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Polysaccharide from Antrodia cinnamomea in submerged fermentation
promoting the growth and proliferation of Lactobacillus
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ABSTRACT: Objective To study the effects of Antrodia cinnamomea intracellular polysaccharide (AIPS) and
Antrodia cinnamomea extracellular polysaccharide (AEPS) by submerged fermentation on the growth and proliferation
of Lactobacillus in vitro. Methods The water extraction combined with alcohol precipitation method was used to
extract the AIPS and AEPS; the 96-well plate method was used to investigate the effects of different concentrations of
AIPS and AIPS on the growth and proliferation of 4 strains of Lactobacillus; the colony counting method was used to
study the effects of different components of AIPS and AEPS on the growth of the Lactobacillus. Results The AIPS
remarkably promoted the growth of Lactobacillus casei LBC1-1 (LBC1-1), Lactobacillus plantarum LBP3-2 (LBP3-2),
and Lactobacillus rhamnosus LGG (LGG), and worked in the way of shortening the lag period and increasing the
maximum biomass; AEPS also greatly promoted the growth of LBP3-2, LGG, and Lactobacillus rhamnosus LV-1
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(LV-1) and worked in the way of increasing the maximum growth rate and biomass; the promotion of AIPS and AEPS

on the growth of Lactobacillu was not due to the provision of carbon source nutrients, but one or several polysaccharide

components played the promoting role. Conclusion

The polysaccharides from A. cinnamomea by submerged

fermentation can dramatically promote the growth and/or proliferation of Lactobacillu. This study provides a new ideas

and theoretical basis for the development of novel multifunctional prebiotics.

KEY WORDS: Antrodia cinnamomea; submerged fermentation; polysaccharide; Lactobacillus; growth; proliferation

0 51 &
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ZheEA. ek AU AN, BRI AR
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EFHUNTE (Bacteroides) S24-7 FIFIFREL41E (Erysipelothrix)f
MR, IR EGE A RGNS | & 45l Rkl
WSk ik M ] 35 R FR B (dextran sodium sulfate, DSS)
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Table 1 Determination of the composition of AEPS and AIPS

THR/%
45y AEPS AIPS
g 82.74+0.63 88.74+0.53
Gl 1.32+0.11 1.21£0.14
22U 7.84 28.52
A 84.73 55.31
S T b 5.27 1434
AL e 0.76 i
SR 1.40 -
I FL - 1.83

T R KRR, itk 240 R i P 3 b 22
BB SRR BB IR TP B R RR, =3,

B 18
15 LBCI-1 I/P_H\{ 15 b 1BP32
£ 12 g
: £2
g g
g 0 S0
QH i
R 06 § 0.6
03 03
+
0 0
0 5 10 15 20 25 30 35 0 s 10 15 20 25 30 35
5§ i) /h I fil/h
c 18 D 18
LV-1 4 LGG
15 15
£ 12
g 2
g 5
S 09 S
8 g 09
2 2
= 06 = 06
03 03 H
0 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
I i)/ I ]/h

B 4 BRFLRRBE bR AR I 2k

Fig.1 Growth curves of the 4 strains of Lactobacillus
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JEJEREN AIPS X 4 BRFLRR A A K ASEm . AR S iR
PURTR R R EE G ATPS B, £ FLIRE A K ihgk i 2
iR, £ 20 Gompertz BREUILAGSEUINZE 2 FiR .

- CK
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512 S
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03 03
0 0
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)/
Par Ry Sr ki A7 7 D
FE: CK: ANUSHIMT 4% 2 ZHE 25 PO BRZE,  BIERE SR A iR inAr

[ AR A R 7K IPS 1 FEEEFRIE RN 0.625 mg/mL fY AIPS;
IPS 2: 7EBFRFEFRAN 1.250 mg/mL # AIPS; IPS 3: 7EH IR
i 2.500 mg/mL i AIPS; IPS 4: {ERFFEIEHERMN 5.000 mg/mL (¥
AIPS; TIPS 5: fEREFEIL IR 10.000 mg/mL f#] AIPS; IPS 6: 7E4%

FRFEAERAN 20.000 mg/mL K AIPS, T .
2 AREEEWEER AIPS X 4 BRELARTE A4 K

IR

Fig.2 Effects of different mass concentrations of AIPS on the

growth of 4 strains of Lactobacillus

Table 2 Gompertz function fitting parameters of growth curves for 4 strains of Lactobacillus under different mass concentrations of AIPS

