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DEVELOPMENT AND SHELF-LIFE PREDICTION OF
NATTO ENZYME

ABSTRACT

Bacillus subtilis natto is known as a generally safe probiotic for solid-
state fermentation of soybeans to create nattokinase enriched natto
products. As an alkaline protease with a variety of physiological roles,
nattokinase (NK) is a perfect medication for the management of
cardiovascular conditions. Natto is a useful food for the prevention and
treatment of cardiovascular illnesses, but its commercial applicability is not
optimal due to the low level of nattokinase in natto and the unique ammonia
flavor. In this work, we employed atmospheric pressure room temperature
plasma (ARTP) mutagenesis in conjunction with primary sieving of milk
plates, ultraviolet spectrophotometry, and other techniques to generate a
strain of Bacillus subtilis natto(BSN-2) with a markedly elevated
nattokinase content. Five different fermentation substrates were used to
inoculate Bacillus subtilis natto to develop a natto complex enzyme with
suitable flavor. The fermentation process of natto composite enzyme was
optimized by one-way test and response surface, the quality of natto

enzyme was determined, and the kinetic equation was established to
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predict the shelf-life of natto composite enzyme using the first-degree
equation and Arrhenius equation. The main research content and results are
as follows:

(1) In this paper, a high nattokinase-producing strain of Bacillus
subtilis natto (BSN-2) was found by using ARTP mutagenesis with
Bacillus subtilis natto (BSN-1) as the starting strain, combined with initial
screening on milk plate and re-screening with UV spectrophotometric
detection. The genetic stability of this strain was good, and the enzyme
activity of nattokinase was 119.2 FU/mL, which was 67% higher than that
before mutagenesis.

(2) The preparation of natto composite enzyme was based on soybean,
supplemented with five different substrates: hawthorn, tangerine peel, red
date, tea, walnut, and inoculated with BSN-2 for fermentation to prepare
enzyme products. The enzyme activity and sensory evaluation of
nattokinase were used as the main indexes to screen out the best
fermentation substrate: walnut pulp and soybean pulp mixture. In order to
optimize the fermentation process, it was found that the inoculum amount,
fermentation time and fermentation temperature had a high influence on
the quality of natto complex enzyme in a one-way experiment. Response
surface optimization was used to optimize the process of natto enzyme, and
the best fermentation process was obtained as follows: walnut pulp liquid

ratio of 22.7%, inoculum amount of 5.2%, fermentation temperature of

v
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37.4 °C, and fermentation time of 29.6 h. The comprehensive score was 91,
and the enzyme activity of nattokinase under this fermentation process
condition was 226.17 FU/mL, which was basically in line with the
predicted value.

(3) Protein content, polypeptides and polyphenols of fermented natto
enzyme were measured. The protein content of natto enzyme was
1.89+0.82 mg/mL, the polypeptide content was 8.34+0.07 mg/mL, the
polyphenol content was 4.58+0.14 mg/mL, and the DPPH free radical
scavenging effect was 24.314+1.83%. During the storage of nattokinase, the
significantly changed enzyme activity of nattokinase was used as a quality
indicator for the prediction of shelf-life. The shelf-life of nattokinase stored

at 25 °C at room temperature was obtained to be 38 days.

KEY WORDS: ARTP mutation, nattokinase, natto complex enzyme,

response surface optimization, storage stability
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PRI R T H R i fE 5 RIAE = TR . IR I 5 i f
b BRI IR E VPN TV S BOR N S )4 SR AN R AT A
MELE TR L ik b 565508 7 T BE AT 25 JER RN R 5 1 o B VP ) P ad AR IS s
HH FR) TR V& S 5 DA B ot 4 R G AR 1 — M EE 7 0%, AT R L A T A G
o JE VR R B ) v B Je B PRS2 R T I A G A T SR P T 5
BL0263] 9y G EIES ) R VPN AN G R S R L N R, 5RE PN AR AE
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H LR
1.4.4 TN SRR EAh H AR B R 3E ST

B TEAN A6 T Bt A7 A 8 MRS AR 9T, 7T RO K B i R DR
W, WROR7 SEAE P L SRR A B T ORISR A I e TR 22 A, DRI A R
DRI AT ML R R JU N B L SR £ it B AR B0 ) S S A AT — A Rk
Fid e, FHEFIE M FUhEZ MR, 37 # R E 2 R T
b I SRR B AR I T, AT ORER SR A — 2 sh 1 A Arrhenius
JIRRHEAT WA o B S B AR B TRNO4ASS) i ST DRI RN T U i
AT BE PP VRN 2 RR TG 5 TR I C 77 #EAT Ak, FIAT Arrhenius 23 =T Hh
ZRRIG L IRETEH I R ISR 2 256 d, N RRTY v IR BORR AL A PR AR AR
ARSTHE . BRHBRAESEOOIGE A6 530 1220 Arrhenius 72, KIL 9 °CHIN IR At
TREFAERFIR LA 0T, %% pH EFIIR LA AG . — BN T J7F2 J Arrhenius J7
FEan AR 1-1 1 1-2 Fior.

A= Agert (1-1)

Horb A RAERE t REOK RFEAREUE: A0 SEAE AT MWIRE X N AEFAME; k &2

SRR, t AR

Eq

RXT
H k F1 k0 ¥ N#E: Ea J& TiELEE(KI/moL); T 24X E(K): RET

SMHEHCN 8.314 J/( mol-K).
L5 AREXKAS
1.5.1 fIREX

bEE LTI PR R, ARSI e, 0S8 R R & Ca AR
2 T HAEE S, A BT IR N ST I 1 2 B O AR R ) . O I 9 2
SRRV FHONRIET 0 R F R K 2 — 2, RO I 9 1) TR AR T A
FfiE R CHEE . TN S B RIS IR, WL ER S A 4E N
AT R fi ke, AHIRIFIERN, 99 e A 5 BOR 1R 5 e ML 51 & i, FH 2
RS ISR . WEPIE A Z MG RN v-2 R AR 7.
YRR Ko 5, BANSWEFRRMEDIR, Bl TG Bl EEUC. A7 ok
B B RR R, SEOL A R T A S, BRGNS

Ink = Ink, —

(1-2)
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SERTT IV B 9 B0 K AT A S Rk R R TR T — Fhi g E
BWR, SCEMTRRORKER, FE 7ERT W EFRYR AR, AT
EHNER, HEBhah o 5 R R AN T 8 K

152 fARAR

C1 Y 50 w27 B R T 34 o DA S0 2 D I 0 &7 2F AR B H R B R
K ARTP 5748, 456 B2 W~ FAR 07 A1 48 043 o0 e BEVE R DN Vs 52 5, 0 ik
HH e H NK i i 55 = () Bacillus natto Pk (BSN-2), L BSN-2 {/E AN EEE )
IR B A

(2) WEEERERNGIGEUKRT AT, 50l LA E R L,
BREZ . 208, A5k, 1%k, Befh BSN-2 Rtk R IE, B0 A R R o 40 O 1 2
RN 0T PRSI o AN e (4 s AU B VPN D R AR bR, RLE HE Rt
I RERE T o FLUR LAY S T R B VR AN LR G A5 2 s, ISR A 4 L
P . R IR R AT R IR N [ g R 3 AT AL PR S, SR o T A 0 0 o %
MY B G R RE R L 2%,

(3) 40 T 2R 1A b 0 s AN B 2R AT . SN R R R AR AT A R 2K
Wy EY AT GE . B —HITFES Arthenius HTRELE S, DAYN S ISRV S A
W& DB G LR A1, TN E G RAE A FRE T AT 2.

