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Dietary complex probiotic
supplementation changed the
composition of intestinal
short-chain fatty acids and
improved the average daily gain
of weaned piglets

Jianfei Zhao!, Zhuoya Xie!, Meiling Zheng*, Wenjie Tang?,
Hui Diao? and Heng Yin*

!School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang,
China, 2Sichuan Academy of Animal Science, Chengdu, China

Probiotics are a group of active microorganisms that form colonies within the
body and alter the composition of the flora in a specific area to provide benefits
to the host. In this study, a total of 96 DurocxLandracexYorkshire weaned piglets
with an initial body weight (BW) of 8.56+0.53kg were employed in a randomized
complete block design for a 28-day experiment. Pigs were randomly divided
into two treatment groups: the control group (CON) and the complex probiotic
group (CON+0.2% probiotics), respectively. The study found that through the
28-day experiment, the average daily gain (ADG) of the complex probiotic group
was significantly higher than that of the CON (p<0.05). However, compared with
the CON, the feed conversion efficiency significantly decreased on days 0-14
(p<0.05). The addition of dietary complex probiotic significantly increased the
villus height (VH) of duodenum and ileum, acetate, propionate, butyrate, and total
short-chain fatty acids (SCFAs) in feces, and decreased fecal methyl mercaptans,
acetic acid, and CO, (p<0.05). It concluded that feeding weaned piglets 0.2%
complex probiotic increased the VH of duodenum and ileum, as well as changed
the content of SCFAs in feces. This ultimately led to an increase in ADG.

KEYWORDS

weaning weaned piglets, probiotics, intestinal morphology, short-chain fatty acids,
growth performance

1 Introduction

Weaning is a crucial stage in a pig’s life cycle. Stress during weaning can cause temporary
or long-lasting damage to the intestinal barrier function, which will result in disease infections,
anorexia, and economic losses in weaned piglets (1-3). In addition, weaning stress can reduce
intestinal villus height (VH), which subsequently affects nutrient absorption (4). Therefore, it
is important to alleviate weaning stress in piglets to minimize economic losses on farms.

Probiotics are a group of active microorganisms that form colonies within the body and
alter the composition of the flora in a specific area to provide benefits to the host (5, 6). In
recent years, probiotics have been extensively studied. The results showed that probiotics
colonized the animal body and used nutrients in the intestinal tract that are difficult for the
host to utilize (such as crude fiber) to carry out autotrophic metabolism and produce vitamins,
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amino acids, organic acids, enzymes, and other substances. This
improves nutrient absorption by the animal, promotes intestinal
health, and provides a certain degree of antimicrobial properties (2,
5-10). In addition, probiotics are considered an effective alternative
to antibiotics, which have been partially banned due to the risk of
antibiotic resistance (11). Therefore, adding probiotics to the diet is an
effective way to alleviate weaning stress in piglets. Numerous previous
studies have been conducted on the inclusion of probiotics in piglet
diets (12-14). However, the efficacy of different probiotics to alleviate
weaning stress requires further evaluation, particularly with the
development of various types of probiotics. Previous studies have
demonstrated that the addition of Bacillus licheniformis, Bacillus
subtilis, Lactobacillus acidophilus, and Saccharomyces cerevisiae to the
diet of weaned piglets has a significant positive impact on piglet
growth performance (15-18). The resistance of different strains to the
gastrointestinal environment varies. Furthermore, the effects of
probiotics from different strains are multifactorial and strain-specific
(19). Further investigation is required to ascertain whether different
combinations of probiotics are beneficial or detrimental to piglets. The
previous studies did not evaluate the addition of the mixture of four
probiotics, namely Bacillus licheniformis, Bacillus subtilis, Lactobacillus
acidophilus, and Saccharomyces cerevisiae, to piglets’ diet. Thus, this
experiment aimed to evaluate the effects of the above probiotic
mixture on growth performance, which could provide reference data
for the use of different probiotics in piglets’ diet.

