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A B S T R A C T   

Dietary fiber (DF) has long been looked as an essential “nutrients” both for animals and humans 
as it can promote the intestinal tract development and modulate the intestinal epithelium func-
tions and the gut microbiota. This study was conducted to investigate the influences of wheat 
bran fiber (WBF) on growth performance and intestinal epithelium functions in Xiangcun pigs. 
Twenty Xiangcun pigs with 60 days of age were divided to two groups and exposed to a basal diet 
(BD) or BD containing 4.3% wheat bran fiber (WFD). WFD improved the average daily gain 
(ADG) and feed-to-gain ratio (F:G) (p < 0.01). Moreover, WFD lowered the serum triglyceride 
(TC), D-lactate, and malonicdialdehyde (MDA) concentrations, but significantly improved the 
glutathione (GSH) activity and total antioxidant capacity (T-AOC) (p < 0.05). Interestingly, WFD 
observably improved the villus height (VH) and the villus height to crypt depth ratio (V/C) in the 
small intestine (p < 0.05). The jejunal sucrase and ileal maltase activities were higher in the WFD 
group (p < 0.05). WFD markedly elevated the tight junction protein ZO-1 and claudin-1 
expression levels in the jejunum and ileum (p < 0.05). The sodium/glucose co-transporter 1 
(SGLT1), glucose transporter 2 (GLUT2), and fatty acid transport proteins 4 (FATP-4) expression 
levels in jejunum and ileum were also elevated under WFD (p < 0.05). WFD decreased the IL-6 
impression level in the duodenum and ileum, but significantly increased the IL-10 expression 
levels in jejunum and ileum (p < 0.05). Moreover, WFD reduced the abundance of E. coli, but 
elevated the abundances of beneficial microorganisms (e.g. Lactobacillus and Bacillus) and the 
production microbial metabolites (e.g. propionic acid and butyrate acid) in the cecum (p < 0.05).   

1. Introduction 

The intestinal epithelium is composed of a single layer of columnar epithelium cells, which is not only responsible for nutrients 
absorption but also acts as a barrier to prevent harmful substances from entering [1,2]. In weaned piglets, hypoplasia or disruption of 
the intestinal epithelial is usually followed by retarded growth and an increased risk of developing diarrhea and inflammations [3–5]. 
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In last decades, various antibiotics have been utilized to improve growth performance and gut health of animals. However, the use in 
animal production has been prohibited due to resistance or residue, and alternative pathways to improve the intestinal health have 
attracted considerable research interest from scientists around the word [6]. 

DF is a type of non-digestible carbohydrates with more than three monomeric units, such as fructan, arabinoxylan, inulin, lignin, 
etc [7]. Although DF cannot be digested through endogenous digestive enzymes, microbiota in the hindgut can partially or fully 
degrade and ferment it [8]. The advantage influence of DF on animals health have been well documented [9]. For instance, DF can 
increase the expression and secretion of mucin in porcine distal small intestine through boosting the goblet cells number [10]. Zhao 
also found that addition of 5% corn bran or wheat bran had positive effects on the posterior intestinal microbes and feed efficiency of 
piglets [11]. Importantly, the DF can be fermented by vast quantities of hindgut bacteria to produce SCFAs, which can lower the 
intestinal lumen pH and restrain the pathogenic bacteria growth [8,12]. Fiber-fermented SCFAs have been linked to the promotion of 
intestinal growth epithelial mucosal growth through the elevation of the tight-junction protein (TJPs) expressions (e.g. claudin-7, 
occludin, claudin-1) [13,14]. Interestingly, butyric acid can function as an important energy source for intestinal epithelial cells (IEC), 
and protect against colon cancer and intestinal inflammation through the inhibition of histone acetyltransferases (HDACs) [15]. 
Moreover, the butyrate-induced HDAC inhibition in small intestinal stem cells can promote the stem cell population [16,17]. Addi-
tionally, the fiber-deprived SCFAs may also act as a potent anti-inflammatory agent. For instance, butyrate and propionate inhibit bone 
marrow-derived dendritic cells (BMDC) activation via suppression of lipopolysaccharide-induced expression of co-stimulatory 
molecule CD40 and secretion of IL-6 and IL-12 [18]. 

