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Introduction: This study was conducted to explore the effects of supplementary
feeding of bamboo powder on the physical parameters of sows during the
perinatal period of 7days+in parturition, including farrow duration, serum
biochemical indexes, fecal physicochemical indexes, and microbial flora.

Methods: Thirty pregnant sows were randomly divided into three groups: the
control group was fed a basal diet, TRE1 group and TRE2 group were fed a basal
diet supplemented with 30g d and 60g d=! bamboo powder, respectively.
Multiple parameters of sows and offspring piglets were determined.

Results: The contents of serum total cholesterol and triglyceride of sows in TRE2
group were significantly lower than those in the control group. The contents of serum
malondialdehyde of sows in TRE2 and TRE1 groups were significantly lower than that
in control group. The water content of sow feces in TRE2 group was significantly
higher than that in control group, and the pH values of sows in TRE2 and TRE1 groups
were significantly higher than that in control group. The richness index (Chao) of
sow fecal bacterial community in TRE2 group was significantly lower than that of the
control group, and the Ace and Sobs indexes tended to be lower than those of the
control group. At the phylum level, the relative abundance of Actinobacteriota in the
feces of sows in TRE2 group was significantly lower than that of the control group,
while that of Fusobacteriota in the feces of suckling piglets in TRE2 group tended to
be lower than that of the control group. At the genus level, the relative abundance of
Tissierella in the feces of sows in TRE2 group was significantly lower than that of the
control group while that of Fusobacterium in the feces of suckling piglets in TRE2
group tended to be lower than that of the control group. The relative abundance
of Clostridium_sensu_stricto_1, Terrisporobacter, Turicibacter, and Tissierella in the
feces of sows in TRE2 group was significantly lower than that of TRE1 group, while
while Lactobacillus tended to be higher than that of TRE1 group.

Discussion: The results suggested that supplementary feeding 60g d-! bamboo powder
could increase the water content in the feces of sows, reduce the oxidative damage,
and tend to reduce the relative abundance of opportunistic pathogenic Fusobacterium
for suckling piglets, while it reduced the fecal microbial diversity of sows.
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Introduction

Perinatal period of sows refers to the transition period from 7 to
10 days before delivery to 3-5days after delivery. Although the
perinatal period is short in the whole production cycle, it has an
important impact on the production performance of sows. Many
problems may occur in this period, such as constipation, prolonged
farrowing duration of sows, and rising mortality rate of piglets (Theil
et al., 2022). Constipation may cause discomfort to sows in the
perinatal period, prolong farrowing duration, and increase intestinal
absorption of endotoxin, leading to postpartum agalactia syndrome
(Tabeling et al., 2003). Therefore, it may be helpful to solve the
constipation of sows in the perinatal period by regulating fiber
nutrition, thus improving production performance. For sows with
postpartum agalactia syndrome, supplementary feeding dietary fiber
in the perinatal period could significantly improve their feces score,
postpartum agalactia syndrome score, body condition score, and
farrowing performance (Papatsiros et al., 2021). In addition, some
studies have found that increasing dietary fiber in the perinatal period
of sows significantly reduced the number of stillbirths and total
mortality of piglets, as well as the mortality rate and diarrhea rate
caused by weak piglets (Feyera et al., 2017). Feeding high-fiber diet to
sows during perinatal period could reduce Clostridium perfringens in
feces, thus helping to improve the health of newborn piglets
(Schwennen et al., 2022). All the above studies suggest that the fiber
nutrition of perinatal sows may be significant to the health of both
sows and their offspring piglets.

Fiber nutrition of sows plays an important role in regulating the
intestinal microbial composition and the health status of the piglets.
It was found that, elevating the dietary fiber level of sows with bran
and soybean hulls as fiber sources significantly increased the microbial
diversity of colonic chyme of piglets, and significantly improved the
abundance of Acidobacteria and Bacteroidetes (He et al., 2020).
Another study found that adding wheat bran and sugar beet pulp to
the diet could significantly increase the abundance of Lactobacillus in
the colon of piglets and the expression level of tight protein mRNA in
the ileum (Shang et al., 2021b). One study compared with the effects
of lignocellulose, modified cassava starch and konjac flour have
significant effect on substrate fermentation. Konjac flour was a kind
of fast fermentation fiber, which could produce propionic acid and
butyric acid quickly. At 36h of fermentation, the abundance of
anaerobic Anaerovibrio and Erysipelatoclostridium was higher that of
the konjac flour group, while at 72h of fermentation, the abundance
of Fibrobacter was higher in the lignocellulose group (Pi et al., 2021).
Fibrobacter could degrade plant fibers with complex structure (Qi
et al,, 2005). The increased abundance of Fibrobacter improved the
content of volatile fatty acids in the rumen (Deng et al., 2017). All the
above research show that there are differences between soluble dietary
fiber (SDF) and insoluble dietary fiber (IDF) in regulating microbial
composition, but they all have certain regulating effects on the
microbes of the offspring piglets.
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Bamboo is one of the plants with the fastest growth rate, which is
widely distributed all over the world. Bamboo has 1,575 species, with
abundant resources (Basumatary et al., 2015). The fiber contents in
powder processed from bamboo poles of three different varieties were
all above 60%, which had a promising application prospect as a source
of dietary fibers. The bamboo fiber was weakly acidic, with a low water
solubility index (2.5-7.5%) (Felisberto et al., 2017). IDF of bamboo
shoots had a porous surface, with much higher adsorption capacity
than that of SDE. Compared with the control group, the total short-
chain fatty acids of the group added with IDF and SDF were increased
by 1.28 times and 0.71 times, respectively (Wu et al., 2020). Feeding
bamboo powder is rich in fiber, which has the potential for beneficial
dietary fiber. Our group found that the micronized bamboo powder
processed from the yellow part of bamboo poles could reduce the
number of Escherichia coli in the feces of weaned piglets and improve
the growth performance (Dai et al., 2021). It could also improve the
composition of the intestinal chyme flora of broilers and increase the
average daily gain (Dai et al., 2022). This study further studied the
effects of supplementary feeding of bamboo powder in the perinatal
period of sows on fecal microorganisms of both sows and their
offspring piglets. It may explore the practical value as a feeding
supplement for sows.

