TaggedPCommercial kits were used to analyze the antioxidant
capacity of ovary and magnum, including activities of
superoxide dismutase (SOD), total antioxidant capac-
ity (T-AOC) and malondialdehyde (MDA) content
according to the manufacture (SOD, A001-1; T-AOC,
A015; MDA, A003-1; Nanjing Jiancheng Biotechnology,
Nanjing, China).TaggedEnd
TaggedEndTable 3. Effect of glycerol tributyrate on reproduction perfor-
mance of broiler breeders with different egg-laying rate.1

Item Laying rate, % Egg weight, g FCR
Qualified egg

rate, %

Laying TRI
AR � 78.58a 64.10b 3.12b 93.23a

AR + 78.67a 66.99a 2.92b 93.80a

LR � 68.52b 66.86b 3.39a 89.22b

LR + 69.69b 68.34a 3.31a 91.57b

SEM 1.17 0.43 0.07 1.34
P-value <0.01 <0.01 0.05 0.03
P-value
TaggedH2Ovary Apoptosis Related mRNA Expression
by Real-Time PCR TaggedEnd

TaggedPTotal RNA for ovary tissue was extracted with TRI-
zol reagent (TaKaRa, Dalian, China) and cDNA was
synthesized via reverse transcription. ABI Prism 7000
detection system in a 2-step protocol with SYBR Green
(TaKaRa, Dalian, China) were used to conduct the
quantitative real-time PCR. The primer information for
all the genes (Caspase 3, Caspase 8, Caspase 9, Bcl2
and Bax) is listed in Table 2. Each sample was assayed
in triplicate and b−actin was used as the housekeeping
gene. Gene expression was calculated by using the
2�DDCT method.TaggedEnd
Laying <0.01 <0.01 0.02 0.03
TRI 0.31 0.01 0.51 0.43
Laying £ TRI 0.47 0.89 0.16 0.54

Abbreviations: AR, average egg laying rate; LR, low egg laying rate;
TRI, 1,000 mg/kg tributyrin.

a,bMeans with different superscripts within a column differ significantly
(P ≤ 0.05).

1Each mean represents 8 layers/replicate, 8 replicates/treatment.
TaggedH2Statistical AnalysisTaggedEnd

TaggedPData were analyzed as a 2 £ 2 factorial using the gen-
eral linear model procedures of SAS 9.2 (SAS Institute,
Cary, NC), with a model that included the main effects
of egg laying rate and TRI, as well as their interaction.
Means were compared by using Tukey’s range test to
determine significant differences among means with a
significant level of P < 0.05.TaggedEnd
TAGGEDH1RESULTS TAGGEDEND

TaggedH2Reproduction Performance, Egg Quality and
Incubation Performance TaggedEnd

TaggedPAt presented in Table 3, the LR breeders presented
higher egg weight but lower egg laying rate, qualified
egg rate and feed efficiency than the AR breeders (P(lay-

ing) < 0.05). No difference was found in egg quality
between LR and AR breeders (P(laying) > 0.05; Table 4).
Dietary supplementation with tributyrin significantly
improved egg weight compared with no tributyrin addi-
tion (P(TRI) < 0.05). Dietary supplementation with trib-
utyrin significantly enhanced egg weight (P(TRI) < 0.05)
and increased albumen height together with HU in AR
breeders (P(interaction) < 0.05). TaggedEnd
TaggedPThere were no significant differences in incubation

performance parameters measured in this study (embryo
mortality, fertility, hatchability of set eggs, and health
born chicken rate) caused by different laying rate
breeders or dietary TRI supplementation (Table 5, P >
0.05). TaggedEnd



TaggedEndTable 4. Effect of glycerol tributyrate on egg quality of broiler breeders with different egg-laying rate.1

Item
Eggshell strength,

kg/cm3
Albumen height,

mm
York
color

Haugh
unit

Yolk weight
ratio, %

Egg shell weight
ratio, %

Eggshell thickness,
mm�2

Egg white
ratio, %

Laying TRI
AR � 3.59 6.12b 8.11 74.60b 33.67 9.89 30.57 59.54
AR + 3.64 6.61a 8.12 78.51a 32.75 9.96 30.18 59.86
LR � 3.55 6.18b 8.20 76.69b 33.81 9.98 30.16 59.86
LR + 3.55 6.25b 8.17 77.38b 32.65 9.90 30.08 60.02
SEM 0.19 0.28 0.16 2.03 0.37 0.16 0.49 0.39
P-value 0.29 0.02 0.51 0.05 0.57 0.34 0.12 0.11
P-value

Laying 0.50 0.99 0.31 0.78 0.97 0.52 0.28 0.76
TRI 0.11 0.22 0.69 0.23 0.32 0.37 0.39 0.44
Laying £ TRI 0.61 0.02 0.30 <0.01 0.74 0.14 0.20 0.37

Abbreviations: AR, average egg laying rate; LR, low egg laying rate; TRI, 1000 mg/kg tributyrin.
a,bMeans with different superscripts within a column differ significantly (P ≤ 0.05).
1Each mean represents 8 layers/replicate, 8 replicates/treatment.