Xiangcun pig is one of most famous lean-meat pig breeds in southern China [19], which is characterised by tender meat, high 
intramuscular fat, homogenous marbling, and improved juiciness of flavor [19,20]. While quite a few of researches have reported a 
beneficial influence of DF supplementation on lots of aspects in a range of animal species [21–23], the specific relationship between the 
dose and action of DF has not been clearly demonstrated, since the influence of DF on animals are closely linked to the source of DF and 
the species, sex, and the physiological stage of animals. Wheat bran fiber (WBF), a by-product of wheat processing is composed of 
various dietary fibers such as the arabinoxylan, lignin, cellulose, β-glucan and fructans, and more than 90% of which is insoluble 
dietary fiber (IDF) [24,25]. Arabinoxylan is the main fiber constituent in WBF with a content of 42% to 57% of dry matter, which is 
abundant in phenolic components that may help eliminate toxic-free radicals and prevent colon cancer [25,26]. While beta-glucan is a 
soluble dietary fiber (SDF) which has been reported to has anti-lipaemic, anti-oxidant, and anti-cancer effects [27]. This research 
investigated the influences of WBF on growth performance and gut health in Xiangcun pigs. Xiangcun Pigs were exposed a normal diet 
(BD) or BD supplemented with 4.3% WBF (WFD). We observed increases in the ADG and F:G in Xiangcun pigs upon WBF supple-
mentation. Importantly, WBF improved the intestinal epithelium functions, as well as the microbial fermentation in the pigs. This 
study suggested that DF played a beneficial role in improving the growth performance and intestinal barrier function in Xiangcun pigs, 
but also provided insight into the mechanisms underlying the DF-regulated intestinal health. 

2. Materials and methods 

The animal experiment in this study was carried out after approval by the Animal Care and Use Committee of Sichuan Agricultural 
University (Chengdu, China, No.20210911). The WBF (total dietary fiber of the raw material ≥95%; Insoluble dietary fiber of the WBF 
≥98%) used was purchased from Chengdu Tubaite Technology Co. Ltd. 

2.1. Experimental design, diet, and animal housing 

Twenty Xiangcun pigs (average weight 11.47 ± 0.15 kg) pigs age were divided into two treatments, exposed to a normal basal diet 
(BD) or BD containing 4.3% WBF (WFD) 28 days. The diet (Table S1) was formulated in accordance with National Research Council 
(NRC, 2012) [28]. WBF (DF ≥ 95%) was used to adjust the DF level. Pigs were housed in a metabolism cage (2.55 m2) and provided 
with food and water ad libitum with room temperature (27 ± 2 ◦C) and relative humidity (60 ± 5%). 

2.2. Sample collection 

Fecal samples were collected during the d 25–28 of the study. On the day 29 morning, the serum were obtained through centri-
fuging the bloods after 12 h fasting. Then pigs were slaughtered through electrical stunning to obtain the intestinal and digest samples. 
After removing the intestine from the pig’s body, the small intestine were immediately isolated, and fixed in paraformaldehyde so-
lution (about 4 cm) to be made into sections and analysis intestinal morphologic. Last, the remained small intestinal were made into 
mucosal samples through a scalpel and stored in ultra low temperature refrigerator. 

2.3. Growth performance evaluation 

The feed intake every pig was recorded daily. The body weight was determined at the initial (IBW) and the final (FBW) of this study. 
The growth performance results can be calculated based on IBW, FBW and average daily feed intake (ADFI), including average daily 
gain (ADG) and feed-to-gain ratio (F:G). The piglet fresh excreta that were semi-liquid and liquid were considered diarrhea. Diarrhea 
rates were calculated based on previous formula [29]. 
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2.4. Apparent total tract nutrient digestibility analysis 

The nutrients digestibility were detected by the dried and pulverized diets and fecal samples, and the Cr2O3 was served as an 
external indicator. The dry matter (DM), crude protein (CP), ether extract (EE), acid detergent fiber (ADF), neutral detergent fiber 
(NDF), crude fiber (CF) and Ash contents were detected based on AOAC standard [30]. The gross energy was detected by adiabatic 
bomb calorimeter. 

2.5. Serum parameter analysis 

The D-lactate and diamine oxidase (DAO) were detected by enzyme-linked immunosorbent assay kits (Jiangsu Meimian industrial 
Co., Ltd.). The commercial kits were used to detect the catalase (CAT), malondialdehyde (MDA), glutathione (GSH), total superoxide 
dismutase (T-SOD), total antioxidant capacity (T-AOC), urea nitrogen (BUN), glucose (GLU), triglyceride (TG), and total cholesterol 
(TC). All procedures and special information of those assay kit were based on previous study [31,32,33]. 

