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T 9% 00 1R i B A SR BT T LM R AL A
R TN TR, X805 AT Z AR AT
FEAEIE N TS BB RUAR B vy | R T 47 o v 2 15
AL AN B TEE A GDH BT Ok /4
TR A AR T G SR UK

H 2 A7 Z %0 GDH #i 57) A9 AH 48 . Jin
SR Yu S50 BLAR A il ok (Ebselen ) J& K Ji AT
PN GDH (% m] 33 36 P A s i 55, PHOBE
FRI, Zn* Cu* Ag'.Ca™ Pb+ JRFE HEE 5N
W 45 0 2 JF GDH RS A I AEHT o Li %0758 o
e 38 7 %6 ¢ I 2 A 2R IR GDH i 5, A4 ik
BT ILEREE TN (Epigallocatechin gallate,
EGCG)., RILERIEE TMAE (Epicatechin gal-
late, ECG) & =M NEAE, Fija IEW] 2
Z I (Tea polyphenols, TPP) " iy EGCG 1 ECG
Je N GDH #y ] g g il 5701, Hou SE°M5 1G 1T N
S5t 05 Bk (Propylselen ) FiF BH JH: 0] A7 2041 il K B #F
W AR GDH Wi 1% . Domith 55 12k PR 4 Ji 12
(Chlorogenic acid, CGA) L5 & 4K 4 (1) 75 =X 30 il
X6 A 0 155 40 Jie, GDHL T o A 9F 5 DA v 18 JBCRT 7
L PR INES TPP CGA [ Zn® Al Ca®ZE 47 #1280
P8, #U0Ks GDH 1 500 A5 i 2] 48 52 b BRI AN &
T i OGN S XK R O — T A
st 7E 3 ) 9% T 37 i T 4R AR S8
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iR IRAEREARAE; X2 L-B4A
2 25 48 AR B 6 A R () A BRA A
SRR, g RRL T AR R R A BR A D
NAD* NADH | &E ifit fifj , V4 4% 35 57 B 25 ( 17 ) B2
DA BT T 2R B, S 56 2 PR
12 UFE5E&E

UV-9000S #£4b-n] W or 0t BT, BT
1A PR ] 5 ES-315 B i Fe 26 75 K i iy, HAR
Tomy 7 Al ; T AE G, b 5t AR BE A JR A5 i 1
A RN Al s Sunrise B A5 1L, #i £ Tecan 2\ Al 5
ZQZY-CF 4 1H 5 35 IR 88 K, B MBS A
FR A ] ; Centrifuge 5810R 1 2 7R &5 oML, 7 [
Eppendorf 237 ;FOSS A sh¥l (K &AL, 116 B 8y
[ PR 57 5 A BRZN 5] TCS SP8 STED 3X 37k 41 ity i
BT HRRZ T O RE B M, R EMA
Gi( LA ARATA,
1.3 Ak
1.3.1  GDH 4174 551 iy i 1
1.3.1.1  GDH % ) 2 i B

GDH REMEAL TN R S .

GDH
L- % + NAD* + H,O=oa-i /% — & +

NADH + NH,'

AL UL L-4 S0 N IS, NAD R il il |, J2
I ) L—4% 2R 53 W O 1) R AT o B Hh A A
NADH £+ 340 nm Ab A7 — 58 W 05 06 | 38 3 0
W OD g B AT AR 4 NADH #5 1 il £ 31 55
t GDH G . NADH i il 2 i) il 1 2 2% 1 R vk
ZERUR 7775  NADH FrfEWE W H 80 mmol/L H 4 iz
S 0h i (pH 9.0) L il
1.3.1.2 500 e il

1) GDH B H 1 mL 20%H & f# 1 kU
GDH #r i .

