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ABSTRACT This study was conducted to determine
the effects of dietary addition of a-glyceryl monolaurate
(a-GML) on growth performance, immune function,
volatile fatty acids production and cecal microbiota in
broiler chickens. A total of 480 1-day-old yellow-
feathered broilers were randomly assigned in equal
numbers to 4 dietary treatments: basal diet (NCO) or
supplementations with 30 mg/kg bacitracin (ANT),
500 mg/kg a-GML, or 1,000 mg/kg a-GML (GML2).
And, each treatment contained 8 replicates with 15
chickens per replicate. After supplementation with
a-GML, the total BW gain and average daily weight gain
of broilers increased significantly (P , 0.05) compared
with the broilers on the NCO diet. Moreover, compared
with the NCO group, higher levels of immune globulin M
and immune globulin Y were observed in both GML
groups and the ANT group. Concentrations of acetate,
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propionate, butyrate, valerate, and isovalerate in GML2
were significantly higher (P , 0.05) than those in the
NCO group on day 28. However, acetate, propionate,
valerate, and isovalerate concentrations were reduced to
significantly (P , 0.05) lower than those in the NCO
group on day 56. The abundance and diversity of
microbiota were found to be improved in broilers that
were supplemented with GML, using operational taxo-
nomic unit and diversity analyses. Furthermore, the
GML treatments increased favorable microbiota,
particularly acid-producing bacteria, on day 28 and, also,
reduced opportunistic pathogens, such as Alistipes tid-
janibacter andBacteroides dorei by day 56. These results
suggest that a-GML supplementation modulates cecal
microbiota and broiler immunity and improves volatile
fatty acid levels during the early growth stages of
broilers.
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 performance, immune globulin, volatile fatty acid,
intestinal microbiota

2021 Poultry Science 100:100875
https://doi.org/10.1016/j.psj.2020.11.052
INTRODUCTION

Antibiotics, which are used widely in the poultry in-
dustry, reduce the incidence of disease, improve growth
rates and feeding efficiency, and relieve stress caused
by poor breeding environments (Millet and Maertens,
2011; Allen et al., 2013). However, their overuse in ani-
mal feed has been recognized as one of the leading causes
of the rapid spread of antimicrobial resistance (Barton,
2000; Xiong et al., 2018). Although there are some re-
searchers having claimed that the overlap of antibiotics
between human and chicken is very limited (AMI,
2014), any countries including those in the European
Union have completely prohibited the use of antibiotics
as growth promoters in animal feed (Lee et al., 2014). In
China, antibiotics have been banned as growth promoter
from feed in the year 2020 (Echemi, 2020). Prohibition of
antibiotics encourages the development of alternatives,
including plant extracts, probiotics, and organic acids
(Allen et al., 2013; Stanton, 2013).

Glycerol monolaurate (GML), a medium-chain fatty
acid ester, is found in coconut fat, palmetto, and human
milk (Zhang et al., 2016a,b; Schlievert et al., 2019).
Furthermore, it can be formed from the combination of
lauric acid (C12) and glycerol (Langone et al., 2002).
Glycerol monolaurate has been approved as a food-safe

https://doi.org/10.1016/j.psj.2020.11.052
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yangcaimei2012@163.com


Table 1. Composition and nutrient levels of the basal diet.

Items

Ages (day)

1–28 28–56

Ingredients(air-dry basis,%)
Corn 53 53
Soybean meal 24.5 16
Extruded soybean 5 3
Corn Distillers Dried Grains with

Solubles
8 8

Rice bran 8
Corn gluten 2
Soybean oil 1.7 4.5
Limestone 1.3 1.5
Fermented soybean meal 2.5
Premix12 4 4
Total 100.00 100.00

Nutrient levels
ME (kcal/kg) 2,916 3,090
CP (%) 20.3 17.2
Lysine(%) 1.19 0.96
Methionine 1 Cysteine(%) 0.89 0.74
Calcium(%) 0.87 0.73
Total phosphorus(%) 0.6 0.57

1Minimal vitamin levels per kg of food: vitamin A (retinyl acetate),
1,500 IU; cholecalciferol, 200 IU; vitamin E (DL-a-tocopheryl acetate),
10 IU; riboflavin, 3.5 mg; pantothenic acid, 10 mg; niacin, 30 mg; cobal-
amin, 10 mg; choline chloride, 1,000 mg; biotin, 0.15 mg; folic acid, 0.5 mg;
thiamine 1.5 mg; pyridoxine 3.0 mg.