2.6. Intestinal morphologic analysis 

The intestinal segments fixed were dewaxed by graded anhydrous ethanol, dyed through haematoxylin and eosin (H&E), sealed by 
a neutral resin size. Finally, the sections of each intestinal sample was measured for crypt depth (CD) and villus height (VH) using an 
image processing and analysis system (Image-ProPlus 6.0), then, VH:CD (V:C) could be calculated from those data [34]. 

2.7. Enzyme activity 

The small intestinal mucosa was homogenized with cold saline, and centrifugated (3500 g) 15 min for the supernatant separation 
for the determination of the disaccharidase activities. The enzyme were measured by commercial assay kits: sucrase, lactase and 
maltase (Jiancheng Biotechnology Ltd., nanjing, China). All procedures and special information of those assay kit were based on 
previous study were [32]. 

2.8. Real-time quantitative PCR and caecal microbiological analysis 

The RNA of mucosal samples of duodenum, jejunum and ileum were extracted using Trizol (TAKARA, Japan). The mRNA levels of 
critical genes of pattern recognition receptor related barrier related genes, such as ZO-1, Occludin, Claudin-1, nutrient transporters, 
such as sodium/glucose cotransporter-1 (SGLT-1), sodium/glucose cotransporter-1 (GLUT-2), fatty acid transport proteins-4 (FATP-4), 
inflammation response, such as interlukin-6 (IL-6), interlukin-10 (IL-10), interleukin1-β (IL-1β) and cell apoptosis, such as caspase3, 
caspase8, caspase9 were quantified by real-time PCR and the relative expression of each gene was calculated using the 2–ΔΔCt method 
[12]. All procedures were based on previous methods [35]. 

The total DNA of caecal digesta were extracted using Stool DNA Kits (Omega Bio-Tex). The DNA levels of caecal microbial pop-
ulations, such as Escherichia coli, Bacillus and Bifidobacterium were performed through the Quant Studio 5 Flex real-time PCR system 
(Bio-Rad) [25]. All procedures were based on previous methods [36]. The primers information were shown in Table S2. 

2.9. Statistical analysis 

All results were presented as the means and structural equation model (SEM). Data were subjected to t-test to determine significant 

Table 1 
Effects of WBF on the performance and nutrient digestibility in Xiangcun pigs.  

Items Treatments SEM P value 

BD WFD 

IBW (kg) 11.47 11.46 0.15 0.97 
FBW (kg) 18.94 20.48 0.54 0.03 
ADFI (g/d) 713.07 730.84 19.41 0.21 
ADG (g/d) 300.00 360.81 13.79 0.02 
F:G 2.38 2.03 0.06 <0.01 
diarrhea rate% 26.00 10.80 0.04 0.04 
DM% 85.03 78.37 0.95 <0.01 
EE% 65.52 67.82 0.02 0.41 
GE% 86.04 78.50 0.01 0.01 
CP% 80.03 73.61 0.01 0.01 
ASH% 39.92 38.36 0.02 0.62 
ADF% 54.87 42.45 2.67 0.02 
NDF% 68.44 54.14 2.08 <0.01 
CF% 50.62 49.77 2.37 0.87 

BD, basal diet; WFD, BD supplemented with 4.3% WBF. Mean and total SEM are list in separate columns, n = 10. 
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differences between the groups at p < 0.05 with SPSS 27.0 (IBM, Chicago, IL, USA). 

3. Results 

3.1. Effect of WBF on growth performance and nutrient digestibility 

As compared to the BD group, WFD improved the ADG and feed efficiency (F:G) in Xiangcun pigs (p < 0.05). ADFI did not differ 
between the two groups (p > 0.05); however, WFD observably reduced the diarrhea rate in xiangcun pigs (Table 1). In the BD group, 
the nutrition digestibility of DM, GE, CP, ADF, NDF were greater than those of the WFB group. The EE and CF digestibilities did not 
differ between the two treatments (p > 0.05). 

3.2. Effect of WBF on serum metabolites and antioxidative capacity 

As shown in Table 2, WFD markedly raised the serum GSH and T-AOC concentrations in Xiangcun pigs (p < 0.05). The serum MDA, 
TC, and D-lactate concentrations were lower in the WFD group (p < 0.05). WFD also tended to lower the serum TG concentration in 
Xiangcun pigs (p = 0.07). 

