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Abstract
Clostridium butyricum, as a novel microecological preparation, exhibits char-
acteristics such as heat resistance, acid tolerance, and tolerance to multiple
antibiotics. The addition of Clostridium butyricum preparation in livestock
and poultry production not only promotes animal growth, regulates the microe-
cological balance of intestinal flora, and exerts multiple probiotic effects on the
host, but also reduces the use of antibiotic products in feed, thereby decreasing
drug residues in meat products. The use of Clostridium butyricum can reduce
bacterial drug resistance, thus safeguarding animal health. This paper primarily
reviews the biological functions of Clostridium butyricum and its applications
in animal production, aiming to provide references for its utilization in healthy
animal breeding and safe production.
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Abstract: As a novel microecological preparation, Clostridium butyricum ex-
hibits characteristics such as heat resistance, acid tolerance, and resistance to
multiple antibiotics. Supplementing livestock and poultry diets with C. bu-
tyricum preparations not only promotes animal growth and regulates intestinal
microflora balance to confer various probiotic benefits to the host, but also re-
duces the use of antibiotic feed additives, thereby decreasing drug residues in
animal products. Utilizing C. butyricum can reduce bacterial resistance and
safeguard animal health. This review summarizes the biological functions of
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C. butyricum and its applications in animal production, aiming to provide a
reference for healthy and safe animal breeding practices.

Keywords: Clostridium butyricum; microecological preparation; biological
function; animal production; application

Clostridium butyricum, also known as butyric acid bacteria or butyric acid
clostridia, was first discovered and reported in 1933 by Dr. Miyoshi Miyairi from
Chiba Medical University in Japan, hence it is also called Miyairi bacteria [1].
Taxonomically classified under the genus Clostridium, it is an anaerobic Gram-
positive spore-forming bacillus isolated from the intestines of healthy humans
and animals. It can colonize the animal intestinal tract and produces short-
chain fatty acids, primarily butyric acid and lactic acid, as beneficial metabo-
lites. As a new generation of spore-forming probiotic preparation, C. butyricum
possesses superior biological characteristics compared to non-spore probiotics,
including heat resistance, acid tolerance, and resistance to multiple antibiotics.
In July 2009, China’s Ministry of Agriculture approved C. butyricum prepa-
rations for use as microbial feed additives [2]. When used as a feed additive,
C. butyricum exhibits multiple biological functions in regulating animal intesti-
nal health, primarily by promoting the growth of beneficial bacteria (such as
Lactobacillus, Bacillus, and Bifidobacterium), regulating animal intestinal mi-
croflora balance, stabilizing gastrointestinal function, enhancing immune stress
response, and thereby maintaining animal health and promoting growth. As
a microecological additive, C. butyricum can be used either alone or in com-
bination with other beneficial bacteria to achieve mutual enhancement among
microbial communities.

1 Biological Functions of Clostridium butyricum
Clostridium butyricum is a symbiotic bacterium in human and animal intestines
that can colonize the host intestinal tract through the gastrointestinal environ-
ment. It belongs to anaerobic or facultative anaerobic spore-forming bacilli and
is unaffected by gastric acid and bile acids. Its primary metabolic product, bu-
tyric acid, serves as the main nutritional substance for regeneration and repair
of intestinal epithelial tissue cells.

1.1 Growth Promotion

Clostridium butyricum promotes the proliferation and development of beneficial
intestinal flora (such as Bifidobacterium and Lactobacillus) while inhibiting the
growth and reproduction of harmful and putrefactive bacteria, thereby correct-
ing intestinal flora disorders and reducing enterotoxin production. Addition-
ally, dietary supplementation with C. butyricum can effectively degrade antin-
utritional factors in feed, eliminate their antinutritional effects, improve feed
nutritional value, and promote digestion and decomposition of nutrients, conse-
quently enhancing feed utilization efficiency. Similar to other aerobic bacilli, C.
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butyricum produces highly active extracellular enzymes during its resuscitation
and development in the digestive tract, including proteases, lipases, amylases,
glycosidases, and various other enzymes. It also produces enzymes that degrade
non-starch polysaccharides in plant feed, such as pectinase, cellulase, and glu-
canase. These active enzymes directly act on the “enzyme pool”of the animal
digestive tract, degrading corresponding nutrients in feed and improving nutri-
ent digestibility, thereby enhancing the utilization of crude protein and energy
and reducing feed conversion ratio. Clostridium butyricum possesses protease
I, protease II, and lipase, which can improve animal digestion and absorption
of fat and crude protein [3]. Furthermore, C. butyricum functions as an amino
acid carrier that can transport but not decompose amino acids, which bene-
fits animal growth. Uyeno et al. [4] reported that feeding calves a mixture of
C. butyricum and cellooligosaccharide improved intestinal microflora structure,
maintained intestinal microecological health, reduced diarrhea incidence, and
enhanced production performance.