2 Materials and methods
2.1 Ethics statements and probiotics

The Institutional Review Board of the Southwest University of
Science and Technology approved the animal study protocol (protocol
code SM20220025). The probiotic product used in the study consisted
of four types of mixed probiotics with an effective content of
5.1x 107 CFU/g Bacillus licheniformis, 6.3 x 10’ CFU/g Bacillus subtilis,
4.3x10"CFU/g Lactobacillus acidophilus, and 2.5x10”CFU/g
Saccharomyces cerevisiae. The probiotics in this study were obtained
from Sichuan Gao Fu Ji Biological Technology Co., Ltd. The amount
of addition was 0.2% as recommended by the company. The
production process adheres to production hygiene standards, and all
probiotics that have undergone analysis have been found to be devoid
of antibiotic resistant genes.

2.2 Experimental design, animals, and
housing

A total of 96 4-week-old Duroc x Landrace x Yorkshire weaned
piglets with an initial body weight (BW) of 8.56 +0.53 kg and weaned
at 28+ 1 day of age were employed in a randomized complete block
design for a 28-day experiment. Pigs were randomly divided into two
treatment groups based on BW and sex before the experiment. Each
dietary treatment had 12 replicates with four pigs per replicate (two
barrows and two gilts). The study involved two treatment groups: the
control group (CON) and the probiotic group (CON+0.2%
probiotics). The diet used in CON (Table 1) was a compound feed in
mash form, which was formulated to meet the nutrient requirements
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TABLE 1 Ingredient and chemical composition of diets.

Ingredients ‘ Content, %
Corn 61.20
Soybean meal (43%) 20.00
Fish meal 7.00
Whey powder 8.00
Soybean oil 0.35
CaHPO, 0.80
Limestone 0.50
Salt 0.20
Premix' 0.50
L-Lys-HCL (78.8%) 0.70
DL-methionine 0.45
L-Threonine 0.30
Total 100.00
Calculated nutrient level, %

Digestible energy, MJ/kg 14.09
Crude protein 20.21
Total Ca 0.86
Total P 0.70
SID Lys 1.55
SID Met + Cys 0.90
SID Thr 0.92
Ca: P 1.22

"The premix provided the following per kg of diets: vitamin A 12,000 IU, vitamin D; 2,5001U,
vitamin E 301U, vitamin K; 3 mg, vitamin B; 10 mg, vitamin B,, 27.6 mg, niacin 30 mg,
choline chloride 400 mg, Mn (as MnO) 40 mg, Fe (as FeSO,-H,0) 90 mg, Zn (as ZnO)

100 mg, Cu (as CuSO,5H,0) 8.8 mg, I (as KI) 0.35mg, and Se (Na,SeOs) 0.3 mg. The
proportion of corn was replaced with a 0.2% probiotic complex. SID, Standard ileal
digestibility.

of weaned piglets (20). During the study, the pigs were housed in
plastic floor pens (0.9 m x 1.6 m). They had unlimited access to feed
and water via a self-feeder or nipple drinker. All pigs were disease free.
The target room temperature of 20°C and humidity of 60% were
maintained throughout the study.

2.3 Fecal score and sample collection

The fecal consistency was evaluated twice a day at 08:00 and
20:00 in each pen by observing the feces discharged on the floor and
a five-point scale (1: hard, dry pellets; 2: firm, formed stools; 3: soft,
moist stools that retain shape; 4: soft, unformed stools that assume the
shape of the container; and 5: watery liquid that can be poured) was
used to score the feces. The fecal score values were averaged after
summarizing the values on a weekly basis in circles. BW of each pig
was measured on days 0, 14, and 28 to determine the average daily
gain (ADG). Feed consumption was recorded daily by measuring the
amount of feed fed and remaining in the pen to calculate the average
daily feed intake (ADFI) and feed-to-gain ratio (F: G). Chromium
oxide, an indigestible marker, was added to the diet at a rate of 0.5%
for 4days (during days 11-14 and days 25-28) before fecal collection
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by rectal massage on days 12-14 and 26-28 to calculate the digestibility
values of dry matter (DM), crude protein (CP), and gross energy (GE).
At 8 0 clock on day 28, two pigs (one male and one female) were
selected from each pen for jugular vein blood collection. The blood
collection was placed in heparinized tubes for further analysis. After
collecting, one pig per pen was randomly selected for euthanasia and
weighed to ensure a 1:1 ratio of males to females within the treatment
group. The patient was administered intramuscular ketamine and
thiazide anesthesia, followed by intravenous pentobarbital sodium.
The remaining pigs were individually weighed and their data were
recorded. Following the execution, a midline incision was made to the
abdomen and thorax. Duodenal specimens were collected 30 cm from
the stomach, while jejunal and ileal specimens were collected 2m and
30 cm before the ileocecal junction, respectively. The tissue samples
were then rinsed in cold 0.9% saline and stored in a 10% formalin
buffer to fix the villi and crypts. Additionally, samples from the end of
the colonic contents (replacement of feces) weighing 20, 40, and 100 g
were collected to assess the presence of microbiota, short-chain fatty
acids (SCFAs), and noxious gases, respectively.

