R RN (AR L 2019, 34 (5) @ 896905 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

DOI: 10.12101/j.issn.1004-390X(n).201903009

HBREABZSEREN T ZMIL R EINGEMR

R, FOARY, Eaf, WoRr, SUE, &R, BRRAFR, MR
(1. mRRM K BFEEROREBE, = B 650201;
2. BERON R SR AR B, <F AW 650201)

WE: B ] e hEREER, & BARERBER M. [ ik ] R TEE . 248 Z R R
it~ S5 IR, AR R 0 e bR, 0008 3 IR S =S EAE T2 MR AT ST K|
EMHRR, VTR SRS bR, kB T2 SRR 2 . WAKEN L . DPPH [ L BRI
EATALY HOEKG I =2 B Z M e RS /. SRS . PrEbisEmm st s2BE5 A0 gl
Jfl HT-29 HiF &5, %0 qRT-PCR #:illl L8, NFKBI Fll NFKB2 R[N mRNA Fik&. [ 458 ] 3 Mg
TURAE, TR (g mL) 1 : 8, fNfiE 0.6%, pHS5, BEMHEEE 50 °C BH#% 180 min, BHERETS (38.6%);
WYL ST A SBERMNRAET 2 0 BRI 8%, I ST 84 1x10° CFU/MmL,
37 CIREAEEE 20 h; SABATHLL, 2S8R PANHER S E . SOENGHEA DPPH [ 35 MR AE ) o 42
5 17.42% (P < 0.05). 63.75% (P < 0.05) 1 36.57% (P < 0.05); =ZWEX KIGFFE (Escherichia coli). BA7JE
IR (Salmonella typhimurium) FIAE KGR REE (Shigella flexneri) G HSRIIMEIEN ; 2B ETINE B.E
FEAIG T RIRSEE F-a 15 5 AL S A0 HT-29 AUARAEFREI IL8 . NFKBI 1 NFKB2 mRNA Fik/k¥, [ 45 ] 1%
ZBBEAMER SRR, DB, BEABSERMPTA e 5T, BA B E M syt R

YEH .
XA =5, BER; MYITE; RenstE
FES2S: R 284.2; TS 201.3 CRRFRIRE: A TEHS: 1004-390X (2019) 05—-0896—10

Optimization and Functional Study on Codonoposis bulleyana
Forrest ex Diels Ferment with Lactic Acid Bacteria

YE Pengfei', LUO Cheng', HUANG Siyan', HU Liang', GUO Wenging',
LI Yao', CHENG Yandong®, LIN Qiuye'
(1. College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China;
2. College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose | The aim of this study was to produce Codonopsis bulleyana Forrest ex Diels
(CBF) ferment with potential health benefits. [ Method ] The enzymatic hydrolysate was obtained by
enzymatic hydrolysis of CBF with three combined enzymes of tannase, cellulase and pectinase. The
optimal technique for enzymatic hydrolysis of CBF was determined by enzymatic hydrolysis rate; the
optimal preparation process of CBF ferment with Lactobaciilus plantarum ST was evaluated through

sensory analysis. The acid-base titration method, the forinol method, 1,1-diphenyl-2-picrylhydrazyl
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(DPPH) free radical scavenging rate, agar perforation diffusion method and qRT-PCR were used to
determine the titratable acid, protease activity, antioxidant capacity, antimicrobial activity and immun-
omodulatory effect of CBF ferment, respectively. [ Results ] The highest enzymatic hydrolysis rate
(38.6%) was observed when mixed three enzymes at a ratio of 1 : 1 : 1 was used , the ratio of solid to
liquid (g - mL) was 1 © 8, the amount of enzyme was 0.6%, pH 5, and the enzymatic hydrolysis tem-
perature was 50 °C for 180 min. The optimal processing of fermented CBF with L. plantarum ST was
found as follows: sucrose added at 8% (m/m), initial inoculation of 10° CFU/mL, temperature of
37 °C, 20 h of fermentation under anaerobic condition. The titratable acid content, protease activity
and DPPH free radical scavenging capacity of CBF ferment were significantly increased by 17.42%
(P <0.05), 63.75% (P < 0.05) and 36.57% (P < 0.05), respectively. The inhibitory effect of CBF fer-
ment on Escherichia coli, Salmonella typhimurium and Shigella flexneri was significantly stronger. In
addition, CBF ferment significantly reduced tumor necrosis factor (TNF)-a-induced expression of in-
flammatory genes including /L8, NFKBI and NFKB2 in HT-29 human intestinal epithelial cells.

[ Conclusion ] The CBF ferment does not have unpleasant odor of CBF and unique taste, with signi-
ficantly increased protease activity and antioxidant activity. Furthermore, CBF has the combined func-
tion of probiotics and active ingredients of CBF as evidenced by significant antibacterial activity and
immunomodulation potential.