3.3. Effect of WBF on intestinal morphology and mucosal enzyme activity 

WFD elevated the VH and V/C in the small intestine (Table 3 and Fig. 1, p < 0.05). In addition, WFD improved the jejunal sucrase, 
and the ileal maltase activity (p < 0.05). 

3.4. Effect of WBF on expression of intestinal epithelial functions genes 

As shown in Fig. 2 (A-F), WFD increased the expression levels of ZO-1 and Claudin-1 in the jejunum and ileum, and Caludin-1 in 
duodenum (p < 0.05). Meanwhile, the SGLT-1, GLUT-2, and FATP-4 expression levels were higher in the WFD group (p < 0.05). WFD 
also increased the jejunal SGLT-1 expression level (p < 0.05). 

3.5. Effect of WBF on inflammation and apoptosis in the intestinal epithelial cells 

As shown in Fig. 3 (A-H) WFD greatly decreased the IL-6 expression levels in the duodenum and ileum; but significantly increased 
the IL-10 expression levels in jejunum and ileum (p < 0.05). Furthermore, WFD greatly decreased the expression levels of caspase-8 in 
duodenum and caspase-9 in duodenum, jejunum and ileum (p < 0.05). Interestingly, WFD decreased the Bax expression level in the 
duodenum and jejunum (p < 0.01). 

3.6. Effect of WBF on intestinal microbiota and microbial metabolites 

As shown in Table 4, WFD significantly reduced the E. coli abundance, but raised the Lactobacillus and Bacillus abundances in the 
caecal digesta (p < 0.05). Meanwhile, the caecal acetic acid, propionic acid, butyrate acid, and the total VFA concentrations were 
higher in the WFD group (p < 0.05). 

4. Discussion 

Dietary fiber has long been looked as an essential “nutrients” both for animals and human as it can promote the intestinal tract 

Table 2 
Effects of WBF on serum metabolites and antioxidative capacity.  

Items Treatments SEM P value 

BD WFD 

BUN(mmol/mL) 3.55 4.32 0.32 0.24 
GLU (mmol/mL) 4.69 4.97 0.13 0.30 
TC (mmol/mL) 2.48 1.89 0.11 <0.01 
TG (mmol/mL) 0.48 0.42 0.02 0.07 
DAO (pg/mL) 67.64 71.27 1.08 0.09 
D-Lactate (pg/mL) 303.72 239.66 9.78 <0.01 
CAT(U/mL) 13.14 11.17 1.02 0.35 
GSH-PX (U/mL) 608.53 769.54 32.77 <0.01 
MDA (U/mL) 2.50 1.88 0.12 <0.01 
T-AOC(U/mL) 1.76 2.35 0.13 0.02 
T-SOD (U/mL) 126.92 121.98 2.87 0.40 

BD, basal diet; WFD, BD supplemented with 4.3% WBF. Mean and total SEM are list in separate columns, n = 10. 
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Table 3 
Effects of WBF on intestinal morphology.  

Items Treatments SEM P value 

BD WFD 

Duodenum 
VH (μm) 355.07 435.02 20.17 0.04 
CD (μm) 320.53 232.19 20.77 0.03 
V/C 1.18 1.89 0.12 <0.01 
Jejunum 
VH (μm) 337.18 388.39 9.46 <0.01 
CD (μm) 230.11 196.59 7.29 0.02 
V/C 1.48 2.00 0.08 <0.01 
Ileum 
VH (μm) 265.87 357.33 16.66 <0.01 
CD (μm) 212.00 205.71 6.97 0.66 
V/C 1.26 1.75 0.07 <0.01 

BD, basal diet; WFD, BD supplemented with 4.3% WBF. Mean and total SEM are list in separate columns, n = 10. 

Fig. 1. Effect of WBF on intestinal morphology in Xiangcun pigs (H&E; × 40). BD, basal diet; WFD, BD supplemented with 4.3% WBF (A–F).  