1.2 Regulation of Intestinal Microflora Balance

The establishment of animal intestinal microflora begins during the birth process
when newborn animals acquire bacteria from the skin and milk of the mother,
surrounding objects, and ambient air. Due to the immature physiological func-
tions of newborn animals, disease incidence is relatively high, including malnu-
trition, premature birth, and diarrhea-related diseases. Clostridium butyricum
can accelerate the growth of intestinal mucosal epithelial cells and promote the
maturation of young animal intestines, enhance intestinal peristalsis, restore in-
testinal motility, and prevent or correct intestinal microflora imbalance. Studies
have shown that C. butyricum exhibits significant repair effects on symptoms
such as damaged intestinal mucosal integrity, villus destruction, and epithelial
cell swelling and shedding caused by antibiotics [5]. Intestinal microflora imbal-
ance can lead to various diseases, but C. butyricum can both prevent abnormal
proliferation of pathogenic and putrefactive bacteria in the intestine and pro-
mote the proliferation and development of beneficial intestinal flora, thereby
correcting microflora disorders and reducing enterotoxin production.

Hossain et al. [6] fed broiler chickens a compound probiotic preparation made of
C. butyricum, Bacillus subtilis, and Lactobacillus, then measured microbial flora
in ileal and cecal contents after slaughter. The results showed that probiotic
feeding significantly increased Lactobacillus and Bifidobacterium populations
while markedly inhibiting Escherichia coli and Clostridium perfringens growth,
with the 0.2% high-dose group showing better inhibition effects than the 0.1%
low-dose group, and both groups outperforming the antibiotic group.

Various factors including host neurological, functional, or organic changes,
invasion by pathogenic bacteria, viruses, or molds, and antibiotic admin-
istration can cause normal flora imbalance, leading to conditions such as
acute diarrhea, autumn-winter diarrhea, secondary diarrhea, viral diarrhea,
antibiotic-associated diarrhea, and irritable bowel syndrome. Endogenous
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infections caused by translocation of harmful bacteria and immune disorders
triggered by congenital immune dysregulation can damage local intestinal
mucosa, subsequently causing intestinal inflammation such as chronic terminal
ileitis, ulcerative colitis, and necrotizing enterocolitis. Butyric acid produced
by C. butyricum can inhibit histone deacetylase activity, while its produced
folic acid participates in gene methylation and demethylation, regulating host
gene expression to prevent and treat enteritis and diarrhea [1]. Clostridium
butyricum is used as an anti-diarrheal probiotic in Japan. Diarrhea patients
receiving C. butyricum treatment from the beginning or middle of trials showed
9% and 5% reductions in diarrhea, respectively. During antibiotic treatment,
C. butyricum supplementation can increase anaerobic bacteria and prevent
Bifidobacterium reduction [7]. Yao et al. [8] investigated the clinical efficacy of
interval application of live C. butyricum powder and montmorillonite powder
in treating pediatric persistent diarrhea. The trial divided patients into two
groups: the observation group received live C. butyricum powder 2 hours after
montmorillonite powder, while the control group received compound gastric
protease powder 2 hours after montmorillonite powder. The results showed
the observation group achieved a total effective rate of 100.00% compared to
72.58% in the control group, with statistically significant differences between
groups, demonstrating that interval application of live C. butyricum powder
and montmorillonite powder is remarkably effective for pediatric persistent
diarrhea and worthy of clinical promotion, with similar reports available [9-11].

1.3 Immune Modulation

Intestinal barrier function is primarily achieved through the intestinal mucosal
barrier, which includes mechanical, biochemical, chemical, and immunological
barriers, as well as the molecular sieve of the intestinal mucosal lamina propria.
The mechanical barrier comprises intestinal mucosal epithelial cells, intercellular
junctions on the lateral sides of epithelial cells, epithelial basement membrane,
and cell coats on the epithelial surface, which constitute the first line of defense
for the immune system. Therefore, the integrity of intestinal mucosal epithelial
structure is closely related to intestinal mechanical barrier function and overall
immune function.

