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Abstract

Abstract

"Using wheat to produce Qu, and using Qu to brew alcohol" is a characteristic of Chinese
Huangjiu, and the quality of wheat Qu as a saccharification and fermentation agent has a great
impact on the quality of the Chinese Huangjiu. Inoculating raw wheat Qu refers to using raw
wheat as a material, and obtaining a saccharification and fermentation agent through inoculation
of specific microorganisms and solid-state fermentation. During the fermentation process,
physicochemical factors (such as temperature, moisture, gas composition, etc.) constantly affect
the microbial structure, thereby affecting the quality of wheat Qu. Microbial communities exist
with different compositions and characteristics depending on the distribution of
physicochemical factors. Currently, research has been conducted on the microbial community
structure of Huangjiu raw wheat Qu. However, under the background of the development of
intelligent wheat Qu production, there is a lack of analysis methods based on mathematical
statistics and simulation, which severely restricts the modernization of raw wheat Qu
production. Therefore, this study aims to apply an method based on mathematical statistics and
simulation to reveal the characteristics and variation rules of the microbial community structure
of Huangjiu raw wheat Qu, and to analyze the relationship between the structure of the Huangjiu
raw wheat Qu community and spatial heterogeneity. This is of great significance for promoting
the modernization of Huangjiu raw wheat Qu production and improving the quality of Huangjiu.
The main research content of this paper is as follows:

(1) Optimization of the key fermentation process of inoculated wheat Qu. The effects of
different fermentation temperature, fermentation time, moisture content and inoculation amount
on microbial community and enzyme activity properties of wheat starter were analyzed the
results showed that fermentation time had the greatest impact on microbial growth under
various culture conditions, and excessive fermentation time could lead to microbial death.
Therefore, the fermentation time was fixed at 96 hours. Based on the results of single-factor
verification, response surface experiments were conducted to optimize the brewing conditions
of inoculated wheat Qu. The optimal fermentation conditions were determined as follows:
initial moisture content of 35%, total inoculation amount of 6% for Aspergillus oryzae Su-16,
and fermentation temperature of 35°C. The highest enzymatic activities of amylase and a-
glucosidase in inoculated wheat Qu produced under these conditions were 1099.8 U-g™! and 6.1
U-g’!, respectively, which increased by 38.6% and 106%, respectively, compared to traditional
Chinese Huangjiu wheat Qu. The microbial population of the optimized inoculated wheat Qu
was also measured, indicating that the balance between bacteria and fungi was achieved, and
the enzymatic production capability was significantly enhanced.

(2) Analyzing the heat and moisture transfer patterns within a Qu room during the
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fermentation process. A physical model of the Qu room was established using multiphysics
simulation software (COMSOL Multiphysics), and the velocity and temperature fields within
the room were obtained through numerical calculations and simulations. To accurately describe
and predict the temperature and flow fields within the Qu room, the three-dimensional model
of the room was simplified to a two-dimensional model, and the mesh of the structural model
was determined. The study found that there is a large temperature gradient in the different
locations of the Qu during the fermentation process, with a maximum temperature difference
of 4°C, approximately 0.13°C-cm™’. Due to the existence of natural convection, there were
differences in the velocity distribution between the upper, middle, and lower Qu layers, with
the air velocity in the upper layer being relatively higher, reaching a maximum of 0.06 m-s™,
while the air velocity in the lower layer was relatively lower, with a maximum of 0.01 m-s™.
The study also analyzed the impact of heterogeneity in the production environment on the
microbial community and physicochemical properties of the Qu, and determined the reasons
for differences in quality during the fermentation process. The final results showed that there is
a certain degree of coupling between heat and moisture transfer within the Qu room during the
fermentation process, with the temperature exhibiting a pattern of being higher in the middle
and lower on the sides, while the humidity showed a pattern of being higher at the bottom and
lower at the top.

