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Abstract: The long-term preservation of Aspergillus oryzae was achieved through the use of brown rice as the main culture medium and
vacuum drying (-0.1 MPa) and cryopreservation (-80 °C). Koji prepared using A. oryzae that had been preserved for 20 years by this novel
method exhibited neutral protease, acidic protease, amylase, and glucoamylase activities of 1871, 319, 256, and 2110 U/g dry Koji, respectively.
In soy sauce prepared using the aforementioned Koji, the contents of total nitrogen, formaldehyde nitrogen, total sugars, reducing sugars, and
salt-free solids and the rate of utilization of proteins in the raw materials were 1.53, 0.92, 5.39, 3.52, and 19.88 g/100 mL and 82.20%,
respectively. These indicator values were significantly superior to those of Koji and soy sauce prepared using A. oryzae preserved for 20 years by
the conventional tube freeze-drying method (p<0.05) and were not significantly different from those of Koji and soy sauce prepared using A.
oryzae preserved for 5 years by the conventional tube freeze-drying (p>0.05). According to the hierarchical cluster analysis results, compared
with the conventional tube freeze-drying method, the novel method prolonged the preservation of A. oryzae by 15 years, reduced the number of
times needed for its rejuvenation during actual production, and lowered the possibility of its mutation and contamination during passage. These
attributes would enhance the quality stability of soy sauce.

Key words: Aspergillus oryzae; brown rice; soy sauce; vacuum drying; tube freeze-drying

G

PR T O G5, A AR K A 1 B RS KK it 25 T ol ) RS (3] AR & it A, 2020,36(8):31-37

FU Jiang-yan, HUA Huan-huan, LIANG Liang, et al. Prolongation of the preservation period of Aspergillus oryzae by using brown rice as
the main culture medium [J]. Modern Food Science and Technology, 2020, 36(8): 31-37

WFSHHA: 2020-05-08

E42TH: EEBARFEESTIR (31301538); PIUMEARHLEDURE (2018A1007)

EENR: %K (1984-), &, SRILIEM, ARFE: BEREMABESAR

BIMEE: FRAR (1968-), 5B, SEIEM, MARAE: RREVEAERA; AEEREE: S8l (1979-), B, L, 2IEER, FRAE: aREYRR

31



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

Ve A DUK G AR R BN 2R, A
FHOK 2 4 2 W b A P s T o K
B 5 B AR S A R e it B R S P R S B A
Ao H AT P B A B R RN A K 2 3.042, 1%
AT U B EEE . SR BRI T MR
REMS AT 2R JFURL A IR B 1 T P IR AR . IR
HE B AR ORI « (IRSRMERN S k. (8
£ TP A A R 7 BN O Z A EA T B AN
e, DAORRFIEC M. AN A A SR Sk RE
IRRENE. BN R AN AMERER AN 5 2K
NI, T FLAE SR h 53 e s S e,
PRIt RE IR K th BV ERE A DB V2 By 2
IS FAYME.

I A1 P Ak 8 3 BRIV T O, 1%
JIFM BRI B TR2E, -80 T, 4 B
TRAE, TRIRHI—RCN 5~10 4F. (HIZIBAF/E—E [k
B, WNZIEANER T ok e, HoRAZk
DRI R R A 2 1 BB 1L 3 AL DK R
HERe. EEREAMERER, W0 HARE LR A A
YT BB BRI XU 1.

BEAR SRR 7 e AN T EE I TS ) 248
Rk, BKHE PERTRRAL = R8RS SR

FEEMLM . SUAHL, SRR BRI
HAFERER . BRI TER K9 CIN L.
KRR A AR RTIR R KRN T, 12
THE T XIS 2 6E . LEAh, BERIEE R
WEAM TR, HLEKN TTRIRAAKSETR]
ORI 7 W E HIER A, AR DR R R 2R 1 5
fife ). @WOKMIKRIK G Tl SBIRTPIARLE,
RERIKRIR K S T, K e TREAN T FIRK
R, PR IREK & B W ORAF RTRETRIEOK,
T Z PR R A R 22, PR UCHA IR T 224 DR A
FER ) TA0T, SHEORAFIN A Rt 72k L,
A FPRER A A 77 A R A ot DR i e T2
FIfl 7 k. @u TUERFEEMBIRL. HOKAAR
A e S R, ATORIE R ER IR JE IR IR IS
SRR, £ S5 S FH I Al FH 2 e (5 = ORoxt
A EITER, Zib, SHUEYRHILL, RERIEK
it 2 R o D A Y AR K S A

Bt BRI, ACEENFERE: (D AR
DN FEITFR AR ELRER Oy 32 B IR AL oK th B £
BT (2 DAARTELRORK R - E 0 I, b
%L DR K b B i A= B O B PR 5 22 5

32

1 MRFTEE

11 #RL EFEmES
111 BAfrA Rt

KHEhEF 3.042 HHT AR FEVREFIR &I PR A A5
ARt G, me. Bk, gEa T, T
MR TR R ARA T O ZRETINAD Fdil
B AE] RERIE T 2R 48 Ll T A 3 5 T
EY. BEE. SRR, Bk, L R, £
B2, Wik WIER. WRERH. Haph. SEMbEy. iR
R BERE AN bral, T A s 2R
ARG A
112 EZEZNEAEE