Butyric acid, the product of C. butyricum, stimulates intestinal mucosal im-
mune activity and promotes immune function to some extent through regula-
tion of intestinal microecology. The interaction between the intestinal immune
system and intestinal microorganisms jointly maintains intestinal homeostasis
[12]. Clostridium butyricum is well-known for treating intestinal inflammatory
diseases. Gao et al. [13] investigated the ability of C. butyricum to inhibit E. coli-
induced apoptosis in chicken embryo intestinal cells. The results showed that C.
butyricum and its culture supernatant significantly inhibited E. coli growth and
markedly suppressed apoptosis induced by regulating the expression of X-linked
inhibitor of apoptosis protein (XIAP), B-cell lymphoma-extra large (Bcl-xL),
Fas, B-cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax), tumor pro-
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tein 53 (P53), and through activation of caspase-9 and caspase-3. Clostridium
butyricum can prevent intestinal diseases caused by enterohemorrhagic E. coli.
Under the challenge of E. coli K88, dietary supplementation with C. butyricum
can promote broiler growth performance, improve immune function, and exert
beneficial effects on cecal microflora [14-15]. Preventive treatment with C. bu-
tyricum increased the activities of superoxide dismutase (SOD) and catalase
(CAT) in mouse serum while significantly reducing malondialdehyde (MDA)
levels in untreated acute liver injury (ALI) mice compared with normal control
mice [16]. Clostridium butyricum also significantly reduced lung resistance in
asthmatic mice; oral administration inhibited airway inflammation, mast cell
degranulation, airway remodeling, and the expression of ovalbumin-specific im-
munoglobulin E and ovalbumin-specific immunoglobulin G1, reversed T helper
cell 1 (Th1)/T helper cell 2 (Th2) imbalance, and increased the expression of
the anti-inflammatory cytokine interleukin-10 (IL-10) [17]. Meanwhile, medical
research reports indicate that oral administration of C. butyricum combined
with pediatric antidiarrheal granules shows good efficacy in children and can
optimize their immune function, making it worthy of clinical promotion [18].
Clostridium butyricum has varying effects from health to pathogenicity. While
non-toxic strains have validated probiotic properties in clinical practice, other
strains have been associated with pathological conditions such as infant botulism
or necrotizing enterocolitis (NEC) in preterm infants. Since both toxigenic and
non-toxigenic clostridia form part of the normal reproductive bacterial popula-
tion, understanding the triggers for beneficial or pathogenic factor expression
remains a challenge [19].

Clostridium butyricum can activate immune responses and promote the devel-
opment of the immune system. Its secreted butyrate and hydrogen (H�) can
enhance antioxidant enzyme activity, reduce oxidative stress, and inhibit in-
flammation. Supplementing broiler diets with different doses of C. butyricum
and measuring antioxidant indicators in duodenal, jejunal, and ileal mucosa at
day 21 and day 42 showed that C. butyricum could enhance antioxidant enzyme
activity and reduce oxidative damage to intestinal epithelial tissue through bu-
tyrate and H� production [20]. Wang et al. [21] reported that C. butyricum
significantly reduced gastric mucosal damage area and improved pathological
conditions of gastric mucosa. In all gastric ulcer model studies, C. butyricum
not only reduced SOD and CAT activities but also decreased MDA levels; pre-
treatment with C. butyricum reduced the accumulation of interleukin-1� (IL-1�),
tumor necrosis factor-� (TNF-�), and leukotriene B4 (LTB4) while increasing
6-keto-prostaglandin F1� expression.

Clostridium butyricum induces intestinal macrophage proliferation to suppress
colitis [22], and as a probiotic, it can induce bone marrow-derived macrophages
to inhibit inflammation on inflammatory mucosa through Toll-like receptor
(TLR) 2 [12]. Yang [23] demonstrated that teichoic acid from C. butyricum
plays an important role in adhesion. Teichoic acid extracted and purified from
C. butyricum can cause inflammatory responses in HT-29 cells but also mod-
ulates inflammation by increasing secretion of inflammatory inhibitory factors,
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thereby preventing excessive inflammatory factor expression that could damage
tissues, with C. butyricum and its teichoic acid showing similar trends. Other
studies indicate that teichoic acid has some inhibitory effect when E. coli ad-
heres to human colon cancer cells and intestinal cells [24], and the lipid fraction
isolated from its spores can inhibit urokinase synthesis in leukemia lymphocytes,
thymic carcinoma, and lung cancer cells to some extent [25].

1.4 Nutrient Provision

Clostridium butyricum can produce B vitamins, vitamin K, and other substances
in the intestine, along with enzymes such as amylase, protease, glycosidase, cel-
lulase, and phospholipid synthase. Through the action of these enzymes, it
ferments to produce glucose, maltose, and other substances that aid digestion
and absorption, while certain oligosaccharides produced also provide nutrients
for other probiotics. A konjac glucomannan-degrading enzyme has been iso-
lated and purified from anaerobic intestinal bacteria and the C. butyricum-
Clostridium beijerinckii group. This enzyme consists of a single polypeptide
chain with a molecular weight of 50,000-53,000 u and is a �-mannan endonucle-
ase that specifically acts on polysaccharides such as konjac glucomannan and
coffee mannan to produce oligosaccharides and monosaccharides [26]. Addition-
ally, the C. butyricum-C. beijerinckii group can produce endo- and exo-pectate
lyases and pectin methylesterase, which are secreted into the human large intes-
tine and act on pectin to produce 4,5-unsaturated digalacturonic acid, ultimately
decomposing into volatile short-chain fatty acids [27].