A5 2 i PN 22 M AR S 0 5 4 R B2/ (mg/mL)

HaS

20.000 10.000 5.000 2.500 1.250 0.625 CK
A4 1.578 1.283 1.227 1.079 0.979 0.826 1.387
LBCl1-1 Umax/h”! 0.127 0.102 0.095 0.086 0.085 0.070 0.124
A/h 1.582 1.653 1.674 1.789 1.841 1.905 2.135
A4 1.475 1.426 1.384 1.384 1.342 1.233 1.352
LGG Umax/h”! 0.103 0.101 0.098 0.097 0.095 0.092 0.096
A 2.596 2.569 2.547 2.630 2.783 2.553 2.979
A4 1.497 1.409 1.431 1.341 1.327 1.319 1.596
LV-1 Umax/h! 0.101 0.088 0.091 0.087 0.075 0.071 0.129
Ah 2.546 2.898 2.846 2.793 3.202 3.245 2.943
A4 1.442 1.408 1.355 1.321 1.339 1.320 1.361
LBP3-2 Umax/h”! 0.141 0.128 0.119 0.116 0.112 0.104 0.124
A 1.479 1.587 1.667 1.715 1.776 1.826 1.843

TE: CK: AR 2 Z2 i 25 O BRZH,  RIERE 75 3 rh 3 ikl RHA R AR 3R K TR,

A&l 2 16 2 AT LUE H, AIPS X LGG i B4 K 9 i
PEVE A e M BA S8 B30I 0.625~20.000 mg/mL fY ATPS 7]
fEHE LGG MR, FERINAIMIRHEN . & &K AE

R R KRR R TG i KR K (el ) RD
PEIEIE, 4 1E T W2 B e e 0 3 B 38 AR X =F
Hok, AR B Mk (0.625~10.000 mg/mL) K AIPS X
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LBC-1 B& 32 #RIVARKAMBIEN, HREE AR, MHiEM
B, fH 20.000 mg/mL i AIPS WX} LBC-1 A2 KA {2k
YER, FERI KA K&, [, 20.000 mg/mL /)
AIPS WL EEHS Il LBP3-2 i KA K i; b4k, AIPS XS N
LV-1 WPRA R A KR4 R, (R KA K=
Bt B4 o

232 XREREREN AEPS 3T 5LELH A K 4%

F2 1.3.5 RRY T EEHEE T 0.625~20.000 mg/mL Jfi ik
JEYEEIN AEPS X 4 AR FLIR B AR A K52 . FESS Rk
FRR NS [E R B MR BE 1) AEPS INF, £ FLBR T Ay 4= K i Zedn
E 3 fiR, &4 E) Gompertz sREI -GS 83 3 R,

I 3 FI3R 3 W LAE H, W8N 0.625~20.000 mg/mL [
AEPS B AR UF LGG K LV-1 BtkAE5, FEERM Ny
Hahnd R Ko LUk, AEPS W] 4555 LBP3-2 TE R AR Y,
MR KA KR, Ah, AEPS W 4545 LBC1-IEREATE
T A, AHEDIDE] LBC1-1 (3858, Hov B2 BRI i £ A ke,
FERI N AR A KRR
24 EZZREEHABREEKOESKS

kT B 2 LR B A R OB By, DA
BRGNP, SR AEAR T80, L LBP3-2 M
LGG Witk WK, 75 AIPS J& AEPS AN[R] B2 43
N FLERBA A AR . R AT SEEG 25 TR (18] 2 FHE 3) AT,
MpEFR A AIPS 81 AEPS [USil#E 4 20.000 mg/mL B, %
LBP3-2 }¢ LGG THPRIGFE A R i T b 28 1 1 ol
ZH AT SR AT, 30 20.000 mg/mL () AIPS Fr itk
5 MY T 11.060 mg/mL 1) 4 4 B (& &
55.31%)+5.700 mg/mL Y >FFLIH(% & 28.52%)+2.870 mg/mL
FHRERE (S & 14.34%); ¥ 20.000 mg/mL ) AEPS Jir$
BT IEE FR B A S T 16.950 me/mL F 2 25 0 (5 &
84.73%)+ 1.570 mg/mL FJFZLHH(F & 7.84%)+ 1.050 mg/mL
BIH BT R 5.27%). L, %R 1.3.6 HIRTFR &AM,
PATA V% $0(CFU/mL) Ry & M8 A5, DAASEI SN S 0 AT A i 28

) MRS #5323 A BHYEXT B2, LITE MRS $53RFEH 30
20.000 mg/mL [ AIPS 5 AEPS A FH: X} IR, 5 8k s m
AH N 2 P9 4 250 4 % T) B A 0 A 7 S D < 25 Al L+
B IR A Y% FL IR B 4 AE 00 2 SO AR H A, B
i 2 22 W 42 2L R VR A R s A AR Ay, SR A
Kl 4 iR .