Materials and methods
Ethics approval

All animal care and handling were approved by the Ethics
Committee for Animal Experimentation, Scientific Research
Department, Leshan Normal University, Sichuan, China.

Feeding bamboo powder

The bamboo poles of Phyllostachys pubescens (from Sichuan
Province, China) after growing for 5 ~ 6 years were collected, and
the green parts of the poles were removed (Huang et al., 2019). The
bamboo poles were first processed with a cutter grinder (Model
600, Zhengzhou Chuangyi Machinery Equipment Co., Ltd.), then
dried until the water content was 10% ~ 12%. The bamboo powder
was further ground with a hammer mill (Model 968, Jiangsu
Muyang Group Co., Ltd.), and then passed through the 80-mesh
sieve to obtain feeding bamboo powder. Regarding the method
reported in previous literature, the water content (method 934.01;
AOAC International, 2007), crude protein (method 990.03; AOAC
International, 2007), and ash (method 942.15; AOAC International,
2007) were determined to be 8.45, 1.51, and 1.39%, respectively,
and the neutral detergent fiber (NDF) and acid detergent fiber
(ADF) (Van Soest et al., 1991) were determined to be 82.8 and
75.0%, respectively.
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Grouping and treatment

Thirty (30) healthy sows (Landrace x Yorkshire) with second
parity and medium backfat thickness were selected. All sows were
treated with estrus synchronization, artificially inseminated during
the same period and fed with the same diet from mating to d 107 of
gestation. Then, they were randomly divided into 3 groups, with 10
replicates in each group and 1 sow in each replicate. In the control
group, the sows were fed a basal diet. In TRE1 group and TRE2 group,
the sows were fed a basal diet and supplemented with 30gd™"and 60g
d™! bamboo powder (24.84g d™' and 49.68 g d~' NDF), respectively.
The basal diet was prepared according to NRC2012 and SEGE 27th
edition Sow nutrition standards. The composition and nutrition level
of the diet was provided (Table 1).

Feeding and management

The experiment was conducted in the farm of Tianzhen Vica
Agriculture and Animal Husbandry Food Co., Ltd., Datong, Shanxi
Province of China. The experiment was conducted from the 107th day
of gestation to the 7th day after delivery. On day 107 of gestation, sows
were moved to individual farrowing pen with crates and fed two meals
a day at 6:30 and 15:30, respectively. From the 107th day of gestation
to delivery, 3kg diet was fed every day. For the 7 days after delivery, the
diet was fed with equal increment, of which 1kg was given on the 1%
day after delivery, and 1kg was added every day thereafter. During the
experiment, all sows and piglets were allowed to drink freely. The sows
were managed according to the normal feeding and health care
procedures of farms.

TABLE 1 Composition and nutrition level of the basal diet (Air-dried).

10.3389/fmicb.2023.1139625

Sample collection

Serum samples of sows: On the morning of the 7th day after
delivery, 5 sows with fasting for 12h were randomly selected from
each group. 5ml of blood was drawn from the ear vein and put into
the centrifuge tube, then left on ice for 30 min, centrifuged at 3000 rpm
for 15min, and then the serum could be separated. The collected
serum was put into a 1.5ml centrifuge tube and frozen at —20°C
for testing.

Fecal samples: From the 5th to the 7th day after delivery, fresh
fecal samples of all test sows were collected for three consecutive days,
put into sample bags, and frozen at —20°C for detecting
physicochemical indexes. On the morning of the 7th day after delivery,
5 sow fecal samples in each group were randomly selected, and about
300 mg of fecal samples were scraped and put into a 1.5ml centrifuge
tube. Merged fecal samples from every two sows into one sample. At
the same time, about 300 mg of fresh feces from piglets of sows were
collected and put into a 1.5ml centrifuge tube, which were frozen with
liquid nitrogen and frozen at —80°C for microbial analysis. Collected
2 piglet fecal samples from each litter, and merged every two replicates
into one sample.

Production performance of sows

The total number born and number born alive of each sow were
recorded. The birth time of the first and the last piglets was accurately
recorded, and the time interval between them was the farrowing
duration. Mean of birth interval was calculated as: Farrowing
duration/Total number born.

Composition Weight Nutrition level® Content
Corn 580 Digestive energy, MJ/kg 13.62
Flour 40 Net energy, MJ/kg 9.84
46%CP soybean meal 145 Crude protein, % 17.75
68%CP steamed fishmeal 20 Neutral detergent fiber, % 10.41
Fermented soybean meal 30 Acid detergent fiber, % 3.83
Extrudedsoybean 50 Digestible lysine, % 1.01
Soybean oil 10 Digestible lysine + methionine, % 0.56
Glucose 10 Digestible threonine, % 0.63
Wheat bran 55 Digestible tryptophan, % 0.18
Limestone 11 Digestible valine, % 0.71
Calcium hydrophosphate 12 Calcium, % 0.86
Salt 4 Total phosphorus, % 0.64
Sodium bicarbonate 1.5

50% Choline chloride 1.5

Premix* 30

Total 1,000

*Supplied the following per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 2,000 IU; vitamin E, 75 mg; vitamin K3, 4.5 mg; vitamin B1, 2.9 mg; vitamin B2, 10 mg; vitamin B6, 3.1 mg;
vitamin B12, 0.04 mg; vitamin C, 100 mg; pantothenic acid, 26 mg; nicotinic acid, 31 mg; folic acid, 3.1 mg; choline, 500 mg; Fe, 120 mg; Cu, 15 mg; Zn, 70 mg; Mn, 65mg; I, 0.4 mg; Co, 0.2 mg;

Se, 0.3mg; and Cr, 0.2 mg. bInclicating that the nutritional level was the calculated value.
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Determination of serum biochemical
indexes

The serum biochemical indexes of sows involved glucose,
triglyceride, total cholesterol, total protein, urea nitrogen, superoxide
dismutase, and malondialdehyde, all of which were determined by kits
(Nanjing Jiancheng Institute of Bioengineering, Nanjing, China). The
serum glucose, triglyceride, total cholesterol, and urea nitrogen were
determined by enzymatic assays, with the kits of F006, A110, A111,
and C013. The total serum protein was determined by ceruloplasmin
assay, with the kit of A029. The serum superoxide dismutase was
determined by hydroxylamine assay, with the kit of A001. The serum
malondialdehyde was determined by the thio-barbituric acid method,
with the kit of A003.