2Minimal mineral levels per kg of diet: Fe, 80.00 mg; Cu, 8.00 mg; Mn,
60.00 mg; Zn, 40.00 mg; I, 0.18 mg; Se, 0.15 mg.
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emulsifier and is commonly considered to be a nontoxic
compound (Zhang et al., 2009, 2016a,b; Zhang et al.,
2009; Mo et al., 2019). Moreover, GML shows strong
antipathogenic properties (e.g., against bacteria, viruses,
and fungi), which has led to its wide use in the food in-
dustry (Li et al., 2009; Mueller and Schlievert, 2015;
Seleem et al., 2016). Research has shown that GML
could protect against Escherichia coli, Staphylococcus
aureus, and Bacillus subtilis, and so, it is used in food
preservation (Zhang et al., 2009; Yu et al., 2017).
In vitro studies have shown that GML inhibits the pro-
duction of beta-lactamase, toxic shock toxin-1, and other
Staphylococcus exoproteins, and then, the inhibition of
S. aureus growth was realized (Holland et al., 1994;
Projan et al., 1994). It also reduces the production of
Candida albicans biofilms and some bacterial biofilms
(Hess et al., 2015; Lopes et al., 2016).

Recent studies have shown that GML can be used as a
feed additive to improve animal growth performance and
health (Fortuoso et al., 2019; Zhao et al., 2019). Fortuoso
et al. (2019) found that GML treatment may improve
growth performance, reduce numbers of parasite oocysts
and E. coli, and augment the production of globulins,
while leaving meat quality unaltered. Moreover, Zhao
et al. (2019) showed that dietary GML improved egg
quality. These studies have demonstrated the potent
antimicrobial properties of GML in chicken diets. Howev-
er, little is known about the effect of dietary a-GML (one
of the major configuration compounds obtained through
industrial synthesis) supplementation on immune func-
tion and gut health in broilers. This study aims to eval-
uate the effects of a-GML on growth performance,
immune function, volatile fatty acid (VFA) production,
and cecal microbiota composition in broiler chickens.
MATERIALS AND METHODS

Animals and Dietary Treatments

A total of 480 male 1-day-old Chinese yellow-
feathered broiler chickens with an initial BW of
35.426 0.37 g were randomly assigned in equal numbers
into 4 dietary treatment groups as follows: 1) NCO
group, a basal diet; 2) ANT group, a basal diet with
30 mg/kg bacitracin; 3) GML1 group, a basal diet with
500 mg/kg a-GML; and 4) GML2 group, a basal diet
with 1,000 mg/kg a-GML. Each treatment group con-
tained 8 replicates with 15 chickens were assigned
randomly per replicate. Each replicate was assigned a
cage randomly that had raised wire floors and contained
a self-feeder and waterer to provide ad libitum access to
feed and water. The experiment was lasted for 56 d
including 2 phases. The basal diet in 2 phases (1–28
d and 28–56 d) was formulated to meet the specifications
for broiler chickens suggested by the NRC (NRC, 1994)
and Nutrient Requirements of Yellow-Feathered Broiler
(NY/T 33, 2004, China) and contained no antibiotics
(Table 1). The dosages of bacitracin and a-GML deter-
mintion were from our previous experiment (data not
publishe) and the production were provided by Vegamax
Biotechnology Co., Ltd. (Anji, China). And, the diet
provided was in a powdered form. The temperature of
the room was maintained at 32�C to 34�C for the first
wk and then reduced by 3�C to 5�C per week to reach
a final temperature of 26�C. The lighting program pro-
vided was 23L:1D until day 7 and then 18L:6D until
day 56 age. The experiment was approved by the Animal
Care and Use Committee of the Zhejiang Agriculture
and Forestry University.
Growth Performance

Broilers were weighed individually at the beginning,
middle (28 d), and end (56 d) of the experiment. ADG
for each cage was calculated.
Sample Collection

