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0.05 g M:3k-80 1 mL, 75 = pH 6.2-6.4, 120 °C
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Figure 1. Growth curves of L. reutri L45 (A), L. plantarum 147 (B) and L. johnsonii L63 (C) under different

prebiotic as carbohydrate sources. The data points represent mean and error bars represent standard deviation of

3 replicates.
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F1. ABAEUCEZETARENEKSNEZSH
Table 1. Kinetic parameter of Lactobacillus spp. under different prebiotic as carbohydrate sources
Parameters  Strains Basal medium Glucose Inulin FOS GOS Lactulose
AODy0 L45 0.15+0.017 0.53£0.00°  0.24+0.01° 0.60+0.01° 0.42+0.01¢ 0.45+0.01°
L47 0.17+0.00f 0.86+0.01°  0.96+0.01° 0.93+0.01° 0.30+0.02¢ 0.26+0.01°
L63 0.11+0.00° 0.81+0.01°  0.87+0.01° 0.81+0.01° 0.68+0.01¢ 0.89+0.01°
Himax L45 0.06+0.01° 0.11+£0.00°  0.06+0.00° 0.12+0.01° 0.18+0.04° 0.12+0.01°
L47 0.05+0.01° 0.25+0.01*  0.18+0.01° 0.20+0.03° 0.02+0.00¢ 0.04+0.00°¢
L63 0.02+0.00° 0.21£0.01*  0.21£0.05 0.04+0.00° 0.21+0.01° 0.14+0.00°
yl L45 2.50+0.12¢ 3.67£0.49°  3.30+0.28"  3.19+0.11° 6.42+0.09° 6.58+0.14°
L47 6.30+0.14° 6.30+£0.06°  7.94+0.22° 8.71+0.23° 5.11+0.53¢ 5.99+0.29°
L63 4.30+0.15¢ 3.0740.05°  8.78+0.29° 11.20+£0.32°  8.07%0.26° 4.62+0.48¢

FOS: fructo-oligosaccharide; GOS: galacto-oligosaccharides; AODgo: increase in ODggo; fmax: Maximum growth rate; A: lag time.
Data in the same row with the different letters mean significant difference (P<0.05), and with the same letter mean no significant
difference (P>0.05).

=2

FERATE LA R 34 T A BRIR AT pH PRTEFIFLER

Table 2. The lactic acid and decrease of pH of Lactobacillus spp. under different prebiotic as carbohydrate sources

Parameters Strains Basal medium Glucose Inulin FOS GOS Lactulose
Decrease L45 —0.03+0.02f -1.60£0.03*  —0.37+0.04° —1.44+0.01° —-1.2440.01Y  —1.53+0.02°
of pH L47 0.02:0.03¢ ~1.71£0.03* —1.77£0.01° —1.74+40.04° —0.2240.02°  —0.45+0.03°
L63 ~0.00£0.07° —1.46£0.01*  —1.42+0.02%° ~1.31+0.04° —1.44+0.05*  —1.39+0.01°°
Lactic acid/ 145 —0.34+4.82° 80.95+4.25% 38.44+2.13¢ 74.29+1.41% 65.31£2.04°  71.09+1.56"
(mmol/L) L47 —0.34+2.12¢ 85.71£2.05°  103.33+3.82° 88.78+3.68° 43.20+1.56°  40.14+5.14°
L63 2.72+5.13¢ 72.79+5.13%  54.76+3.86" 44.90+4.08° 56.1242.7% 64.63+3.12%

FOS: fructo-oligosaccharide; GOS: Galacto-oligosaccharides. Data in the same row with the different letters mean significant
difference (P<0.05), and with the same letter mean no significant difference (P>0.05).

R3. AERMEVFEFEEMSHM
Table 3. Richness and diversity of microbiota in fermented broth
Items Coverage Ace Chaol Shannon Simpson
Control 1.00+0.00 681.41£19.32 684.17+19.32 88.75+11.82 0.04+0.01
L47+FOS 1.00+0.00 598.47+15.86 604.75+30.65 26.33+2.54 0.12+0.01
L47+Inulin 1.00+0.00 553.47+61.36 554.16+£63.92 26.55+1.75 0.11+0.01
P-value 0.051 0.061 0.051 0.066 0.051

FOS: fructo-oligosaccharide.