TaggedEndTable 5. Effect of glycerol tributyrate on hatchability of broiler breeders with different egg-laying rate.1

Item Embryonic mortality, % Fertility, % Hatchability of set eggs, % Health chicken rate, %

Laying TRI
AR � 8.12 95.47 88.95 88.23
AR + 7.98 96.34 89.55 88.60
LR � 8.49 95.22 89.45 89.44
LR + 8.34 97.40 89.11 89.48
SEM 2.14 1.51 2.65 2.78
P-value 0.87 0.94 0.96 0.94
P-value

Laying 0.97 0.81 0.83 0.77
TRI 0.98 0.64 0.87 0.69
Laying £ TRI 0.63 0.74 0.64 0.73

Abbreviations: AR, average egg laying rate; LR, low egg laying rate; TRI, 1,000 mg/kg tributyrin.
1Each mean represents 8 layers/replicate, 8 replicates/treatment.

TaggedEndTable 6. Effect of glycerol tributyrate on blood hormone levels of broiler breeders with different egg-laying rate.1

Item E2, pmol/L FSH, U/L Testosterone, nmol/L AMH, pg/mL Progesterone, pmol/L

Laying TRI
AR � 63.12 7.34 197.12 229.11a 1811.07
AR + 69.34 7.17 191.54 244.45a 1827.62
LR � 64.11 6.69 174.1 164.98b 1817.08
LR + 66.54 7.51 188.64 147.41b 1724.34
SEM 3.47 0.39 13.49 16.6 114.27
P-value 0.85 0.13 0.69 0.01 0.27
P-value

Laying 0.65 0.61 0.85 0.02 0.23
TRI 0.84 0.08 0.92 0.17 0.26
Laying £ TRI 0.47 0.12 0.24 0.57 0.26

Abbreviations: AMH, anti-M€ullerian hormone; AR, average egg laying rate; E2, estradiol; FSH, follicle stimulating hormone; LR, low egg laying rate;
TRI, 1,000 mg/kg tributyrin.

a,bMeans with different superscripts within a column differ significantly (P ≤ 0.05).
1Each mean represents 2 layers/replicate, 8 replicates/treatment.
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TaggedH2Serum Reproductive Hormone TaggedEnd

TaggedPAs shown in Table 6, the serum AMH level were lower
in LR group compared to the AR breeders (P(laying) <
0.05). The concentration of E2, FSH, testosterone, and
progesterone were not affected by dietary tributyrin or
in layers with different egg laying rate (P > 0.05). TaggedEnd
TaggedH2Antioxidant Capacity of Magnum and Ovary TaggedEnd

TaggedPWhen compared with the AR breeders, the SOD
activity in magnum was lower and MDA was higher in
ovary and magnum in LR breeders (P(laying) < 0.05;
Table 7). Dietary supplementation with tributyrin sig-
nificantly increased T-AOC and lower MDA in ovary
(P(TRI) < 0.05). TaggedEnd
TaggedH2Ovary Apoptosis Rate and Apoptosis
Related Gene Expression TaggedEnd

TaggedPAs presented in Figures 1 and 2, LR breeders had
higher cell apoptosis rate and u-regulated the proapop-
tosis related gene expression (caspase 8, 9 and Bax) in
the ovary as compared with the AR breeders, while anti-
apoptosis related gene expression (Bcl-2) were also lower



TaggedEndTable 7. Effect of glycerol tributyrate on magnum and ovary
antioxidant capacity of broiler breeders with different egg laying
rate.1

Ovary Magnum

Item SOD T-AOC MDA SOD T-AOC MDA

Laying TRI
AR � 181.41 0.60b 1.65b 34.19a 0.19 0.59a

AR + 191.03 0.78a 1.23c 35.98a 0.18 0.51a

LR � 183.22 0.56b 2.15a 29.10b 0.15 0.46b

LR + 164.08 0.89a 1.67b 30.01b 0.13 0.32b

SEM 14.21 0.11 0.10 2.24 0.03 0.07
P-value 0.55 0.01 0.05 0.01 0.94 0.03
P-value

Laying 0.60 0.91 <0.01 <0.01 0.73 0.05
TRI 0.99 <0.01 0.03 0.42 0.95 0.02
Laying 0 £TRI 0.19 0.35 0.37 0.69 0.62 0.33

Abbreviations: AMH, anti-M€ullerian hormone; AR, average egg laying
rate; E2, estrogen 2, FSH, follicle stimulation hormone; LR, low egg laying
rate; TRI, 1,000 mg/kg tributyrin.

a,bMeans with different superscripts within a column differ significantly
(P ≤ 0.05).