ACEE EIRTRIRER, PR T — M RN G S EBER T, ER IS
WENGIE IR, S g & PR Rk I . AR TR B E R EE B
FREERD, FEEE N DRI
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28 ET ARTP HIARABNE BN B EK

NG HEERA ZREE R, HE R, BB ANR. Hik, ME
PR AT R AR TS A2 M B E 2L, ARTP WAL — A w2 ik
PR T i A P S AR A A A R PR S o T R 36 T AR R 2 R 952
FEREY A RARPY . 5AEG0EARTT AL, ARTP B3R BUR IH R R, #
VETRIEAN 22 45 R MO A Rl AT LS S Wl i 98 28 fAT 1 BSN-1 Wik
Wk, KM ARTP %42, 45 &R Y5 ARAIIH AN S Sh o St R IR b, bk

TN G R A i A0 S AT T BSN-2, /RN )E S5 aR K wA
2.1 KRR

2.1.1 Efh
YN 5 2E RO B A SIS AR AT B AR
2.1.2 FERF

R 2-1 FERWIRF
Table 2-1 Main experimental reagents

ZmARR Eithe) AR
=il BR AT AEY
[Labs/3NLy) BR AT A
NaCl. H AR [ 24 4 14k 21k
ek 4RE BR ] 24548 14 2]

e 1M g BR BRI

YR AR BR BEAWY)
W AR K] 245 A1 4 235
LR G-250 BR 1] 2448 14 2]

2.1.3 EE(U S

R 2-2 FEIINE
Table 2-2 Main experimental instruments

EX:-SIE 2 Eices) TR

10
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BT R TLE104E HERF B FE 24300

A ARk S SCI-PB IR YR
263 pH BPH-600/610CK DR TS

ARTP %748 ARTP-IIS PEiE RARAEYIRHL
SN ARG SW—CJ—2FD TP B

SLIR G B IR R IR THZ-98AB i E RS

BOL Microfuge 20 U0 2 P 7R R A
BHMPCEEE T UV-5500PC g TTHTA AR

214 1EFERLS

LB [E &R 775 (g/L): NaCl10. EZERFy 10, ZRfE 20, JEEEE M 10, pH
£ 7.0-7.2.

R 7R 953k (g/L): LB BRI INES .

WEREA-9ss 77 2, (g/L): E 3. &AMk 100 NaCl 5. BiAEDIH: 10-12.
pH 7.2,

R FREE (g/L): KEE AR 50 FRE R 20 BERHEEU 20, Hil 50.
K>HPO4 3.86. KHyPO4 1.62. CaCl 0.2, MgCl> 0.3, pH % 7.0, 0.1 MPa K4
20 min.

2.1.5 EERRE

WERR Th 22 : NaHoPOs 0.2 g« NaHPOs. NaCl 8.5 g, NIZEW/KER 1L,
pH A& 7.4,

0.15%£F 45 R : B 450 mg 41488 (R, T 300 mL R Eh 22 h il
37 °C## & 20 min.

6M —=FAOH: W 5g “HAM, A SmL, BT E 4 °CNRAF

JRZABIRIE S FREL 96 g JREAN 30 g Bk, J7KEZE 200 mL, & iz

30%R N MEIERIS W : HERAFREL 58 g PRI, 2 g NN -V H SRR 445 15k
fi&, /K EZS 200 mL 2% FH

SxHLPKZE M FREX 15.1 g Tris, 72 g H&EM, 5gSDS, MI/KER 1L &H.

LU G-250 BL . MREL 1 g M i G-250, N 250 mL ¢

11
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NEE, 100 mL 4KZHE, H/KES 1L ka4 H.

Bty HL 50 mL £ B, 100 mL JKESER, IH/KEZ 1L &H.
22 KWHE
2.2.1 EKHZAONE

PRE AR 275 B s TR T SO mL (R FRE9R3E T, B TRER 37°C
220 rpm B53%, B2 h BUFE, &SRS, il ODgoo TEELAE 0.6-0.8 2 [A], HEAH K
B 3 YCFAT . AR (h) A, ODeoo 1 2N Fil1 22 il B 4R O A= K B 28
2.2.2 ARTP iF 257

H BSN-1 B FMEHIRAG T LB EART 7R 4L, PR B S 50 mL F-1 5557
#, 37°C, 220rpm K777 12h, FAAEKXEHA . B EREHR 1 mL, 4°C, 5000
r/min .0 5min, FEFIRHE. AHLEAEH K (0.9% NaCD BEHE & 2 K.
e JE MU 1 mL J6 B A 3 3 7K 1) BB

10 L BRI SR TR /MR b, B NBCE EP &, N3 990
uL LA K, B ARTP TAEG N AlEARLH 0. 30, 50, 70, 90, 110s.
WEEE TUKHE 2 ho TELHHKMET, BEF LRI EIZ RIIBEEMRE S, A
FEREATAR b, 37 °CHEIERFR 12h, FHAMERELE 3 K.
223 HIEERmZAINE

e 2.2.2 AR BT ELE E 30-300 2 ETHEL, SRAFAS [R5 AR B 18] T X REfr)
WVEHE , DL ) 0 s 1T B 10T B B 7 B AR xR, DU RSP AR 5 5
AR TR VR B Z A B A PR B R, AT R A AR BEOE R, 4561
RALZ A LU o€ B (5 AR I [r) 1681
2.2.4 ARTP LRV HFI & i

FI9: ¥ ARTP 5722 Ab T 5 (1 B R VB0E A0 B 5 WA T NG 4 9P bk L ik 4T
WG . A0 SLURBE ORI B AR, RO AR BB R R OB IR, B AR
(1375 1) Pl DA /0N T S 2 1 Rl g s ) 5 5

K TR IE L PR A7 B RO R T bR, BB B VR P IR IR IRE AL, R TR
MeRE R, 37°C, 220 rpm, KB% 24 h, UK E 0 (4 °C, 10000 r/min, 5 min)
JG, FRRHER, RSO O BN e 40 G RS 10, RNIALE 37 °CTT
17, ZEWNIN 1.4 mL Tris-HCI 1 0.4 mL £F4E8E AR, <M 5 min. JIA 0.1 mL

12
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HEIMEE, S 10 min RN T A . BN 100 uL BE 5 S AR N 60 min. ¢
JEIN 2 mL =R ZBRN 20 min Z1E . N LG BU_EIE TN OD2rs WROE
FE. BEEE X: B min 7E ODays BWROGAEIE N 0.01 BT i NK B &€ S 1 4
BT () 1 4 B AR T 7D
22.5 IRETREMIIE

AR AR SCHRIE P K, 17578 5 I B R 0 T A% AR W] BE AT (R AR AN AR i
701, ¥t ARTP ¥4, 4P AN fiimk th i) BSN-2 BibkRILL,
RERE TR R IERE IR 05, W e 90 O BEREE , Ja ik BSN-2 R bR (1 8L A e 1
22.6 HEHEBHRIEEE

05 0.9 mL i W, AN 0.1 mL )6 M =& 2, BG4 °C il
BB . DSEBOFE LR, M 0.5 mL oK OEeSEA, Likb s g T
3T, BTG, N 0.1 mL SR R AIBR AR AR Sx A s vk B RE R piig,
KB 10min, 7]-20 °C S RE & HTY. $53% 2-3 ikl G, HX-20 °C VKA
FES 10 pL BAE, SEfEHT 80V T HL HI K, 2 2% o E N R4 A 43 B9 Ji S T B

RN 120V, B H0AJREEZ) 1 em B, {F1EHK.