On day 28 and day 56, eight broilers with similar
weights were taken from each treatment (1 bird selected
from each replicates). After weighing, a 10-mL blood
sample was collected from a wing vein of each bird.
Serum samples were obtained by centrifuging at
3,000 ! g for 10 min at 4�C. After blood samples were
collected, the broilers were immediately euthanized by
cervical dislocation. And, the cecal contents (approxi-
mately 2–3 g) were collected after the autopsy in a rela-
tively clean working area, and sterilized instruments and
sample collection tubes are used to minimize environ-
mental contamination. All samples were stored at
280�C until analysis. And, to minimize effects of circa-
dian variations on the measured parameters, the samples
were collected from 1 bird per treatment by repeating
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the cycle of NCO, ANT, GML1, and GML2 until the
end.

Serum Parameter Analysis

IgA, IgM, and IgY were assayed using chicken-specific
immunoturbidimetry kits (Huamei Biological Engineer-
ing Research Institute, Wuhan, China) based on the
ELISA and measured using a multifunctional micropo-
rous plate detector (BioTek Synergy H1).

Volatile Fatty Acid Analysis

Following the assay method of Yang et al. (2019), the
concentration of cecal VFA was estimated by Headspace
Sampler Gas Chromatography (Agilent Technologies)
using a method by Thanh et al. (2009). One gram of
cecum content was dissolved in water, and the superna-
tant was extracted after centrifugation to mix with 25%
(m/v, 1:3) phosphorous acid. The concentration of VFA
were measured using an Agilent Technologies 7890A
Network System (Agilent Technologies) equipped with
a 30 m ! 0.32 mm ! 1.8 mm column (DB-624; Agilent
Technologies) and flame ionization detector.

16S rRNA Sequencing of Microflora in
Cecum Contents

The microbial community in cecum contents collected
from each broiler was analyzed. The Illumina-HiSeq
platform (Novogene Bioinformatics Technology Co.,
Ltd., Beijing, China) was used to detect the V4 region
of the 16S rRNA gene. There was a 97% similarity be-
tween the taxonomy and Ribosomal Database Project
classifier, allocated using Quantitative Insights Into Mi-
crobial Ecology and UPARSE software. Clustering and
species classification analyses of the operational taxo-
nomic units (OTU) were based on valid data. As per
the results of OTU clustering, corresponding species in-
formation and species-based abundance distributions
can be obtained by using species annotations created
for each OTU sequence. In addition, alpha diversity
(species richness and evenness) was calculated along
with a Venn diagram so as to understand which OTU
were common or specific to different groups. We aligned
OTU with multiple sequences to construct a phyloge-
netic tree. MetaStat software was used to do a principal
component analysis and an unweighted pair-group
method with arithmetic mean cluster tree, which can
display the differences in community structure between
different groups.

Statistical Analysis

The effect of the a-GML supplementation on the
different parameters was analyzed by using 1-way
ANOVA that was performed SPSS 22.0 software
(SPSS Inc.). Differences were determined using the
Tukey-Kramer test. Probability values less than 0.05
were considered statistically significant. Figures were
prepared using GraphPad Prism, version 7.0 (Graphpad
Software Inc.).
RESULT

Growth Performance

The effects of a-GML on the growth performance of
broilers are shown in Table 2. The BW of broiler
chickens in the GML1 and GML2 groups were increased
(P , 0.05) compared with those of the NCO group on
day 28 and day 56 but were not different from those in
the ANT group. Moreover, the broilers in GML1 and
GML2 had significantly higher (P , 0.05) ADG than
those in the NCO group both on day 28 and day 56.
However, BW and ADG in the GML1 treatment were
not found to be different from those in GML2.
Ig in Serum

Serum samples were used to analyze the key Ig on day
of 28 and 56 (Figure 1). Results show that compared
with the NCO group, broilers fed with a-GML (GML1
and GML2) exhibited higher (P , 0.05) levels of IgM
and IgY and lower (P , 0.05) IgA levels on day 28.
And, at day 56, compared with the NCO and ANT
groups, we observed a decrease (P , 0.05) in IgA levels
in groups GML1 and GML2. Levels of IgY were higher
(P , 0.05) in both GML1 and GML2 groups than that
in the NCO group. In addition, IgM levels increased
(P 5 0.002) in the GML2 group compared with the
NCO group but no significant differences between the
GML1 and NCO (P 5 0.337) (Figure 1).
Volatile Fatty Acid Levels in Cecal Contents