2.4 Nutrient digestibility and hematological
profiles analyses

After drying in a forced-air oven and grinding through a 1 mm
sieve, the dietary and fecal samples were analyzed. The method of Liu
et al. (16) was used to determine the levels of calcium (Ca) and
phosphorus (P) in the diet. The DM content of the feces was
determined by drying them in a forced-air oven at 105°C for 2h (21).
The concentration of CP in the experimental diets and feces was
determined by using the combustion method (21). Dietary and fecal
GE were measured by using a fully automated calorimeter (BYLRY-
3000 W). After nitrification, a spectrophotometer was used to measure
the concentration of Cr,0O; in the diets and feces by reading the
absorbance at 450nm. The apparent total tract digestibility was
determined by the levels of Cr, DM, CP, and GE in the feed and feces.
Calculate the apparent total tract digestibility of the nutrient using the
following equation ATTD =[1 — (Cra/Cr¢) x (N¢/Ng)] X 100% (Crg=Cr
concentration in diets; Cr;=Cr concentration in feaces; Ny=nutrient
concentration in feaces; Ny = nutrient concentration in diets). Blood
indicators were measured by using an automatic biochemical analyzer
(BK-600, Biobased, Jinan City, Shandong Province, China) (21).
Concentrations of interleukin-1p (IL-1f), interleukin-6 (IL-6), and
interleukin-10 (IL-10) in weaned piglets were measured by using the
ELISA kit from the Jiancheng Institute of Biological Technology in

TABLE 2 Primer sequence for microbiota.

10.3389/fvets.2024.1424855

Nanjing, China. The cytokine analysis was conducted in duplicate
following the manufacturer’s instructions. ELISA Kkits validated for
weaned piglets (Nanjing Jiancheng Biology Co., Ltd.) were used to
analyze the concentrations of IgA, IgG, and IgM, following the
described methods.

2.5 Microbiota analysis

Fecal microbial assays were conducted by following the
protocol described by Liu et al. (22). Total DNA from fecal samples
was extracted by using Omega BioTec’s stool DNA isolation kit
(Norcross, GA, United States). The experiment aimed to determine
the concentrations of six bacterial species: Prevotella, Bacteroides,
Bifidobacterium, Escherichia coli, Lactobacillus, and Bacillus.
Table 2 displays the primer sequences and corresponding annealing
temperatures. In the fluorescence-quantitative PCR reaction
system, 11 uL were used, comprising of 2 pL of DNA, 2.7 uL of
RNase-free water, 0.4pL (10 M) of upstream and downstream
primers, and 5.5 uL of 2 KAPA SYBR FAST qPCR Kit Master Mix.
The reaction conditions were as follows: the temperature was set to
50°C for 2 min, followed by 95°C for 10 min. Then, 40 cycles of
denaturation/annealing were carried out at 95°C for 15s and 60°C
for 1 min. Finally, a melting curve process was performed from 70
t0 90°C, increasing by 0.5°C every 5s. The fluorescence-quantitative
reaction was performed on an ABI 7600 instrument.