Determination of physicochemical indexes
of feces

The water content of feces was determined according to the
previous report (Shang et al., 2021a). The fecal samples frozen at
—20°C were thawed at room temperature. Two hundred gram of the
samples were weighed and dried at 103°C for 72h. The weight of
samples before and after drying was determined, thus calculating the
water content. The pH value of feces was determined according to the
reference method with appropriate modification (Yang et al., 2010).
0.5 g of thawed feces was put into a beaker, then 20 ml of distilled water
was added, stirred thoroughly, then left to stand, and the pH value was
measured with a pH meter.

Microbial flora analysis of feces

Genomic DNA was extracted from feces samples of sows and
piglets by DNA extraction kit (Omega Bio-Tek, Norcross, GA,
United States). The quality of the extracted DNA was detected by 1%
agarose gel electrophoresis, and the DNA concentration and purity
were determined by Nanodrop 2000 (Thermo scientific Inc.,
United States). With the above DNA as a template, the variable region
0f V3-V4 of 16S rRNA gene was amplified by PCR, with primers 338F
(5"-ACTCCTACGGGAGGCAGCAG-3') and 806R (5-GGACTA
CHVGGGTWTCTAAT-3") (Liu et al., 2016). The 16S rRNA PCR
amplification products were Paired-end sequenced using Illumina
Miseq PE300 platform by Majorbio (Shanghai, China)'. The raw reads
have been deposited into NCBI with project NO. PRINA953182.

Fastp® (version 0.19.6) software was used to control the quality
of the original sequence obtained with Paired-end sequencing
(Chen et al., 2018). The FLASH? (version 1.2.11) software was used
for splicing (Mago¢ and Salzberg, 2011): (1) fastp (see footnote 2;
version 0.19.6) was applied to control the quality of the original
sequence of Paired-end sequencing (Chen et al., 2018). FLASH (see
foot note 3) (Version 1.2.11) was applied for splicing (Magoc¢ and

1 www.majorbio.com
2 https://github.com/OpenGene/fastp
3 http://www.cbcb.umd.edu/software/flash
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Salzberg, 2011): (1) Filtering the bases with mass value below 20 at
the end of the reads, and setting a window at 50 bp. If the average
mass value in the window was below 20, removing the back bases
from the window, filtering the reads with the mass value below
50 bp after quality control, and removing the reads with N bases. (2)
Merging the paired reads into one sequence according to the
overlap relationship between PE reads, with a minimum overlap
length of 10bp. (3) Screening non-conforming sequences. The
maximum allowable mismatch ratio in the overlap region of merged
sequences was set as 0.2. (4) Differentiating samples according to
barcodes and primers at the beginning and end of the sequence, and
adjusting the sequence direction. The allowable mismatch number
of barcodes was set as 0, and the maximum primer mismatch
number was set as 2. UPARSE* (version 7.1) (Stackebrandt and
Goebel, 1994; Edgar, 2013) was applied for Operational taxonomic
unit (OTU) clustering of the sequences spliced by quality control
according to the similarity of 97%, and chimeras were removed. To
minimize the effects of sequencing depth on the subsequent analysis
of Alpha diversity and Beta diversity data, the sequence number of
all samples was flattened to 34,060, and the Good’s coverage of each
sample could still reach 99.49% after flattening. RDP classifier’
(version 2.11) was applied to align the Silva 16S rRNA gene database
(Release 138°) for conducting OTU species taxonomic annotation
(Wang et al., 2007), and the confidence threshold was 70%. The
community composition of each sample was counted at different
specie classification levels.

Data processing and statistical analysis

SPSS23.0 was applied for one-way ANOVA, and LSD method was
used for multiple comparisons. The statistical analysis of production
performance, serum biochemical indexes, and fecal physicochemical
indexes were performed, and the results were expressed by
Mean * Standard deviation, p <0.05 indicated a significant difference,
and 0.05<p<0.10 indicated a difference trend.

The 16S rRNA sequencing data of all samples were analyzed with
Majorbio Cloud platform,’ as follows: Mothur® was used to calculate
the Alpha diversity, including Ace, Chao, and Sobs indices to represent
richness, Shannon and Simpson indices to represent diversity.
Wilxocon rank sum test was used to analyze the difference of Alpha
diversity between groups.

Principal coordinate analysis (PCoA analysis) based on Bray-
Curtis distance algorithm was used to test the similarity of
microbial community structure among samples, and ANOSIM
nonparametric test was used to analyze whether the difference of
microbial community structure among sample groups was
significant. Student’s T test was used to carry out two-tailed test
for analyzing the difference of relative abundance of main
microorganisms in different experimental groups at phylum and

http://drive5.com/uparse/
http://rdp.cme.msu.edu/
http://www.arb-silva.de

https://cloud.majorbio.com

o N o o p

http://www.mothur.org/wiki/Calculators
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TABLE 2 Effects of feeding bamboo powder on the farrow duration of sows.

10.3389/fmicb.2023.1139625

Items Control TRE1 TRE2 p-value
Total number born 10.75+2.44 12.00+1.58 11.25+1.75 0.563
Number born alive 10.50+2.00 11.60+2.07 11.25+1.75 0.573
Farrowing duration/min 271.25+60.81 316.00 £62.69 262.50+32.84 0.204
Mean of birth interval/min 25.63+4.47 26.28+£3.60 23.74+4.27 0.521

In the same row, values with no letter means no significant difference between the two groups (p <0.05).

TABLE 3 Effects of feeding bamboo powder on the serum biochemical
indexes of sows.