Kjeitec2300 FJLIKEZUL, Hilt FOSS /i 28 H
FRAF]; WFZ UV-2100 K58 6T, Jtfemr(
) ISR ATE]; 5415D B L i E A
et A F]: FE20 pH iF: HERESI-FERIZ A (Rl
HIRAF]; MI-T0-1 557848 FiE R A R
AT ULTS1368 ABfKimvkes: FRERNCH/RREHE (o
ED AMRAT; DZF-6020 F25TA6: AN H1L
WAMRAA; NK e 28880 M2 THL
AT IR AT 60 m3BaR A IR : IRM TTAZE IR
HARAF.

12 LSRN EEREHIE RS REET

DUREK A R BRI R 8 A RV h
KRN 2 hy 0 2 £ RAKED 5 min, A& E2 T
JERRIK, IINTHREKER 5%MIEL IR AHIS . Rk
BB EYENZAMBELRIRS 1 om, RER
$f. 121 °CKH 15 min, AHE=R, HERKkihE,
30 CHEFR BRI E s — R LR AT S RS
K= AN AT T8 (-0.1 MPa),
FIK5r<10%, BITSRER = MR ER (B 1A). i
LT B R A E T R EER, KT
-80 MEMRIEIKAE -

RER N WA 72 B SR/KRCH] 10%
B AR SRR (mIV), 121 °CK# 15 min. 4% % 60 °C
K E RS H R 2 2iis (121°C/15 min), &%
HUE U3 M. LR MR DR B E e
£ (PDA) RVE PR &R T HON R U9k
BrdEdr, T80 W THREKI<10%. KriiE
s Sl E D (0.1 MPa), FE 243U IR RIS
AURE K EER (B 1a), (8 T-80  TGRIEIKAH.



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

13 RERRRECKHEEMS AT ERECKH

BEMAEREIEL DT

DU 0« 5. 10, 15 Al 20 SRR FaR PfhoK i85
NEER, (R EEAAR T2 (SB/T 10312-1999)
a3 Sl & R AN B . R REOK PR 0. 5. 10, 15
T 20 AFK B il 4 10K R 70 203l T SKO. SK5.
SK10. SK15. SK20 #1 SSS0. SSS5. SSS10. SSS15.
SSS20 Ko, FIHAHE(R 0. 5. 10, 15 A1 20 4
K it ) £ (0 DR R 9 233 CKOL CK5. CK10.
CK15. CK20 #l1 CSS0. CSS5. CSS10. CSS15. CSS20
FoR. KL AT R BHERE R ER AL P bR, A VR
ARSI R 25 R PRI V2
131 A AR TRRB T Fe K FH & K
i)

B 5 HEKKIEE 51 (mim) 78R A, 121
KB 15 min, [EZE 40 ACEEAER LR FIFIANH
TR Rk A, 30 IR EH L RmBE S —ZiK
Wt . SR AT ARG ERH. KEH
ER/KIEYE 3 KRR 16 h, 121 %4 15 min, [&
Iz 40 AGiE PY RSP LR (TR, $5HH
MEREESE (FE) W 75:25, HME NEL R il
HEHRESYRIERER 03%. KiifE30 B3, M
R4 35 W EETEIEh 2 Ik, EREESZ
RHEGOM TR (L 44h) BN HE AR, B
EEM. VeI SRR B, FE R T
RE T
132 FAAMAKEHE KRS L Ed

PR R 20 7] 5 25 °Bé /K 25t B A R A
5, RPRIEHEAERRE (60 me), Kih 5 E KAL)y
1:2.2 (m\)D, HfREE 2% 180 d. KEFES R fEiET
PRIVEIURI e AR R R T 4 *CukFE T
EB L =7 T

14 KRERFSHERCEIRDHT

141 KWBEENZ 7k

SR AR AR PR M B I B, FLAA
JrES I Gao ik, WEMBERVE ATHEEREE 2 )
K - WAL B R AT A VS, BT i 2 R
QB/T 1803-1999 11 QB/T 1803-1999. /K43 &K
105 MG HENIE.
1.4.2 FH IR

43 R L PR e B2 A T 5 V0 o 4 R
RS ES R, BMES K GB 18186-2000. J5ik)

°c

FERR AR AR B, A= B
B ERLAEERN E . SRS ER R ek e &
EhirE, R 106 MeE N A A E Y&
AV TEER B & A AT TR S E R & B A
g, FAAJ728 GB 18186-2000. 1 Gao %
J7 B R RN SR & B SR S (0.1
M {58 00 5 B A s R