(3) Validation of the simulation model. Based on the results of the above model simulation,
two sets of experiments were conducted to verify the effect of the actual environmental
distribution within the Qu room on the quality of the Qu, using the enzymatic activity of
saccharifying enzymes and alpha-amylase, microbial quantity, and volatile flavor content as
evaluation indicators. The results showed that, compared to the control group, the experimental
group achieved a more favorable environment within the Qu room, with saccharifying activity
increasing by 10.2% and liquefying activity increasing by 54.1%. This indicates that controlling
the variation of environmental factors within the Qu room and reducing its heterogeneity is
conducive to the growth of microorganisms in the Qu and to the stability of its quality.

Keywords : Spatial heterogeneity; Simulation; Process optimization; Inoculation of

raw wheat Qu; Solid state fermentation
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(1) R BRI FR R S sEss, IBEEE . -7 EETE 77 FIWTIHE A AT A Bt ]
I & /KB DHREWRARIEAN R . 55 IR 58 5 X B0 A 22 il o RS2, PR T S8 i A A 22 i
JRE R ORHBER & o
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(2) 57 55 BAEAR Y, SR ) CFD SO S $ R A 22 28 7 1R Pl H UL A 2 ) S o 12
R 5 = HERAAY fa Aoy 4T, B O HAS RIVIEE . RS RARE s R, ik
FEEEM TR IEH] D BRI, A& & T il s WA A S B AR R . AT
A TR S S S 2 i A e R B A A i R, T 2 b A I T R v ol R R B
SR

(3) Tl py “HERIRIBAU A AE R, DRI SR A P (R R A Z2 f O B, #EATAE R
HEASS IO A BB IE , 4R FORAILN i 55 22 i I i R v s s o BRARE Joit DA K% A VEAR = )
A AT B M O S B N RIG, bR s il i, B s, BRe
22 ] 2% PR LB IR SR
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BB HRSEE

2.1 SEIRHR}
2.1.1 Ek5ER

ASCR NS S SR B ST = AR S sy MU AN 2 th & ik
BEARENLA PR AR 524, Zih0y 2020 FFEM: KiETR-16 t A E DIV ERZE (CICC)
W KA E o

2.1.2 SERAYES
K 2-1 AT BT R S AES
Table 2-1 The experimental instruments used in this paper
& = LS KA
BT R BSA223S B MR A H IR A 7]
AR R B O L CF15RX I HA B E#A TR A A
T s K T MLS-3750 =VERALERR 7 5 R A
ARG TR A PR A
BREAEA R TR A SPT-P58C e RS R A PR A 7
PCR 1X S1000T™M %% [E Bio-Rad X #5 A
At KA XMTD-6000 e R )
T I B AR A HEL VA DYY-10C AEHN— R BR A F]
& AT UERIRG A MQT-60 g RIS H IR A H]
F FAE TR K i MILI-Q BT 2 7]
IR UNIC7200 Entisy Wist Tk V€ ol iS/AT]
pH it PB-10 FREAWB AR H IR AT
K AE IR K AR HH-3A [ He A g ilE A PR A 7
2L ER A C21-WT2120 7R SRR ARG A PR A H]
1SQ 4 PUZHF U FH 1% Trace1310-1SQ LT 55 1 JEBR AR RHE A T
R Qilinbeier TS-1000 VT T HAK DLURA A )3 A R 2 ]

2.1.3 S 255 KR

WA RE. REAMK. BAE. DREHERFRE (PDA), TP R5753E, ML TR
H E 258 B 2R A IR A T, BN AraEtEves . S, WA BRAN. 3,5- RSFEIK
Wl (DNS). /KA. VK WALER . mlvatEvER . BRI R tral, T Edk
HEEEEVRHAERAA .
2.2 LA
221 EREAFHHHTE