1Each mean represents 2 layers/replicate, 8 replicates/treatment.

TaggedEnd TaggedFigure

Figure 1. The effect of a tributyrin on ovary apoptosis of broiler breed
cate, 8 replicates/treatment. (A) Ovary apoptosis (TUNEL). Apoptotic co
expression is blue with white background. (B) Ovary apoptosis rate. Abbr
1,000 mg/kg tributyrin. TaggedEnd
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in LR breeders (P(laying) < 0.05). Dietary supplementa-
tion with tributyrin decreased the cell apoptosis rate
and downregulated caspase 9 expression in LR breeders
(P(Interaction) < 0.05), upregulated the Bcl-2 expression
in both 2 breeders (P(TRI) < 0.05). The caspase 3 gene
expression was not altered by experimental treatment
(P > 0.05). TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND

TaggedPBroiler breeders often experience a reduction in their
reproductive performance, especially as they become
older or under stress. In our study, we found that AR
breeders has higher egg laying rate and feed efficiency
than that of LR breeders, which is in consistent with our
previous study (Zhao et al., 2019; Yang et al., 2020;
Wang et al., 2021) and other studies (Tallentire et al.,
2016); however, the specific reason is not elucidated. In
the current study, we found that dietary supplementa-
tion with tributyrin led to an increase in reproductive
performance (egg weight and feed efficiency) and
ers with different egg-laying rate. Each means represents 1 layers/repli-
lor is light yellow or brown yellow (as shown by black arrow), negative
eviations: AR, average egg laying rate; LR, low egg laying rate; TRI,



TaggedEnd TaggedFigure

Figure 2. The effect of tributyrin on ovary apoptosis related gene expression of broiler breeders with different egg-laying rate. Each means repre-
sents 1 layer/replicate, 8 replicates/treatment. (A) Caspase 3, caspase 8, caspase 9 expression; (B) Bax and Bcl2 expression. Abbreviations: AR,
average egg laying rate; LR, low egg laying rate; TRI, 1,000 mg/kg tributyrin. TaggedEnd

TaggedEnd6 WANG ET AL.
albumen quality (albumen height and HU), and the
improving effect on albumen quality was found only in
AR breeders, which is in accordance with the result of
our previous study (Zhao et al., 2019). The intestine
health and microbiota balance are important for nutri-
ent digestion, absorption and utilization in poultry.
Breeders with higher productive performance were found
to have lower crypt depth and higher villus/crypt ratio
(Zhao et al., 2019). Butyric acid has been shown to play
an important role in maintaining the integrity of the
intestinal mucosa and to exert potent anti-inflammatory,
antioxidative effects, moderate immune response and
improve growth performance in broilers (Zhang et al.,
2011; Jahanian and Golshadi, 2015; Kaczmarek et al.,
2016; Zou et al., 2019; Elnesr et al.,2020). The positive
effect of tributyrin on egg weight and feed efficiency
could be attributed to enhanced breeders’ intestinal
health and improved gastrointestinal functionality. Simi-
larly, Feng et al. (2021) also shown that supplementa-
tion of monobutyrin at 250 mg/kg level increased egg
weight, but had no effect on egg production rate and
feed conversion rate in broiler breeders. Furthermore,
interestingly, the improving effect of tributyrin on albu-
men quality is only observed in AR breeders in current
study. The reason why the result in albumen quality in
not consistent between LR and AR breeders is not clear.
It has been found that the feed efficiency is higher in
higher rate breeders, which may indicate that the nutri-
ent utilization was more efficient in higher rate breeders
(Yang et al., 2020; Wang et al., 2021). This may result
in different egg quality and also led to differentiation
when feed tributyrin on albumen quality. Since, we also
found that the positive effect on egg weight and albumen
quality of other dietary treatments (pectic oligosaccha-
ride and Enterococcus feacium) was more pronounced in
breeders with an average egg-laying rate (Zhao et al.,
2019), this may indicate that it is worth to take the
layer psychology status into account when use the die-
tary strategy.TaggedEnd
TaggedPReproductive hormones, including estrogen, FSH and

progesterone, play a critical role in follicle mutation and
ovulation to regulate fertility of females and have long-
term effects on metabolic homeostasis of body
(Kabir et al., 2015; Gea et al., 2020). These serum
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reproductive hormones are closely related to the egg pro-
duction rate of broiler breeders, in this experiment we
found that the serum AMH levels were lower in LR
breeders, and the addition of tributyrin in the diet has
no significant effect on serum reproductive hormones
concentration. The AMH was mainly secreted by grow-
ing follicles, and it is a marker of ovarian reserve and
aging (Visser et al., 2007). Therefore, this may serve as
an explanation for the lower egg laying rate of LR
breeders. TaggedEnd