% 2-3 SDS-PAGE 2 A&
Table 2-3 SDS-PAGE system for making gels

12% 73 B (15 mL) 5%kl 6 (mL)
dd H,O 4.9 mL 4.05mL
30% P Ji BoE i Y i 6.0 mL 1 mL
Tris-HCl pH 8.8 buffer 3.8 mL pH 6.8 buffer 0.75 mL
10% SDS 0.15 mL 0.06 mL
10% it fint B2 ¢ 0.15 mL 0.06 mL
TEMED 0.006 mL 0.006 mL

23 HREHH
2.3.1 EKHIZAVNE

A HI & 2-1 AT, ERREE IR, BEAALE 6 h-14 h FEASHAEK
A, O R] R R AR AU HE B, S5, AT G (o A I A 1) T A T 8 5 2 15 A
AP RS, AR RA R, FE 14 h-22 h BAAA TAEE ], MfEAEK 22 h

13
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Ja, WAARBEAZET . PR EERE IR 12 h 5 i E BT ARTP S5 4b#

1.5

1.0

ODGOO

0.5-

0. 0+——T——T T T T ]
iFEl/ h
2-1 AE SFTAFFE BSN-1 B9k
Figure 2-1 Growth curve of Bacillus subtilis natto BSN-1
2.3.2 B R ZaINE
A FE AR (A AL B T B AR BSN-1 bR B RBRFERRE, M RS Jo I T B RIR
A+ LB EAFH_E, 37 °CRi9% 12 h, GBS EH, BEIEEH A 30-300 2|4
PN RO, AR B 2-2 S5 AT, 98 5 2R FEAT B8 IO BP0 2R I 175 A s (1] Fr 1
IO TE S, AEARIKESEREAE 80-90% /2 A7, 1EZ8AR A i (081, AR [a] Ay
90 s BT BILERLE 85.63%, [FULIEHE 90 s Ayifs AL A BRI ] .

100

0 L] I L] I L I L] I L] l L] I
0 20 40 60 80 100 120

WA E] (/s)
2-2 BSN-1 EHkIF TR EHIE T F ik

Figure 2-2 Lethal chlorine curves after mutagenic treatment with strain BSN-1

14



S AR N2 TR e A0S

2.3.3 ARTP BRI HME F

K ARTP A AEI 5 1A AT A8 0 SR8 S iR AT T2 F 90 A 05 T4 _E AT
RIS« 283 224tk S0 075 106 AR SRR B MR- 5 e A TR AR AE A 05 T3 B PTG KD
Qe 2-3 JraR, SREAR I 2 MR I R AOR 9N S AT I . RIS B 2 PR
PRB IR T RRIE G, BNRIEEIRIE, 37 °CCKME 24 h )5, 52 40 5 B
BRI 3 R /INBEAT S0, ANTR] R B PO 98 S 0 7 K/ L3k 2-4, 06 8 P ok A
(RG34 119.2+2.62 FU/mL #1 100.17+2.99 FU/mL 1 1E S8R 0E, 118 B Akl
V& 5 R AR Bk BSN-1 /9 71 FU/mL AHLL, 99 G380 B T 4 67%, KNk
P 075 3 B R0 R TR R A 44 09 BSN-2

2-3 MITHERARIR /N (A-JRIGERR, B-FLEMK)

Figure 2-3 Initial sieve transparent circle size (A- original strain, B- mutagenic strain)

*® 2-4 [RIGEMRFIBFLZERA NK BeiE

Table 2-4 NK enzyme activities of the original and mutant strains

BSN-1 BSN-2 BSN-3

oI EERETE (FU/mL)  7143.61 119.242.62 100.1742.99

234 NEHEBHRIELE

il 2-4 Fiizs, 1A 2 338 5 5 B JR 46 7 B Ak BSN-1 F 5 7717548 7 #k BSN-
2 R FIEW SDS-PAGE K& . SDS-PAGE i 7~ 9 & Ak A P2 1R 4N 5 B i 1) o3 -

15
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|24 28 kDa, SN GEIEEEEE /T & 27 kDa A, I H iR # bk BSN-2 7&
%1 28 kDa &5 Ab i) v B T R UG T AR BSN-1, 5458400 6% BE VLN 58 40 & i i
BIE 145 A — 50

== 23kDa

18kDa

10kDa

2-4 [RIAETR BSN-1 FS 7~ FZE E K BSN-2 B9 SDS-PAGE [
Figure 2-4 SDS-PAGE gel plots of the original strain BSN-1 and the highly productive mutagenic
strain BSN-2

2.3.5 BETREMEIE

K U145 21 BSN-2 i EMRELLIE IR 5 AR, Hefh T R e B o2 5 v i I B
Fela, e NSRS /). Wi 2-5 Fros, A4 5 AR BSN-2 BEbk, 955 i
BTG 71 K /NEALE 111.6 FU/ML-121.8 FU/mL 2 [f], ¥ BSN-2 B RIS AL A 2
YRR, ATAENAE PR, AT ORIE A 7= b i o 0 7 S e R R e

16
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150

-

o

o
1

MEWEEERE /) (FU/mL)

o

T
1 2

3
ARV € ¢

2-5 3¥IEHK BSN-2 AUiRETaE M
Figure 2-5 Genetic stability of mutant BSN-2

2.4 KEINE

DLSZI6 5 5 R 40 5 25 FAT B BSN-1 N R Bk, KH ARTP %748, FiIH]
PEWRAR, AR EE W BB B DRI, SR 2R A0 23 D160 FE V00 1 48 LI R 7
R BEAT 0, 7 06t — R0 GO B R I A UAF B (BSN-2), R
119.242.62 FU/mL, % BSN-1 #kM NK BEE /15275 67%. JEIATHE K BSN-1 Al
FHASH AR BSN-2 (kB L& SDS-PAGE ISR, HAHHk BSN-2 7E4 28
kDa 45 b (0 56 FE 5 T R AR R BSN-1, 1548 A0 Sl 6 B 0 5 40 5 B Bty Bt ity
SEILAR B, T RLHE AR R R 45 R TSR . TGRSR R, B BSN-
2 AR I8 A6 e 8 ML

17
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BIE RBERMNEREEMNEESBENLEBETZMIL

NGRS S IEIEYI B, RS E SRR BT, (BB BhA
IR R E R R SRR R, RO P e, BRI TN A
SRRV FE N O L2, PR L AR AN R R R RO 1 H T TR A e BT R
ANEE AR, A OR B N SRR BTN RN, BRI CBORANEC TS, A2
N[V B AR (0 e SR T R -

R T ot ) 0 A e ) S I D5 0 L DR O RIS S R 20 527 il
A FIZHRENE TRV o AN T A SIS AU R VRN s i da bs . AN
R o B i (1 9 7 I 2 P R oo oM P DAL 3R S B AT e 7 T DA 20 1 2R
KEELZ, BTG M2 T0, GG dhiim K s 77
3.1 (LB S SLRM R

*® 3-1 (UER SR

Table 3-1 Instruments and laboratory materials

A SR "X
KR JIRMGER CRHD AR A
A [Fl D52 B i A FR 2 7
e [Fl D52 il i A R 22 )
AR [Fl 552 B i A FR 2 7
o T ERMAT IR 2 ]
23 T RSO B AT PR 7
W PR B A Ll & i IR 7]

e HAthZg S 2.1.2 s
3.2 LWL
3.2.1 BSN-2 5 ZFaiTEE KHZ AN E

2% 2.2.1 LRI RNE .