2) il 3% W0 BT 0.1 mol/L Tris—HCI
(pH 7.4), & 15 mmol/L. L-4%% % & 1 2 mmol/L
NAD",

3) IR A 2l K S 5.00 mg/mL TPP

#EHE \11.10 mg/mL CaCl, %W 1 9.11 mg/mL 7 %
R 1 W5 0.1 mol/L Tris—HCI (pH 7.4 ) fit. il
0.35 mg/mL. CGA %,

1.3.1.3 ISR Y L8

1) TPP AYHPHICRE B TE I E S vy i 480
wL, JiA TPP % # 5 pL.0.1 mol/L Tris—HCI(pH
7.4) 9 pL A GDH B 6 wL,37 C/ 1 min J&
D7 S o AR WS i i) 550 ) B G 4 100% , 155
AT B

2) Zn* Ca*Hl CGA My HIHIZA 43 10
pl 3 A S5 10 Wl GDH BRI S, T 4 C
JiCE 30 min J5 BT 480 wlL i 35 W 22 SR T ,37
CHLRY 1 min, I 72 A0 X B
1.3.1.4  TPP 3 A 40 TR M P BE 77 0446z

1) AR IR PRI A A 90 & 25 FAT I 5
W T IO LB 533 |37 °C 200 r/min 24 F
Kig% 6 h J5 I 5 mg/ml. TPP,4k£215 5% 3 h, HlA]
SR RS 9 h (HAR VS IN TPP 1Y TR AHON R

2) HH K E S 000xg B0 2 min, B A
FH PBS 28 MriE Uk 5 i I HE Rk, WEHR S5 WL T T
RS b, W R E g T
t.

3) WO RME BB 7E 100X STED
B TR B S ARG DI B9 R EIMA
WK R 430~494 nm, K5I K K 500~600 nm ,
Ji xyz F1 4 A LIGHTNING 45 2 R 48 36 3 £ 58
EHZ
1.3.2  TPP X} GDH W4l 2B LL K 1Cs
1.3.2.1 Wil 2R ALY 50

D) Ky KB srEAmS
GDH [ i 211 & ,4 “CHUE 30 min J& I 5E B 75
IR HIE R 100% , 28 78 A 7] 5T 42t ¥ B2 TPP
Ji PR O T 5 LA SR AN 5 GDH B 2 1R &
F4 R X5 I A 6T R

2) BT A A KR NAD Y GDH i
RATE A, 05 D RAE 7% 2 NADS GDH
il Y TS TR A5 %) TPP 4100741 285 S ) 5 i
1.3.2.2 1Cs WU E  7E i 335 I 5 B 1 W v 4 il
A 0,10,20,30,40,50,60 pg/mL 1 70 pg/mL
TPP J- 00 & Wi , @ik 8k SPSS 22.0 181054347
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KAF 1Cso (BPAMTE 509% 06 1% B TPP T 2 ) .
1.3.3  TPP X 44 &2 2 &% & (5% 1)

1.3.3.1  REERAE & PRE R g g8 o 2 AT
T B VR AP B WA LB B FR LR 3R ODgggnn 15
#] 1.23+0.05,

1.3.32 ok E  PiCs
W7 5E S R NVRL R A 3 AR K T
FIRW 16 h, WT/KDET 121 CHIEFHEE 25
min, ¥ H 5 10% 0 2R 32 Fp R B, T 37 °C
TR A B 24 h JG#ERS 2 4 CC¥ K 24 h, 7E L BEA
Vo ) 1) R N BORE e 1.3.3.4 WIE R SR,
1.3.33 TPPHINEMMfiE HERGEBE11hG
439 m A 0.56,0.96,1.36,1.76,2.16,2.56,2.96,
3.36,3.76,4.16 mg/g Fl 4.56 mg/g TPP J5 iR 2], 4k
SERWE 13 h 5 4 CAE 24 h, 25 X BB 4 ] 45
R TPP,