TABLE 4 Effects of feeding bamboo powder on the physicochemical
indexes of feces of sows.

Items Control TRE1 TRE2 Control

Glucose/mmol L™ 0.40+0.10 0.67+0.28 0.29+0.06 b b
pH 6.09+0.08* 6.32+0.02 6.35+0.08

Triglyceride/mmol L™ 0.68+0.11° 0.59+0.06™ 0.39+0.05

Total cholesterol/mmol L™ 3424027° | 336£030°  225+020° Water content/% 65452527 70.82+4.85" 73.95£1.09"

Total protein/mgmL™* 81.86+2.22 76.15£5.27 81.04+2.55 In the same row, values with same letter superscripts mean no significant difference between

Urea nitrogen/mmol L™ 19.90+0.66 20.81+0.81 21.21+0.46 the two groups (p > 0.05), while with different letter superscripts mean significant difference

Superoxide dismutase/UmL™ | 2459+152 | 25714109 | 23.34+1.10 between the two groups (p < 0.05).

Malondialdehyde /nmol mL™" 27.67+9.11* 7.95+1.45° 4.94+0.93"

In the same row, values with no letter or same letter superscripts mean no significant
difference between the two groups (p > 0.05), while with different letter superscripts mean
significant difference between the two groups (p < 0.05).

genus levels. p<0.05 indicated a significant difference, and
0.05<p<0.10 indicated a difference trend.

Results

Effects of feeding bamboo powder on the
farrowing duration of sows

From the data in Table 2, it could be observed that the total
number born, number born alive, farrowing duration, birth interval
of TRE1 and TRE2 groups were not significantly different from that
of the control group (p>0.05). Supplementary feeding of 30g d™' or
60g d~' bamboo powder had no significant effect on the farrowing
duration of sows (p>0.05). The farrowing duration and mean of birth
interval of sows were relatively low for sows in the group supplemented
with 60g d™' bamboo powder.

Effects of feeding bamboo powder on
serum biochemical indexes of sows

From the data in Table 3, it could be observed that, the levels of
total cholesterol, triglyceride, and malondialdehyde (MDA) in the
serum of sows decreased with the increased amount of feeding
bamboo powder. The levels of total cholesterol and triglyceride in
TREI and TRE2 groups were significantly lower than those in the
control group (p <0.05). Compared with the control group, the MDA
level in the serum of sows decreased by 82.15 and 71.27%, respectively,
both with significant differences (p <0.05). Supplementary feeding
30gd™ or 60g d' bamboo powder had no significant effect on levels
of glucose, total protein, urea nitrogen, and superoxide dismutase
activity in the serum of sows (p>0.05).

Frontiers in Microbiology

Effects of feeding bamboo powder on the
physicochemical indexes of sow feces

From the data in Table 4, the pH values of sow feces in TRE1 and
TRE2 groups were significantly higher than those in control group
(p<0.05). The pH value of feces was not significantly different between
the two treatment groups (p>0.05). The fecal moisture content of sows
in the TRE1 and TRE2 groups was increased by 8.20% (p>0.05) and
12.99% (p<0.05), respectively. Compared with the control group,
there was no significant difference in fecal moisture between TRE1
and TRE2 groups (p>0.05).

Effects of feeding bamboo powder on the
microbial sequence data and diversity of
alpha and beta in feces of sows and
offspring piglets

The effects of feeding bamboo powder on the diversity and
richness of microorganisms in the feces of sows and offspring piglets
were explored. For each sample, the bacterial 16S rRNA V3-V4 region
was amplified by PCR and analyzed with Illumina Miseq high-
throughput sequencing. According to the statistics of the flattened
OTUs (Figure 1), there were 1,462 OTUs in the feces of sows in the
control group, and the OTUs in the feces of sows were 1,347 and
1,305 in TRE1 and TRE2 groups, which were lower than those of the
control group. The unique OTUs were 185 and 236 in TRE1 and TRE2
groups, indicating that feeding bamboo powder in the perinatal
period might regulate the microorganism in the feces of sows.

For the offspring piglets, there were 838 OTUs in the feces of the
control group, and the OTUs were 943 and 899 in TREI and TRE2
groups, which were higher than that of the control group. The unique
OTUs were 251 and 218 in TRE1 and TRE2 groups, indicating that
feeding bamboo powder could regulate the fecal microbial
composition not only in sows, but also in their offspring piglets.

From the data in Table 5, it could be observed that the richness
indexes (including Ace, Chao, and Sobs) in groups supplemented with
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TABLE 5 Effects of feeding bamboo powder on alpha diversity of fecal
microbiota for sows and piglets.

Items Control TRE1 TRE2
Ace 1158.10+111.12 997.09 £ 166.49 971.09+184.93
Chao 1162.50 + 88.69* 998.05 +164.31* 903.87 +£192.3°

Sow Sobs 857.60+116.57 737.2+147.72 675.80+177.05
Shannon 4.21+0.32 3.85+0.19 3.76+1.01
Simpson 0.0496 +£0.0209 0.0625+0.0171 0.0998 £0.0956
Ace 563.15+108.12 706.98+103.76 641.91+84.19
Chao 574.99+106.19 685.67 +66.94 628.58+92.68

Piglet Sobs 442.2+83.77 504.85+62.94 468.00 £ 67.85
Shannon 3.67+0.18 3.53+0.29 3.41+0.42
Simpson 0.0750+0.0282 0.0961+£0.0268 0.1139+0.0671

In the same row, values with no letter or same letter superscripts mean no significant
difference between the two groups (p > 0.05), while with different letter superscripts mean
significant difference between the two groups (p < 0.05).