1.5 Anticancer and Antitumor Effects

Clostridium butyricum improves clinical, histological, and biochemical man-
ifestations in colitis-associated cancer (CAC) models, extends epithelial cell
microvilli, and increases transmembrane resistance by reducing transepithelial
permeability. It promotes miR-200c expression, thereby increasing prolifer-
ation rate, and can regulate the production of pro-inflammatory cytokines
TNF-� and interleukin-12 (IL-12) through miR-200c. It may participate in
inflammation-related cancer processes by regulating epithelial barrier function
through miR-200c [28]. Chen et al. [29] reported that C. butyricum and
Bacillus subtilis could inhibit proliferation of colorectal cancer (CRC) cells
induced by 1,2-dimethylhydrazine dihydrochloride (DMH), cause cell cycle
arrest, and promote apoptosis, with molecular mechanisms involving reduced
inflammation and improved immune homeostasis. Research indicates that C.
butyricum MIYAIRI588 (CBM588) induces the release of endogenous tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL) from polymorphonu-
clear neutrophils (PMNs) and bacillus Calmette-Guérin (BCG), with matrix
metalloproteinase-8 (MMP-8) being one of the key factors responsible for this
release [30]. The TLR2/4 signaling pathway has been identified as important
for MMP-8-mediated TRAIL release. CBM588 is as effective as BCG against
cancer cells by inducing apoptosis both in vivo and in vitro.
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Currently, probiotic-based tumor prevention and treatment has become a novel
therapeutic approach, based on the principle that C. butyricum can selectively
proliferate in tumors and antagonize tumor cell growth [31]. Due to this selec-
tive colonization of tumor tissue, genetically modified C. butyricum can secrete
therapeutic proteins such as cytosine deaminase and TNF-�, with even greater
specificity if expression is controlled by radiation-inducible promoters, making
tumor treatment more precise [32]. Metabolites of C. butyricum are considered
to have anticancer potential, as its produced butyric acid can not only alter in-
testinal physiological conditions but also eliminate effects of some carcinogens,
such as inhibiting the carcinogenic activity of nitrosamines [33]. Additionally, re-
ports indicate that C. butyricum has neuromodulatory effects. Sun et al. [34] in-
vestigated whether C. butyricum attenuates cerebral ischemia/reperfusion (I/R)
injury and its possible mechanisms. The results showed that I/R caused neu-
rological deficits, increased caspase-3 and Bax protein expression levels, and
decreased the Bcl-2/Bax ratio. Clostridium butyricum treatment significantly
improved neurological deficits, alleviated pathological changes, reduced MDA
content, and increased SOD activity in I/R mice. After C. butyricum pretreat-
ment, caspase-3 and Bax expression were significantly reduced, the Bcl-2/Bax
ratio was markedly increased, and butyric acid content in the brain was sig-
nificantly elevated. Another study reported [35] that C. butyricum reversed
I/R-induced reduction in phosphorylated AKT protein (p-Akt) expression and
increased caspase-3 expression, thereby inhibiting neuronal apoptosis. Clostrid-
ium butyricum also restored the reduced fecal microbial community diversity
and altered microbial community composition induced by I/R. These findings
demonstrate that C. butyricum exerts neuroprotective effects through antioxi-
dant and anti-apoptotic mechanisms in I/R mice, and that reversing the reduc-
tion of butyric acid content in mouse brain may be involved in this protection.

2 Application Progress of Clostridium butyricum in Animal
Production
Clostridium butyricum can be used as a feed additive either alone or in com-
bination with probiotics such as Lactobacillus, Bacillus, and Bifidobacterium,
and even jointly with certain antibiotics to avoid hazards from antibiotic abuse.
Clostridium butyricum microecological preparations can improve the intestinal
microenvironment, enhance immune function, and reduce intestinal diseases
such as diarrhea in animals [1, 36]. Its main metabolic product, butyric acid, is
a non-toxic, amphipathic four-carbon short-chain fatty acid that can penetrate
both Gram-positive and Gram-negative bacterial cell membranes, promote pro-
liferation of beneficial bacteria, inhibit growth of harmful bacteria, and thus
maintain overall intestinal health [37]. As a rapid energy source for intestinal
cells, butyric acid possesses physiological functions including regulation of in-
testinal microbial flora, promotion of intestinal development, and enhancement
of immune and antioxidant capacity.
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2.1 Application in Poultry

One of the most important characteristics of probiotics is reducing pathogen
proliferation by inhibiting pathogen adhesion, which is also a crucial indica-
tor for measuring antibacterial properties. The adhesion inhibition effect of
probiotics on pathogens is highly specific and often depends on the character-
istics of both the probiotic and pathogen strains. Studies have shown that C.
butyricum can replace antibiotics in broiler chickens [35]. After feeding broil-
ers with different concentrations of C. butyricum, serum immunoglobulin M
content increased [20], serum antioxidant capacity improved, immune function
was enhanced, protein metabolism was promoted, and ammonia emission was
reduced [38]. These effects indicate that C. butyricum can improve broiler im-
mune performance, possibly because it can regulate immune pathways in the
body. Clostridium butyricum can also promote immune responses in broilers
challenged with E. coli K88 and improve intestinal barrier function and diges-
tive enzyme activity [39]. Regarding specific regulatory mechanisms, research
suggests that C. butyricum may alleviate inflammation in chickens by down-
regulating the TLR4, myeloid differentiation factor 88 (MyD88), and nuclear
factor-�B (NF-�B)-dependent pathways [40]. Liao et al. [41] reported that di-
etary C. butyricum supplementation increased SOD activity in chick liver tissue
and decreased MDA content, increased concentrations of total polyunsaturated
fatty acids including C20:1n-9, C20:2n-6, C20:3n-6, C20:3n-3, C20:4n-6, C20:5n-
3, and C22:6n-3 in breast muscle, as well as the ratio of total polyunsaturated to
saturated fatty acids, and increased contents of C18:2 t-9, C18:2 t-12, C20:3n-6,
C20:3n-3, and C20:5n-3 in thigh muscle.