1334 G hASENE N2 EEr
TE S 2 4 MR SR AU T

1.3.3.5 NKEMEMIE 2% Kim %28 Astrup
SRR Ty vk 5 TR B — 4T Ak 2R TR DR
GRS 9

FRELU 5.0 g 405, LA 15 mL A= B R K 4R 39 72
51,4 CHrE 24 h,8 000xg B0 10 min, B L1
Rk NK FL#E R . B NK HLAR W 7 L 55k T Bl
Wi —£F 2 5 (0,37 CCHR R 16 h 5 ) 3 i Tl
(PRI L B AR, S HRDR I A v il 2R 0 £k O 72
THEAE B
1.3.4 A MREEE  FEN AR A L 0 2R
2 KRR 1 AR HEXT AT RO 730, SR InAL
VAR AR T Hh A RUBR | A1 X A F By
Wk 0.5,0.25 F10.25, 1 10 A4 RGPEE /N (5
LB S Atk SR BUE PR B AL B AR
TN S 2 = NV /YA o9 % = ST v L < S B
B (45 53 3¢ LUK G R AN R 50, SR e —A>
3= R N 4 7 S A = R G - REI R ST
LAY .

x1 MEBRETFERE

Table 1

Criteria for sensory evaluation of natto
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RYHTF AW ES Y 2HARHE
EREE AHAWED S AEHG , REALEF
IEEE DAWNES S Ao HHa , KahkF

1.3.5 i A EE 3 W, FIH Ex-
cel 2010 .SPSS Statistics 22.0 i 36 fir 15 %5 4 3¢
T AbFEFAE A

2 ZHERS5HW
2.1 GDH ##il 7 &9 bk %

NADH Fr#fEh £ H y = 4.7943x + 0.0314(R?
= 0.9979),TPP CGA .Zn** il Ca®**%} GDH [ 7§ #Y
RBCR A 1 R S5 R R Ca* R R
FIAE VEAE A T Zn® TPP fil CGA % GDH i 7% 2
A HIVE R S R 95 2 1Y GDH A LA7S AR Y
SERTE AFTE 5 R R, 58006 1 Pl 4t v
RZ B YR GDH 4k, FE I E%dha

BRN 5 25 B AR ) (B 45 HE W) ) 19 GDH 4L, A%
WF 519 25 AN TR F £ PHO9E H 1 40 mmol/L. Ca®
BIREIN 2 209%45 BT GDH J % #4516 | J5 IR ] fig
AR BT P40 GDH (K% 1) 5 4+ iF GDH (%
J6 1D J& T AR B %, RS 25 R [, Ca™ LU RE
WEYR A GDH 3 1 v 19 ) 52 1t (1 il 2 3%, (L0
ANEEVEH T4 GDH,

K1 TPP A RCR WL T CGA (P<
0.001) 1 Zn*(P<0.001) , F: 4% i 5 b TPP i ik
FEW T CGA B HAE 2 50 v B2 T 1y AR it
TEMX T CGA, IAh , TPP i FLAG 6 L AS 5 B e
P PUEAL PR A 45 24 B PERS Rg —
e LA T80 B o 000 5 0 1 T Bk )z g T
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Fig.1 The effects of four kinds of inhibitors on GDH

A X Rl
Relative enzyme activity/%

enzyme activity

PR A 5 P T BT il ) R B R T 1) el R B
Wang S50 55 & B TPP LA 481 2 AR
e I JU K /0N BRI i 375 R A T I =R AR
JEE R AR 11 B A RER & R KSF-  TPP i il GDH
B B TR EGCGH ), Liu %A 4 EGCG
3 341 T B AR U T ke B L N T K P R A Y
PR, M 151 )7 2 Jok ok R A Ak | ek 20> U i A5 955 55 1)
Kk WA BFSEIE | TPP RE % 18 13 75 S 41 it J& 39
REL Y5 0 e AR g 1410 N ZL M o 4 B MCF =7 3%
FEP ) 2E b AHFSEE I TPP A5 b 48 51 25 & BERY
M, B R R AR N T i, R A
SRR
2.2 i TPP # 40 & A A H &8