18



TR R A2 18

322 HEERBEMIIZRIERIEE

[ #a | ww | f 11 | hmaﬂ&}%ﬁw}—l
| ARER o men o mx o me | xE o v 5] ma ] 2w o] R Folmmuonsas—| i |

Bl 3-1 AEEGEEMITIZ5REE
Figure 3-1 Natto Complex Enzyme Processing Flow

FEHX 100 g Jo R FHY B R B G IE/K T E, B TE/KIRIE 12 h, A 900
mL ddH,O, FTHME&H . ERBENL s L R, 208, Rk (L
TS [ 56 570 ) S AR B, LU 8 R A2 T 100 H R0, 20 R A%k 40 H i,
IR S A 7K=1:15, TR TR A iE G K M RE=3:2, &% 100
mL, VERNEEERFEIE, 115°CKE 15 min, AHEHH.

WU — BRIk B 005 Ak BSN-2 iRAi T LB [ElfAR: I3 B, PhppmEs
ARG FRHETEA 12 h, 3% 3% ML S P TR FR 0, 37 °Ciff K% 24 h.
REESEE BT 4 °CUKFHJE#4 12 he
3.2.3 pH {EAYNIE

it FH & SR FE VI € pH AE, 3 A A 75 18 F bR v 2 it VAT I T
324 AEEERAVEE
3.24.1 RREEN

H1 9 A7 56 M T AR N AL, IAHZUIRAS . A0k 3Rl D RSO A
FTA EEEERIATIE . BAARRE P BIbRE IR 3-2 (&4 100 43D,

*® 32 MEBRREITNHRE
Table 3-2 Sensory Evaluation Criteria for Complex Natto Enzyme

R It Iy
ARSI, TooR 20~25
AR S AR 4i,  To 2R ot 15~20
HIURS
. AR S A, A7 2% 10~15
GiHigr 25) ‘
WARANII S, Sl 28 5 5~10
WARAIS], AR5 <5
‘ [EERES T 20~25
(GRES o
‘ R 15~20
(77 25) ‘
AL 10~15

19
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TSR 5~10
TR, PR <5
TCEWR, HEWK 20~25
TR, B 15~20
LS o
THA =R 10~15
G 25)
Z R 5~10
FEEELERIUR <5
78] 20~25
AR & 15~20
1K
‘ T 10~15
(7> 25) ‘
B 5~10
TR <5

HAP LGNS B INIUIRI LG VRN, SRATRN=0.5X (40 G RIS /)
NG LI I 7 B B IR A X 100+ E PF43)
3242 NEHEREGIESIRINE

57 2.2.4 ST,
325 MEEAMRLABIZRRELN

RS E R R I Vs SUNEN OSN3 d = Y5 s o aa A B STRER O
SRR e LUK SR AR L =1:1. P& 3% KIEHRE 37 °C
HA RS [A] 48 h A AHIAA KB S A , 20 AR SRR IR : &9 43 HE(10%20%.
30%- 40%-+ 50%) FERE(1%. 3% 5% 7% 9%). KEEE (31 °C. 33 °C.
35°C. 37°C. 39 °C)F1 KBRS E](12 he 24 h. 36 h. 48 h. 56 )& HEXMNNEE
EIER TN, A S E S =K,
326 NEEAMRABIT ZIMN ML LE

R R A, WG SRR E L (A, HFE (B). K
IREE (C) FUKBE R (D) PUANHRNEAE, 2614850 (YO NN, it
EHEMOKTER, WRPR (£3-3).

7 3-3 NN ERERKFER

Table 3-3 Response surface factors and levels

20



TR R A2 18

R&
7K
A CEBHEDE /% B ERE) /% C (KEERE) °C D (KEZNE])D /h
-1 10 3 35 12
0 20 5 37 24
1 30 7 39 36

3.3 SLIGLER
3.3.1 BSN-2 E#RHYE K%k

C&, BRI IZE D AIUAE B, RS BRI, R AT
W. BEPR BSN-2 (AR HIZR, N 3-2 o, a0 AR H R B B AR AT A A
FHAKMA. £ 0-6 h I}, BSN-2 MR TIRGM, RIBEBETR, HREEANF
BRI S, SR IREEHTIER, BRI AEKAES . BEJSTE 6 h-14 h HEA
MPECERI], S PR AL R, G 58, PRIEEE IR TA] 12 h A EROE E
BRI . £ 14 h-22 h WAL TRE I, e R s R s =
T AR AR A TR A2 B b 2 o B 8 5 S T B P ) TIAEAE K 220 )
T R AR BACURE sl T, BEA T

1.5

1.0-

0D600

0.5-

0-0 L] I L] 1 1 1 L]
0 4 8 12 16 20 24
FFIE] h

3-2 NI FFFTE BSN-2 94 Hcihisk
Figure 3-2 Growth curve of Bacillus subtilis natto BSN-2

332 ABKMERNIEFEERSH

TSRS SR TR SR N R IR, R B FE 1 pH [E 484K
el 3-3 fiow,  FORPAS ) R TR o 1) 9 1 2 TR Ak i 1] 3-4 IO

PLLLIAE N A 1 R B B 95 3%, (ER59% 0h-6h 1 18 h-24 h I, pH H B T[4,

21
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B IR B A AR A 9 T, R P RS 1R G . NGRS T
BEAZ R A DAL AR A 56 IR (1335 35 9T pH=4.83 1%, NEHBHAEKRE . Bl
KIALL TIC pH AR, 5EM 9 S0 (1 G AN 4304 o

CABR B MBI I R B 953, (ERE 3% 24 h LU, pH {HfRFF FREEA%, ME
PR 7128 142.78 FU/mL, BEVES: 59 FIZEETH5r 79. DABR R R 8 o 1 1
W, SRR, HIEAE. ERFRME pH A I T, Rk B Rkt
o PR R PO AR F PR e A R % oIR8 pHL I R B,

PLAT AN I R B 95 3, fER%9% 0h-6h A1 18 h-24 h I, pH HI B T %,
9N SLISBEREE 18 128.89 FU/mL, B4 75 MLZRE35; 77, 2RI R
WALLRES, HEE, AHNEHESEAG, DAL ANEER AR & &,
A REIH T B R P A S I A

