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Abstract: In this project, the uniform optimization experiment design method was used to optimize the staged temperature-variable drying
process of Daqu, and the influence of process parameters on the energy consumption, quality, volatile flavor and microbial indices of Daqu was
explored. Results showed that the interaction of the first.stage’temperature and the second stage temperature had the greatest impact on the
energy consumption of Daqu, the interaction between the first stage wind speed and the second stage wind speed exerted the greatest impact on
the Daqu quality indices, the interaction-between the first stage temperature and the second stage wind speed had the greatest impact on Daqu’s
volatile flavor index, and the microbial index was easily affected by drying process parameters; Through function evaluation, the evaluation
indices of Daqu were comprehensively standardized,'and it was found that the interaction between the first stage wind speed and the second
stage wind speed had the greatest influence on'the.comprehensive evaluation indices of the Daqu. The highest comprehensive index function
score of Daqu was.1.367, where the optimal Daqu drying process parameters are: The first stage temperature was 47.8 °C, the first stage wind
speed was 1.3 m/s, the water content conversion point was 15.5%, the second stage temperature was 45.0 “C, and the second stage wind speed
was 0.3 m/s: The finished Daqu product was pure and rich in flavor with a neat section and well-grown mycelium, thus, met the requirements of
high quality Daqu:
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Fig.1 Daqu hot-air drying process flow chart
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Table 1 Factors and levels of uniform experimental design

b K
1 2 3 4 5 6 7 8 9 10
Xy: F—WiREIC 44 46 48 50 52 54 56 58 60 62
Xy F—IBRgk/(m/s) 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2
Xs: KGEZ4HEI% 19.5 19.0 185 18.0 175 17.0 16.5 16.0 155 15.0
Xy H W BiREIC 44 46 48 50 52 54 56 58 60 62
Xs: F =I-BRak/(mis) 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2
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7 2 SRS R HER U (109)
Table 2 Experimental design of uniform experimental design U™, (10°)

FEA ek
1(Xg: C) 2 3 (X mis) 4 (X3 %) 5 (X C) 6 7 (Xs: m/s) 8
1 1 (44) 3(05) 4 (18.0) 5 (52) 9 (1.1)
2 2 (46) 6 (0.8) 8 (16.0) 10 (62) 7 (0.9)
3 3(48) 9 (11) 1 (195) 4 (50) 5(0.7)
4 4 (50) 1(03) 5(175) 9 (60) 3(05)
5 5 (52) 4 (0.6) 9 (155) 3 (48) 1(0.3)
6 6 (54) 7 (09) 2 (19.0) 8 (58) 10 (1.2)
7 7 (56) 10 (1.2) 6 (17.0) 2 (46) 8 (1.0)
8 8 (58) 2 (04) 10 (15.0) 7 (56) 6 (0.8)
9 9 (60) 5 (0.7) 3(185) 1(44) 4/(0.6)
10 10 (62) 8 (1.0) 7 (16.5) 6 (54) 2 (04)
#* 3 KRS R E RHENESER
Table 3 Parameter setting of Daqu quality index and its weight distribution
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Fig.2 The effects of uniform drying on energy consumption of
Daqu
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Table 4 Analyses of significance of regress equation

)y 3 U EEF X t A 3eA BEKFEP
Xy 0.9916 4.0260 0.0698
X4 -1.0011 3.5002 0.0889
X 1.0372 7.6350 0.0205
X1Xs 0.9431 3.8564 0.0762
X1 X4 -1.0847 12.1311 0.0083
X1Xs -1.0332 7.1533 0.0245
X4Xs 1.0390 4.8348 0.0483
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Fig.3 Effect of uniform dryingon physicochemical indexes of
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Table 5:The score of physical and chemical indexes in Daqu