2.4 L47+FOS 1 L47+Inulin X} % BEWE b & BE 4

B R

TETTKE b, R h UE ) R AT R T )
(Fusobacteria) . JERER '] (Firmbacteria) . YU F
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Figure 2. Relative abundance (percentage) of bacterial community in phylum (A) and genus (B) in fermented

broth. Changes in the relative abundance of Spirochaetes (C), Lactobacillus (D), Bifidobacteria (E),
Anaerovibrio (F), Lachnoclostridium (G) and Megasphaera (H). Horizontal bars indicate the minimum values,

the 25th, 50th, 75th percentile levels, and the maximum values. * indicates a P<0.05 as compared with the

control.

http://journals.im.ac.cn/actamicrocn



110

Xiaofeng Zhu et al. | Acta Microbiologica Sinica, 2021, 61(1)

2.5 L47+FOS F1 L47+Inulin SH&4h R BES 5
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Wk 4 Fi/R, L47+FOS Fl L47+Inulin 4175,
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Bl FOS 4 FLIR & 12 541K, £ IR AN E 40 BE AR T R
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3 b

AR A A T AL A T T AL 25 2R JT X 25 A T
AP AE R AT, DR TR AT 38 2 AR A 45 55 1 0 X 1
HA AR HAT T IR . 850K B 3 BRFLERAT
WREFIH FOS #1774 (AODg00>0.60), T H A
L45 F1 L63 AEfS & B2 GOS il Lactulose. I4h,
L47 F|F Inulin 1 FOS #4757 & [ A9 AODeoo T T4
AW, H L47 &% Inulin 24 h 930 R 1k BE 2 4 24
WY 1.20 £5(103.33 vs. 80.95). VLA 3 BRFLERAT

PR R 4 Fh i AR e A K TR AR 25 5% . FLIR
FEREREOE 0 L 7= FRRE AR A TE pH, DI 10 1 975 i
WA . 3 PRZLERFT IR A H FOS F1 Inulin
R =R , HL L47 %W FOS A Inulin 7= 3L R I 5F
S HAL 2 BRI 1.20-2.69 1%, XATREE M TA
[l FLER AT B8 & B S = IR I AR AR M, |
ARG 3 R T R BRI 14 T A2 ekt AR ] U
] WL [R LR B X 25 A2 JC R AR TE 25 5 . Su 3¢
W T 10 FlOR[R 25 Az 0N AS [F) LR AT B AR < 1Y
S0 BT o AS TR 25 2B o0 I R R RS
[l —SeFALBRFTH X FOS BRI sr £ W,
AR FLER T B =2 18] AT e ELA AN (] (4 s 1 FHI )
BT RG, (AR R AR E M SEME 25 40P,
AT I T SO AR AE S [R) B 25 A TR
R B AERB, Bk, 2354 cra Rk
I E R R B R RE ). DA 4%
R, FEMEDE R A DT RE S e IR IME i 2L RRAT TR
M, E BB 25 A 0 1 HLAA k28 AL
A Rk — 23T o

x4 EYIFE L7 5. RERBEEASHRIINLESH

Table 4. In vitro fermentation parameters of L. plantarum L47 compounded with Inulin and FOS

Items CON CON+L47 FOS INU FOS+L47 INU+L47
Gas production/mL ND ND 19.07+0.15° 20.10£0.10°  16.27+0.35%  17.9740.49°
pH 6.40£0.02*  6.35+0.02° 4.3440.04° 4.16+0.03° 3.94+0.02¢ 3.97+0.01¢
Lactic acid/(mmol/L) 14.34+2.51%  17.70+2.68° 28.88+3.35° 39.44+2.15°  55.77£2.98*  61.21+2.67°
Acetic acid/(mmol/L) 6.79+0.86°  6.51£0.47° 13.71£1.52° 8.04+0.75" 17.12+1.76*  9.74+1.66"
Propionic acid/(mmol/L)  0.84+0.18°  0.92+0.07° 4.26%1.47° 2.60+0.27% 3.97+1.64° 3.91+£0.57°
Butyric acid/(mmol/L) 0.87£0.02°  0.76+0.03° 4.03+0.42" 2.81+0.46° 4.46+1.12° 2.88+0.17°
Valeric acid/(mmol/L) 0.44+0.13 0.63+0.48 0.28+0.22 0.11+0.02 0.36+0.28 0.13+0.09
BCFA/(mmol/L) 0.39+0.19°  0.2420.07° 0.27+0.19° 0.87+0.40% 0.96+0.21% 1.38+0.41°
TSCFA/(mmol/L) 9.33+£0.94%  9.06£0.95¢ 22.56+2.73° 14.43£0.90°  26.87+0.77*°  18.04+1.36°