CAZS I A3 R R BB RG 97 88, 768595 0h-12h A 18 h-24 h i}, pH HBL T B%,
EEFE 12h-18 h I8, pH I EF, NSNS 714 163.89 FU/mL, JBE VF
4 50 FLEEAR5r 75, SRR GG & = im, A b & £ 8 AR
MEAT, AT ERAERKARG . KBR pH B, 1ZMHE, BEAERESE
Z [V 7 8 A ORAERF A KA, SRR B ) o- B ER A K& LR
J, B pH B AU BRI RGE R, BRIR B VT A R

CIAZBE NI I R B 95 3, fERE3% 0h-6h A 18 h-24 h i, pH HBL T %,
TEXEFE 6 h-18 h I, pH {EHIL EF, T IEERGYE /14 147.78 FU/mL, KEFK
WA RE S, FRAREL, FUEE IS 72 MLEE1E 5 83 B

i LT, G IRE IR FILEE VR, e AN SRR G O R I 5%
FAE N JE SRS .
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i
5 bz
R
st
Pk

bidows

) 5 12 18 24
B [E] /t

& 3-3 AfhREEERLET pH ERIEWL

Figure 3-3 Changes in pH values during fermentation of five fermentation substrates

__200 100 mem 44y G A AE IS
E : ol =V 7=¢: 20k
i150— [ . L T 175 o zzasmsy
T
§§100— s - 50 &
= R
&
| 50 - 25
iy
&
0- Lo

T T "
g Bk a4 FH Bk
& 3-4 AMAEAEERMNNEESEZRRINFNT

Figure 3-4 Effect of five different fermentation substrates on the quality of natto complex enzymes

333PEEAMEABTI ZRFRIN
3331 #ZkRRES NI ERRROEN

WP 3-5 fiiw, BEEAZARIKIE o L3 in, A S BRSNS 134 20
o BTHE TR . MBI 20%0T, 90T B RS E ) s 176.67
FU/mL, 286735 el 89.6. Al AL th T BE Ak b g m, R
Weli & asm, EamEE IR, AR TS MR & k. 3 BB S
WK, g TANEIA AR, MR SN G RER IS, 25 EANA, %k

23



2 N N 2T e VAT

BWH Iy ELIE B 20%.

200 100 W 2} AR A 15
T . L. . | EmEEs
E 150 fod T = . L 75 I 4257845
E 100- -50?2
&
g 50 - 25
I
o i T T T T 0
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Figure 3-5 Effect of percentage of walnut pulp on the quality of natto enzymes

3332 BEMENMHEERMRNZMN

Nk 3-6 iz, BEAEBRRIIIEIN, 90T RER SR SE AR R R b
THE TRERES . M EN 5%, 4GNS /)i & 218.06 FU/mL, 474
o m e EN 88, MM EI N, HEAEKERE, OB RED, KIFK
LR AR, EE PPN NER S5 0 B, 7200008 72.7 T 65.4. LM EALE 5%-9%
I, ARSI, IR E R PRI TEAE, SRER M. I, BE
B EIERN 5%.

__ 300 100 mm 24 5 B EERE
E O RE
D 225 = 5 = = P [7° = ge/a
- T
g 150- - 50 iﬁ
§ 75 - 25
g

0- T T T 0

1 3 5 7 9
BHE (%)

& 3-6 FEMEXNNE B R AR

Figure 3-6 Effect of inoculation amount on the quality of natto enzyme
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3333 AMEENMAEERRRNFME

wnlE 3-7 fiiow, S RFERERIIGE I, N0 RER RS E 150 Bk 200
ETVE TR 2RI L 37 °CIY, 48 S B S /) f s 218.06 FU/mL,
G EREEN 88. MRBHREENLT 37 °CINF, 44 BkBEIIBES 14 BT %
MRERR L =T 37 °CI, AR FNE], PR BB, g8 SR )
PEAIC. PRIUL, il R IR T e 45 37 °C,

__ 300 100 W 245 SRS
E 1 RE
225 == ol 27 gl Lol [P = seas
E 150 i - 50 g
i R
g 75- - 25
I
® 0 T T T T 0

31 33 35 37 39

EEERE Ic

& 3-7 & B#im 340 2 B 2R M B A #20)

Figure 3-7 Effect of fermentation temperature on the quality of natto enzyme

3334 AT ENANEERRRFM

WP 3-8 fiiw, BlE REE RIR3GN, 90T RER SR S5 A 15 0 Bk 2005k
TR TR . R EERAN 24 h I, 9N ELISEEEEE Sk BB {E 219.72
FU/mL, 2864350 fmifll 87.7. MK BERT AR T 24 h I, 99 S B HORG S 1A
BTN BE, TTRE R R R B R A, 9N S AR AT O B MR BN [ T 24 h
W, JEIEFRMREZ, GG T R R E R R RERI A . B, R
iR RIS [H] 26 4% 24 ho
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300 100 w4 BAHEHRIE
E 3 R A
g P i 75 B A
g T
E 150 = - 50 ﬁ
&
g 75- - 25
& 0 T T -0

12 24 36 48 60

i ] /h

& 3-8 & EERTB) X 4N S B 3R R RS20
Figure 3-8 Effect of fermentation time on the quality of natto enzyme

334 P2 EEAMERAB T ZNMN ER LN

AR RIS S R, DRI L (A, R E (B) FIREBERE (O
LRI TR (D) UANEZRNEZR, Saf30 (Y) NMINAE, Box-Behnken fIi
RIS (R 3-4). TESEER (K 3-5).

%f Box-Benhnken %6 45 JBEAT WA NI 704, BBIZREF5r (YO XZHHK
WL (AL EefhE (B). KRERRE (C) JOREERIE (D) M2 70 Ik [EA J5 72
Y=2.834+3.75B+0.33C+18.42D-3.004B+0.0004C+14D-0.50BC-0.75BD+3.00CD-5.
424%-11.308-4.18C?-20.55D°+87.60

M 3-4 ZE5, [AABEAIRL B2 (P<0.0001), KA (P=0.1246>0.05) A
B, BRERMIREEN. — IR AL B. D MIZZHIT AB. CD [f] Prob>F
EH/NT0.01, IEBIR T Z Ko BRIESEHIPE REL R?A4¢=0.9870, R%pregi=0.9653,
P ZE/ANT 0.2, UHRASE 78 i uER PEALE F I, e UL T2 AR

i e S T T P PT (B 3-9), BB RO LU AN Rl (AB) A8 HLIURTA %
T A A IR 1] (CD) A2 B AZ HAE I SE SR 35 o F A [l VARS8, 000 ) e
B MR E=22.731. 4P E=5.218 FIKBARE=37.403 FAK FEH (]
=29.614, TMLEA1R 5 femiN 92.532. ETMARALAREE T, N E4AE, KEET
SRE N BRI E=22.7. R E=5.2 PR BEE E=37.4 FI R R [7]=29.6, 153
AT 991, BTN T GRS 226.17 FU/mL, 5 TIMEFEAAHRT .
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% 3-4 1EFREMHARAL Box-Behnken iR IRIT R R
Table 3-4 Optimization of cultivation conditions using Box-Behnken experimental design and

results

K A OBERBE B GEM C (KBHR D (kR ZRE

5 D 1% ) /% fE) /°C ) /h 1997
1 -1 0 -1 0 78
2 0 0 0 0 88
3 -1 0 1 0 77
4 1 0 0 -1 43
5 1 -1 0 0 75
6 0 0 0 0 86
7 0 0 0 0 87
8 0 -1 -1 0 66
9 -1 -1 0 0 60
10 0 1 0 1 78
11 -1 1 0 0 73
12 0 0 1 -1 43
13 0 -1 1 0 68
14 0 0 -1 -1 47
15 -1 0 0 -1 40
16 1 0 -1 0 81
17 0 0 0 0 89
18 1 0 0 1 83
19 0 0 -1 1 77
20 0 0 0 0 88
21 0 0 1 1 85
22 1 0 1 0 80
23 1 1 0 0 76
24 0 1 1 0 75