Levels of VFA (acetic acid, propionic acid, butyric
acid, isobutyric acid, valeric acid, and isovaleric acid) in
cecum contents are presented in Figure 2. Results showed
that, on day 28, concentrations of acetic acid, propionic
acid, butyric acid, valeric acid, and isovaleric acid in
GML2 broilers’ cecal contents were higher (P , 0.05)
than NCO. Furthermore, compared with the ANT group,
acetic acid, isobutyric acid, and isovaleric acid levels in
the GML2 group also were higher (P , 0.05) on day
28. Compared with the NCO group, a-GML in feed
tended to cause a reduction in VFA, but no difference
(P . 0.05) was detected in either the GML1 or GML2
groups on day 56. In addition, there was no difference
(P 5 0.254) in butyric acid levels in the GML1 group
compared with the NCO or ANT groups at day 56.
Cecal Microbiota

The abundance and diversity of cecal microbiota in
each treatment are summarized in Figure 3 (day 28)
and Figure 4 (day 56). The Venn diagram shows that
a total of 617 OTU are shared among the 4 treatment
groups. In addition, there are unique OTU in the
GML1 (number: 56) and GML2 (number: 152) groups,



Table 2. Effects of dietary supplementation of a-GML of growth performance
in broilers.

Items

Treatments1

SEM P-valueNCO ANT GML1 GML2

BW, g
1 d 35.53 35.49 35.46 35.23 0.08 0.506
28 d 472.50b 512.68a 521.79a 508.61a 6.20 0.001
56 d 1,490.00b 1,540.98a 1,559.98a 1,540.23a 6.17 0.001

ADG, (g/day)
1–28 d 15.61b 17.04a 17.37a 16.91a 0.16 0.001

29–56 d 36.34 36.73 37.08 36.84 0.15 0.42
1–56 d 25.97b 26.88a 27.22a 26.88a 0.11 0.001

a,bMean with different superscripts in the same row differ significantly (P , 0.05).
Abbreviations: ANT, basal diet supplemented with 30 mg/kg bacitracin; GLM,

glycerol monolaurate; GML1, basal diet supplemented with 500 mg/kg a-GML;
GML2, basal diet supplemented with 1,000 mg/kg a-GML; NCO, basal diet provided
as control.

1The mean represent results from 8 replicate cages per treatment.
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and these are more numerous than those in the NCO and
ANT groups on day 28 (Figure 3A). The unweighted
pair-group method with arithmetic mean cluster tree
revealed that the dominant bacterial phyla in broiler
cecal contents in our study on day 28 were Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, and Ten-
ericutes. The principal component analysis results indi-
cate that the microflora of GML1 and GML2 broilers
were different from the NCO group (Figure 3C). Alpha
Figure 1. Levels of Ig in the serum of broiler chickens given experimental d
with 30 mg/kg bacitracin; GML1, basal diet supplemented with 500 mg/k
NCO, basal diet provided as the control. Bars represent mean 6 SD (n 5
different means (P , 0.05).
diversity (Shannon index) was higher in the GML
groups, especially in the GML1 group, than in the
NCO or ANT groups (Figure 3D).
The dominant bacterial families in the cecal contents of

broilers in our study were Ruminococcaceae, Barnesiella-
ceae, Bacteroidaceae, Lachnospiraceae, and Riken
ellaceae, as shown by taxonomic classification of the mi-
crobial compositions on day 28 (Figure 3E). In addition,
the relative abundances of Lachnospiraceae in the
iets at day 28 and day 56. Abbreviations: ANT, basal diet supplemented
g a-GML; GML2, basal diet supplemented with 1,000 mg/kg a-GML;
8). Different lowercase letters (a, b) above bars represent significantly



