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Abstract: The regulatory effects of soy sauce residue-derived fermented soybean dietary fiber (FSDF) on gut microbiota and its
short-chain fatty acid products in sows were investigated. The sows fed a feed containing 5% FSDF (a low-salt, low-oil, and odorless food-grade
dietary fiber derived from soy sauce residues) were used as the experimental group (DF), and the blank control group (CK) was fed the normal
feed (the same feed without FSDF). The feces samples of the two groups were collected, and 16S rDNA sequencing technology was used to
examine the changes in the structure of sows’ intestinal flora. The contents of short-chain fatty acids in the feces were determined by gas
chromatography-mass spectrometry (GC-MS). The Spearman correlation analysis was conducted to evaluate the correlation between gut
microbiota at genus level and short-chain fatty acids. The results of the Welch's t-test showed that the abundance of slackia in the intestinal flora
of DF group was significantly higher than that of CK group (p<0.05). LEfSe results showed that Clostridium IV and Deltaproteobacteri were the
two differentially abundant species in DF group. After the feeding with FSDF, the contents of individual short-chain fatty acids in DF group
increased to varying degrees, especially the butyric acid content significantly increased (p<0.05). The results indicated that addition of FSDF to
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the feed could changed the gut microbiota structure of sows, and promoted the enrichment of short-chain fatty acid-producing flora in the

intestine, thereby increasing the contents of short-chain fatty acids in the intestine, especially butyric acid.
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Table 1 Alpha diversity index of fecal microbiota
Sample  Chao ACE

Shannon Simpson Coverage

DF-1  1285.69 1356.64 4.71 0.02 0.99
DF-2 1571.02 164833 445 0.05 0.99
DF-3 154599 154839  4.71 0.03 0.99
CK-1 1663.59 1774.66 4.76 0.02 0.99
CK-2 1530.69 1541.92 3.89 0.09 0.99
CK-3 163826 1981.52 4.12 0.08 0.99
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Table 2 Relative abundance of CK and DF at the phylum level
and differential analysis (%0, X+SD, n=3)

Phylum DF CK pia

Firmicutes 78.14+11.33  78.79+4.27 0.35
Bacteroidetes 10.53+£7.14 11.53+6.54 0.74
Proteobacteria 3.14+091  2.70+0.82 0.78
Spirochaetes 3.28+2.98  1.86+1.39 0.54

Verrucomicrobia 1.98+2.37  1.85+1.11 0.99
Actinobacteria 1.54+£0.66  0.99+0.17 0.31
unclassified 0.58+0.31 1.01£0.32  0.12
Euryarchaeota 0.38+0.13  0.73£0.84 0.48
Candidatus Saccharibacteria ~ 0.16£0.17  0.35+0.05 0.11
Planctomycetes 0.05£0.01  0.13£0.13 036
Fibrobacteres 0.13+0.16  0.02+0.02 0.36
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DF Pie Plot
a

Prevotella,1.36% Flanonifractor,1.05%

Ruminococcus,1.25% | Lactobacillus,0.99%

Terrisporobacter,1.41%

Clostridium sensu stricto,1.53%
Coprococcus,1.66%
Clostridium 1V,1.72%

Barnesiella,1.75%

Subdivision5_genera_incertae_sedis,1.76%

Escherichia/Shigella,2.20%
Pseudoflavonifiactor,2.62%
Oscillibacter,3.06%

Treponema,3.22% /

Streptococcns,4.11%

Clostridium X1Va,8.56%

Lachnospiracea_incertae_sedis,11.95%

CK Pie Plot

Lactobacillus,1.09% Clostridium 1V,0.96% Methanobrevibacter,0.73%
. Flavonifractor,1’36% | Prevotellg 0
Terrisporobacter,1.65%

Subdivision5_genera_incertae_sedis,1.77%

Treponema,1.81%
Escherichia/Shigella,2.14%

Clostridium sensu stricto,2.16%

Pseudoflavonifractor,2.23%

Ruminococcus,2.26%

Oscillibacter,2.59%

Barnesiella,3.34%

Streptococcus,5.20%

Clostridium X1Va,8.02%
Lachnospiracea_incertae_sedis,21.91%
E 5 Bk LeBpEEEH A A

Fig.5 Pie plot showing relative abundance of CK and DF at the genus level

19



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.3

#< 3 DF 1 CK tAEBFE X ER /K LMEMERE RES ST
Table 3 Relative abundance of CK and DF at the genus level and differential analysis (%, X+SD, n=3)