[\
(V)]
(e)
—_—
e
1
—

43
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26 0 -1 0 1 72
27 0 1 -1 0 75
28 -1 0 0 1 76
29 0 -1 0 -1 34
< 3-5 AR AESR
Table 3-5 Variance analysis of regression model
K5 S5 A HEHE 377 F1d PEH  BEN
it 7531.72 14 53798 15231 <0.0001 #EF
A 96.33 1 96.33 2727  0.0001
B 168.75 1 168.75  47.78  <0.0001
C 1.33 1 1.33 0.38 0.5488
D 4070.08 1 4070.08 1152.30  <0.0001
AB 36.00 1 36.00 10.19  0.0065
AC 0.000 1 0.000 0.000  1.0000
AD 4.00 1 4.00 1.13 0.3053
BC 1.00 1 1.00 0.28 0.6030
BD 2.25 1 2.25 0.64 0.4381
CD 36.00 1 36.00 10.19  0.0065
A2 190.90 1 190.90  54.05  <0.0001
B2 828.26 1 828.26 23449  <0.0001
C2 113.06 1 113.06  32.01  <0.0001
D2 2739.26 1 2739.26  775.52  <0.0001
7= 49.45 14 3.53
IRANTI 44.25 10 4.42 3..40 0.1246 A3
AN 5.20 4 1.30
pSYCIVE! 7581.17 28
R?=0.9935  R2q=0.9870
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3-9 REZRZEAER #YNE KL i E
Figure 3-9 Response surface plot of interaction effects between various factors
(A): R1=f (A, B); (B): R1=f (A, D) ; (C): RI=f (B, C) ; (D): R1=f (B, D) ; (E): R1=f (C, D) ; (F):
RI=f (A, C)
3.4 KEINE
TP FSA LT LA, BBz LA R AL, S E RIS T
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ONELIE R R T o AL DA LU Bl 5 AR B VA BV AR A, A A
BRI kG . DIMEARIRIR 2 e Hehi . IR R AT R B () Y
AT PR ARG . DALEEAF5 M RAE, R FH e R E T e K 9
TN BRI =22.731. M E=5.218 FIREEIRE=37.403 FI A I (]
=29.614, LA BN 92.532. NIGIUE T AL T 190 5 2 5 br
M, TR, KRR LR BRI 22.7%. PR 5.2%. K%
RN 37.4 °CRUKIEIFIA] 29.6 h, RRIZEEFN 91, W T 26N THE
BAEEREIS A 226.17 FU/mL, 5 TE AT .
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AT T EAEEN SRR E 5

il

4.1 5

BEE 7 b M B ARG 2 R AR IRk}, 0d AR B 15 1 &
AR EEYNE IR I b, SE 2RISR R R e, RAREE
FEMGTHANENS T, TR 0 IR BRE PE BT 2 VAN 7 B T R DG B A
1 2% ) DR T A2 4R T 2 7R 1 BRI AE A 25 18 T Re 8 DR FLRFA VA 1 R IS [) , 3R 1Y)
TR QI KA EE A ™ S R BT, 3857 238 1 S R A OC o DRI AR 0] R 1
MG R REARESE. 2K WSS U TIE . RE—XN 15 RS
Arrhenius HFELE A, DARVE SN NK BEE AN FEArgs S os 150, Tilgy
LI AR AE AN [E AR B2 AT R I B AR
42 (N BFEEHR
4.2.1 LR

R 4-1 ETEIENE
Table 4-1 Main experimental instruments

T B LR RS PR K
AR AX 1510 FEER KRB AR A ]
BRI TR FD-1A-50 T RS A R A A

4.2.2 SEIGHHR

®4-2 TEXLWHM
Table 4-2 Main experimental drugs

Bk e B
A i E E BR N
TRIRAN AR ] 245 141
DPPH(2,2- k4% K- 177 FE ik
AR B
3y, ToK LI
SN BR R

AT (s Al BR L AR AR AE )
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WETER AR IR AR

43 LWTHE
43.1 ZEARSENEPY

BT AR A S o WA e, O — R A R FE I A I R A
WS, ERREE NN S mL M7 Sl s, £ 25 ORIV 5 min,
M ODsos AEWOGAR , FFHSER-AT =R, badEd 2. MR G G R AT
BURTIRG, MRS, W45 ODsos WOGREARNFRi, RIAAR & b A2 1 ik
JZ.
432 ZRAEEHMET

B — RV AR EE | mL A4 MEE AR, 5 4 mL R IR RUR
RS, W ODsao WIWRIGAE, RFLHSEIGEE =K, 24 ik 8 B iobn itk th 22
W R J5 (M S 2 ELB A R TR, RSSO 2 mL AR IIAEFT 2 mL 20%
M =H LRI R, B0 fFH 1 mL RiEWR, FhrdEil s BE 3R B, Il ODs40
WROGEE, ARNFR il b TH 5 R ) 22 IR
4.3.3 DPPH B HHEERREENHIME"

FEAR RN I 2 mL A5 DIRE 5 AN SEAR A, i T 25 °CIRB 0.5 h,
W ODsi7 FIWOGIE Ars EEREFERMANIA 2 mL BRFIFE 5 S ETK 2
BE, JUCET 25 °C/M 0.5 h, W ODsi7 IWROGIE Azs FEAZCAESEIHAIIA 2 mL
K OSSR F DPPH W8T, T8E T 25 °C/R 0.5 h, Ml ODsi7 KIWOG1E
Ago X HEMEH ddH0, BHHER 3 K.

A, —A
IWHJEE%%%%@@z(l—lA ﬂx1m (4-1)

0

Forr Ay 72 DPPH W BUFIRE SO VBRI s Ag R FE 5 o 7K R T T W
JERE: Aoy 2 mL () DPPH #RCRIJE/K LR & RUT OB -
4.3.4 ZEHEERME

FEEFRBUAE TR 0.2 g, FI/KEZ 200 mL, Frigia il RENARAE B B . 76
BREEEIMN, 5% 0.0mL, 02mL. 0.4mL. 0.6mL. 0.8 mL A1 1.0 mL £}
W, EAF] 10 mL, FCH| RSB EEAREE . 43 AHL 200 pL AN R FE BRI
5 1 mL AEARERAF, IRAIFE RN 5 min, 5 3 mL ) 7.5%8 ER N7 R

t
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FrE N 60 min, W OD7es WM, FIFEEFHEE =R, W% E TEhrdEth
2e. i BiRJTIEGHRE AT E , B REN OD7es IWOGIER N, BRI 2
oy &5 5o
4.3.5 IRBEHE-FHE LR FRAVHIE