TaggedPOvary is the main regulator for female reproductive
function, as it regulates follicle development and repro-
ductive hormones secretion and produces mature
oocytes (Regan et al., 2018). Growing evidence demon-
strates that oxidative stress damage has been considered
to be the mechanism of ovarian aging, and several anti-
oxidants have been used to delay ovarian aging
(Liu et al., 2018; Yang et al., 2019). MDA is well known
as a marker of lipid peroxidation and antioxidant status,
and it was also estimated in patients with ovarian cancer
(White et al., 2014). Members of the enzymatic antioxi-
dant system, such as SOD, CAT, GSH-ST, and GPx,
play important roles in protecting the organism from
oxidative damage (Mishra and Jha, 2019). Supportably,
our results suggest that LR breeders had lower antioxi-
dant capacity in ovary, as indicated by high levels of
MDA and lower SOD activity, which may also explain
the lower reproduction performance (egg laying rate and
feed efficiency) in this study. As shown in our current
study, supplementation with tributyrin improved anti-
oxidant capacity in LR breeders’ ovary and magnum
this may also be the possible reason for improving effect
of tributyrin on albumen quality. It has been previously
demonstrated that sodium butyrate had antioxidative
effect in the colon of healthy humans (Hamer et al.,
2009) and also alleviated oxidative stress induced by
lipopolysaccharide in the intestinal cells (Russo et al.,
2012). Lin et al. (2014) found that sodium butyrate
improved reproductive performance and changing the
gene expression involved in radical scavenging in rats.
Liu et al. (2021) also shown that sodium butyrate sup-
plementation improved growth performance and antiox-
idant function (increase glutathione peroxidase activity)
in pre-weaned dairy calves. Similarly, previous studies
have shown that sodium butyrate supplementation
increased SOD activity and reduced the MDA level of
broilers (Zhang et al., 2011; Wu et al., 2016; Lan et al.,
2020) and breeder rooster (Alhaj et al., 2018). TaggedEnd

TaggedPApoptosis in the granulosa cells was closely associ-
ated with the dominant follicle selection and follicular
atresia (Johnson, 2012; Regan et al., 2018). In current
study, we observed that the cell apoptosis rate was
higher in ovary of low reproductive performance
breeders. This result is in consistent with our previous
studies, where we found that breeders with higher egg
laying rate had lower ovarian cell apoptosis rate
(Yang et al., 2020; Wang et al., 2021). In fact, the bal-
ance and imbalance of apoptosis and Bax/Bcl-2 affect
the structure and function of the ovary (Hus-
sein, 2005). In our study, the relative expression of
proapoptosis factors (caspases 8, caspase 9, Bax) in
the ovary of AP breeders was lower than that of LR
breeders, suggesting that the number of atretic fol-
licles in the AP breeders might have been lower than
that of LP breeders; while this hypothesis needs to be
confirmed in future studies, it could provide an expla-
nation for the different egg laying rate between the 2
groups of breeders. Furthermore, we also found die-
tary supplementation with tributyrin downregulated
the mRNA expression of caspase 9 and upregulated
Bcl-2 expression in both AR and LR breeders. In
accordance with our result, Lin et al. (2014) found
that butyrate supplementation increases Bcl2 expres-
sion in rats, resulting in higher Bcl-2/Bax ratio. How-
ever, the literature about butyric acid or its
derivatives in ovary function of poultry is not well elu-
cidated, which needed to be explored in future study. TaggedEnd
TAGGEDH1CONCLUSIONS TAGGEDEND

TaggedPThese findings suggest that the breeders with lower
egg laying rate also characterized by deteriorate ovary
function indicated by lower antioxidant capacity and
higher cell apoptosis. Dietary supplementation with
tributyrin increased egg albumen quality, decreased the
ovary apoptosis related gene expression to improve
reproductive tract function; and the positive effect on
egg albumen quality is more pronounced in average
reproductive breeders. TaggedEnd
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