Hlh TEE L Hh TESHEMLR S PRSI S mblodt, UM A R,



FE MESIHE

Zeid it FUREL FERL R, SRATRIES AR CRHD #7730, EE B URATK 72 6040,
HERAF R BER N PRI BT %, HAREIN 1~2 0k, &5 d A4 ME SRR ReT 70,

o000
80cm)|

50°C- 52°C, o XEEEFK3 o

18h

» o LK 0
& 40°C-50°C, ° &!#b*ﬁ (]
50 cm
o ST ® =
K=/ AR 4 Z d IR R KR =R

B 2-1 SEBe s/ INIUREA: 22 il A2 7 T 2L A
Figure 2-1 Laboratory small-scale wheat Qu making process

(1) JFRFTALER: ] /N2 VA% M REN S, B7KEAE 13%LLN, Kl il 22 Bk
JEREE 3~10 v, SAMEEIRIR, 40t s .

(20 PR BRI R, SRR IR N R TR Y 25%~35%, (/N 5 FE 70 IROK
BRI T 5], &R FERHA] 30°CEA IR, FERFLUR &K ERN N 35%4A 47, RIEKR
RRIEIEFE K -

(3) AR fEss =/ NS, TR R AN 5 RS, D@ R &
WA T e SRR R EE H U Tl AR S IR R E LU E TR (viw), 3%
FEAE 3%~6% 2 8] 2R A, ERFEN SRR iR AR . Oy 1 PR UE SRR
RIRCR, T SR ELE W ¥ E Y 107 4>/mL.

(4) M7 &% s e B A A AT HE KA =M, s e L
TR BRI IE, Fed RG], MERTH BG4, R EER Y 107N /mL. M AT
AR OB B AT (viw).

(5) PRI IR AR R TR IR, WEEAE 30°C AT, IBIE 90%LL I, JERNE
v i o

(6) ARIRMET: B ok 3 v AR BE R M /0, TR BUEAE S0°CRAR, R4 BARNE L1 E
HEFISE], —f 8~10 h, BETZKTE 15% AT .

222 BRRASLE

LIOK M85 3516 gL Bk, HEATYIE KR AL RIS R S B D 2%
Py ] 25 5 e P PR 2R S B

(1) HI9a5 /KBS B AT RS2

FERE AR (4%) FUKRERTE] (96 h)\ KEHRSE (30°C) MIZRMET, SUpIia & /KE
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(20%, 25%; 30%, 35%, 40%) HEERAZ M, WA S /KEXS 2 thEEE rsm .

(2) FEPp BT 22 M 7711 e

[ E K BEIR T (30°C) FIRBENTE] (96 h). HIUGE/KE (30%), HfhEsHIEL (2%,
4%, 6%, 8%, 10%) HIMEEMAZZ M, W FLRMp X 22 th B R 52

(3D JTREIT []%5F gy 77 P s el

B EEME (4%) MPIGEKE (30%). REEE (30°C), KIENTH (24 h, 48 h,
72 h, 96 h, 120 h) HEERAZE M, BF F0 R IR [A] 0] 22 i B A 50

(4) JRTREUR FE XoT gty 77 s el

TEMEEME (4%) FIREERTE] (96 h) PIZFTR, BEEVIGEE/KE (30%), SR KE
R (20°C, 25°C, 30°C, 35°C, 40°C, 45°C) #ilfEERhAZeh, W58 R B B % 22 i BT
()5 o
2.2.3 Box-Behnken i B T S2 560 K R 57K P 3 B

AHFF R T Box-Behnken F&/F ¥t SLU, SR Hixf 22 il B2 I FE HRopEAL J1FIAL
SN B A IO DR 2R R UR FRIR . IR &K EFEEM R IX =AM &R, 2 3LL AL B, C FoR,
FABESER. T EmEADKFE, Li-1. 04 1 gafd, LB Y FVAL 1) Y2 tiAkdE
br, &It 3 B 3 KPR