Figure 2. Levels of volatile fatty acid in cecum contents of broiler chickens diets at day 28 and day 56. Abbreviations: ANT, basal diet supple-
mented with 30 mg/kg bacitracin; GML1, basal diet supplemented with 500 mg/kg a-GML; GML2, basal diet supplemented with 1,000 mg/kg
a-GML; NCO, basal diet provided as the control. Bars represent mean 6 SD (n 5 8). Different lowercase letters (a, b) above bars represent signifi-
cantly different means (P , 0.05).
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GML1 group and Christensenellaceae in the GML2 group
were higher (P , 0.05 and P , 0.05, respectively) than
those in the ANT group (Figures 3F and 3G). At the spe-
cies level, we observed that Bacteroides caecigallinarum,
Bacteroides sp., Clostridium spiroforme, Bacteroides
dorei, and Clostridiales bacterium were the dominant
strains in all samples (Figure 3H). Moreover, we found
that the acid-producing bacteria Ruminococcaceae car-
nobacterium was more abundant in cecal contents from
the GML1 group (P , 0.05) than the NCO group, while
higher (P , 0.05) abundances of Blautia glucerasea were
observed in the GML2 group than in the NCO and ANT
groups. In addition, we also found that compared with
the ANT group, there was a reduction (P , 0.05) in the
harmful bacteriaB. dorei in the GML1 and GML2 groups
(Figures 3I–3K).
By day 56, the cecal microflora composition of broilers

in our experimental treatments had changed. Figure 4A
shows that there were 727 shared OTU between all
groups. In addition, there were fewer unique OTU in
the GML1 (number: 55) and GML2 (number: 47) groups
than in the NCO group. The total number of OTU in the
GML1 (979) and GML2 (975) groups were higher than
that in the ANT (879) group on day 56. In addition,
the dominant bacterial phyla were similar to those
observed on day 28 (Figure 4B). The principal component
analysis results indicated that themicroflora of the GML1
group was similar to that of GML2 but very different
from the NCO and ANT groups (Figure 4C). The Shan-
non index was higher in both the GML1 and GML2
groups than in the ANT group (Figure 4D). As shown
in Figures 4E–F, genes from Bacteroides, Parabacter-
oides, Megamonas, Megasphaera, and an unidentified
bacterium were dominant. After the addition of a-
GML, the abundance of Desulfovibrio in broilers
increased (P , 0.05) compared with those in the NCO



Figure 3. The abundance and diversity of microbial community in cecal contents of broilers at day 28. (A) The Venn diagram summarizing the
numbers of common and unique OTU in the microflora community in cecal contents of broilers. (B) The UPGMACluster Tree displaying the relative
abundances of predominant bacteria at the species level in each group (unweighted UniFrac distance). (C) The principle component analysis (PCA)
plot about the cecal microflora. (D) The Shannon index reflecting species diversity within and between groups. (E, H) The top 10 relative abundance of
microflora community (level family and level species) indicate by histogram. (F, G, I–K)The some bacteria with significant differences between groups
(level family, level species) indicate by histogram. Abbreviations: ANT, basal diet supplemented with 30 mg/kg bacitracin; GML1, basal diet supple-
mented with 500 mg/kg a-GML; GML2, basal diet supplemented with 1,000 mg/kg a-GML; NCO, basal diet provided as the control; OTU,
operational taxonomic unit; UPGMA, unweighted pair-group method with arithmetic mean. Bars represent mean 6 SD (n 5 6). *Means different
(P , 0.05), **means significant difference (P , 0.01).
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group. At the species level, Bacteroides sp., Bacteroides
coprocola, Bacteroides caecicola, Bacteroides caecigalli-
narum, and Candidatus saccharibacteria were the domi-
nant species in all samples (Figure 4G). The
abundances of acid-producing bacteria B. glucerasea
and Coprobacter secundus were higher (P , 0.05) in
the NCO group than in the GML groups (Figures 4H
and 4I). Abundances of pathogenic bacteria,Alistipes tid-
janibacter (P, 0.05), andB. dorei (P, 0.05) were lower
in the GML1 group than in the NCO group (Figures 4J
and 4K).
DISCUSSION