A5 FH A 33 ER K VA RN S R R VEE B, TR AS [R) U B2 1K) NK R . LA 1%-
2% B SR R A S BE, W EIE 50°CA AT, 1 1mL [ 20 U/mL #EMEGHI 10
mL [ 0.15%£T 4 55 (4 JE AR IR & # BN IR PR, BX 20 pL Y NK AR e
FESh S TR L, 37 °CHEIRIE 12 h, WEE I B (1) /e,
4.3.6 IM5EURE B S20

ARG GEEESDE T 4. 25, 37 CHMERE 46, 158 2 d BUREN 2
NGB BETE 7. RV BB G S B AR A, LR 32 d.
4.3.7 BISFREERNE
43.7.1 NEHEEEEE SIRVNE

S 024,
4372 KEFEMBENNE S X

KT #E i+ $3% GB 4789.3-2016 MEBI, HEEAEEE T >% GB
4789.15-2016 M54,
4373 ZAEBH

%% 3241,
43.7.4 BRZREATh HEFERIRNEST

B)) 1R R 2 N B R S AR RN B SR, H AT RESR
R SIZEAE AN Arrhenius 7 FEREAT S0 B934T e DR 4R BAAG T, A 7R S
2 AR N 77k — 25 S AL A 38 4-2 AT Arrhenius HFEA R 4-3,

W RFTR
A = Ayekt (4-2)
Hor A Bt K EIXTRLFEAREE s Ao SR IBAT I WIUA X N ARARE s k 2R

R EHL, ¢ A2 A ] .

lnk—lnko—RxT (4-3)
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4375 NEEAERENEEMIATUNAN

2 VR t el LR AN L) i B PR AR, ARFE A3 4-2, 4-3
REBE AT 2™ dh B BT A 30, iR AR (4-4).

InA—1InA,
L= (4-4)
ko X e RT

Hrp S RN TR ZE ARG R4 do
44 HER55H

441 NEBREFTERSSENE

A R TR Ja T 25 HR 5, QB 1 o R R R 22 B R A T A A i R
NS HRAE . DLER 15 R B 2 1 R 2 VS B bRt 2R ] 4-1 B, [
IH7 A2 y=0.6289x-0.006, R=0.9979, Z1k% RKUT,

1.25=
y=0.6289x-0.005817
2=

o R?=0.9979
w 0.75=
Dln
O 0.504

0.25+

0.00 1 1 1 1 1

00 05 1.0 15 20 25
A MR HIRE mg/mL

4-1 BABGKE N E 4 M5 E B ARk

Figure 4-1 Protein concentration measurement's standard curve of bovine serum albumin
KT ZIEERNER RN MG ES L, mE4-20R, BETRE
J&: y=0.047x+0.005, R?=0.9983, E.A Mk 2K .
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1.25-
y=0.04749x+0.004751
0 R?=0.9983
S 0.75-
o
O o.50-
0.25-
0.00
9 4 8 12 16 20
A4 MFEFEHEWE mg/mL

[ 4-2 ZERE ENE P4 MIEE B R

Figure 4-2 Bovine serum albumin standard curve in peptide content determination
KT Z R BN E A R B T IRl 2, WnE4-30R, #iZeinl 307 1%
f&: y=5.677x+0.058, R?=0.9995, &5 R KT,

1.25
y=5.677x+0.05788
1.00= R?2=0.9995
2 0.75-
5
0.50+
0.25+

0.00 1 1 1 1 1 1
000 005 010 015 020  0.25
BRTHRIKE mg/mL

& 4-3 R B FERAVAR RN LE

Figure 4-3 Gallic acid standard curve
NIRRT S & R S AR R R 4-5. 1ER 4-5 Hh, R AT
YR A A LU R R EERT A FTBEAK, N 1.89+0.82 mg/mL. ZRk& &A T BT,
N 8.34£0.07 mg/mL, XEEHE), ERBEB, TFEKEREB T REKTR
AL EARA NK &R, Horh s B R R B RUK S USRI RO, K
B2 52 By & &N 4.58+0.14 mg/mL, DPPH [ i&iSMAe 1 ETFARBIE, A
24.31+1.83 %.
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RASPNEMELABAEEERN SELEN

Table 4-5 Changes in Main Components Before and A fter Natto Enzyme Fermentation
AEE R A EZIN 2
(mg/mL) (mg/mL) (mg/mL)

DPPH H Hi&ERAES (%)

KEERT  9.1241.05  3.9640.11 2.6540.08 23.5240.67
KIEFE  1.8940.82  8.3440.07 4.5840.14 24.31+.83

442 BHRIERTR

H T 6 A T o 1 5 A7 90 T 90 LI 3R i 9 L O T IR A R E , A
ANTEJAR EE TR NK AR i T B B BRI VA R RE ). 1 4-4 S5 R ER 2
NI Y 50 FU/mL I, NK FE BN, dkeae Iz, Bk 50
FU/mL HJ NK ¥ EEAE g8 G2 i) N PR .

2.66cm

-

3.12cm

7/ N 2.96cm

3000 FU/mL

500 FU/mL

2.41cm
_ 1000 FU/mL —

¥y
100 FU/mL

3.17cm

2.69cm SQJImL

Rz
800 FU/mL 2.57cm

E

300 FU/mL

\ 3.03cm ¥
\ soooFum. 63 e

2000 FU/mL

4-4 A[EIRE NK R/ rERA IR/

Figure 4-4 Size of transparent circles formed by different concentrations of NK standards
443 NEEEBREARNIBEE THRRERT K

KA EHEESZENNEE G R R EAE G, WET 0. 25 137 °CH -
K 32 ROBIRNGN G E EBER P NGRS . H7R SN A 187 AR,
HARAR IR 4-6. 4-7. 4-8.

RE VM EA SR IR BV T TR P AR A i AR A
B w10 S 2831, I = AR I BAE AT A, ARG T, B, 9
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AR LR AR5 BRI R RISE N R B 7E 4 °CIEsBUR I T, BERNLR S
5o BEI R K (36, M 88 42 FYAZ 80 43 1F 25 CCIHl 4k E T, MR MILE
BRIy BERT IR, M 88 0 FEARE 77 4. 1E 37 C LM T, EAMEMN
GZam o mikbEE 72 77
HH R B T O S 2 VT BEA S A RS G AR A, R RS B L

TE £ G s S AR £ ) rh B B TS e, e B A e o R 1 i 84,
MEAFR PR AT A, 12 0 CIl ok F N, IR Rk M EVIAALE . 12
25 °CIC R AAAT T, 1557 28 d A1 32 d B A HA AU ) B 9 4809 2 CFU/mL o 7E 37 °C
WA, IEEFE 28 d TRIAR MM E IR VA2, (RSN THE ) R
100 CFU/mL, [Rlitt, 7250 AR G A P00 7 it it it AR S50 A I8 2

290 LI A ) R S MR AN TR R R ) LR R o AN R P B T
K, ARFEC GRS, IR, BEIC R TR BN, 4 SRS )R A
PR TE 4 CgR A T, 40 ZBETE 77 M 164.38+0.30 T4 % 122.260.33 FU/mL.
1E 25 °CWSR AN, S TS /1 164.38£0.30 FF£ % 101.83+0.36 FU/mL.
fE 37 °CHGESRAT T, BEMRMATHEEEE I 164.38+0.30 FIEE 88+0.39
FU/mL. BT 980 6 e ol 2 vh i AR B35, AIPE TR G 5 A R