Fig. 2. Effect of WBF on expressions of intestinal epithelium functions genes (A–F). a, b mean values within a row with unlike superscript letters 
were significantly different (p < 0.05). BD, basal diet; WFD, BD supplemented with 4.3%WBF. 
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development and regulate the intestinal epithelium functions and gut microbiota [31,35,37]. Importantly, DF and many oligosac-
charides are capable of reducing the adhesion of pathogenic bacteria to the intestinal epithelium, which subsequently attenuates the 
inflammation and injury of the intestinal barrier [32,38,39]. Wheat bran (WB) is composed of about 53% DF [40], and other com-
ponents include protein, lipids, vitamins, minerals, and bioactive components such as alkylresorcinols and carotenoids [26,41]. 
Previous research suggested that dietary supplementation of WB deceased the diarrhea ratio and improved the growth performance in 
pigs [30,31]. Our research found that WBF supplementation resulted in same results, as indicated by increases in ADG and final body 
weight, and decreases in diarrhea incidence and F:G ratio. However, a study on DLY pigs researched that DF had no observably in-
fluence on their ADG and F:G ratio [37]. This is may due in part to differences in animal species, fiber level, and physiological stages 
[11,42,43]. Previous study indicated that fiber components in the diet may increase the digesta viscosity, which ultimately affect 
gastric emptying or slow the diffusion/mobility of nutrients to the absorptive surface [44,45]. In this study, the digestibilities of some 
nutritions were lower in the WFD group, which was agreed with previous research that DF could significantly reduced nutrient di-
gestibility [46]. 

Triglyceride and cholesterol are two important clinical blood lipid indicators, provide information for the diagnosis of lipid 
metabolism disorders and related metabolic diseases [47]. In current research, WFD observably reduced the serum TC concentration 

Fig. 3. Effect of WBF on critical genes related to intestinal inflammation (A, B, C) and apoptosis (D–H) in Xiangcun pigs. a, b mean values within a 
row with unlike superscript letters were significantly different (p < 0.05). BD, basal diet; WFD, BD supplemented with 4.3%WBF. 

Table 4 
Effect of WBF on caecal microbiota and microbial metabolites.  

Items Treatments SEM P value 

BD WFD 

Microbial populations (lg(copies/g)) 
Escherichia coli 9.23 8.31 0.20 ＜0.01 
Lactobacillus 7.66 8.15 0.10 0.01 
Bifidobacterium 6.47 6.20 0.13 0.32 
Bacillus 8.58 8.93 0.08 0.02 
Total bacteria 11.75 11.91 0.04 0.07 
VFA (g/g) 
Acetic acid 3.32 4.64 0.20 ＜0.01 
Propionic acid 1.44 1.92 0.08 ＜0.01 
Butyrate acid 0.36 0.52 0.03 ＜0.02 
Total acid 5.53 7.06 0.27 ＜0.01 

BD, basal diet; WFD, BD supplemented with 4.3% WBF. Mean and total SEM are list in Separate columns, n = 10. 
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and tended to reduce the TG concentration, indicating dietary WBF supplementation improved lipid metabolism. Reactive oxygen 
species (ROS) overproduction is a vital inciting factor in intestinal inflammation or mucosal injury in animals including the swine [48]. 
Various antioxidative enzymes produced in animals body (e.g. CAT, T-AOC and GSH) are responsible for ROS removal and play a 
crucial role in maintenance of redox homeostasis [49]. In this research, WFD improved the serum GSH and T-AOC concentrations, and 
reduced the MDA concentration in Xiangcun pigs, indicating an improved antioxidative capacity. Those are consist with previous 
researches on rats and sows, in which DF supplementation significantly elevated their antioxidative capacity through regulating 
antioxidant enzymes activity [50,51]. It is also noteworthy that certain DF components (e.g. ferulated arabinoxylan) can terminate the 
free radical chain reactions through electron-donating groups on their benzene rings [52]. 

Intestine is the primary digest and absorb nutrients site for animals, and the normal function of the intestinal epithelium is pretty 
importance for their digestive capacity. Numerous of investigations have showed a beneficial role for DF in regulating the gut barrier 
functions [53]. For instance, DF might enhance the thickness and integrity of mucus layers lining the interior of the tract, thereby 
protecting against inflammation from pathogens that penetrate the intestinal wall [54]. Moreover, supplementation of 
fructo-oligosaccharides fermented by DF, induces IgA production in rat and suppresses a decrease in intestinal permeability induced by 
carbohydrates-deficient diet [55]. In our research, WFD improved the VH and V/C in the small intestine, which showed an improved 
absorption capacity and an enhanced integrity of the intestinal epithelium [56]. These results are consistent with the serum D-lactate 
concentration. D-lactate, a metabolite fermented by gastric and intestinal bacteria, is almost not be absorbed into the bloodstream 
under normal conditions, except through damaged intestinal mucosa [57–59]. In present research, WFD obvervably lower the serum 
D-lactate concentration, indicating an enhanced intestinal barrier function in Xiangcun pigs. Change in gut morphology are companied 
with variations in brush border enzyme activities [60]. Sucrase and maltase not only serve as important disaccharidases participating 
in carbohydrate digestion, but also can serve as critical markers monitoring the development or maturation of intestinal epithelium 
[36]. In our research, WFD obvervably improved the jejunal sucrase and ileal maltase activities. These results were also similar to 
previous finding that a diet rich in DF components improved the disaccharidase enzymes activity in intestinal mucosa [33]. 