2.6 Determination of SCFAs

The homogenized powders obtained after lyophilization and
pestling were extracted with 1 mL of methanol (gradient grade for
liquid chromatography Li Chrosolv R Reag. Ph Eur EA). After
10 min of sonication, the samples were centrifuged at 6,000 rpm
for 10 min, and the resulting supernatants were used for GC-MS
analysis. The GC-MS analysis was performed by using a GC-MS-
QP2010 Ultra with an autosampler (SHIMADZU) and the
Rtx-wax capillary column (30m, 0.25mm i.d., 0.25mm film
thickness; SHIMADZU). The oven temperature was programmed
to increase from 60 to 100°C at a rate of 5°C/min, with a 1 min
hold; then to 150°C at a rate of 5°C/min, with a 5min hold; and
finally, to 225°C at a rate of 30°C/min, with a 20 min hold. A 2mL
of sample was injected at 230°C. Helium was used as the carrier
gas with a flow rate of 1.2 mL/min. Electronic impact was recorded
at 70 eV.

Bacteria Upstream primer (5’ — 3") Downstream primers (5’ — 3’)
Prevotella CACCAAGGCGACGATCA GGATAACGCCTGGACCT 60 (23)
Bacteroides CGATGGATAGGGGTTCTGAGAGGA GCTGGCACGGAGTTAGCCGA 60 (24)
Bifidobacterium TCGCGTCYGGTGTGAAAG GGTGTTCTTCCCGATATCTACA 60 (25)
Escherichia coli CATGCCGCGTGTATGAAGAA CGGGTAACGTCAATGAGCAAA 60 (26)
Lactobacillus AGCAGTAGGGAATCTTCCA ATTCCACCGCTACACATG 60 ©27)
Bacillus CCTACGGGAGGCAGCAGTAG GCGTTGCTCCGTCAGACTTT 59 (28)
AT, Annealing temperature; R, Reference.
Frontiers in Veterinary Science 03 frontiersin.org
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2.7 Gas emissions analyses

The fecal samples (100g each) from each pen were placed in
separate 2.6-L plastic containers with a small hole in the middle of one
side. The containers were sealed with tape. The samples were allowed
to ferment at room temperature (25°C) for 24 h. Then, approximately
2.0cm above the fecal sample, 100 mL of headspace air was sampled.
The small hole for gas detection was closed again after the gas was
collected. Prior to measurement, the fecal samples were shaken
manually for approximately 30s. This was to break up any crusts on
the surface and to homogenize the samples. A portable 6-in-1 gas
detector (SGA-606, ingoan, Shenzhen, Guangdong Province, China)
was used to measure the concentrations of NH;, H,S, mercaptan,
acetic acid, and CO,.

2.8 Intestinal morphometry

The small intestine segments were cut into 5mm sections and
stained by using the HE method according to previous study (29). The
VH and crypt depth (CD) were measured by randomly selecting 10
VH and 10 CD per section from images captured under a Carl Zeiss
light microscope from each sample.

2.9 Statistical analyses

Data were analyzed by using the SAS (SAS Inst. Inc., Cary, NC,
United States). After testing, all data are normally distributed. The ¢-test
statistically analyzed the experimental data. Growth performance,
nutrient digestibility, and fecal score were analyzed by using the pen as
the experimental unit. Intestinal morphology, hematological profiles,
fecal microbiota, fecal SCFAs, and fecal gas emissions were analyzed by
using the individual pig as the experimental unit. Results with p <0.05
were considered statistically significant.

3 Results

3.1 Growth performance, nutrient
digestibility, and fecal score

There were significant changes in body weight (Day 14 and Day 28)
and ADG (Day 0-28), and it was extremely significant (p <0.01) on final
body weight (Day 28) and ADG (Day 0-28) with the addition of dietary
complex probiotics (Table 3; p<0.05). F: G decreased when added
complex probiotics to the diet on days 0-14 (p <0.05). But compared with
CON pigs, dietary complex probiotics supplementation did not affect
ADFI (p>0.05). Meanwhile, there was no effect on nutrient digestibility
in weaned pigs after adding the complex probiotics to the diet, whether
on day 14 or 28 (Table 4; p>0.05). The addition of dietary complex
probiotic had no significant effect on fecal score (Table 5; p>0.05).

3.2 Hematological profiles

The addition of complex probiotic to the diet resulted in a
significant reduction in blood glucose concentration compared to
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TABLE 3 Effects of dietary complex probiotics supplementation on
growth performance in weaned piglets.