The treatment of livestock with GML has received
increased attention in the last few years. Similar to the
findings in our study, research by Snoeck et al. (2011)
and Fortuoso et al. (2019) have shown that GML has
the potential to be used as a growth promoter for it can
improve the weight gain and reduce the feed conversion,
as well as for the improvement of immune function by
augment the production of important molecules, such
as globulins. We found that supplementation with
500 mg/kg or 1,000 mg/kg a-GML significantly increased
broiler BWandADG than the basal diet. Our results may
be explained by findings from previous studies that found
that the improvement of growth performance was related
to the antibacterial effects of a-GML. This chemical com-
pound has the ability to reduce the abundance of patho-
genic bacteria and interferes with parasite multiplication
in the intestine (Mueller and Schlievert, 2015; Fortuoso
et al., 2019).
Ig (IgY, IgA, and IgM) are essential in an animal’s im-

mune response against pathogens. As an important part
of the immune system, IgG (IgY), IgA, and IgM, which
display antibody activities and bind specifically to an an-
tigen, are produced by B cells that have differentiated
into plasma cells (Sharma, 1999). IgM is the first Ig pro-
duced during a primary infection and can be transported
through polarized mucosal tissues (Schroeder and
Cavacini, 2010). Thus, it provides the first layer of pro-
tection against invading pathogens (Choi and
Baumgarth, 2008; Justel et al., 2013). In addition, IgY
is the major antibody in chickens and is present at
high concentrations in serum and egg yolk (Thirumalai
et al., 2019; Zhang et al., 2017).
And, it has been shown that specific IgY has signifi-

cant inhibitory effects on bacterial growth and resisted



Figure 4. The abundance and diversity of microbial community in cecal contents on broilers at day 56. (A) The Venn diagram summarizing the
numbers of common and unique OTU in the microflora community in cecal contents of broilers. (B) The UPGMACluster Tree displaying the relative
abundances of predominant bacteria at the species level in each group (unweighted UniFrac distance). (C) The principle component analysis (PCA)
plot about the cecal microflora. (D) The Shannon index reflecting species diversity within and between groups. (E, G) The top 10 relative abundance of
microflora community (level genes and level species) indicate by histogram. (F, H–K) The some bacterias with significant differences between groups
(level genes, level species) indicate by histogram. Abbreviations: ANT, basal diet supplemented with 30 mg/kg bacitracin; GML1, basal diet supple-
mented with 500 mg/kg a-GML; GML2, basal diet supplemented with 1,000 mg/kg a-GML; NCO, basal diet provided as the control; OTU,
operational taxonomic unit; UPGMA, unweighted pair-group method with arithmetic mean. Bars represent mean 6 SD (n 5 6). *Means different
(P , 0.05), **means significant difference (P , 0.01).
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parasite infection (Gujral et al., 2017; Qin et al., 2016; Li
et al., 2015). Moreover, additional supplement with IgY
can improve the immunity (Hussein et al., 2020).
Fortuoso et al. (2019) found that when chicken feed is
supplemented with GML, the levels of globulins and to-
tal proteins in their serum significantly increased. Our
study demonstrates that adding a-GML increases IgM
and IgY levels in broilers compared with broilers in the
NCO group. IgA plays an important role in preventing
the invasion of pathogens, such as bacteria and viruses,
through a variety of antibody-mediated innate effector
cell mechanisms (Pabst, 2012; Davis et al., 2020). IgA
levels increase when the body is under stress or subject
to bacterial infection, and so on (Pabst, 2012; Bunker
and Bendelac, 2018; Wilmore et al., 2018), and changes
in IgA levels were associated with intestinal flora
(Macpherson et al., 2018; Beller et al., 2020; Suzuki,
2020). Previous research has shown that GML can
inhibit bacteria growth and regulates intestinal flora to
relieve stress (Fortuoso et al., 2019; Zhao et al., 2019).
In our experiment, the decrease in IgA levels may be con-
nected with it. However, research on the effects of
a-GML on Ig is limited, so this mechanism warrants
further investigation.
Intestinal microbiota have a variety of important
functions in organisms, such as immune regulation and
metabolic regulation (Sittipo et al., 2018; Michaudel
and Sokol, 2020). As a complex ecosystem with a dy-
namic diversity of species, the composition of the intesti-
nal microbiota gets altered based on the diet and over
time (Tilocca et al., 2017). For example, the abundance
and presence or absence of OTU contributes to the diver-
sity of cecal microbiota (Zhang et al., 2016a). This is
closely correlated with intestinal health. Consistent
with the findings of Mo et al. (2019), that GML may
affect gut microbial structure, we observed higher alpha
and beta diversities of microbial species as well as more
unique OTU in the GML1 and GML2 groups. This sug-
gests that the structure of intestinal flora has improved
and, thus, intestinal health. In addition, many studies
have reported the antibacterial effects of GML. In our
study, at the species level, A. tidjanibacter and B. dorei,
which can induce intestinal inflammation and have long
been considered bacterial pathogens (Moschen et al.,
2016; Parker et al., 2020), were observed to significantly
decrease in the GML groups. This may have resulted in
the reduction of IgA (after supplementation with
a-GML) and helps clarify the underlying mechanism
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by which GMLmediates immune function enhancement.
Furthermore, compositional and functional changes in
gut microbiota results in changes in VFA production
(Sergeant et al., 2014; Janssens et al., 2017).