BEXA/N\

15 BBEoth

KT CAK o R B T R YA T
BIE R BN AR BAERAA. ', A
TERETEY). EbE IR, B G ENRRE, KA
SPSS 15.0 %4 (SPSS Inc., Chicago, IL, USA) 1
Z-score kXS IR FEbR L EANFIbRIE, 13RS AT
HEARAEAL A & . ST Between-groups linkage -4 Ak
b TR B 9% R Squared Euclidean Distance
e ERE R T RIREES o B il T PR S SRR
) AR, ez Ul ARALL /)N

et ot

ASCRE LIRS 3 ANEAT, SIS /TR
FH SPSS 15.0 #:4:(SPSS Inc., Chicago, IL, USA) 5 %,
FERTEZKFA 0.05 25 F R AT B 2 =i

2 FER5vHS

1.6

21 FERMREKHEAT EREKEERT

HIKHEE DT

AR (B 1AE) FIHHI& R (&1
SK0-20) K IHIIAR MR Lk 0 SR SR 1) o 22 FI
T WM. Bk, B M. X5
R A R MR E B2 R AR O,
20 SELAN PR 25 B P B R AR A o BEA PR )
IREK, HTEEM (K la-e) KSRkt
BRIESE, {RE 20 FER R FREER I H I DV TR .
HTE PR E M T RH (B 1 CKO. CK5) e &
PE OMEERESD SRORRHIEAR—, iR
10 4F%2 20 AF R FR AT K H (] 1 CK10,CK15.CK20)
BRI SEIRE R 2R AR A, WG TE
AR R P ) B AN A K REBE A (R 7] P 2K
TF. EaglOm T TR WA
WRIERZRKZEAT 444 (Flammulina velutipes)
PR AP PRI . S5 AR 1 2 SR RO N R AL
PRI P T SRS L. P BRI R .

JUEEN
33



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

5 &5 PR A EIEA L, SRR R R 7
LK Hh B PR T 1 e T B 5 O 1%, 7R LRy Ta]
A Os

B 1 TEMREET B AIRERFNS FE R H I A

ERAW RIS

Fig.1 Brown rice strain and freezing tube strain with different preservation time and Kojis prepared with these two kinds of strains
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Table 1 Enzyme activities of Kojis prepared with brown rice strain and freezing tube strain (U/g dry Koji)

04 54 10 % 15 % 20 F
SKO CKO SK5 CK5 SK15 CK10 SK15 CK15 SK20 CK20
& G B 1957+112° 1930+120° 1936+118 1813+126° 1889+123° 1500+117° 1867+119° 1163+100° 18714125 823+86"
BT & € Bl 367+17° 378+19° 370x+18° 338+17%® 35320 276218° 339+18® 209+19¢ 319+18" 153+16°
A B 289+16% 303+17° 286+18% 276+£20® 268+15% 177+16° 262+18" 148+17° 256 + 20° 112+13¢
B E R A B 2292+132° 2301+129% 2309+139° 2190+128° 2219+140°% 1530+136" 21754143 1334+127° 21104146 798+110°
E: (D A—#ELERIRETNRFEATRBZALGELE 25 (p<0.05); (2) ALt BHIANAEL (n=3); TR,
7 2 FERIRER N B R T ERECR SRR AT = & hr R L RIR
Table 2 Physicohemical indices of soy sauces prepared with brown rice strain and freezing tube strain
04 54 10 4 15 % 20 5
SSS0 €SS0 SSS5 CSS5 SSS10 CSS10 SSS15 Css15 $5520 €SS20
% £/(g/100 mL) 1.55+0.06® 1.53+0.05% 1584007  1.52+0.06® 1.5620.07° 1.42+0.06" 1.57+0.07° 1.0520.05° 1.53+0.06%  0.83+0.05
AAB S R/(Q/100mL)  0.9440.03° 0.93+0.03* 0.95+0.02*  0.91+0.03 0.92+0.03* 0.85+0.02° 0.94+0.03* 0.63+0.02° 0.92+0.03*  0.50+0.02
& QR R E% 85524315  83.28+3.10% 85.03+2.98"  83.03+3.01% 84544293  7855+3.01 84.4622.95®  63.41+2.39° 82.20+3.04"  55.62+2.57°
%.%%/(g/100 mL) 5.50+0.20% 5.53+0.21° 55240.23  5.49+0.25% 5.49+0.22° 3.2120.15° 5.47+0.19% 2.56+0.13° 5.39+0.20°  2.06+0.11
PEJR#21(g/100 mL) 3.63+0.13a 3.60+0.12% 361+0.14*  356+0.13° 3.61+0.15% 2.12+0.10° 3.60+0.15% 1.67+0.06° 35240.15°  1.38+0.05
J.8/(9/100 mL) 1.45+0.05% 1.44+0.06° 1.46+0.06° 1.4340.05° 1.46+0.07° 1.52+0.06° 1.47+0.06° 1.50+0.05° 1.46+0.06°  1.43+0.05°
NaCl/(g/100 mL) 17.28+0.26°  17.35+0.25° 17.3240.23°  17.2640.22° 17.3440.27°  17.2840.26° 17.36+0.21°  17.3440.25° 17.2440.22°  17.52+0.20°
£ B H4/(g/100 mL)  19.87#0.38°  19.79+0.40° 19.5740.43*  19.52+0.41° 19.89+0.48°  16.530.46" 19.82+0.50°  13.8520.48° 19.88+0.44°  11.09+0.38°
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