Item CON Probiotics @ SEM  pvalue
Body weight, kg
Initial 8.53 8.59 0.077 0.619
Day 14 11.12 11.89 0.240 0.035
Day 28 18.55 19.92 0.238 <0.001
ADF]I, g/day
Day 0-14 312.2 331.7 33.45 0.685
Day 15-28 840.2 818.7 55.65 0.788
Day 0-28 552.5 579.7 23.50 0.422
ADG, g/day
Day 0-14 185.1 235.7 17.77 0.056
Day 15-28 530.6 573.3 27.68 0.287
Day 0-28 357.9 404.6 7.87 <0.001
F: G
Day 0-14 1.69 1.41 0.082 0.023
Day 15-28 1.58 143 0.064 0.127
Day 0-28 1.55 1.44 0.061 0.226

CON, Control group; SEM, Standard error of means; ADFI, Average daily feed intake; ADG,
Average daily gain; and F: G, The ratio of feed to gain.

TABLE 4 Effects of dietary complex probiotics supplementation on
apparent total tract digestibility of nutrient in weaned piglets.

Iltem, % CON Probiotics SEM  pvalue
Day 14
Dry matter 87.14 86.76 0.357 0.456
Crude protein 83.94 83.90 0.369 0.935
Gross energy 87.37 87.28 0.290 0.830
Day 28
Dry matter 85.02 85.65 0.250 0.092
Crude protein 83.48 83.90 0.232 0.211
Gross energy 86.59 86.39 0.269 0.605

CON, Control group; SEM, Standard error of means.

CON (Table 6; p<0.05), while the addition of complex probiotic to
the diet did not affect the blood concentrations of IgA, IgG, IgM,
IL-1p, IL-6, IL-10, albumin, total cholesterol, and total protein
(p>0.05).

3.3 Intestinal morphology and fecal
microbiota

Table 7 and Figure 1 showed that the dietary complex probiotic
addition significantly increased the VH and VH: CD of duodenum
and ileum in weaned piglets, compared to CON (p<0.05).
However, the addition of complex probiotic to the diet had no
significant effect on the morphology of the jejunum in piglets
(p>0.05). In addition, we did not find differences in fecal
microbiota (Table 8, p>0.05).
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TABLE 5 Effects of dietary complex probiotics supplementation on fecal
score in weaned piglets.

10.3389/fvets.2024.1424855

TABLE 7 Effects of dietary complex probiotics supplementation on
intestinal morphology in weaned piglets.

Item CON Probiotics SEM p value Item CON Probiotics SEM p value
Day 7 341 3.25 0.255 0.649 Duodenum
Day 14 3.17 3.33 0.304 0.702 VH, um 324.9 428.3 5.523 <0.001
Day 21 3.25 3.42 0.283 0.681 CD, um 2783 275.3 5.052 0.681
Day 28 3.58 3.25 0.309 0.453 VH: CD 1.17 1.56 0.031 <0.001
CON, Control group; SEM, Standard error of means; Fecal score=1 hard, dry pellet; 2 firm, Jejunum
formed stool; 3 soft, moist stool that retains shape; 4 soft, unformed stool that assumes the
shape of the container; and 5 watery liquid that can be poured. VH, um 407.7 409.8 4.192 0.724
CD, um 296.3 296.5 5.240 0.972
TABLE 6 Effects of dietary complex probiotics supplementation on VH: CD 1.38 139 0.025 0.891
hematological profiles in weaned piglets.
Tleum
ltem CON Probiotics SEM  pvalue VH, um 754 — 6446 0001
IgA, mg/mL 0.97 1.04 0.180 0.971 €D, um 196.6 1884 5297 0286
IgG, mg/mL 7.50 7.36 0.231 0.667 VH: CD 141 167 0.050 0.001
[gM, mg/ml. 109 0.96 0.142 0.520 CON, Control group; SEM, Standard error of means; VH, Villus height; CD, Crypt depth;
IL-1, pg/mL 27.59 28.30 0.455 0.283 and VH: CD, Villus height: crypt depth.
IL-6, pg./mL 86.71 88.64 1.285 0.311
IL-10, pg/mL 31.30 29.79 0.775 0.181 piglets by the dietary addition of probiotics was primarily achieved by
) an increase in the daily weight (17). However, the results of this study
Albumin, g/L 29.83 30.12 0.714 0.872 = o i ]
showed that the addition of complex probiotic alleviated the negative
Total cholesteral, mmol/L. | 298 282 0176 023 effects of weaning stress by reducing F: G (1.69-1.41) and enhancing
Glucose, mmol/L 6.68 5.61 0.342 0.037 ADG (185.1-235.7g) in the early stage of weaning (days 0-14).
Total protein, g/L 51.42 50.69 1.279 0.692 Although ADG (530.6-573.3g) and F: G (1.58-1.43) were changed to