TPP 7K 7% WA Jf 4 % GDH. il 16 78 48 3t (1) 410
HIVEF 1 GDH 248 & 2F AT R ML g, S T
i a2 TPP & 75 A8 iF A 40 5 2F 76 4T B 44 P 30 161
GDH [l & 1 M il 2000 7 A=, A iF 98 & TPP 1

()T R TPP i1 LB 5 F7
Bi FR 00 9 52 J T A

(b)Y T, A& TPP [ LB 15 37 4
e I (¥ 90 52 25 AT 1

LB 35 57 5 15 77 40 2 fFF 1R D F I AR i GDH
filg s o AR, 90 G 2R JAT B AE S TPP /9 LB K77
SRS, WA R 9 TPP B A 7K \DMSF
N 2 55 AN ) 5 79) 22 T e e G 9 g L e 4 2
Wi, 4 GR 75 B R T GDH BTG 35 2 (B &
WoR ), TCIE I W S AEAE RN ) TPP &4 T $ il
TERL,

AR TPP LE K 430~494 nm (1564
RN ] PR AE SR SO I — R PR Sl O SR R
2 5 R O TR AR ARG 00 5 i B 1 A R R 5
TPP /2 15 RE i A\ 90 G 2F fOFF AT 40, 45 R anfAl 2
JIE7IR o B R R 1 T A B A ) v R T Ak
YEH ROIL \ROI2 1 ROI3 3 Ab WA 5 G i Ji it 75
b 2d A bR A AR R DG ATFE ROI £k
SR i SR B AAR AR KB, L T TPP 1Y
W, GG E 2c FTLLE H RGN & 5k 5ok
s BARAE IR X, B I B R 0 O
55,10 3 4% ROI A iy e IR BEAB A &1 3k 763.225 1)
PEXT B2 (P 2b) WL A &5, Ui 2 TPP Ky
Fr e, VA 2% 1D 0 B G Y AT A8 2 1 TPP, OF HAT —
W4r TPP BEA TN, 454 TPP (14 #0310 1l 2%
e A LUHEWT TPP gt A 99 52 25 RT3 1R P9 -
il GDH B3 . an R AEgh &7 &l it #2 o A TPP,
A R 9N T B N KU
2.3 TPP 3 GDH ##I I 2K B MK ICy (&

23.1 ICs fHAME  SCHKHGIE , TPP X B FE 25 161
FF 18T B Fe /N TR BE A 0.96 mg/mLA A i . TPP
kil GDH i TG 14 44 25000 e P R A5 O IR 1
NIRRT M B AR AR ST T TPP JiT it ¥k B X GDH
it 175 1) 5 0 I 72 T 1Cs, 25 R ANIE 3 R, 7E 0

(e)% 5 mg/mL. TPP (¥ LB #7537 %t
B R0 90 S 2R T
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Fig.2 Fluorescence image and intensity of Bacillus subtilis var. natto cells cultured in LB broth with and without TPP
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Relative enzyme activity/%
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B3 AEBRERE TPP Xt GDH & i K5 I
Fig.3 Effects of tea polyphenols with different mass

concentrations on GDH activity

40 we/mL {5 N ,GDH {5 YEREH TPP it i ik &
F FE TP R R E 40~70 we/mL Y5 I,
% TPP it W B 7, GDH 3 P4 i T R R 3%
WA AF %1% . TPP #9 1Cs M 20.60 wg/mL, % T H:
TN TR M BE 10 PG B A S 0 &= TPP A1) il
Y 52 AT B N GDH S TE I B AR 5 i 41
rK,