HaQmALR

1 2 3 4

6 7 8 9 10

Yal5~ 3.655 8.316 8.157 10.541

5.946 7.041 5.277 5.569 11.288 7.574

&6 EAGENEZEES

Table 6 Analyses of significance of regress equation

A& faAE % R 4K t A3 BEKFED
X, 0.6735 1.2810 0.3599
Xs 0.6155 1.0638 0.4337
X -0.8290 2.0827 0.1975
Xs? -0.9057 2.4349 0.1630
X1 X3 0.7336 1.5337 0.3029
XXs 0.7726 1.5548 0.2914
XX, 0.8575 2.0877 0.1875
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Table 7 The score of physical and enzyme index in Daqu
PELER
1 2 3 4 5 6 7 8 9 10
Y5 16294 20857 10957  4.036 8.227 8.295 9.835 0.932 4246  19.013
222 FRIEABA K hbe 7 4547097 " W EAR . & SR M R A A AR AR I R R AT R Ak
a 1000F ab T B BRI, s Rl M AE M AR AR AR T
900 - pF abe abe be he be abc ghe NN P
= 800F P % SoM, 5 8 HIM AL B SR AR AL B T A A KA
fg Zgg _ ' ), 3 BSIRAGEERG T IRARs TE 2 B FE %R
E sl [ T RONFE B A B B B () A K B, S B R 88
5:3:; / Fie MRS, FHHCIMEERSAEN Vot inde
2 o0l 0 1| W 7 7. FIHH DPS #Ant ok il RIS Yo b7
or P ' 11 Z ZIREWEIEL BT, BIBRANEE R 54
O X0 141 241 340 441 541 641741 S4L 9401 1041 K S ZR 85 5 % T ML 2R 2 Il A A
15 A4V T
b 200 Y,=16.2506+47.8408X,"+0.06364X; X-
_200¢ b 0.0275X1X4-0.1633X1X5-8.4068X5X3+2.4670X,X4-51.8
2 i 550X, Xs+ 2.4433X5Xs
2 s X% TR T ASHOIT BEMRL, 450
T 100p W8, Atk 8 dl, XHEIEABIN S, T
Rl 1| A FERR PR T E S5O 0 5 WBLR N
st A 464 C. BBrBUEN 1.2 mis. K5 B A
000 ™30 141 241 341 441 541 641 7 R16.1% 0 55 B BHEE N 64.4 CRIF I BURGHA
SR AL LR 0.3mis, LI K HhEg RIBFRA =155 N 73.814.
¢ o %8 EUASTSNEEM A
- 225¢ od Table 8 Analyses of significance of regress equation
S AE  GdiiAk URBE REATp
§7 };‘5’ ’ .,, % _ X,2 1.0229 101.5955 0.0065
g 1.00 n % XiXs 1.0419 87.4123 0.0076
Y g;g N é ,f X Xs -1.0170 118.8525 0.0056
025t AV N X1 Xs -1.0205 14.9197 0.0444
000 =3 Thm 141 241 341 441 41 641 741 XoXs -1.0020 134.0410 0.0051
IR AL LR XoXs 1.0020 164.0029 0.0041
& 4 BRI K BhES R AEHRRISE X,Xs -1.0019 98,6562 0.0068
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Fig.5 Effect of uniform drying on biochemical index of Daqu
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Table 9 The scoreof physicaland biochemical index in Daqu

B ACLLK
1 2 3 4 5 6 7 8 9 10
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Table 10 Analyses of significance of regress.equation

A& Y EEX t A TA BEKFp
X4 1.0865 12.3295 0.0082
X2 1.0355 28.1435 0.0015
X 1.0563 40.2011 0.0007
X 1.0198 4.2308 0.0644
X1 Xs 1.0002 17.6647 0.0038
X1 X3 -1.0085 43.9453 0.0006
X1 X4 -1.0479 11.1141 0.0094
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224 FRIZAFST KR ERAFNGEEY
")

PR R 5 Fe T 22500k i i s A 2
Hraoh, RIRE BN 3 AN HARR B TeR G AL, B
TR R K MR BB bR A TR T 2S5
Ho WIEANX T, BRI ETR Y WA
WA 11 fs.

xR 1 KHIREBEREEFIER
Table 11 The composite score of physical and quality index in Daqu

¥ ALK
1 2 3 4 5 6 7 8 9 10
Yi% 58571 70.627 55.546 35041  39.134 37231 45277 55626 31764  56.284

A DPS BN Kl i G brer 51350 Y #EAT

“IREMABL AT, BIEARER R, S
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Kl BT SRR & T L2 3 (A [l D7 FE
¥

Y=22.8964+165.9266X5-62.4017X5>+1.3405X; X,-
0.1223X1X3+0.5955X,X4-101.9833X,X5+0.0402X3X4

XPZIAA R L2280 T B, 4558
W 12, 7k 12, WEAEEHFHREMLE, 715
CREWRERR I TR L ZESHEM A BB
79 46.69 C. H—IBIXEN 1.23 mfs. K&
FeA 11 15.87%. 55 BBl 67.33 CHIEE —Firkk
KGE 7y 0.35 mis, B Kl E TR & 1308 B
KAEH 107.549 47

12 EEAFENEZ S
Table 12 Analyses of significance of regress equation

A& TRAR X R 4K t AT 2EKFp
Xs 1.0646 28.4315 0.0014
X -1.0545 18.2670 0.0035
XX 1.0331 10.2657 0.0105
X1Xs -1.0519 19.3629 0.0031
XXy 1.0264 5.0610 0.0391
X,Xs -1.0537 29.4053 0.0013
XXy 1.0420 6.8897 0.0238

