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Relationship between Enzyme Activity and Biochemical Changes of

Pinctada martensi Koji-making
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Abstract: The solid-state fermentation of Aspergillus oryzae cultivated with Pinctada martensi were studied. The various biochemical

changes were detected and compared in different growth conditions in order to explore the relationship between metabolism and protease
activity during the fermentation. Results showedthat the weight of koji and water content decreased with the extension of fermentationtime, and
the dry matter showed the same trendency. During the fermentation, the temperature of koji increased firstly, and then decreased. The metabolic
change of nutritional material consumption was divided into 4 stages with 24 h being of the key point, and after then the citric acid cycle became
the main way of glucose metabolism. During the period of 24~36 h, the reducing sugar and amino acids were rapidly absorbed and reached the
highest values. While the protease activity was a its highest value a 40-46 h. Therefore, the secretion of enzy me lagged than the consumption of
materials in metabolism. Glycometabolism was closely correlated with neutral protease activity (Pearson=-0.943). M eanwhile, the protease
activity was increased by 26.81% afteradding a-amy lase at the beginning of the fermentation.
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Table 1 The changes of physicochemical indices on Pinctada
martensi koji during fermentation
B A/ h EZl K5 1% BEIC TRl

0 100.1+1.00° 56.1122.31° 30.0#0.0°  43.91
12 9257+1.86° 54.05+1.99° 34.3x0.7° 4254
19 85.0641.54° 53.12+1.03° 38.641.2°  39.87
24 78.36+1.28" 50.47+1.41° 36.320.8° 38.81
36  64.801.6 44.14+1.32° 349+.1°  36.84
40 531842417 32.9041.23° 31.442.1°  35.68
42 50.04#3.10' 28.3321.90° 28.6#1.0'  35.86
44 52744135 30.8542.02° 27.4240.99  36.47
46 51.75#1.40° 31.8322.25° 27.5#1.2¢ 3528
48 49.08+2.00° 26.3122.11"7 26.9#1.6°  36.16

EIRRF AR AL TR GH B AT, B8, Ko,
BE. THhezAEARER£R (P<0.05) .

M L AIE, S RSB UL i AR, R 5
KD EEHEIMT &S, 0~40 h Kl 257K
B B T BRI ESS, 40 h e R FE LT &R
Ak, il i 505 K BT BTG i B 1Y 49.05~52.71%




M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.1

Kl B > K A HUR G, B AR
B SO (BRI SC &% P=0.9574),
M40 J5 8 2R o A o oK R o R 481 R 15.22~
19.48%.

K K o 32 BELLIF S K A, SR
(A KA B B i RIER, 1625 THE
VI ST A HE . [FII 7K 23 26 A B A
A FI T RIS ORI LA S SR B i, G b
1 EFHE (0~19h) AR (19~40h) 7K ik i
FEB. BJE B T A KA AT SRR R %,
R ASIRRE S, oK SR TR T 74,
Hh B 7K 532 2 FHWTAR{E 56.14% R 22 26.31%.

2.2 it R PR IRE SR A R AL A

R} R A 5 /D 2 ER T A R b A
BRI AR, SRR R A S K SR
A A 2 (AR R A HEEL P=0.9760. THARTE N
iRk BRI, oK & & RN 66~70%,
BERVER. DBRITE (1~2%) MKERE (2~3%)
S, TEMIEE R, — D7 TR B K R e
U1, Ygue b ol e B BT 22 SRR 25, S8
K AT R R A BTl ST, K
B AE A K B IR rro S JEUREAN T A P R R
S B R PR AT A = N R R, A
) R R, BT AT MR AT PR R AR
A

W0
18+
6k —=— AR g
14 —.— GRS z

—a— IR
12F

e
i: T ——%

(1] L 1 L L L L L 1 L 1
o1z 1% 24 36 40 42 44 46 48
B (a] /b

B w3 iE iR L AT Liass

Fig.1 The weightchangesof various carbohydrate compounds

i bk E

4
.
|

during koji fermentation

M 1 R, JEERE . FIETERES S T 0~12h
2e0% R, 12~24 hifFasE BT, 24~40h FER %, 40
h LAERETF2%. 0~12 hab- Tk, Kith
BRIEAAN U TENT I, K B B Rk O Y
S EGRIRHERATACH, BEKIE RN LA K], T
B0 W a-VER ERTEAL B, et A I AT T
EVE R, BENE 2B TEN, R K B B