Clostridium butyricum promotes proliferation of beneficial bacteria and inhibits
growth of harmful bacteria to regulate intestinal microflora balance and im-
prove the intestinal microenvironment. It enhances digestion and absorption
capacity, maintains normal mucosal barrier function, improves immune status,
increases intestinal volatile fatty acid content and antioxidant capacity [42], reg-
ulates nitrogen metabolism, improves intestinal morphology, and balances cecal
microflora in broilers [43].

2.2 Application in Swine

Dietary probiotic supplementation can significantly improve intestinal immune
response and pathogen adhesion. In terms of immune response, downregu-
lated proteins such as transmembrane glycoprotein NMB and �-galactoside �-
2,6-sialyltransferase 1 are involved in intestinal diseases and innate immune
responses, while upregulated proteins participate in antigen presentation and
complement activation pathways, such as ficolin-2 and inverted formin-2. Re-
garding cell growth and proliferation, downregulated proteins are involved in cell
proliferation (e.g., methyl-CpG-binding domain protein 2), cell morphology (e.g.,
hexokinase-2), and tissue morphology (e.g., nuclear distribution protein nudE
homolog 1) [44]. Compound C. butyricum probiotic preparations show signifi-
cant effects in preventing piglet diarrhea and can be further promoted as green
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additives [45]. Reports indicate that adding C. butyricum to early-weaned piglet
diets can significantly increase intestinal microbial diversity, markedly reduce
diarrhea rate, and improve weight gain and feed conversion efficiency [46-48].
Pang et al. [49] found that C. butyricum significantly reduced weaned piglet di-
arrhea rate and crypt depth, significantly increased villus height to crypt depth
ratio, significantly decreased serum endotoxin and D-lactic acid concentrations,
improved intestinal mucosal morphology, reduced intestinal permeability, and
significantly increased occludin mRNA expression in the ileum and colon of
weaned piglets, thereby upregulating tight junction protein gene expression and
protecting intestinal mucosal barrier function.

Additionally, scholars have reported that C. butyricum can stimulate TLR2 ex-
pression at the mRNA level, while transcription levels of TLR4, TLR5, TLR9,
and MyD88 remain unchanged. Clostridium butyricum significantly increased
NF-�B, interleukin-8 (IL-8), and TNF-� expression levels, indicating that it can
sensitize HT-29 cells [50]. However, in the absence of TLR2 expression, NF-�B,
IL-8, interleukin-6 (IL-6), and TNF-� levels were significantly reduced, suggest-
ing that TLR2 is required for C. butyricum recognition. Therefore, C. butyricum
participates in activating TLR2-mediated, MyD88-independent signaling path-
ways in epithelial cells [51].

2.3 Application in Aquaculture

Duan et al. [52] conducted a 56-day acute high-temperature stress trial to evalu-
ate the effects of dietary C. butyricum probiotic on growth performance and
intestinal antioxidant capacity in kuruma shrimp (Marsupenaeus japonicus).
The results showed that dietary supplementation with 100 mg/g C. butyricum
improved growth performance and reduced feed conversion ratio. Hematoxylin-
eosin (HE) staining revealed that C. butyricum increased intestinal epithelial cell
height in kuruma shrimp. Dietary C. butyricum supplementation improved oxy-
gen production capacity and MDA content, increased total antioxidant capacity
(T-AOC), CAT and peroxidase (POD) activities, and enhanced expression levels
of heat shock protein 70 (hsp70) and metallothionein (MT) genes. Studies on
the antagonistic effects of C. butyricum against Vibrio harveyi and its effects on
growth performance, digestibility, and immune response in freshwater shrimp
showed that shrimp body weight and growth rate were significantly higher than
in the control group. The probiotic C. butyricum hindered pathogen growth
and promoted shrimp growth, protease, and amylase activities [53]. Different di-
etary concentrations of C. butyricum can improve growth performance in white
shrimp, increase intestinal short-chain fatty acid content and body crude protein
content, regulate intestinal digestive capacity, and enhance intestinal immune
function against ammonia stress in Litopenaeus vannamei [54].