&l 4 AT, 7E MRS B5 95 iR 20.000 mg/mL
i) ATPS 8i, AEPS X} LBP3-2 J¢ LGG B A8 st sl A4 K 4
Wl AL HEAE T, 8 MRS E5FRErh BN AIPS 5(
AEPS A0 2 11488 75 5 [ s 9% 6 i £ %) <4 2 A2 L
B+ H 2R S W% LBP3-2 & LGG Bk i 48 34 1%
WARHEN, ERERI G — @ RER . X452 FR,
AIPS K AEPS X ZLHR R A= K sl 3 58 i AR iV R I A =B Ry
PREE T RIS IR MY, T2 AIPS &2 AEPS HhiyH—Fhal L
T WhL o R T AREER

LBP3-2
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Fig.3 Effects of different mass concentrations of AEPS on the
growth of 4 strains of Lactobacillus

#3 ATREIRERE AEPS T 4 HRELERE & KHIZE Gompertz REHESH

Table3 Gompertz function fitting parameters of growth curves for 4 strains of Lactobacillus under different mass concentrations of AEPS

15 2 LA 22 WS I 5 4 9k B2 /(mg/m L)

MESH
20.000 10.000 5.000 2.500 1.250 0.625 CK
A 1.361 1.319 1.294 1.188 1.109 1.002 1.516
LBCl1-1 Uman/D! 0.100 0.103 0.088 0.071 0.068 0.065 0.139
A 1.628 1.733 1.812 1.883 1.939 1.984 2.124
A 1.460 1.501 1.530 1.500 1.464 1.426 1.387
LGG Hmax/h! 0.097 0.103 0.106 0.104 0.103 0.099 0.084
A/h 4.012 3.988 4.102 4.139 4.224 4.142 4.261
A 1.532 1.527 1.505 1.477 1.481 1.457 1.439
LV-1 Hmax/D! 0.113 0.110 0.103 0.096 0.095 0.091 0.085
A 4.795 4.586 4.681 4.769 4.876 4.662 4.647
A 1.442 1.398 1.305 1.331 1.298 1.341 1.353
LBP3-2 Hmax/h! 0.156 0.158 0.138 0.146 0.143 0.137 0.169
Ah 1.626 1.706 1.787 1.826 1.841 1.8724 2.179




B dn 2 4 R R I A 4R

13 E

6590
LBP3-2 LGG
Ay B 0 .cx
=CK -+ EPS
:g}l’s EPS S ouEe
3 "‘Mi‘;—EPS a “Mix-EPS
E E s
5 8 2
5 5
2 &
= =6
w6 &
= ®
AEPS AEPS
4 4
0 3 6 9 12 15 18 0 3 6 9 12 15 18 21
b 10 /b i fl/h
-CK Clor . g
- IPS z - IPS
—~ -+ Glu-IPS + Glu-IPS
2 - Mix-IPS a ~+ Mix-IPS
58 E
5 B
E) [}
= =4
el &
® B
kS
AIPS AIPS
4 4
o 3 6 9 12 15 18 0 3 6 9 12 15 18 21
HFlE)/h i)/

T CK: FHMEXTHE, BI MRS 5535 ORB M IEATHEZE YT AEPS:
1E MRS 5555 5E /R #3411 20.000 mg/mL [ AEPS; Glu-EPS: 7E MRS 3%
FEHETSIN 16.950 mg/mL [ #i%58%; Mix-EPS: 1E MRS $57r5Erh[H]
IR 16.950 mg/mL ;45 HE+1.570 mg/mL 9 ZLHE+1.050 mg/mL
Y H #24; AIPS: 7€ MRS Hi3-FEH451 20.000 mg/mL /) AIPS;
Glu-IPS: 7E MRS 535380 11.060 mg/mL BIAAG0E; Mix-IPS: 7£
MRS B35 3 RIS 11.060 mg/mL FYRTANE+5.700 mg/mL 2k
FLAH+2.870 mg/mL i H F2HE,
5l 4  AIPS & AEPS Pl 43X LR TR A= K A 52

Fig.4 Effects of monosaccharides of AIPS and AEPS on the growth
of Lactobacillus
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