* 22 SERB KR
Table 2-2 Experimental design levels table

K -1 0 1
AR E (°C) 35 40 45
B4R (%) 25 30 35
C:HfhE (%) 4 6 8
2.3 HEEUEB R E S VR

2.3.1 SR

AR FR R A ZZ M, /T BRI R, KEESLRENT R A SR AR A
AT B0 5 R AR CLOR R RGE RIS &) A, RN I PE o0 A 22 7 VE > S W B A E RO RIS
gy, RN MR AT 6 E IR A IS DUBEAT IR A 7E, AR IRIR AR €
REEIAEL, DRAUEZE 5 & AR e T

N 7RSO RE Py O3, FRATTRA] 7 — MERRIEIR BB IR A8 . XA TR IR 26 1 A5
R S R SO IAL AR R o A A WL XUt 2 AR P AL, wT LA 1 it s P 1 A P2 ATE XL
FRA TR w1 5 A R0 SR A 53 9 WU AN B 73« 8 TOUR [l 45 4« HLBRGE XU ke B T DRI 2R
AT AERU,  BRATME S b 0 45 R[] B0 A1 RIS ) P B AT A A . 5 R A
AT BRI KORSEILA, 38 WG 55 5 A AR B R A ) T E iR

2.3.2 B 4ERERL
FRYE il 55 S PG i, G5 A AT R N 2, BT FRREAY, IR LR oy — 4
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R FCAM A BRI AL, DA e SR A PR E A S

(1) ASCHE LU 5 N B AR SR B, SRR I ARSI B 04, R
FER A PR Z AT AN 25 JE E R AR IR o X T RIS AR SR A R R, 7
I R T AR A RSB 55 P A8 ) AR R B AT P 20 A

(2) fafbit 5, BlaniRiE sl s . K. A5, A Hat iy @fl, mlfe s 3 B
2 R SRR DU A — E W ZE T

(3) 22 il AP A=A B0 AR A RN SR B 1Y) 25 47 P [ IR A2 T2 B2 1077 AR &8 A, DR e
BEAT AL, I DR R HE O R B AS A

L

B 2-2 it G A — 4T 1
Figure 2-2 Curved room simulation 2D floor plan
AR SCAR ) = YR RS b A S RS AR B A, AR AR, BiE. shEMEE
KIS 2Isp e, bR B T, Dy AR RUE B H s A A KB TE B, BRI T LS
s A AT R 4

233 EAHE

BT RE: CFD MEEAIE T 2R AT A, BfiESE R, shETE
Jr A g S AE T RED .

(1) BESETE

Ji B STAE AR AR B 5 B AR A (RTINS 8] _E ) SP . EATT IRGRRAA RS R, B
A EUS R K

dp
il = (D
3 +V(pv) =0

Hrp, p RAMAMEE, v RAREAEE.
(2) FEFETE
A EsFIETTRERIR TR B &AL A AR ] B spdE . e BAS LR

Jdv
p(a+vav)=—Vp+VT+f (2)

Horb, p ZUFENIET), ©2NIIKE, 25N, BASKERE 1R A R 77 18 A
YERI s, 8 MRy RPERL I RIE SR 7. FEEN 1 SR A 7 KA BAE A
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Ky BTG AR S T IR A 2%
(3) AeRSFEITIE
R~ E T AR H IR 1 IR AR I e A 2 (R A (] B ) spfE . BT US BL FE
pCv(g—:+vaT)=Vx(kVT)+q (3)
Hrb, TRWARKEE, CvE@R UG, k 2MFE, q2mRIET. ARIET0E Rk
RIS RN RIS DR 3R AR A