Li ZE70 5 T EGCG Al ECG Xt 4F GDH AY1Cs,
i, ¥4 0.5 wmol/L, EP 0.23 wg/mL F1 0.22 pg/
mL, AIRg 2 TPP ZIRG W, bk T &4 EGCG #1
ECG #b, &4 % GDH i 1% 1% A 1 /5 FH 9
i, i LV ICs 5 F EGCG M ECG.,

232 HHIZEA fE TPP R & W E /518 0.5
pe/mL Al 1.5 we/ml (RN AR R H, KR L-4%
AR5 GDH B 75 Ab B 30 min fi £ AR X 8 775
I3 AR 17.52% (P<0.01) #il 43.28% (P<0.001)
(I 4), Ui BI7E 4 CIR G # & 1) 30 min L L-A %
2% 5 GDH 454, AT e /b 1 ik By i 2 v
TPP 5 W45 A0 1 B 45 A1 I IRIRE i 10K 4l
fif NAD*5 GDH Fii S Ab B2 30 min, A% BG4
P25 (B 5), BaH] TPP X GDH 7 76 JiT ) 56 4+ B4
T A A 7 5 T o T o

oFiLRe
00, 262 ORISR

T3.T**

AR il 15
Relative enzyme activity/%

5 15
TPP J5 1 e
Mass concentration of TPP/pg-mL”

B R GATEREGZREE (P0.01) ;% FoR 5T
T 22 57 2 (P<0.001).
B4 k#5 GDH #isk iR & X EEEA &M
Fig.4 Effects of pre—mixing glutamic acid with GDH

on enzyme activity
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TPP EAG I RAVERT, e BE T 23 41 4 48 127 Y
AR RS R EROR . O T S B 9 b
TPP B REH i 20 7 A, SO ) 2 B3R A
AT T NG AE R B AG Bt B & S AR 1
A AT R A AR L, S5 anE 6 F
BT B, TE R BERET 12 h, 99 5h i & & R
PRI, PREETE 8 mg/100 g AR ; KB 12h
J B AR LT, H 24 h KA H A E T
109.5 mg/100 g ZE 475 7E 24~48 h ¥ J Y [, 4
TR A H O BN RS K, AR
118.0 mg/100 g, B> F L L ETELEE 12 h
Jei , 4 KL E AT R A A K 2R R AR SE 12 h 40
WAL TR ECE R AR, % RN A & Bt o i
H—E 225, TPP HE AN 75 2 — 2 i I [a]
IR LA 22 TPP A 78 I B[] Sy 2 B A 55 11 /INeE LA
) fre R B o) 204 7 AR IR T R e D X
AN IS ]
25 TPPXERSEM NKFEHEH I
2.5.1 TPP XN E A F R Kot R
UM TPP X 44 5 & B i B2 an il 8 i . 7E
2.16~4.16 mg/g I, BlAE TPP & T, 44
TIE SR TRERL LI 2 TPP & &M 4.16
mg/g [ T+5] 4.56 mg/g Bf, TR M 63.00% LT
# 64.86% , FREARWINL  Z5GF ET  TPP B
WE N 4.16 mglg, FELFMT, HEATEN
45.5 mg/100 g, FREFRTIE 63.90% , = T SCHk T it
T g5 L1 W A g G T o AR P IS VS

Fig.6 The growth curve of Bacillus subtilis var. natto
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Fig.7 Changes of ammonia content during
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Fig.8 Effects of TPP with different content

on ammonia content of natto

TPP 6 il DL S 3 0/ 2 0 7= A, el st 4 5 1 XL
78

252 Y rh NK GG 98 5 b i oG
DI e Pk Yy o2 NKS, PR 28 BOds i 1 3.76,4.16
mg/g Fl 4.56 mg/g TPP M40 50 NK I M, R4
R e FE N y = 1.5696x +36926(R*=09959)
NK 76 P 25 S an & 9 i . R TPP (1444
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Fig.9 Nattokinase activity of natto samples

with different TPP content
o NK 6 R (2 153.0448.6) U, ST E A
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A DR 2D
26 MEMBEEE