feeding bamboo powder were lower than those in the control group.
The Chao index of TRE2 group was significantly lower than that of the
control group (p<0.05), and TRE1 group tended to be lower than that
of the control group (p <0.10). Both the Ace and Sobs indexes of TRE2
group tended to be lower than those of the control group (p<0.10).
The results were different from the offspring piglets. The richness
indexes (including Ace, Chao, and Sobs) in TRE1 and TRE2 groups
were higher than those of the control group. Ace and Chao indexes in
TRE1 group tended to be higher than those of the control group
(p<0.10). The diversity indexes (Shannon and Simpson) of the fecal
microbial flora of both sows and piglets in TRE1 and TRE2 groups
were not significantly different from those of control group (p>0.05).
For exploring the effects of feeding bamboo powder on beta
diversity of fecal microbiota, principal coordinate analysis (PCoA) was
used to determine the difference between groups. The PCoA was
conducted based on the Braye-Curtis distance of OTU relative
abundance in the fecal microbiota of sows and piglets. As could
be seen from Figure 2A, the sow fecal microbiota was similar between
TRE1 and control groups (ANOSIM: R=0.1200, p=0.218). From
Figures 2B,C, we could know the fecal microbiota of TRE2 and control
groups were separated (ANOSIM: R=0.3600, p=0.027), and TRE1
and control groups were also separated (ANOSIM: R=0.4520,
p=0.011). According to Figures 2D-F, the piglet fecal microbiota of
TREI and control groups were not separated (ANOSIM: R =0.0040,
p=0.447). Similarly, TRE2 and control groups (ANOSIM: R=0.0240,
p=0.362), TRE2 and TRE1 groups (ANOSIM: R=0.0800, p=0.884).
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Effects of feeding bamboo powder on
microbial flora species in feces of sows and
piglets

The microflora species in the feces of sows and piglets in different
groups at the phylum level were shown in Figure 3. From Figure 3A,
the first five dominant bacteria shared in three groups were Firmicutes,
Proteobacteria, Actinobacteriota, Bacteroidota, and Spirochaetota. In
TREL1 group, the proportions of Firmicutes (80.25% vs. 73.15%) and
Spirochaetota (0.21% vs. 0.19%) were increased compared with the
control group, while the proportions of Proteobacteria (9.35% vs.
11.29%), Actinobacteriota (7.71% vs. 10.37%), and Bacteroidota
(2.06% vs. 4.27%) were decreased. In TRE2 group, the proportions of
Proteobacteria (26.43% vs. 11.29%) and Spirochaetota (1.39% vs.
0.19%) were increased compared with the control group, while the
proportions of Firmicutes (62.46% vs.73.15%), Actinobacteriota (5.74%
vs. 10.37%), and Bacteroidota (3.76% vs. 4.27%) were decreased. In
contrast with the control group, the proportions of Firmicutes and
Spirochaetota changed greatly in TRE2 group, which were decreased
by 10.69% and increased by 15.14%, respectively.

From Figure 3B, there was a new dominant specie in the fecal
microflora of piglets over sows, which was Fusobacteriota. In TRE1
group, the proportions of Firmicutes (80.77% vs. 79.74%),
Actinobacteriota (7.37% vs. 5.53%), and Bacteroidota (5.10% vs.
4.09%) were increased compared with the control group, while the
proportions of Fusobacteriota (1.01% vs. 4.58%) and Proteobacteria
(4.90% vs. 5.68%) were decreased. In TRE2 group, the proportions of
Actinobacteriota (6.35% vs. 5.53%), Bacteroidota (7.58% vs. 4.09%),
and Proteobacteria (5.93% vs. 5.68%) were increased compared with
the control group, while proportions of Fusobacteriota (0.22% vs.
4.58%) and Firmicutes (79.68% vs. 79.74%) were decreased. In contrast
with the control group, the proportions of Fusobacteriota changed
greatly in both TRE1 and TRE2 groups, which were decreased by 3.57
and 4.36%, respectively.

The microflora species in the feces of sows and piglets in different
groups at the genus level were shown in Figure 4. From Figure 4A,
there were 25 dominant bacteria at the genus level in the feces of sows
of all three groups, including Clostridium_sensu_stricto_1,
Lactobacillus,  Acinetobacter,
Escherichia-Shigella, Corynebacterium,

Streptococcus, Terrisporobacter,
Turicibacter, Tissierella,
Christensenellaceae_R-7_group, Jeotgalibaca, Erysipelothrix, norank_f_

Aerococcaceae, Atopostipes, Sarcina, Psychrobacter, Solibacillus,
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FIGURE 2
Beta-diversity analysis among experimental groups. PCoA for sow between the control group (CON_Sow) and TRE1 group (TRE1_Sow) (A) and TRE2
group (TRE2_Sow) (B), and between TRE1 (TRE1_Sow) and TRE2 (TRE2_Sow) groups (C). PCoA for piglets between the control group (CON_Piglet)
and TRE1 (TRE1_Piglet) (D) and TRE2 (TRE2_Piglet) groups (E), and between TRE1 (TRE1_Piglet) and TRE2 (TRE2_Piglet) groups (F). N=5.

Sporosarcina, Proteiniphilum, Bifidobacterium, Treponema, norank_f_
Muribaculaceae, Kurthia, UCG-002,
Catenibacterium. The proportions of all dominant bacteria were 76.49,
81.81, and 80.30% in the control group, TRE1 group, and TRE2 group,
respectively.

From Figure 4B, there were 24 dominant bacteria in the feces of

Ruminococcaceae and

piglets of all three groups. The proportions of all dominant bacteria
were 82.49, 81.94, and 80.88% in the control group, TRE1 group, and
TRE2 group, respectively. Different from the dominant bacterial
species in the feces of sows, 17 unique dominant bacteria were
observed in piglets, including Peptostreptococcus, Enterococcus,
Eubacterium_fissicatena_group, — Fusobaterium,

unclassified_f_Lachnospiraceae, Prevotella, Norank_f Eubacterium_

Streptococcus,

coprostanoligenes_group, Lachnoclostrium, Holdemanella, Veillonella,
Collinsella, Bacteroides, Actinomyces, Phascolarctobacterium, Olsenella,
and Megasphaera.