Various studies have shown that VFA provide nutrients
for the regeneration and repair of intestinal epithelial cells,
decrease intestinal pH, and inhibit the growth of certain
harmful microorganisms (Zheng et al., 2017; Che et al.,
2019). For example, butyric acid, produced byClostridium
butyricum, improves growth performance and immune
function and benefits the balance of intestinal microflora
in broiler chickens (Zhang et al., 2016a,b; Detman et al.,
2019; Huang et al., 2019; Zhan et al., 2019). Indeed, previ-
ous studies on the effects of GML on VFA levels in broiler
cecum contents are lacking. Our study found that after
a-GML supplementation, VFA levels increased by day
28, but by day 56, they decreased. Previous studies have
found that GML can have bacteriostatic effects (Mueller
and Schlievert, 2015) and can modulate intestinal micro-
flora (Mo et al., 2019; Zhao et al., 2020). This fact, com-
bined with research by Kleessen et al. (2001) and
Lourenco et al. (2019), indicates that changes inVFA levels
may be related to changes in gut flora. In addition, our re-
sults from the microbial sequencing analysis showed that
the relative abundance of acid-producing bacteria
increased, for example Lachnospiraceae and Christense-
nellaceae, which produce butyrate (Quan et al., 2018;
Yacoubi et al., 2018). And, it have been reported that
the enrichment of Ruminococcaceae and Blautia lead to
higher faecal short chain fatty acids, including butyrate,
propionate, valerate, and isovalerate (Upadhyaya et al.,
2016; Zhou et al., 2017). The increase ofR. carnobacterium
and B. glucerasea was consistent with our results, where
the propionic acid, butyric acid, valeric acid, and isovaleric
acid were found trend to increase on day 28. Moreover, in
our study, an increase in Desulfovibrio after a-GML sup-
plementation was observed on day 56. Scanlan et al.
(2009) found that Desulfovibrio can break down short-
chain fatty acids. In addition, we observed that Copro-
bacter, which was described as a propionic and acetic
acid producer (Liu et al., 2019), and Blautia, also consid-
ered to be a producer of some short-chain fatty acids
(Liu et al., 2015; Upadhyaya et al., 2016; Zhang et al.,
2019), were in lower abundance in the GML1 and GML2
groups. This explains the observed reduction in acetic
acid, propionic acid, valeric acid, and isovaleric acid in
cecum contents in broilers at day 56. Finally, our experi-
mental results indicate that short-term additions of a-
GML can improve intestinal flora health, but long-term
addition may have adverse effects on intestinal flora and
VFA. Further research is still needed on the regulatory
mechanisms. Moreover, combined with previous research
and ours indicated that a-GML had great potentialities
as new additives for broilers.

In conclusion, the results of our study suggest that di-
etary a-GML supplementation in broiler feed improves
BW and ADG and enhances immune responses by
adjusting Ig levels, such as those of IgM and IgY. In addi-
tion, short-term supplementation of a-GML may
increase the production of VFA. These positive effects
may be associated with an increased abundance of gut
bacterial flora, in particular various acid-producing
bacterial groups, and a reduction in B. dorei and A.
tidjanibacter, which are known to cause inflammation
and disease.
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