234 REFRETREEMEE

ERS5ESEAMNRIRE TR
| A

- {g-% - ’D

AT R v ﬁ%ﬁi&
KAEES MEEBERE
A B REEERXE

2-3 AR AL R E A
Figure 2-3 Diagram of energy transfer

(D B PRRERELSE

FEFRBR NIRRT A o il 38 XU, 5 P RIS PR 3R AR 38 Ak 32 B ol TR A g AR 2
HBIE R . FE A 3 B PR A RE S A PR A A L BRI S R AR
HABR AN BRI W WPRAE T, AR AN, AR, PR A
ABRULe - H TR A P 7 A R SO O PR LB L IR B A v, DRI 2 2 ] e AT
IEAZ R, RN SRR I G . XL H B X 22 i 0 P o R A0 A 228 0 A I 7 i ) o J 7™
AT BB

[ A& 77 R A A R B R RE B T R ORI, BRSO R AN AE A T R U
TR | EAE R IRIL IR TP iR, 1A TR E T EM R TR R P AR K
AR . [ 255 TR A A TR AT AR N :

aT
pCpE=7\V2T+h(TS—T)+S (4)

Horb, p RESFRIEEFINIEL, Cp REHNAE, TREFRIEFMIEE, 2RTE, A&
FRIEFIIANGE, h RANERE, ToRMIEIRE, S RRRAEMZERBHIIEI. 1277 FHHiE 1
BB P A G R, BRI RS A AR I TR AR RS 1R
TR NI G RE, B SR RARERR A O, B IR 1R R S (A
PRI R, B EARARE b, HERE T MR FURIE T A, 2 =0k [ HREm
WA RN, EEEFRBERA G, WIRMAEDAERK AU, iR,

i EE RS, B AR P RO RE R R AR, e L2 NS U &,
BAEREIRAEFEL L . BUEI R E AR . RO ISR DAL, FESERR R A 7 AR
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P BARTE OUAT B FME I, DUORIEAE $4 77 F2 1 m) S P A A U7

(2) [EABEFRP AN ITIE

[ A5 TR AN 5 BRI T AR R A AR KA FEUS. Logistic 77
T T HE R A W A KB 77 2 ) i A 2 —UP), AR KRG A AT E A .
ZAHEEEHTUMEETAERE (OD) fEKIZL. Logistic B4 & #) & H Veshulst 7£ 1838
TR, HA TR AT DRI R R AR A Kt 28 . 5 FE N

dX/dt = pX(1 — Xi) (5)

HS4: p=EAERKERE, X=AE, X KAEYE. fERSETEF, MED
AKERZEVFZ R R, W FAS. pH. KSR Fldn: R RUEEYIN
A B A IR T N, E e R R R AR TR s A A
AR B 7Sk, SR B RA E 2IRBITAE R A KR, pH 2 AEYE
KFHZEE AR pH o, & &s0d KK pH # sl A Ko Ko ZMEY)
AR FRER, & EBOIRRK AR RED A KER . B, RS RS, &
YT R B R R R 2R A i, DU i R A A Y AR KA I FE . Ak,
T E 2 SR A Y = B RE 90 0= A B S S B A P AR R AR B
2.3.5 SERBEE

AR R SRS 2 (Al W LS IR A B B A B2 FEH SRR 1, W R
SRR ALHE Navier-Stokes /7 2. Reynolds “F-¥J Navier-Stokes J7 £ iyt fsE, I
11, Navier-Stokes J7FE 2 iR TRIESANE . FhmsFiEMGE R SFEMIEATTRE, 7 DU R#A
SMTEARF M T RIRSIAT N {H&, BT Navier-Stokes T FERMRAIIE 2 EIRE, HEHE
K AEAE TR TR MR . T HAESEPR R, A Fh AR AR BT i S5 B 28 I R 2 15 Navier-
Stokes J7 FEME AERA R IR RSN, RIUILFRZ S N R T2 1R I A e A T4,
TN AR AL, W DU T B UASADR P i i 2h B RE AT Y, WL T A
BIAFE:

(1) ZHHER

LRI AR S IR E PR A2 56 A X HE R MoK, 40 Prandtl-Kolmogorov B, K-g i
B, K-o FBRAIEE, X ECR A T SCI B R A T U 1) & M B M, T AR R
WMBIVIN )5 . RSB B TH B B0 A, (B2 HORS BRI, POEH T & i sh 5%
(e