The differences of fecal microflora species in sows and piglets at
the phylum level were compared and analyzed in three groups
(Figures 5, 6). The relative abundance of Actinobacteriota in the feces
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of sows in TRE2 group was significantly lower than that in control
group (p <0.05), but there was no significant difference in the bacterial
species at the phylum level between the two treatment groups
(p>0.05) (Figure 5B). The fecal bacterial species at the phylum level
were not significantly different between TRE1 and control groups,
TRE1 and TRE2 groups (p>0.05) (Figures 5A,C). The relative
abundance of Fusobacteriota in the feces of piglets in TRE2 group
tended to be lower than that in control group (p <0.10), but there was
no significant difference in the bacterial species between the two
treatment groups (p>0.05) (Figure 6B). The fecal bacterial species
were not significantly different between piglets in TRE1 and control
groups, TRE1 and TRE2 groups (p>0.05) (Figures 6A,C).

The top 10 dominant bacteria in the feces of sows and piglets at
the genus level were compared and analyzed in three groups
(Figures 7, 8). In TRE1 group, the relative abundance of Lactobacillus
and Escherichia-Shigella in the feces of sows was significantly lower
than that in control group (p <0.05) (Figure 7A). In TRE2 group, the
relative abundance of Tissierella in the feces of sows was significantly
lower than that of the control group (p<0.05), Corynebacterium
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FIGURE 3

Fecal microbiota species of sows and piglets at phylum level among
different groups. (A) Fecal microbiota for sows among different
groups. Sows are regarded as the experimental units, N= 5 for each
group. (B) Fecal microbiota for piglets among different groups.
Piglets are regarded as the experimental units, N= 5 for each group.

tended to be lower than that of the control (p<0.10), while
Acinetobacter tended to be higher than that of the control (p<0.10)

(Figure 7B). In Figure 7C, the relative abundance of

10.3389/fmicb.2023.1139625

Clostridium_sensu_stricto_1, Terrisporobacter, Turicibacter, and
Tissierella in the feces of sows in TRE2 group was significantly lower
than that of TRE1 group (p<0.05), while Lactobacillus tended to
be higher than that of TREI group (p<0.10). Among the top 10
dominant bacteria, the relative abundance of Fusobacterium in the
feces of piglets in TRE2 group tended to be lower than that in control
group (p <0.10), but there was no significant difference in the bacterial
species at the genus level between the two treatment groups (p > 0.05)
(Figure 8B). The fecal bacterial species at the genus level were not
significantly different between piglets in TRE1 and control groups,
TREI and TRE2 groups (p>0.05) (Figures 8A,C).

Discussion

Effects of feeding bamboo powder on the
farrowing duration of sows

Many risk factors may affect the stillbirth rate of piglets on farms.
The increased stillbirth rate was associated with certain production
performances of sows, such as cumulative farrowing duration >90 min
and birth interval >30min (Lanh and Nam, 2022). Thus, careful
supervision of parturition might be good for reducing the stillbirth
rate. A previous study found that the improvement of parturition
duration by increasing fiber intake (33.5% vs. 17.5% NDF) during late
gestation was associated with gut microbiota, production of short-
chain fatty acids and other metabolites, potentially serving for energy
metabolism (Liu et al., 2022). Under heat stress, a high-fiber diet (6.5%
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FIGURE 5
Differences in fecal microbiota of sows at phylum level among different groups. (A) The difference of fecal microbiota for sows between the control
group and TRE1 group. (B) The difference of fecal microbiota for sows between the control group and TRE2 group. (C) The difference of fecal
microbiota for sows between TRE1 and TRE2 groups. Sows are regarded as the experimental units, N=5 for each group.

acid detergent fiber, ADF) reduced the expression of heat shock
protein 70 in sows, showing the lower respiratory rate and shorter
farrowing duration (Oh et al, 2022). Our study assumed that,
supplementary feeding of bamboo powder in the perinatal period of
sows might increase the fiber intake, thus improving the farrowing
duration. However, it was found that feeding bamboo powder had no
significant effect on the farrowing process and mean birth interval of
sows, which might be related to the level of supplemented fibers. In
this study, supplementary feeding 60g d™' bamboo powder was
equivalent to increasing the intake of 49 g of NDF and 45 g of ADF per
day. When the daily intake of feed was 3 kg, the calculated fiber level
of TRE2 group in this study (12.04% NDE, 4.81% ADF) was still lower
than that reported in the above two references.

It was assumed that different fiber materials could affect the
farrowing process by regulating gut microbiota and energy
metabolism. However, it was found that extra energy supplement did
not improve the farrowing performance, and farrowing duration and
stillbirth rate were not affected by dietary fiber (DF) sources in a trial

Frontiers in Microbiology

with four DF sources for late gestating sows (Feyera et al., 2021).
Another study showed that maternal dietary fiber intake from
gestation d80 prevented the prolonged farrowing duration of sows and
shortened the average piglet birth interval (Li et al., 2021). According
to the above research, it was speculated that the fiber component of
the feeding bamboo powder in this study might not be the main factor
affecting the farrowing performance. The effects of bamboo powder
on farrowing duration and stillbirth could be further evaluated by
increasing the supplementation level and extending feeding period.

Effects of feeding bamboo powder on
serum and fecal biochemical indexes of
SOWS

Fat metabolism in serum could be regulated by dietary fiber

intake. It was found that supplementation of sugar beet pulp and
wheat bran both reduced serum concentration of total cholesterol of
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FIGURE 6
Differences in fecal microbiota of piglets at phylum level among different groups. (A) The difference in fecal microbiota for piglets between control
group and TRE1 group. (B) The difference in fecal microbiota for piglets between control group and TRE2 group. (C) The difference in fecal microbiota
for piglets between TRE1 and TRE2 groups. Piglets are regarded as the experimental units, N=5 for each group.

sows (Shang et al., 2021a), and addition of flaxseed meal and oat hulls
reduced fat digestibility and serum cholesterol of growing pigs (Ndou
et al.,, 2017). Similarly, it was found that supplementary feeding of
bamboo powder in the perinatal period of sows could also significantly
reduced serum triglyceride and total cholesterol in this study. In the
above studies, beet pulp and flaxseed meal mainly included soluble
fiber, while bran, oat hulls, and feeding bamboo powder mainly
included insoluble fiber, indicating that serum total cholesterol and
triglyceride levels might be associated with dietary fiber level instead
of fiber sources. Another study showed that the effects of fiber type on
serum biochemical parameters for lipid metabolism were different at
different stages of sows (Weng, 2020). Thus, it was necessary to explore
the regulation effect of feeding bamboo powder in different
physiological stages, and its effects on fat digestibility and milk fat
content in sows.