TR SR PR AR
+T 4-6 FE4°CIE THEEABEZNEIEHFNTL

Table 4-6 Changes in various indicators of nattokinase complex enzyme under storage at 4 °C

i ] N ] T 7 2 LREa
/d (FU/mL) (CFU/mL) (%)
0 164.38+0.30 0 88
2 163.37+0.24 0 88
4 160+0.28 0 88
6 155.7+0.20 0 87
8 150.85+0.26 0 86
10 144.63+0.18 0 84
12 139.28+0.15 0 83
14 132.81+0.45 0 82
16 122.26+0.33 0 80
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® 47 7£25 CIil THE S B RS IRIFRIER

Table 4-7 Changes in various indicators of nattokinase complex enzyme under storage at 25 °C

o ] 9N GBS ] RIS LRETRIY
/d (FU/mL) (CFU/mL) (%)
0 164.38+0.30 0 88
2 160.85+0.26 0 88
4 155.740.13 0 87
6 145.15+0.74 0 85
8 137.13£0.55 0 84
10 128.68+0.11 0 82
12 120.35+0.17 0 81
14 110.12:0.50 <2 79
16 101.83£0.36 <2 77

R 4-8 737 CIE THEE BRI ZIBFEK

Table 4-8 Changes in various indicators of nattokinase complex enzyme under storage at 37 °C

i ] N BB T 7 2 LRERa
/d (FU/mL) (CFU/mL) (%)
0 164.38+0.30 0 88
2 154.88+0.38 0 86
4 147+0.23 0 85
6 139.53+0.18 0 83
8 131.28+0.45 0 82
10 122.02+0.26 0 80
12 110.22+0.18 0 78
14 98.13+0.30 <3 75
16 88+0.39 <3 72

4.4.4 BEERT WA SRS R ARV N
& 4-5 70 I JERTE 4. 25+ 37 °C RN, 4N o Bl B i I e ik ok B A8
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WA PR F, IR, B [ R, 4N S ) e
FE AR

. 180- P 4oC
5 ]
g 160 = 25°C
g -+ 37°C
140
e
’Eﬁ 120
&
100~
I
® 80 T T X T T T ¥ 1
0 4 8 12 16

B e/ d
B 4-5 BEMNMNE S ARENTEEE INEN

Figure 4-5 Temperature effect on the activity of nattokinase enzyme in natto composite
TER 4-9 w1, DUEFRRECN x BEALPR, Iny (y=2N S 3B 11D NP
L AR A R RE Fr ) 3 TR A 77 R ) R? 4351 0.9437. 0.9787. 0.9721, #{A
BIRT 0.94, 1% 7R 0] UIE FH T AEAS [F AT 2 NK BEIE F Fr b 6 17 R B4k
(R k kY
R 4-94°C. 25°CH 37 CTAEHEIREEFERETHAEITSIZMELRK

Table 4-9 Regression equations and constants describing the changes in different indicators with
storage days at 4 °C, 25 °C and 37 °C

AR ‘ RMNIEFRZ R
AUDTE =7 I EVEpp: 5
/K Kk R’
o 277 y=164.1¢0-018 -0.018 0.9437
2 ST
\ 298 y=164.35¢0031x -0.031 0.9787
&7
310 y=164.7¢0-038 -0.038 0.9721
277 e e
EEDD 208 e e e
310 e e

AR BT FE IR A3 512 4 °C 25 °CHl 37 °CF Wf 8 30 k A, @ittt
AT LLSRAS Ink {H. 2% A5 4-3 /8N, BL 1000/T (T 1H 453518 277 298 F1310)
NEAE, EREFN Ink HAKRAEE, 7 LIS B B E &0 N SR
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Z ) Arrhenius 2.

1000/T
3.2 3.3 3.4 3.5 3.6 3.7
1 1 1 1

y=-1.977x+3.129
R?=0.9972

4-6 PEfiEELRE TN T B RPN T HEEEER Arrhenius 5712
Figure 4-6 Arrhenius equation for the enzyme activity of nattokinase in natto with changing
storage temperature

PR 4-6 BRI TRE, #PEN-EJ/R (R ASIREED, #iEEN Inko,
R?=0.9973, W15 H A9y GBS 718 1 Ba ) ko B, BARR WL 4-10.
T 4-10 NS HEBRVERIE 11 91N FEFR Arrhenius 7572

Table 4-10 Nattokinase enzyme activity as the evaluation indicator in the Arrhenius equation
PO TR AR 2 B 5 R FHRFR*  Ea (KJ/moD) ko
YN EE 7) y=-1.9774x+3.1291 0.9973 16.43 22.8534

4.4.5 BREREAMITE
HR S50 B 1 ko 2U(E,  ARAE TN DR 22 AR A X 4-4, NI THSH RSB
Y G RS A TR PRI AN E MBI T BT AR AKX 45, S PEBAETR
fitg PN 40 2T 2R TR TR 2R N 38 d
InA—1InA,

16.43 (4-5)
22.8534 X e 831T

4.4.6 NE B RN LR BB N F R B R IIESL I ST

N E PITAG) S ) 20 SR SN B2 SR8 0 AR R O HERA 1, FRATTRE 9N SRR
7 AMEAFAE 8 °CHN 30 °C, LAY G IBENET u it BRAR bR, S i R (R AE R
ORI 4-11 Fron, ATRAKEL, AR LDy 8 °CA 30 °CI, X T8 B 3R Y
I 20, PR SR AR AR 22 R BE 5 R AN, A7l RBOARXHR Z B0 /]

SLNK ==
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LA B 298 7 o i ) 222 10 B SR 000 2 50 26 e v O T SRR ARG TEE

R 4-11 NEERNCGE SRR TN R B A0 L Frl 2 K %
Table 4-11 The predicted shelf life and the actual shelf life of natto enzyme during storage

i} ‘ - - FHH 53
PN FERR AAREIRE/SC TIORBUE/A SEIR B/ »
N 59.25 54 8.86
9 S )
30 35.61 37 3.90

4.5 KEINGE

AT REENNGREREARSE. LK. 2SN FEETIE, RR—
%) 11577 Archenius J7FE HAHGE &, DARVE R4 H R NK BEVE PN F AR
OGRSy, TGN T A TR A R BOR B 26 1F N IR 48 . T B R
(158 1 2 B0 : 1.8940.82 mg/mL, B EERT T F% . 2 Ik & &4 8.3440.07 mg/mL,
BRI S BT . KRN Z M & &N 4.5840.14 mg/mL, i+ DPPH H H %
TEERVEH Y 24.3141.83 %.

DAY ARG S 70 A T AR, AR IR AU N A R 4-5:

In4A—1In A;)&43 4—5)
22.8534 X ¢ 831T

RANAI4-5, THEARBILE 25 °CHifi BN 94 T R I PR 4200 38 do 4 fithili
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1.89+0.82 mg/mL, BRI F%, ZIKE 8N 8.34+0.07 mg/mL, BRI &
FrE. KRG 2B & &~ 4.58+0.14 mg/mL, DPPH H HILiEMRIER N
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