Intestinal epithelial cells are joined by the apical junctional complex, which is made up of the tight junction and TJPS [53]. TJPs 
such as ZO-1 and Claudin, showed a momentous character in maintenance of the integrity of intestinal barrier, which may effectively 
prevent the paracellular diffusion of bacteria and other gut antigens through the epithelium [53]. In this study, WFD elevated the ZO-1 
and Claudin-1 expression levels in jejunum and ileum. Moreover, the critical functional genes expression levels such as the SGLT-1, 
GLUT-2 and FATP-4 were both elevated in jejunal epithelium upon WFD. SGLT-1 and GLUT-2 are two primary glucose trans-
porters, and FATP-4 is distinctly important for the transportation of long chain fatty acids into the enterocytes [61,62]. These results 
showed that epithelial function in Xiangcun pigs were improved upon WFD. 

Pro-inflammatory cytokines, such as IL-6 and IL-1β, have been proved to adjust host immune function and induce immune re-
sponses following pathogen infection [63]. At the same time, macrophages activated by inflammatory response can produce the 
anti-inflammatory cytokine such as IL-10 to regulate the secretion of inflammatory cytokines [64]. In this study, WFD decreased the 
IL-6 impression level, but significantly increased the IL-10 expression levels in intestinal epithelium. These results are consistent with 
previous studies, and indicated an anti-inflammatory effect of WBF on xiangcun pigs [65,66]. Apoptosis, the programmed cell death, is 
controlled by genes to mediate body development and maintain internal environmental stability in multicellular organisms [67]. 
Apoptosis is mainly triggered through the activation of Caspase-mediated (e.g. caspase-8, caspase-9) intrinsic pathways (mitochon-
dria-dependent) or extrinsic pathways (death receptor-dependent) [68]. These activated caspases can transmit intracellular apoptotic 
signals to effector caspases (e.g. caspase-3, caspase-7), thus inducing cell apoptosis [69]. Bcl-2 family is important for regulation of 
mitochondrial pathways, and can be divided into anti-apoptotic genes (e.g. Bcl-2, Bcl-xL) and pro-apoptotic genes (e.g. Bax, Bid, Bad) 
according to structure and function, in which Bcl-2 and Bax are directly related to apoptosis regulation [70]. In present study, WFD 
significantly decreased the caspase-9 and Bax expression levels in duodenal jejunal epithelium. Similarly, Arabinogalactan, a major 
fiber component in WBF, has been shown to block the apoptotic cascade through decreasing Bcl/Bax ratios to inhibiting the conversion 
of procaspase-3 to Caspase-3 in rats [71]. 

DF is highly resistant to digestion in the foregut and can serve as a critical substrate for microbes inhabiting the distal gut [72]. 
Numerous previous studies have indicated that DF inhibits the growth of pathogenic bacteria but promotes the growth of beneficial 
bacteria in animals [73–75]. Similarly, WFD significantly increased the caecal Lactobacillus and Bacillus abundance, but reduced the 
caecal E. coli abundance. In spite of their capabilities to utilize the DF, the reduced E. coli abundance may be also resulted from the 
elevated production of metabolites such as the SCFA, which offers an acidic environment that is unfavorable for most harmful bacteria 
[76]. Moreover, the elevated production of volatile fatty acid (VFA) upon WFD may also contribute to improving gut barrier functions. 
For instance, the propanoic acid was reported to elevate the expressions of TJPs (e.g. Claudin-7, Occludin and ZO-1) [77]. Whereas, the 
butyric acid can increase the secretion of regulatory T cell in the intestinal epithelium via stimulating of GPCR [78], which subse-
quently promotes the secretion of IL-18 or IL-10 and decreases inflammatory response of the intestinal epithelium [79]. 

5. Conclusions 

Dietary WBF supplementation can improve the growth performance and gut health in Xiangcun pigs. The mechanisms behind its 
action may be connected with improved antioxidative capacity and intestinal epithelium functions, as well as microbial fermentation 
in the intestine. The advantage effect of WBF in pigs may allow it an attractive source of dietary fibers in the utilization of animal 
nutrition and feed industry. 
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