23 THRI LSBT K b 5 K MR R A7 1

FIF SPSS B A5 #2158 H 10 ML 4Ok
A it PRI R 1 AR A T A TR 43 0 (PCAY
15 2 E B FIFFEE R 7 2R R 13 Fow, 2
B # AT R R AN SR 14 B
13 RS AMFIEE R H TR

Table 13 The eigenvalues and contribution rate of PCA

IS MR FETREN R TERE%
1 22174 51.567 51.567
2 13.377 31.109 82.676
3 7.449 17.324 100.000

* 14 ERDHEER

Table 14 Principal component load matrix

i CLBR LS 0.800 0136  -0.584
FELTES 0772 -0583  -0.253
T8 L5 0958  -0181  0.222
RBR LS 0.007 0649  0.761

F AR LB 0919  -0.395  0.008

+ w9 8L 8% 0963 0264  -0.048

+ #8 LBS 0989 0037  0.143

AEARBL LS 0917 0108  0.383

O+ B BR S 0853« 0502  0.141
+-L R B8 -0547 70836  0.040

Rt B L Bs 0.469 0.828' -0.306

RS R LB -0933 /0349 _-0.082
hE% s 0373 . 0913 | 0.167

5B LB 0343 0937/ 0.070

I FRER TS 0604 0785  0.136

bl 0.248 0.907  0.340
KTEE 0587 0777 0227

E 0.665 0452 0594
e g 0.748 0461 0478
AR TEOREY 0.458 -0.296  -0.838
iz - 0.968 0251  0.011

K LR LS 0.401 0.306  0.863

34-ZF FHR T 0.239 0331 0913
2,5- =W Hokoh 0039 0475  -0.879
2,6-=F Jottea 0746  -0666  -0.021

2,35-= ¥ foitok 0164 098  -0.042
2,3,5,6-m9 ¥ Jottoh 0939  -0210 -0.272

+ = 0.960 0.264  -0.091

+ gz 0648 0127  -0.751
6,10,14- =% -2+ AJ2E 0992  -0116  0.041
58 0.870 0.167  -0.464

1-% Al 0911 0402  -0.091

oM ARH 0.717 0.544  -0.436

o- Kot R 0744 0656  0.125

3-#4-2-THA 0436 0703  -0.562
2-1E R Ak 0263 0952  -0.158
E78°4 0.907 0404  -0.119

bt R
1 2 3

ETE 0.686 0618  -0.385

F B -0.783 0.621 0.028
2,3- T8 0048  -0796  0.603

TH8: 0953  0.093  -0.288

ECE 0.952 0292  -0.090

LB LB 0.695  -0534 0482
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15 KEREZELENIRIEIRG BN
Table 15 The composite score of volatile flavor compounds

index in Daqu
RACLRR 7

1 2 3 sl
148 -5.384 3.301 -0.009 -1.751
24 -0.406 1.198 -0.218 0.125
34 0.228 1.685 -0.904 0.485
448 -3.243 3.610 2.445 -0.126
548 -1.906 4.207 3.382 0.912
648 3.729 2.807 0.401 2.866
74 1.745 3.895 0.310 2.165
84 2.747 3.781 1.315 2.821
941 3.281 3221 0.787 2.830
1048 -3.709 1.373 1.394 -1.244

F16 EFHEENEEMEST

Table 16 Analyses of significance of regress equation

* TRAE % 2K t AR I 2EKFp
X1 -1.0386 38.4795 0.0166
Xs -1.0035 31.6641 0.0212
X,? -1.0389 96.9964 0.0068

X1 X4 -1.0032 27.3467 0.0266

X1 Xs 1.0290 158.1755 0.0044

XoXs3 1.0389 90.4652 0.0077

X3Xy 1.0514 12.6154 0.0550

X3Xs -1.0456 36.8785 0.0182

XHZBAT RE D TESHO R E R, 458

L 16.