(2) Kimtdl (LES)

R ARAU, A 108 1 B 7 vk B SR T i R R RUBE S5 ), TR /N RUBE G5 A AR A B TL ) /)N
whiE, @G RTEFE R EATRE N . B ] DU 2 I AR SRS R R AR U S SR, (H
T B BT T

(3) HAEHER (DNS)

IERE2 QIR R PP GibO G| W R o) L RN (IR S A N AN £~ 2 3 v o /0 P23 5 B £
TEmIREIL S R . Hl TR ERFERESEE R, HERFEZERET S, BEREHT
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INRBEETRBNESL .

ANTE] R AN A e F 1 AN R R sh S A ARG FE 20K, ith o5 v i A 3 77 U8 T B 2R
e FERN S, BT R AR R E K o 280K, 845l b5 0T il 1 i R A FE 1 22 5%
X FECS AR RN ER, FARIE SR T RS S SIERC T — A A,
MR T A0 - AR SR a] LA Navier-Stokes S FEIA, T FE% & T S AR AIESE 1
P EM e RS E . A0, RATFERVE )5 (CFD) AR SR8 i@k 2 S ih
FA IR, K Navier-Stokes 772 B HAL, S8 5 18k BUE VSRR 5 545 H i s S R R
AR . MRAEIRA T S50 2% i £ Ko B . K-e BALR MR GUAR )% (CFD) i —Fher
RIS, TR AT R AR iR i sl . B T BT 777% (Reynolds Aver
aged Navier-Stokes, RANS) FIftREE T AEHE SR . 2B A ) “K” AR ImiishEe,
M “e” RIMMFEENT, Wit KA K-e TREAR T imm P s K77, s om A i
KRR . Ke BALE T K2 Emii vl &, B anil 52 msh . ek HUmor iy 5 im sh <
52 CFD i i FH Bt 8 2 — B84, Kog B K- BEAUAH L, W] DUSE 4 i A BRI 37 (1) B
VIEM e, A s i i i Bum s A . K-e R TTREABREMNATE: K
JIFEM e TR EATTAT LS B BL T B A

() K J7HE:

Jd(pK
(gt )+V>< (pKu) =V X (uVk) + G, — pe (6)

Horp, p RFAMEL, kZRANENEE, v REEFE, p &R AFE, G AT,
R MIAE R .

(b) € ﬁ%%
9 2
@+Vx(psu)=V(,uV£)+C gGk—CZSpS— (7
Jt leg k
Horf, et AR .
2.3.6 BETH R E0A

BETH o H0E L —MHETH SR )5 (CFDD AUl rb AT REHIUBE [ B i i sh 1 7 k), 72
CFD HAUL AT, ol UM B AR R 80 S R i A S B i AL P BE 45 0 iAo F), DAL g 0T B
T PRI RS REAT W B o A SCHIE FERR RN AR 22 B I R o B RN 3AL, DRIEAE CFD B, Rt
5 T B A AR 2, it B B DY A B i S T B BN G B, B S AR B IR
e RN RCE NI REIL T, BIARERE M AL AR (BUXEE) NE.

ELPRBE I R B2 — P 59k, e LUK/ TH SR, RIS ) AR ik SRR
A SAERATE, EHEEENZ, B EEBa )RR, R EH 5k B A sl i
FELIS 3, A RE HE AR L H IR B2 2% IR T i 45 A A e AR ELAE o ERIE,  FE 75 B B FlA U sl
WL, AT RERR B S O B AR IR VA R R A B B T 2 T RS LA

2.3.7 WA TR EEE KRR

Tl 75 R 1) 8 BSCPEART SR it BB R i ) — A EL UL, ESCPRN o, A AR
TSNS Gy 5 REEAT KA . 1 T plo0 Dy R B SR, SR R A Ak H R R BfE