Serum urea nitrogen could reflect the utilization efficiency of
protein in animals (Kohn et al., 2005). The concentration of serum
urea nitrogen might have been the result of dietary and/or body
protein breakdown (Muller et al, 2022). It was showed that
supplementation of sugar beet pulp instead of wheat bran could

Frontiers in Microbiology

significantly reduce serum urea nitrogen of pregnant sows (Shang
et al, 2021a). Another study found that serum total protein
concentration was increased with increased inclusion level of fiber,
and impaired growth performance in finishing pigs (Bakare et al,,
2016). Our study found that feeding bamboo powder had no
significant effect on serum total protein, urea nitrogen, and glucose
concentration, indicating that feeding 60g d™' feeding bamboo
powder in the perinatal period had no negative effect on metabolism
and utilization of protein and sugar for sows.

Serum superoxide dismutase was an important biochemical index
reflecting the redox status of the body (Ren et al., 2012), while serum
malondialdehyde was often used to monitor the degree of lipid
peroxidation (Li et al., 2016). The fiber composition in pregnancy diet
played an important role in improving antioxidant capacity and
reducing the inflammatory response of sows and their offspring
through modulating the composition of gut microbiota (Li et al.,
2019). It was showed that supplementation inulin rich in soluble fiber
could improve the activity of superoxide dismutase, and reduce the
concentration of malondialdehyde and proinflammatory cytokines in
serum of dairy cows (Wang et al., 2021). Similarly, another previous
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FIGURE 7
Differences in fecal microbiota of sows at genus level among different groups. (A) The difference in fecal microbiota for sows between the control
group and TRE1 group. (B) The difference in fecal microbiota for sows between the control group and TRE2 group. (C) The difference of fecal
microbiota for sows between TRE1 and TRE2 groups. Sows are regarded as the experimental units, N=5 for each group.

study also found that dietary fermentable fiber could significantly
improve lipid profile and oxidative status in the serum of patients, in
which malondialdehyde level was significantly decreased (Xie et al.,
2015). Our study found that supplementary feeding of bamboo
powder could significantly reduce serum malondialdehyde of sows. It
was found that supplementation of insoluble fiber or soluble fiber
isolated from barley could both reduce serum malondialdehyde, while
barley soluble fiber could improve butyric acid and insulin sensitivity
(Li et al,, 2020). Thus, it was necessary to explore whether feeding
bamboo powder needs to be mixed with soluble fiber to improve fat
acid and sugar metabolism in sows during the perinatal period.
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The effects
physicochemical indexes of sow feces may be related to the fiber

of supplementing fiber resources on the
characteristics. Adding fiber resource rich in cellulose and lignin to the
diet of pregnant sows significantly increased the pH value of feces,
which might be related to its strong adsorption capability (Yang et al.,
2010). Our study also found that feeding with 30g d™* and 60g d™*
bamboo powder could significantly increase the pH value of the feces
of perinatal sows. Since the feeding bamboo powder mainly included
insoluble fiber, and it might absorb ammonia in the digestive tract, thus
increasing the pH value of feces. However, another study found that
the pH value in the fecal culture with a novel polysaccharide was
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FIGURE 8
Differences in fecal microbiota of piglets at genus level among different groups. (A) The difference in fecal microbiota for piglets between the control
group and TRE1 group. (B) The difference in fecal microbiota for piglets between the control group and TRE2 group. (C) The difference in fecal
microbiota for piglets between TRE1 and TRE2 groups. Piglets are regarded as the experimental units, N=5 for each group.

decreased, and it might be related to modulating beneficial microbiota
and the concentrations of fermentation products (Fu et al., 2018).
Intestinal flora could secrete cellulolytic enzyme, which broke down
glycosidic bonds and utilized carbohydrates, thus increasing the
utilization rate of dietary fiber (Min et al., 2014). A study compared the
application effects of lignocellulose, resistant starch, and konjac flour
on sows in late pregnancy. The highest scores of defecation frequency
and stool consistency were found in sows of the resistant starch group
(Luetal,, 2022). The above results indicated that both fiber adsorption
capacity and regulation of intestinal microbiota might affect fecal pH
values. Fiber characteristics also affect fecal water content, it was found
that adding either sugar beet pulp or wheat bran to the diet of sows
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could significantly improve the water content in feces, and beet pulp
was better than bran in reducing inflammatory reactions and
improving intestinal health (Shang et al., 2021a). Bamboo shoot dietary
fiber could regulate the metabolism of the intestinal microbiota and the
host, suggesting its use as a promising therapeutic strategy for
ulcerative colitis (Wu et al, 2023). This study revealed that
supplementary feeding of bamboo powder could significantly increase
the water content of sow feces, and it was necessary to study its
beneficial effects on intestinal health in the future. The above results
indicated that supplementary feeding of bamboo powder for perinatal
sows could improve blood lipid metabolism, antioxidation, and
constipation, and 60g d~' was more effective than 30g d™".
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Effects of feeding bamboo powder on fecal
microorganisms of sows