Genus DF CK pfa

unclassified 40.81+8.68 34.54+7.55 0.43
Lachnospiracea_incertae_sedis 11.95+£8.39 21.91+10.33 0.23
Clostridium X1Va 8.56+2.42 8.02+0.62 0.80
Streptococcus 4.11£3.47 5.20+£3.44 0.79
Oscillibacter 3.06+0.92 2.59+0.66 0.62
Barnesiella 1.75+2.00 3.34+3.86 0.62
Treponema 3.2242.92 1.81£1.29 0.50
Pseudoflavonifiactor 2.62+2.04 2.23+£1.17 0.81
Escherichia/Shigella 2.20+0.83 2.14+0.78 0.93
Clostridium sensu stricto 1.53+0.46 2.16+0.67 0.16
Ruminococcus 1.25+0.48 2.26+2.96 0.63
Subdivision5_genera_incertae_sedis 1.76£2.27 1.77+1.01 0.96
Terrisporobacter 1.41+0.29 1.65+0.63 0.60
Clostridium IV 1.72+0.71 0.96+0.13 0.15
Flavonifractor 1.05+0.69 1.36+0.93 0.65
Prevotella 1.36+0.52 0.78+0.16 0.22
Lactobacillus 0.99+0.90 1.09+0.94 0.94
Coprococcus 1.66+1.85 0.35+£0.39 0.35
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Fig.8 PCA diagram based on OUT of all samples
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Table 4 Equation of standard curve for tested short-chain fatty

acids
SCFAs A A2 R?
T y=1.596x+0.4846 0.979
B y=1.969x-0.0664 0.999
F T y=3.937x+0.0022 0.999
THE y=5.451x+0.0581 0.999
TR ¥=6.015x+0.2923 0.998
ARER y=6.553x+0.2949 0.998
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Table 5 SCFAs content in sows’ feces of CK and DF group

(X4S, n=3)
Fecal SCFA/(umol/g) CK DF t-test (p-value)
[ 48.40£6.60 62.40+8.10 0.085
G 47.90£5.00 56.90+3.60 0.174
F TR 6.10£0.60  8.10+0.50 0.068
T 20.90+£1.70 30.90+1.50 0.003
FRBR 6.70+1.00  7.00+0.90 0.703
RER 5.70+0.70  6.10+0.90 0.792

2.3 v A ARk A BRAR K M AT

Kl 9 ATEJE/KF b B B i Pt Ak B e 1D 1R
[ FRIAR ST A T, B A A H LA S 3 A DG )
WMAEYE. CERANNIR S 5w & 5] 23 AR A5G
P&, BERUBEMIEMEIIER, M Escherichia/
Shigella. Paraeggerthella W35 iFH. AL, ZBRAN
Anaerosporobacter .55 1 AHIE, TNERFN Cellulosibacter
WEIEMZR, F1 Anaerobacter< Butyrivibrio ‘i3 f1fH
Ko M TEHM Succinivibriow T HiIKE (Rothia) 1
HITE (Pseudomonas) FRE IEFIRR R

07 0.1 . 05 --— YN 7

M 0.6 02 04 04 . 04 04.0] 04 02 05 03.0] .01. 0.1 -0.1 —03. <02 0.1 -0.1 -0. . . I-.— W@ I 1.0
0 0 0 '.]. 20105 l. 01 u....-oa.m 02 -03.01 ... 01.-. 04 .. 03 .. ‘j‘-‘:; 05
-0.2 02.01 0.1 03 03 -0.1 0.1 01. 0.1 -02 -0‘]. <02 -0.1 04.. 03 91@06 05 06 06 03 01 04 -03 05 03 -03 03 04 03 0.1 -"L‘,':: T& '
.. ..!-... 06 03.413.01 0s 01. 0.6\03-04 01 uz.o: 04 02.03 0103 02 -0.4. 03 .-..— SRR
o o RN os - oo [ B8 o (68 B8 58 03 o5 o2 [ 03 o1 (06 04 03 04 (05 03 04 (05 04 03 [os [N [HE o+ EEIE o5 o [ox o5 BB SR 0.0
| O N I | | Y (I Y Y A I O R B |
PSS IS SELSSNEEIEIISEESIESSSSNEIIIINENSSS 03
SSS S8 SSSSYS TS S 835855285355 s880S585538s8s%¢s
HHUEUII R NI T "
£53g383ss8 SESad $58T98S5S=sAR SSIS8EE388S o
SEESECSS SEEEY SESSISTIEEE f USEiSgfiis
g = 3 ©3 O 2R/T g0 = s TI58%
IS s A S |3
% < 3 N

< 2 KA

S

E 9 BpiEmEFFIEEHEREAERIEIAY Spearman FH3E I D HTHAE]
Fig.9 Heatmap showing Spearman correlation between fecal microbiota on genus level and short-chain fatty acids
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