AR MR

m, FUHTHEER M TR NAEEOE, A AEUE AT SRR,

UL B TR N — N EEOE R, RE B AR A K AR B B Uy — B O S
B, IWITEB D TR N — NE B TR .. BRI EaE 2™, WERENE. F
BROTIES . Horh, IR AR TR —, SR TR 1 SR A TR 0,
TR 5 FREE A R — AN 2245 7 F2 . A BT TR R R 7 12 0 ) P B8 A 5 ko A g
BB, A A 7 AT SR AR

KA B AL 5 08k 53 AR SR P U 7, EREET: . ek -PESSS: . Adams-Bashforth
VRIS SR VR S TRIUG S AL S, AR AR B UL S R AL,
AR 250 T FE R AUE . XL T B A AN RIS a7 S8 Fm N Hh 75 EE AR H A4 )
L R R PR I B v TR, ML R R T R 2 5 N — i 2,
HBRIRT IR . A NI, X iR 2 T e 2 S M BB AR RS FE R Pk, TR L5 B AT i 22
SHRIRAL .

2.4 JsEHE
2.4.1 FREAF M RS R P IR 7 KA AR R 2

T EEWM e T b A= 22 dh AR S a4 FE i BE v AN Z2 A, 0 i s G R T
N A

PR BCRE T BUE MR RS, BT DR KB mAEMAR, A —
LEPEI Rk, LAREAM B 200 IRIEEIATIIAIE Y, UK SR TR, XEF BT
FIRR R ORI . FRR AT I BRI, A AT T AR FRD 04 B B TR L. A4
FREh FEAE T S 7R 2 L3 508 AT 3 PR,

2% QBT4257-2011 (P HUEF AT 730 W5 A 22 i b (K o0 3 iy WAL 77
WACEE S /1, FERSAEIE 2.

2.4.2 FRMERIRYIRE 10 E

AHE T A T2 B AR R H (HS-SPME) HARFISAH G- (GC-MS) HARBH, Xf
FER AR 22 I HE R AR B EAT 1 A A, B AR 2 HEAH G SCR I 0 DA ik -

(1) FEMETALEE: K5 g LM EIFRN 15 ml T, FHEEBELZ AR EE 30
min, JR S5 7E 50°C I EH &) T £ F P47 5 min 2 )5, BL 500 r/min B3 B 34T 30 min 2KHL.

(2) S EIE &M i TR-FFAP BANE UM G, 1K 30 em, W424 0.25 mm,
WS 0.25 um; HEFECRE N 250°C; &S MIE 1 mL/ming RETFHRFET: WIGEE
9 45°C, PREFEIIEI2A 3 min, LA 4 °C/min FHEEFR AR ZE 230°C, {RFFHNEN 6 min. ik
FAF: BFETHRE; BFRENT0 eV WWRITRE ) 150°C, BSFI5IR AN 260°C, R4
BA MR, BA#HTEE 35~550 m/z.

(3) X EEIFE: 40t GC-MS SLRE 5, 1H Xcalibur AL BRERE 375 22 ith ik
G s E S NIST 1 Wiley i AT HLxs . i t 1E R ULECRE R T 800 MM, FFARYE &
AT THIAR LU AR B0 1 22 i R A S AR & &
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3.1 BERAEZ ] i T Z &R
3.1 BN KR B S B T B

3.1.1.1 WIUE S K E XA AR 52

1E27 M R B AR TR AR IR EVR S5 A AL Rt 2 AR R L RIIREh 1), Hdok o & &
se — MNEERK R AU E K ER AR & S5 F R ] 3-1 Bros, X 3 40w ok
BEE /KBRS, SR AR A il A gH B R R I I S vk R s, FERIUGIK A F
30%I R A B E R B, N 8.54+0.2 log cfurg!, BEJG NFE: EEH T, 30%
IR S /K = 2 AR B E IS B E, 9 8.4£0.2 log cfug!, UHIHEKES
T 20%HK), BT EE B S T EKEIRT 20% M 5y ERERER 71, 4
0% IHIG6 2 7K B I T BE U AR WD BB R B R, B KAEN 8.2£0.1 log cfurg’s 45K
B, 22K &2 Tt N RE R R I AN 2, s K S E T Re 2 R EUS
MR IR EE T, AT 20 22 1l R R Bt e B S M 46 5 7K B S IRt A= DR V%
SEMARENR . K, EAFESET, FESEERIZMRKSEE, DK
B RE AN = 5