3 Summary
Clostridium butyricum in animal production can increase feed conversion rate,
reduce feed-to-weight ratio, enhance animal immunity, and improve intestinal
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microecological environment. As a microecological preparation, it has low toxic-
ity, leaves no residues, demonstrates good safety, meets consumer expectations,
and holds substantial market potential. However, C. butyricum preparations
are not yet widely used as probiotic agents in animal feed, possibly due to its
pungent odor affecting palatability and immature low-cost production processes.
Meanwhile, the probiotic principles and mechanisms of action of C. butyricum
and its metabolites in maintaining microecological balance and treating inflam-
mation and cancer, the mechanisms of host cell receptor recognition, and the
downstream immune signaling pathways leading to these benefits remain unclear
and require further in-depth research.

References:

[1] 张善亭, 史燕, 张淑丽, 等. 丁酸梭菌的研究应用进展 [J]. 生物技术通报,2013(9):27–33.
[2] 孙冬岩, 潘宝海, 孙笑非, 等. 丁酸梭菌对畜禽生产性能的影响 [J]. 饲料研究,2017(7):21–
22,37.
[3] 赵旭冬. 丁酸梭菌清液发酵和处理工艺 [D]. 硕士学位论文. 武汉: 华中农业大学,2011:9–12.
[4] UYENO Y,KAWASHIMA K,HASUNUMA T,et al.Effects of cellooligosac-
charide or a combination of cellooligosaccharide and live Clostridium butyricum
culture on performance intestinal ecology in Holstein calves fed milk or milk
replacer[J].Livestock Science,2013,153(1/2/3):88–93.
[5] LING Z,LIU X,CHENG Y,et al.Clostridium butyricum combined with
Bifidobacterium infantis probiotic mixture restores fecal microbiota and atten-
uates systemic inflammation antibiotic-associated diarrhea[J].Biomed Research
International,2015,2015:582048.
[6] HOSSAIN M M,BEGUM M,KIM I H.Effect of Bactillus subtilis,Clostridium
butyricum and Lactobacillus acidophilus endospores on growth perfor-
mance,nutrient digestibility,meat quality,relative organ weight,microbial
shedding and excreta noxious gas emission in broilers[J].Veterinárni Medic-
ina,2015,60(2):77–86.
[7] SEKI H,SHIOHARA M,MATSUMURA T,et al.Prevention of antibiotic-
associated diarrhea in children by Clostridium butyricum MIYAIRI[J].Pediatrics
International Official Journal of the Japan Pediatric Society,2003,45(1):86–90.
[8] 姚丽, 李晶, 黄慧桃. 酪酸梭菌活菌散与蒙脱石散间隔应用治疗小儿迁延性腹泻 62 例临床研究
[J]. 中国微生态学杂志,2010,22(10):922–924.
[9] 蒋曼, 蔡素芳, 康辉. 酪酸梭菌二联活菌散辅助治疗小儿肺炎继发性腹泻 78 例疗效观察 [J].
中国医学创新,2014,11(28):54–56.
[10] 娄玉霞. 酪酸梭菌二联活菌散防治婴幼儿肺炎继发腹泻疗效观察 [J]. 儿科药学杂
志,2013,19(5):25–27.
[11] 柴昶虹. 酪酸梭菌活菌散联合抗菌药治疗小儿急性细菌感染性腹泻临床疗效观察 [J]. 中国微
生态学杂志,2009,21(10):936–938.
[12] KANAI T,MIKAMI Y,HAYASHI A.A breakthrough in probiotics:Clostridium
butyricum regulates gut homeostasis and anti-inflammatory response in inflam-
matory bowel disease[J].Journal of Gastroenterology,2015,50(9):928–939.
[13] GAO Q X,QI L L,WU T X,et al.Ability of Clostridium butyricum to inhibit

chinarxiv.org/items/chinaxiv-201812.00443 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00443