CON, Control group; SEM, Standard error of means; IgA, Immunoglobulin A; IgG,
Immunoglobulin G; IgM, Immunoglobulin M; IL-1, Interleukin-16; IL-6, Interleukin-6;
and IL-10, Interleukin-10.

3.4 Fecal SCFAs and fecal gas emissions

Concentrations of acetate, propionate, butyrate, and total SCFAs
in feces were significantly higher in the complex probiotic group than
in CON (Table 9; p<0.05). Furthermore, the dietary inclusion of
complex probiotic significantly decreased the concentrations of
methyl mercaptans, acetic acid, and CO, in the feces of piglets on day
28 (Table 105 p<0.05). However, the addition of complex probiotic did
not have a significant effect on the concentrations of fecal microbiota
(Table 8), isobutyrate, isovalerate, valerate, NH;, and H,S (p>0.05).

4 Discussion

Weaning stress in piglets can have negative economic effects (1, 2).
It is a straightforward approach to evaluate economic effects through
growth performance. A variety of factors can influence growth
performance, feed nutrients, management practices, and external
stimuli (30-34). The study results indicated that adding complex
probiotic to piglets’ diets effectively increased ADG and decreased F:
G during days 0-14. However, there was no effect on ADG and F: G
during days 15-28. Throughout the trial, there was no significant
difference in ADFI between the two treatment groups. The present
study compared the effect of adding four different probiotics mixture
to the diet. Previous study has shown that the addition of probiotics
either alone or in combination had no impact on feed intake and F:
G. Furthermore, the enhancement of the growth performance of
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a certain extent in the second half of the piglet’s life (days 15-28), but
the effect was not significant. However, in a study where Bacillus
licheniformis was added alone, the results indicated that there was no
significant effect on the ADG of piglets during the first 14 days, but
there was a significant increase in ADG on days 14-28 (35). Another
study showed that the addition of Saccharomyces cerevisiae to diets also
observed significant differences in body weight over time (15). The
above results are not consistent with the results of the present study. In
conclusion, the aforementioned results indicated that the phase of
interest when studying the dietary complex probiotics addition may
be 2 weeks after weaning. Previous research has indicated that weaning
stress can cause diarrhea and decrease the height of the intestinal villi
(3, 4). This study found that there was no significant difference in fecal
scores between the two treatment groups. The mean value of the scores
ranged from 3 to 4 (moist stool that retains shape). This study did not
find any evidence of severe diarrhea. The same result was observed in
the study of Bacillus licheniformis as a sole component of the diet.

Nutrients, including glucose, amino acids, glycerol, and fatty
acids, are primarily absorbed in the small intestine. The height of the
small intestinal villi affects the uptake and absorption of nutrients to
some extent. Although this study found that the addition of complex
probiotic increased the VH of the duodenum and ileum, there was no
significant effect on the apparent total tract digestibility of the
nutrients. The result suggested that the growth performance of the
complex probiotic group may be improved due to the different
fermentation capacities of the hindgut microorganisms.

The mammalian gut harbors a considerable and heterogeneous
microbial community. The host and gut microbes are mutually
dependent, coordinating and constraining each other in order to achieve
homeostasis within the organism (36, 37). SCFAs are the end-products

of intestinal bacterial fermentation with various metabolic
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FIGURE 1
The morphology of duodenum, jejunum, and ileum in weaned piglets fed with basal diets supplemented with complex probiotics (Scale bar: 100 pm).

TABLE 8 Effects of dietary complex probiotics supplementation on fecal
microbiota in weaned piglets.