oF = 40
Ea) n
s a

>

TN ERTER UL (log ofu-g™D)
L @k
»
=

1 . L . 1 . 1 . !
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3-1 HIAG7R A S e i (s

Figure 3-1 Effect of initial moisture on microbial population
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Figure 3-2 Effect of initial moisture on enzyme activity

N T W ORAE B it o, A [ 25 R B R R e AR B K BAR T 40% 7K HEAT B
IR o IXSE A S WIAA S /K B I 40%K0, Nk o R BUREE B K 4, ANTfT 2
2 AR AR B R . H I 3-2 WA AG S /K B A ih I BgS S1a AR, 4046
BIKEANT 30%I, B IBERE S K E NG, 1 30% I B J1E B EHOE,
960.8 U-g'', BEEVIIGE /KRNI DN, BTG FRIRIES, JFHE 40%41465 7K
I B AR AL AT T 1965 /KB /N T 30%00, WAL T BE A 5 /K& I i g ,
TE 40% I BEAL 11k B/ KA, N 6.8 U-g', WIIRE/KEN 35%M, WAL TR, 1X
W RES WA S K EL 2 SRR N IR S, MRS G B, BUGE #

R7K 7> & B NAZIEHIAE 30% /245

3.1.2 M EN SR KB R

3.1.2.1 Hehh B0 A= 1) 25 ) 5 i

ANF A B A IR G, IR AR — e s, EEhE
(1) 22 /D0 [ A KA BRI . Bedpaid /N, RI R S Rl A e, BRI
JEAG BEINGL AR Ha s B R, WA, SO B A A Ny BT
R, IRWKEEA A, RN g R ah e, AR T A EK, ZiiEAS L
file B 3-3 KW, MAYEERAEZEMERIS NS NGRS rEas, EEMEN
6%}, AHTR . FEER . BEREFECEIA B ERORE, 2008 8.940.3 log cfurg?s 9.5+£0.2 log
cfurg?s 7.1£0.2 log cfu-g's EFEIA KBRS, M EFRK/DSX MY E KT
FEFRAIIRI 2= A ggm . i SR EEMp D, WA KSR, KN, =&,
I, M EN 20, TR KEETE, FECRALRAR NS =Y A AR 2,
SO T AR - YD AR B AE SR B AR AL, (R IR 4 B  t 2 giak s
DRI, FEFhE N 6%I, AT DLUEE & B AE I A .
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Figure 3-3 Effect of inoculation volume on the number of microorganisms
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Figure 3-4 Effect of inoculum amount on enzyme activity
TR AR AR A2 A2 22 i i 32 B AE IR, b D RE RO 22 it AR R 2
FRh B e A2 iR AL JJ AL 77 o R R AR R B AR TP IS I R E IR . —
KL, & AR R ] DR BE R AR K, S R B ANl I e B
T AR AR o5 U ] X Wl PO 7 AR ST R . DRI, ARSCHE R 1K EIR-16 MR
X2 i A B AL BN IR, 25 RN 3-4 WA, BEE SRR ERIRIR, R
AL BRGNS AW N, 3P ER 6.0%0, 73 liA & K (H 980.2 U-g' #18.1 Ug
o MPELMEANT 6.0%, FMEEAR, FEMBERCD, EIRER, R R 4%
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Figure 3-5 Effect of fermentation temperature on the number of microorganisms
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