Escherichia coli-induced apoptosis chicken embryo intestinal cells[J].Veterinary
Microbiology,2012,160(3/4):395–402.
[14] ZHANG L,CAO G T,ZENG X F,et al.Effects of Clostridium butyricum on
growth performance,immune function,and cecal microflora in broiler chickens
challenged with Escherichia coli K88[J].Poultry Science,2014,93(1):46–53.
[15] YANG C M,CAO G T,FERKET P R,et al.Effects of probiotic,Clostridium
butyricum,on growth performance,immune function,and cecal microflora in
broiler chickens[J].Poultry Science,2012,91(9):2121–2129.
[16] LIU J M,FU Y Y,ZHANG H,et al.The hepatoprotective effect of the
probiotic Clostridium butyricum against carbon tetrachloride-induced acute
liver damage in mice[J].Food & Function,2017,8(11):4042–4052.
[17] ZHANG J,SHI Z L,ZENG M H,et al.Oral administration of Clostridium
butyricum CGMCC0313-1 reduces ovalbumin-induced allergic airway inflamma-
tion mice[J].Respirology,2017,22(5):898–904.
[18] 宋代平, 余莉. 口服酪酸梭菌活菌片联合小儿速泻停颗粒治疗轮状病毒肠炎疗效观察 [J]. 海南
医学,2016,27(24):4042–4044.
[19] CASSIR N,BENAMAR S,LA SCOLA B.Clostridium butyricum:from
beneficial to a new emerging pathogen[J].Clinical Microbiology and Infec-
tion,2016,22(1):37–45.
[20] LIAO X D,MA G,CAI J,et al.Effects of Clostridium butyricum on
growth performance,antioxidation,and immune function broilers[J].Poultry
Science,2015,94(4):662–667.
[21] WANG F Y,LIU J M,LUO H H,et al.Potential protective effects of
Clostridium butyricum experimental gastric ulcers mice[J].World Journal
Gastroenterology,2015,21(27):8340–8351.
[22] HAYASHI A,SATO T,KAMADA N,et al.A single strain of Clostridium
butyricum induces intestinal IL-10-producing macrophages to suppress acute
experimental colitis micer[J].Cell Host & Microbe,2013,13(6):711–722.
[23] 杨静. 丁酸梭菌及其磷壁酸与肠道细胞互作的分子机制研究 [D]. 硕士学位论文. 泰安: 山东农
业大学,2014:25–37.
[24] GAO Q X,WU T X,WANG J B,et al.Inhibition of bacterial adhesion to
HT-29 cells by lipoteichoic extracted from Clostridium butyricum[J].African
Journal Biotechnology,2011,10(39):7633–7639.
[25] GAENKO G P,KHAIDUKOV S V.Inhibition of urokinase synthesis in
a tumor cell culture by the lipid fraction from the spores of the anaerobic
bacterium Clostridium butyricum[J].Microbiology,2010,79(4):435–438.
[26] NAKAJIMA N,MATSUURA Y.Purification and characterization of
konjac glucomannan degrading enzyme from anaerobic human intestinal bac-
terium,Clostridium butyricum-Clostridium beijerinckii group[J].Bioscience,Biotechnology,and
Biochemistry,2014,61(10):1739–1742.
[27] 陈筱筱, 赵娜,Manizha, 等. 酪酸梭状芽孢杆菌生理功能的研究进展 [J]. 中外医
疗,2015,34(28):196–198.
[28] XIAN Y,DAI X,LI K,et al.Clostridium butyricum partially regulates
the development of colitis-associated cancer through miR-200c[J].Cellular
Molecular Biology,2017,63(4):59–66.
[29] CHEN Z F,AI L Y,WANG J L,et al.Probiotics Clostridium butyricum

chinarxiv.org/items/chinaxiv-201812.00443 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00443


and Bacillus subtilis ameliorate intestinal tumorigenesis[J].Future Microbiol-
ogy,2015,10(9):1433–1445.
[30] SHINNOH M,HORINAKA M,YASUDA T,et al.Clostridium butyricum
MIYAIRIÂ 588 shows antitumor effects by enhancing the release of
TRAIL from neutrophils through MMP-8[J].International Journal of On-
cology,2013,42(3):903–911.
[31] PATYAR S,PRAKASH A,MEDHI B.Bacteria as a therapeutic approach in
cancer therapy[M]//KHANA.Bacteria and Cancer.Netherlands:Springer,2012:3343–
3351.
[32] NUYTS S,VAN MELLAERT L,THEYS J,et al.Clostridium spores for
tumor-specific drug delivery[J].Anti-Cancer Drug,2002,13(2):115–125.
[33] KAILASAPATHY K,CHIN J.Survival and therapeutic potential of probi-
otic organisms with reference to Lactobacillus acidophilus and Bifidobacterium
spp.[J].Immunology and Cell Biology,2000,78(1):80–88.
[34] SUN J,LING Z X,WANG F Y,et al.Clostridium butyricum pretreatment
attenuates cerebral ischemia/reperfusion injury in mice via anti-oxidation and
anti-apoptosis[J].Neuroscience Letters,2015,613:30–35.
[35] SUN J,WANG F Y,LING Z X,et al.Clostridium butyricum attenuates
cerebral ischemia/reperfusion injury in diabetic mice via modulation of gut
microbiota[J].Brain Research,2016,1642:180–188.
[36] 易中华. 饲用微生态制剂丁酸梭菌的研究与应用进展 [J]. 饲料研究,2012(2):14–17.
[37] GUILLOTEAU P,MARTIN L,EECKHAUT V,et al.From the gut to
the peripheral tissues:the multiple effects of butyrate[J].Nutrition Research
Reviews,2010,23(2):366–384.
[38] 贾聪慧, 杨彩梅, 曾新福, 等. 丁酸梭菌对肉鸡生长性能、抗氧化能力、免疫功能和血清生化指
标的影响 [J]. 动物营养学报,2016,28(3):908–915.
[39] ZHANG L,ZHANG L L,ZHAN X A,et al.Effects of dietary supplemen-
tation of probiotic,Clostridium butyricum,on growth performance,immune
response,intestinal barrier function,and digestive enzyme activity in broiler
chickens challenged with Escherichia coli K88[J].Journal of Animal Science and
Biotechnology,2016,7(1):107–115.
[40] ZHAO X N,YANG J,WANG L L,et al.Protection mechanism of clostridium
butyricum against salmonella enteritidis infection broilers[J].Frontiers Microbi-
ology,2017,8:1523.
[41] LIAO X D,WU R J,MA G,et al.Effects of Clostridium butyricum on
antioxidant properties,meat quality and fatty acid composition of broiler
birds[J].Lipids in Health & Disease,2015,14(1):36–45.
[42] 贾志新. 丁酸梭菌对樱桃谷肉鸭生长性能、免疫和抗氧化功能及肠道食糜 VFA 含量的影响
[D]. 硕士学位论文. 南京: 南京农业大学,2014:28–47.
[43] CAO G T,XIAO Y P,YANG C M,et al.Effects of Clostridium bu-
tyricum on growth performance,nitrogen metabolism,intestinal morphology
and cecal microflora in broiler chickens[J].Journal of Animal and Veterinary
Advances,2012,11(15):2665–2671.
[44] XIA B, MENG Q S, PANG M,et al.Proteomic analysis of intestinal mucosa
from weaning piglets with feeding Clostridium butyricum[C]//ASAS-CSAS
Annual Meeting Trade Show,Animal Science and Technology:Ensuring Food