CON: control; INU: inulin; ND: not detected; BCFA: branch chain fatty acid; TSCFA: total short chain fatty acid. Data in the same
row with the different letters mean significant difference (P<0.05), and with the same letter mean no significant difference
(P>0.05).
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A 3k 38 6 0 0 1 2L AR A Y A
JG(L47+FOS H1 L47+Inulin)iEf 5 1A SME U 45
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(Bacteroidetes) ) A XT 7= B TG {2 35 52 W (P>0.05) -
ORI, H% Myhill SEUHGE ,  HAR S I gE R BEAL
T ERETET], B T HFF A TR TR
Frese PR, BEEMEAERS G, A TR
ZREER M R, R MRS RO AR R
REAIK. BEAh, Niu PR R, e 90-150 H it
B Ji T R 2 MR T AR S o A ST AR R
ok B FEIERE (=150 H i), X Al A Aokt
TR 22 BE M B 11 KT TR R S R 5/ N S TR 22—
A el R B FLIR 0 T T AR S R R
(Lactobacillus) F1 3L ¥ # J& (Bifidobacterium) 1)
FHim Ao, WrTREE i FAMEZLIRFF I L47 il
&, A FABF AR REXTAME M L47 K26 A Joxt
AR e TR, s KA R T g — 2
Gio WAL, AL FLER R T T DR AR A R
(Anaerovibrio)*  Fil 5 ¥R i J& (Megasphaera) ' )
Tl Be SRR T A G . DFR R IR A INE
(Anaerovibrio)Re s | I ZL IR ™ LR AN IR,
i} L BR 5 & (Megasphaera)™ A i F1| F 7L B2 77 LE
TP, ARG AT R BR T LR . N
AT R JE R BIE T X — . AR BER
Fusobacteria T 1WA FJEE S, Fusobacteria
N IR T S IR 0 TE 0 A O 1 B0
PO, AR IR A AR G AT B2 5 B0 R AR
B (0 TR SMERUR BE 45 58 4 A5 1 1A Py 2R

B, FrLAG AR JCH G A Ry i — 2 R
B, — 6% 25 A B AN 35 2L TT AT SR R, IRSE
AR PRI 45 AR — B, UGB A RS K e
BV HAT — s B, (RILZE SR AR % R (R il 1)
T e B W AEH

o B Y A R T A FLRR . A RE AR
TR AR . AP SE R Z B, Ui L47+FOS
1 L47+Inulin #9778 2 2T A E A0 Inulin
8 FOS #41(P<0.05)., FOS %1 TSCFA ¥ J¥ i % 5
F Inulin 2 (P<0.05), X5 {7 AW 0F 58 AL
Stewart %5 T R B, HeFh NS E AL ) &
FOS MY [ Inulin BEPR, XA BE SRR R &
JERAAT G, MAWESEFT ] FOS Al Inulin 24
G390 10 Fl 3234 TAE W) R T ok B v 7 A 1 L
BRI SCFAs BR T RERSAE i b e 200 F TR 1 4
RESE RSN, I REAS 52 Mm i 1 A A 254N 1T . 48
HGHE , WU B 7= A ) TR T 2 i 1 B 240 ket 350
PERIAHFFE E. coli O157:H7 &I aE /150, i
TRREZMSE N ER A, EFEaEEk
W, AN A R R R Y gk
AT, WS I A= G i 590 8 8% 7 14 S0 52 i i 1
R

Zf LTIk, FLIER AT A X SR S 45 A TR AR
Sh 9 R H A BB FF R M L47+FOS
L47+Inulin 2 & BUE T B J5 W K 8 35 455 o
PR A R R 6 R U IR 4 7 A L AH T AR 5 i A
PR AR S e B AR 5 K I B B S DL BAT —
225, JCIEERE R MY Z, H
Uk, TR A A A A N X R B R R A TR A
WHoE .
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Combination screening of lactobacillus spp. with prebiotics and
analysis of its in vitro fermentation characteristics

Xiaofeng Zhu, Zhen Zhang, Leihong Cui, Weiyun Zhu, Suqgin Hang"

National Joint Research Center for Animal Digestive Tract Nutrition, Laboratory of Gastrointestinal Microbiology, College of

Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] Three lactobacillus strains and four prebiotics for symbiotic combination were screened and
their effects on in vitro colonic fermentation characteristics were investigated. [Methods]| Lactobacillus reuteri
L45, Lactobacillus plantarum 147 and Lactobacillus reuteri L63 were separately added to the medium with inulin,
fructo-oligosaccharide, galacto-oligosaccharide or lactulose as the sole carbon source; the growth activity and acid
production characteristics of the strains for 24 h were used to select the optimal combination; in vitro fermentation
was used to investigate the effects of symbiotics on microorganisms and fermentation characteristics. [Results] The
growth curves of L45 and L63 fermentation with fructo-oligosaccharide and lactulose as carbon sources were
similar to glucose respectively; the ODgg of inulin and fructo-oligosaccharide with L47 was significantly higher
than glucose (P<0.05), and the lactic acid concentration of inulin was 1.20 times higher than glucose; L47 with
fructo-oligosaccharide and L47 with Inulin have better composite effects. /n vitro fermentation results showed that
the combination of two synbiotics (L47+fructo-oligosaccharide and L47+Inulin) significantly increased the relative
abundance of Lactobacillus and Bifidobacterium compare to the control (P<0.05); L47+FOS and L47+Inulin
increased the concentration of total short chain fatty acid (P<0.05). [Conclusion] L47+fructo-oligosaccharide and
L47+Inulin had favorable combination effects, implying that they had the development potential as symbiotics. The
effect of both combinations in vivo remains to further investigated.

Keywords: probiotics, prebiotics, symbiotics, Lactobacillus, in vitro fermentation
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