TEE VEAT S PEAR T 9% 38 0 7 il e 37 8 1 E 2
SR NG R VR 45 R W& 2 B B TPP
Je 40 5L R T T L, ORI N
AR AR A BB R Bl | XU ST b Y A B 4t e
M HL3K EE 2% 8 A T 32 i hr 22 R A5 3 T 2l
T TPP HAab i (@, T LAl g & S B0 (2 L
BIDVR A AN 5] SNSRI ER TR
IEAT IR RIS LT, BN TPP B 24 25 53
538 (8.07+0.36) 41, it & T AR U TPP 948 &,
Ut B A 9 W % T B v S DA 5 TPP 9 ff fil ol &
YRR XU $5E i T I 2% X gl S a2 B O
N G4 T TPP B4R h5L

7

*k2 MERERESER

Table 2 Sensory evaluation of natto samples

## S BB 45 AR
Akl 5 W ok e iy ] 5 SIS 5 AT
7 #m TPP 84 44 & 8.56 + 0.42* 7.53 +0.43% 7.63 +0.35% 8.07 + 0.36*
K A TPP #9 %h & 1.63 +0.68 5.92 +0.28 9.55 +0.27 4.68 +0.22

T RIRS AR TPP (44 5 AH FL7E P<0.001 /KF 122 5 18 3%

3 %Hig

XF 4 Fhal R H 509 GDH B R AT T
FL3, 2 30 TPP A4 il 0CR B 43, 1Cs M 20.60 g/
ml, A2 IS 5 A B ), EL T E 98 T 2F AT
WARN KRR 99 R BERT 12 h AR =5,
FL s 20 1 9 A K HE AT REEOR I, D
TPP ¥ A [R] hy & e 2E 11 /NEE, s in TPP Rl 4
il 77 2, 24 e B I 4.16 mg/g B 10 Ak
Ry E, L e REAE T2 37T
KEE 11 h J5 U 4.16 mg/g TPP, % 1. A Al 2%
AL 63.90%, 1M H NK #6PEEA 8% T, Ll
PR ERCE 2 AV (8.07+0.36) 43, A T AR B N
TPP WY 4N G, AHFFE L 3 TPP AU R T 44
XU T L8 S TPP R TR, AN
TEFRE A HE T BRI T HOR 3CHF
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The Inhibitory of Tea Polyphenols on Glutamate Dehydrogenase Activity
and Its Effect on Ammonia Content during Natto Fermentation

Xiao Yali', Zhang Jianhua®, Zhong Yaoguang"
(College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306
“School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240)

Abstract Natto, which contains several functional components such as nattokinase, can prevent cardiovascular disease,
but its ammonia odor greatly reduces its acceptance by Chinese people. In order to decrease the ammonia production
during natto fermentation, this study compared the inhibitory effect of four reagents on glutamate dehydrogenase, a key
enzyme for ammonia production by Bacillus subtilis var. natto, and found that tea polyphenols (TPP) had the highest
inhibitory activity. TPP acted as a substrate—competitive inhibitor, the ICs value was 20.60 pg/mL and it could enter the
cells of Bacillus subtilis var. natto. Therefore, it was expected to be used as an additive to reduce the production of
ammonia during the fermentation of natto. Then, the optimal process, which was adding 4.16 mg/g TPP at 11" hour of
fermentation, was determined by analyzing the bacteria growth curve, the ammonia production during the fermentation of
natto with and without addition of TPP. The results showed that the ammonia production was reduced by 63.90% under
the optimal condition, while there was no significant negative effect on nattokinase activity. Finally, the sensory
evaluation results showed that the ammonia smell and flavour of natto was significantly reduced by adding TPP, and
therefore the acceptance was increased. All these results showed that TPP had great application potential in natto
production.

Keywords natto; tea polyphenol; glutamate dehydrogenase; ammonia content