chinarxiv.org/items/chinaxiv-201812.00443 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00443


Security.Baltimore,MD,2017.
[45] 凌欣华, 李鑫. 复合丁酸梭菌对仔猪腹泻影响的效果试验报告 [J]. 广东饲料,2016,25(6):22–
24.
[46] 胡远亮. 利用分子生物技术研究益生菌对断奶仔猪生长及粪便菌群的影响 [D]. 博士学位论文.
武汉: 华中农业大学,2014:33–35.
[47] 张秀江, 胡虹, 张永战, 等. 丁酸梭菌对仔猪和生长肥育猪生产性能的影响研究 [J]. 河南科
学,2015,33(10):1745–1749.
[48] EFSA Panel on Additives and Products or Substances used in Animal
Feed.Scientific opinion on Miya-Gold® (Clostridium butyricum) as a feed
additive for weaned piglets,minor weaned porcine species and minor avian
species[J].EFSA Journal,2011,9(1):1951.
[49] 庞敏, 卢庆萍, 夏冰, 等. 酪酸梭菌对断奶仔猪生长性能、肠道组织形态及肠道通透性的影响
[J]. 动物营养学报,2016,28(7):2113–2121.
[50] GAO Q X,QI L L,WU T X,et al.Immunomodulatory effects of Clostrid-
ium butyricum on human enterocyte-like HT-29 cells[J].Animal Cells and
Systems,2013,17(2):121–126.
[51] GAO Q X,QI L L,WU T X,et al.Clostridium butyricum activates TLR2-
mediated MyD88-independent signaling pathway in HT-29 cells[J].Molecular
and Cellular Biochemistry,2012,361(1/2):31–37.
[52] DUAN Y F,ZHANG Y,DONG H B,et al.Effect of the dietary probiotic
Clostridium butyricum on growth,intestine antioxidant capacity and resistance
to high temperature stress kuruma shrimp Marsupenaeus japonicus[J].Journal
Thermal Biology,2017,66:93–100.
[53] SUMONM S,AHMMED F,KHUSHI S S,et al.Growth performance,digestive
enzyme activity and immune response of Macrobrachium rosenbergii fed with
probiotic Clostridium butyricum incorporated diets[J].Journal University-
Science,2016,30(1):21–28.
[54] DUAN Y F,ZHANG Y,DONG H B,et al.Effect of dietary Clostridium
butyricum on growth,intestine health status and resistance to ammonia
stress in Pacific white shrimp Litopenaeus vannamei[J].Fish & Shellfish
Immunology,2017,65:25–33.

Received: 2017–10–11
Funding: Corps Applied Basic Research Program (2016AG009); Shihezi Uni-
versity High-level Talent Project (RCZX201503)
Author Introduction: LIANG Jing (1989—), female, from Weinan, Shaanxi,
PhD candidate, engaged in feed resource development and utilization. E-mail:
liangjingshz@sina.com
*Corresponding Author: ZHANG Wenju, Professor, PhD Supervisor. E-mail:
zhangwj1022@sina.com

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00443 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00443

	Biological Functions of Clostridium butyricum and Its Applications in Animal Production: Postprint
	Abstract
	Full Text
	Biological Functions of Clostridium butyricum and Its Application in Animal Production
	1 Biological Functions of Clostridium butyricum
	1.1 Growth Promotion
	1.2 Regulation of Intestinal Microflora Balance
	1.3 Immune Modulation
	1.4 Nutrient Provision
	1.5 Anticancer and Antitumor Effects

	2 Application Progress of Clostridium butyricum in Animal Production
	2.1 Application in Poultry
	2.2 Application in Swine
	2.3 Application in Aquaculture

	3 Summary