Item, Lg CON Probiotics SEM | pvalue
(copies/g)

Prevotella 9.70 10.09 0.326 0.405
Bacteroides 11.30 10.79 0.359 0.320
Bifidobacterium 12.20 10.82 0.502 0.064
Escherichia coli 9.48 9.09 0.477 0.570
Lactobacillus 7.87 8.10 0.737 0.827
Bacillus 6.49 6.76 0.432 0.660

CON, Control group; SEM, Standard error of means.

TABLE 9 Effects of dietary complex probiotics supplementation on fecal
SCFAs in weaned piglets.

Iltem, mg/g CON Probiotics SEM

dry face

weight

Acetate 2.62 4.31 0.232 <0.001
Propionate 1.67 2.56 0.270 0.029
Isobutyrate 0.54 0.52 0.080 0.838
Butyrate 0.39 113 0.147 0.002
Isovalerate 0.15 0.23 0.027 0.066
Valerate 0.67 0.68 0.087 0.936
Total SCFAs 6.05 9.42 0.369 <0.001

CON, Control group; SEM, Standard error of means; SCFAs, Short-chain fatty acids.

characteristics. They can provide energy for the intestinal flora and the
host’s epithelial cells, maintain intestinal acid-base balance, inhibit the
growth of harmful pathogens, and regulate the host’s intestinal immune
system so as to alleviate the inflammatory response (38). In the study,
we analyzed the fecal microbiota content and found no significant
difference between the two treatment groups. Then, by measuring fecal
SCFAs, we found that concentrations of acetate, propionate, butyrate,
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TABLE 10 Effects of dietary complex probiotics supplementation on fecal
gas emissions in weaned piglets.

Iltem, ppm  CON Probiotics SEM p value
Day 28
Methyl

4.77 3.85 0.252 0.017
mercaptans
NH; 3.79 3.35 0.282 0.282
H,S 2.30 2.36 0.270 0.871
Acetic acid 8.26 5.65 0.317 <0.001
CO, 9,919 8,742 386.5 0.043

CON, Control group; SEM, Standard error of means.

and total SCFAs in feces were significantly higher in the complex
probiotic group than in CON. The results indicated that the fermentation
capacity of gut microorganisms was higher in the complex probiotic
group. Nevertheless, the observed differences were not statistically
significant in terms of the measured gut microbial content.
Consequently, the use of alternative methods may be required to
determine a more comprehensive range of gut microbial species and
content. Butyric acid and acetate can be absorbed by the hindgut and
provide a significant amount of energy for the body (39). This could
be the primary reason why adding complex probiotic to the diet
enhanced growth performance. Additionally, we analyzed the blood
profile of the piglets. IL-6 and IL-10 are associated with inflammatory
responses (40-42). IgA, IgG, and IgM are associated with immune
function (43-45). However, this study did not find any differences in the
aforementioned factors between the two treatment groups. However, a
significant reduction in blood glucose levels was found in the probiotic
complex group. Previous studies have shown that higher levels of SCFAs
can significantly reduce plasma glucose levels (46, 47). Its primary
function is to regulate blood glucose levels through the hepatic
AMP-activated protein kinase pathway and to affect blood glucose levels
by increasing intestinal satiety hormones (47). The results indicated that
the probiotic complex group changed the composition of fecal SCFAs,
reduced blood glucose levels, and improved growth performance.
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With the intensification of the pig industry, the impact on
emissions of environmental pollution and animal health becomes
increasingly significant. Studies have shown that emissions from large
farms can spread up to 5km in the vicinity (48-50). Harmful gases
such as methyl mercaptans, acetic acid, H,S, and NH; can cause
respiratory damage in pigs and reduce growth performance (51). The
results of this study showed that the dietary complex probiotic
supplementation significantly decreased the concentrations of methyl
mercaptans, acetic acid, and CO, in the feces of piglets. In conclusion,
the addition of dietary complex probiotic can effectively reduce the
level of harmful gases in the pig house.

5 Conclusion

Dietary supplementation with 0.2% probiotics improved gut
health by increasing duodenal and ileal VH, and increased final BW
by increasing ADG.
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