PRREVEW SR RO ;75 il il 1 i J
BEAL T AR B AT, ek B b A i
R ERTNEE. R TEAY, HEMAEE
AL, REVHAEERIEAGE, & JEHE T G iz i
L%

23 il EF ARG EHL ALY

1600 ¢ 100
Lapn - o R HECTAR (A A & o0

—m—— g A R ) ll,-"' "-I {an

1200 —— BECE RS (T LAAEY S ', 0
4 '|I i

P00 - g \i\ &0

.?' - N ",
o BOO} é/ﬂ —J—T_k } 150
2 00} / g
= 0 }f 1
Z:——j / {20
200 - o 10

i e 5"-: i i i i i (1]
0 12 19 24 36 40 42 44 46 48 a6l
)/ b

2_Hpig DR EE IR
Fig:2 Results of enzymes activities during koji fermentation
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Table 3 Evolution of nitrogen compounds during koji fermentation

Oh 19.h 24 h 36 h 42h 46 h
B 2556416% 253094287  2443+12°  2419424°  2437#15°  2457429°
HA R 35.75H1F 44.6840.94° 69384475 88.50+2.75" 83.31+16%F 91.7543.56"
FA R 71944556 358.82228" 611.94266° 511.4248.3¢ 224.330.9° 32243214

G RE FERAETR SR BT, SR, AR
2.5 /i i 3 72 A BT vE AL

oK HH 2 53 0 1 Sy i E AT AL T (o V2 ) 5
FEACHECR GIEF), ROBEE EA RN, ik, Bk
BN PUESRANE. o- Tk BEATHE (L B B E [H)
(RIS 2t ] 3.

A F R E R A TR WL E K, W
L ZHHW AR B AT AREE
(0~12h) I, SRR HEE A A W IR, T
WD BIUEN B TERE IR 12~24 h, KlhE KA T H
R, RIS KA. B, R A
s T, (BT B s T e A T e . (E

14

AEAREAREMEF (P<0.05) .

BEIRI 24 h 2 e, SR LS, Ve A
WS IGETE R oV, FERTTRIN 36 h I IARIER
i, 6179 Ulg, HURHIEEAZ (R Bk 3t i3 AL
PRI SR . K DR RS IR, R B AR A
W, b, KRR A T A MR BL HAERE B
I IR

W 3 fioR, 1ERGFE 46 hiF, PR GBS /1A
B KAH )y 1332 Ulg, AHECHCE B 7R RIBE, whik
B RGP DOy SR B A R 5 3
WAk PRI/ AR EE SO 5 TR 8 46 h g e (35 RIS 18] o

AR B EAER AR (R 2), fE
36~42 h LR b TIHAE I V), T2 FIRBE 44~46 h



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.1

A3k B B AR VR VREIR IR, LV RER E R
MR R, S o-VEREE. LR, i PEEARY
(1) JRAMEHL P KV N: -0.919. -0.815. -0.943 £
FOAHME (P<0.05), FEH TR GER B R
WA NS N YR, NEOES R ftae .

O O

1600 meiipid G
1400} £
o0k . .
=
-- 1000
f RO -
2 anf
- a = ¢
200} l
0 . . ) .

T GEFREE Bl W
3 ShRMEEEXS R B ERIE VSN
Fig.3 The effectof different enzymeson koji proteases activity
E: AR FERE M R B 69 R R, &R OiFE
AEREEMEF (P05 .

2.6 SR VEBEXT R B A B T R

4] 5 L 15 20 25
t t r *

E 4 REMEMRERREES T
Fig.4 Cluster analysis about the material consumption during
koji fermentation

NE BRI B FAIE AT B S Rl 78 70 TR
B ISR b IR AR A, A 4 PR,
RIIAIN T SERDBEIAIRE A PR R T 2 1 AR
1 26.81%,. 111 AN NG PR EE I RRR R TR
AN TR ERRRERD AR A I RN s A 2
WOBkE, DK i R KR B RE B PO oK
IUSEEER, Tk — 2D URIE [ A A i RS S ey R}
TERTBEE ), BN A RS &, AR T ERA
B ) B3R =