Keywords: Codonopsis bulleyana Forrest ex Diels (CBF); ferment; Lactobacillus plantarum; func-

tional activity
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Tab. 1 Sensory evaluation standard of CBF
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Fig. 1

Results of single factor experiment on pectinase enzymatic hydrolysis of CBF
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Fig. 2 Results of single factor experiment on cellulase enzymatic hydrolysis of CBF
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Fig. 3 Results of single factor experiment on tannase enzymatic hydrolysis of CBF
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Tab.3  Ly(3*) orthogonal table

v processing enzymatic
Exlﬁ%\%%m‘% 30 No. A B ¢ D hydrolysis rate
1 3 3 2 1 37.60
SR IANLY -
F2 EXRAWIEHEEZESKE ) 5 1 > 3 36.90
Tab. 2 Orthogonal experimental design factors and levels 3 1 3 3 3 36.70
A B C D 4 2 2 3 1 37.50
¥R (g i mD) A% B L/ C s 3 | 3 5 36.40
level  material to liquid enzyme pH enzymatic
ratio amount temperature 6 3 2 1 3 37.00
1 1:8 0.5 4.5 45 7 2 3 1 2 37.90
2 1:9 0.6 5.0 50 8 1 2 2 2 38.60
3 1:10 0.7 55 55 9 1 1 1 1 34.60
ki 36.60 3596 3630  36.60
3 3 TR X2 S I B 2T Boova w0 a0 360
B>C>D>A, HIFENZEMME, KFEZNK ks 3700 3740 3680 3680
R 0.80 1.74 1.20 1.00
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A 1x10° CFU/mL, R LB 20 h,
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Fig. 4 Single factor experiment results of L. plantarum fermentation process



902 Py I )y N = 22

534 %

F4 EXRERITERSKF

Tab. 4 Orthogonal experimental design factors and levels

A B C D

K A/ EERRINE/Y%  REERIE/SC REERHE/

level (CFU'mL") sucrose addition  fermentation fermentation

inoculum amount temperature time
1 10* 7 33 20
2 10° 8 35 25
3 10° 9 37 30

£5 L) EXE
Tab. 5 Ly(3*) orthogonal table

pfclis?ng # factor AR T

No. B C D sensory score
1 1 3 3 3 72.00

2 1 1 1 1 74.80

3 2 1 2 3 80.80

4 3 3 2 1 75.40

5 3 1 3 2 69.00

6 3 2 1 3 67.60

7 2 3 1 2 82.40

8 1 2 2 2 74.40

9 2 2 3 1 85.00
k 7373 7487 7493 78.40

k, 8273 7567 7687 7527

ks 70.67  76.60 7533  73.47

R 12.06 1.73 1.94 4.93

S Al XAEYFLAT R A = SRR D
WIHEZEITF N A>D>C>B, Bl EEHZE L4
Fhig, W EZHZFIE LB R], &R AR
W AR ERN R, &IRAEH AB,CDy, R
FERh N 1x10° CFU/mL, FEMEARINE K 8%, &
PRl R 37 °C, AR PERTIE] R 20 h, 1] 44 bt & 1

TS BRI
2.3 =R INGEMEFRRI E
23.1 =ZWBENPUEEYE . & OB AT
¥ T RS TN 5

&6 . SERERIMHL, ~SBE ]
TWER SR EEAEEE M DPPH H i 3LT5RRGE
J1 BT 17.42% ., 63.75% F1 36.57%, ¥
iATE S I
232 =R MEMERE LS

R 7T A 2S KBS 3 FhEom w1y
TMHIER, =sSMREWR . HE IERAEY)
FLAF B ST YIREHI 6 3 FhBOR Y5, Hh =
SR IR 2 VW A R G M, P
EH & TR KEZE (0.3 mgmL, P <0.05);
SR MR ISR 3 FhE0H B I H/E
ToH R 225, HAMB I M8 8 2 & TAL 2T A
ST (P <0.05),

*o6 nEBENENEN. EAMBEMMANEERENLER

Tab. 6 Antioxidant activity, protease activity and titratable acid detection results of CBF

R B HEAmEEE/(U-g i 5 B %o DPPH H HHZEE R/ %
fermentation stage protease activity titratable acid content DPPH free radical scavenging rate
BT before fermentation 2400+12 a 0.80+0.02 a 52.50+0.05 a
KB )5 after fermentation 2818+18b 1.3120.01 b 71.70+0.07 b
VEr SRR RN FR S % (P<0.05).
Note: Differences in the same column of shoulder letters indicate significant differences (P < 0.05); the same as below.
#=7 mEEREMHRIELE
Tab. 7 Antimicrobial activity of CBF
0174 P8l B 4%/mm
B sample diameters of inhibition zone
E. coli S. typhimurium S. flexneri
PRKE 2 gentamicin 13.97+1.57b 15.40+1.06 b 14.3321.21 b
HYIFLFF & ST L. plantarum ST 9.24+1.23 ¢ 9.28+1.02 ¢ 5.82+0.92 ¢
-2 KM CBF base — — —
=W # CBF 33.40+2.80 a 29.67£1.29 a 27.33+3.16 a
=2 LG liquid supernatant of CBF 34.35+1.84 a 27.80£1.40 a 25.47£291 a

e = FoREMEAE .

Note: “—" indicates no inhibition zone.
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Fig. 5 Effects of CBF on expression of /L8 and key genes of
NF-«B signaling pathway induced by TNF-o in
HT-29 human intestinal epithelial cells
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Fig. 6 Effects of CBF on the viability of HT-29 human in-
testinal epithelial cells induced by TNF-a
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