Microbial communities in animal intestines played an important
role in physiological regulation, which might affect the intestinal
structure and function through their metabolites (Clausen and
Mortensen, 1995), and then influenced the nutrition, immunity, and
physiological state of livestock and poultry (Ussar et al., 2016; Rubio,
2019). Dietary fiber increased the fecal microbiota richness (ACE) and
diversity (Shannon and Simpson) in Meishan sows (Jiang et al., 2019).
However, our study showed different results. Feeding sows with
bamboo powder during the perinatal period reduced the fecal
microbial diversity indexes (including Ace, Chao, and Sobs), which
might be related to the fiber characteristics of the bamboo powder.
The addition of different levels and types of dietary fiber were related
to the gut microbiota abundance and diversity (Tian et al., 2020).
Feeding bamboo powder was mainly made of insoluble fibers with a
slow fermentation rate, which produced less short-chain fatty acids
(SCFA) than that soluble fiber, thus reducing the richness of intestinal
microflora (Jha and Berrocoso, 2015). Feeding bamboo powder
reduced microbial diversity in sow feces, which might contribute to
nutrient digestion and absorption. Feeding a high-fiber diet could
improve the diversity and richness of microorganisms in the feces of
finishing pigs, while it might also reduce the digestibility of amino
acids and fats (Hu et al, 2021). Our study also found that
supplementary feeding of bamboo powder in the perinatal period
increased the fecal microbial diversity index of its suckling piglets. The
results were similar to that of another study. Adding alfalfa to the diet
of pregnant sows increased the diversity of intestinal flora of their
piglets (Mu et al., 2017). The above results indicated that feeding
bamboo powder in the perinatal period could regulate the microbial
diversity in the feces of suckling piglets through the comprehensive
regulation effects of sows, which might play beneficial roles for both
sows and piglets.

A high-fiber diet could improve the intestinal balance and
uniformity index of the intestinal flora of pregnant sows.
Supplementing stevia residue in the basal diet of pregnant sows could
improve the relative abundance of beneficial bacteria, reduce the
relative abundance of harmful bacteria, and the feed cost could also
be reduced (Yu et al., 2020). Adding 5% elephant grass to the late
pregnancy diet might change the composition of intestinal microbiota
of sows, especially increased the relative abundance of Bacteroidetes
and Actinobacteria at phylum level and decreased the relative
abundance of Escherichia_Shigella at genus level (Huang et al., 2021).
Adding fibers to the diet of pregnant sows could improve the
composition of gut microbiota, which might be the microbiological
basis of its ability to improve the antioxidant and fecal water content.
Our study revealed that the relative abundance of Actinomyces in sows
was significantly reduced by supplementary feeding of bamboo
powder in the perinatal period, which might be the basis of its
influence on fecal microbiota of offspring piglets. It was showed that
alterations in the composition of the gut microbiota by GCW (guar
gum and pregelatinized waxy corn starch) treatment was associated
with improved bile acid homeostasis and reproductive performance
of sows (Wu et al.,, 2021). In another study, adding the mixture of
pregelatinized waxy corn starch and guar gum (2%) in gestation diet
increased the relative abundance of Lactobacillus in the feces of
offspring piglets, which was positively related to the growth rate of
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piglets (Cheng et al., 2018). Feeding fiber for sows could significantly
increase the microbiota diversity of colonic chyme of piglets,
significantly elevate the abundance of Acidobacteria and Bacteroidetes
at the phylum level, and the abundance of Bradyrhizobium and
Phyllobacterium at the genus level (He et al., 2020). Therefore, it was
necessary to study the effects of bamboo powder on regulating
intestinal health and growth performance of offspring piglets from the
perspective of maternal-offspring interactions.

Perinatal period of sows via from 7 to 10 days before delivery
to 3-5 days after delivery. Although the perinatal period is short, it
is very important for the productivity of sows. Most piglet deaths
have happened during birth or within the 1st day of birth. After the
farrowing, the breast development, fetal growth, farrowing process,
and colostrum production of sows all have positive effects on the
survival and growth of piglets. Nutrition in this perinatal period
could greatly affect these physiological processes, and it is
necessary to formulate the most effective feeding strategy. Feeding
a high-fiber diet to perinatal sows from 7 days before delivery to
2 days after delivery could reduce Clostridium perfringens in feces,
thus helping to improve the health of newborn piglets (Schwennen
etal., 2022). Different fiber types have different effects on maternal-
offspring interactions to regulate the microbiota of offspring
piglets. In the group with a high ratio of insoluble fiber to soluble
fiber, the fecal microbial diversity index of sows was lower, with
higher abundance of Streptococcus, and the fecal microbial diversity
index of offspring piglets was lower, with lower abundance of
Bifidobacterium (Li et al., 2019). Compared with low fermentable
fiber (lignocellulose), sows fed a diet rich in high fermentable fiber
(sugar beet pulp) reduced the colonization of Clostridium difficile
in piglets and the prevalence of Clostridium difficile in three-
week-old piglets (Grzeskowiak et al., 2022). This study revealed
that the fecal microbial diversity of sows supplemented with
feeding bamboo powder was reduced, while it was increased in
offspring piglets. The relative abundance of Actinobacteriota in the
feces of sows decreased significantly, while that of Fusobacteriota
in the feces of piglets decreased. The relative abundance of
Tissierella in the feces of sows decreased significantly, while that of
Fusobateriumyv in the feces of piglets decreased. This indicated that
bamboo powder fiber might be different from soluble fiber in
regulating the diversity and composition of microbiota via
maternal-offspring interactions. For the diversity regulation, sows
and piglets were not synchronized, but the trend was similar for
decreasing the proportion of harmful bacteria, so it was necessary
to further explore the relationship between the fiber characteristics
of bamboo powder and the regulation of the gut microbiota and
metabolism in sows and offspring piglets, and reveal why the
application effects of bamboo powder differed with that of other
fiber materials.

Conclusion

Supplementary feeding of bamboo powder for sows in the
perinatal period has no significant effect on the farrowing process.
However, it could reduce the serum malondialdehyde content and
increase the water content in the feces of sows. In addition, by feeding
bamboo powder, fecal microbiotal diversity could be reduced in sows,
while it was increased in suckling piglets, and the effect of
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supplementary feeding 60 g d' bamboo powder was more obvious.
Feeding 60g d™' bamboo powder could reduce the abundance of
Fusobacterium in the feces of offspring piglets, a pathogenic bacterium
for suckling piglets. It plays an obvious role in improving oxidative
damage and constipation of sows, and bacterial balance of offspring
piglets. The obtained results indicate that feeding bamboo powder was
expected to be a high-quality dietary fiber raw material for sows in the
perinatal period.
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