2.7 REH

A Bl R, e R, ARCRE
IIMT IR AR, FIR P B2 AN R Tl B AR A 17
LIRS, IR SRR, WA 4 Fos, AR
AL SRR A T A B R 10 AR By o 4
2K, S KA R B BOERT, R REERH

FEF SR BAE KRASE VI OG. A 0 hy 12 h
=2, 19h. 24 h y—3, 36 h Hpy—, 40 h
A8 h A, K ARH L AR, 0~12h Kith%
AT R, EEERE MR R AN
12 h Ja ek B 6y i, fvsk ok T
NP BURBY B 24 h 50T FEE N PO 8K 3
I DX [N 2310 AU e )= ) A= 5 Y L B
AP 36 h a2 BRI =Pkt T e, s
N 25 Wb A, oK AN JE R K, R B
CIEZ 31

3 Z5ip

3.1 MRHEXS EFRY AT R b, IR Bk
DLPA Rl R e R T o DA E N, Bl AR K
JERRRIVUANEL, SR REE P FER S R AR K
KRBV, 240 BYRBLKICE S . BRRN
/b FE KBRS, TRk e RS
BEE TR T IR K

3.2 BEMEEES oleEE. PEHLEE. PMEABES D
RGO, AR B ), ARTEA
BTG W e S S i . AR P e e
EMERE IR AR R, i AT, BERE R R A
TR, R HURRRRE R, B, R,
AR 1 2 R J Sk sk e A . R B
NG, HEARH 3 23 AT R IEH
24~36 h #HIE], K ihE A KB R 2 KEREE, T 36
h JEKIEEANRTEEW, fEEl &7 e, ATk
D BRI

B2 LK

[1] Singhania R, Patel A, Soccol C, et al. Recent advances in
solid-state fermentation [J]. Biochemical Engineering Journal,
2009, 44(1): 13-18

[2] Graminha E, Gonglves A, Pirota R, et al. Enzyme
production by solid-state fermentation: Application to animal
nutrition [J]. Animal Feed Science and Technology, 2008,
144(1-2):1-22

[3] Holker U, Hofer M, Lenz J. Bictechnological advantages of
laboratory-scale solid-state fermentation with fungi [J].
Miicrobiology and Biotechnology, 2004, 64(2): 175-186

[4] VMishwanathaK, Rao A, Singh S. Acid protease production by
solid-state fermentation using Aspergillus oryzae MTCC
5341: optimization of process parameters [J]. Joumal of
industrial microbiology, 2010, 2(2): 245-248

[5] Chutmanop J, Chuichulcherm S, Chisti Y, et al. Protease

15



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.1

[6]

[7]

(8]

16

production by Aspergillus oryzae in solid-state fermentation
using agroindustrial substrates [J]. Journal of Chemical
Technology and Biotechnology, 2008, 83(7): 1012-1018
A, A, 5 I 55 A R L 2 g R e A 5
R A A AL BT 7E 0] H IR, 2010, 5: 52-55

JiFD,LuF, YuanY, et al. Distribution ofmicroorganisms and
changes ofprotease during koji-making with different
technology [J]. ChinaBrewing, 2010, 5: 52-55

Brijwani K, Oberoi H S. Production of a cellulolytic enzyme
system in mixed-culture solid-state fermentation of soybean
hulls
Biochemistry, 2010, 45(1): 120-128

FBA AW (5 =R ADIMTAE 5 5 55 #0A H
#t,2002

Wang J Y. Biochemistry (3rd Edition) [M]. Beijing:Higher

supplemented with wheat bran [J]. Process

(9]

[10]

Education Press, 2002

Kuit W, Minton N, Ldez-Contreras A, et al. Disruption of
the acetate kinase (adk) gene of Clostridium acetobuty licum
results in delayed acetate production [J. Applied
microbiology and biotechnology, 2012, 94(3): 729-741

W22 o SRR A He R Wt AR T2 A A S A FEMLER RO 5
[D].]7 M AR B LR (B L S b 2B ) Bk 2 A oL,
2010

Yang L. The Study on the Optimization and Mechanism
during High-salt Soy Sauce Fermentation with Liquid State
[D]. Guangzhou:South China University of  Technology
(College oflight industry and Food ) Doctor’s:thesis, 2010