SriTER 16, XFEIARA FHREMAE, IB%5E
P EER R TR T 28N B BRI
FER 460 C. F—FrBXIEH 0.8 mis. K& &R
i £120.4%. 25 B BUE N 44.1 "CHIEE B BoRUE
9 0.3 mis, GRS K & MR TR PR R & 15 7018 3
i KAE N 4.886 77

24 TRIZSBOTA ML WA

K AE YIRS I BRIE A B HEIEH,
B IS R  R T 2SO K A I 15
WG 17 Frose R 17 Al 5, AT HEZEAH L, 355)
DA A 22 ERRE P B 1 s B LG B 4y, e
BISIRACES 1. 10 2K A 22 B PR B 1 7 s
EARALA L, TR S 6~8 ZH2 % FCHME: g 1 & B
i Kl hoEs [REPER 1 S E 2l 1 S 3 s
Wik B — e e, ik 1. 2, 6. 8
Hap = R EN S8 SR 2 fdHa s
(PR L 1] 7 o PR BT %, P iieEs 1
HEFEGELEAAES . XU AR HAT
B IERE MR BRI S A AR KA A
RGN, G FUREE RN, AR T4 B AN R S
A AR ETE; AR XGRS T g, Xt
SR AE K ETEE A —, 51 X2
PRPBHPERS . 22 IR T A0 L o e R L el
PR Z LT, BLHIEE —B Bk BRI e s AR Se it
WA REAKEM. WA 11, 54 Kithf
AEVIBETESS 7 M B LI 18 BTk

=17 BE TR KR YRR IR

Table 17 Effect.of uniform drying on microbial community of Daqu

KRR F 2K FaE(G)/(nmollg) ¥ 2 KA H (G)/(nmol/g) (GHIG) A # (Fungi)/(nmol/g)  (GH+(G)/(Fungi)
x AR 7.3840.79 11.84+1.98 0.6340.04 18.9242.50 1.0240.01
148 27.8546.22 39.19+16.24 0.7640.17 82.38+13.57 0.800.14
240 11.7740.37 36.6742.05 0.3240.03 61.840.29 0.7840.02
3% 20.4529.11 27.6243.40 0.7840.43 45.8546.83 1.0840.29
448 11.7544.00 27.09+40.48 0.4440.16 50.27+1.16 0.7740.09
540 12.80-4.27 25.92-410.26 0.5440.18 44.43414.85 0.880.04
620 9.3345.79 36.3845.47 0.2840.20 59.9248.44 0.7740.12
740 9.434.71 19.01+4.26 0.5340.21 33.9546.23 0.8540.08
841 8.2642.14 36.1440.43 0.2340.06 52.3740.93 0.854.05
941 7.1040.47 19.5142.02 0.3740.06 36.29+1.49 0.740.07
1048 24.304.41 29.1740.37 0.8340.06 55.4643.56 0.9740.08
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Table 18 The score of physical and biochemical index in Daqu
¥ G RALLR
1 2 3 4 5 6 7 8 9 10

M/%- 100000 56508 33129 32662 24133 51711 1358  39.823 3382 51023

FIH] DPS BAER KA bR Sk 54570 M 2 & 19 EVIHIRHOBEMNI
TR IRZ L R0, B SER R, 5 Table 19 Analyses of significance of regress equation
HOR MR YIRPR S &% L2 R F Rl [l 7 2 B ARk A% thRE 2FAKTp
Wr X, -1.0578 30.7975 0.0011

M=1541.2152-47.1224X1-9.7934X4+0.31198X12+ X, -1.0240 25.0042 0:0019
87.4000Xs+1.6756)X1X,+0.2103X, X4-141.7335X, X5 X2 1.0056 28.9271 0.0014

XX EEFT R L2250 T BERLR, 4R X& 1.0883 414138 0.0006
WA 19, X:Xo 1.0875 295178 0.0014

M 19 #AR B B E AT IS p (H R/ INAT A, BT XiXq 1.0574 27.5842 0.0016
(1) Rl 2R 20 0 T oK b Rl AE P 4 B ) 8 e B R 3 XoXs -1.0251 36.4795 0.0010

(p<0.01) , ULHAK M AEPIHEFRR 2 St T T
BN SEET R A . R RN SR,
AR AR R R T 238068 B—M
Bl 48.1 °C. BB XN 0.3 mis. KA

o

25 HRATRIZSBNG & EmhtRae

#

EHAT 18.7%. 2 Bk 69.8 'CHIEE B BBl | 4 b T o e, RiEAR
RIESY 1.2 mis, SERTKHIEDRPRER A E] 98, 49 It SRALEE K i 2 2 FEbR i 6 20540 I
AN 137.739 43+ 20 F
% 20 KBWZRE1EIMG BT
Table 20 The score.of physical and comprehensive index in Daqu
ALK e .
AALIEAT Z1 TR EAGAR 22 ReRFE4T Z3 A FAT Z4 AR Z

128 0.364 0.690 0.000 1.000 0.649

24 0.273 1.000 0.406 0.559 0.663

34 0.409 0:612 0.484 0.322 0.472

448 0.500 0.084 0.352 0.317 0.264

541 0.227 0.190 0.577 0.231 0.248

648 1.000 0.141 1.000 0.510 0.509

740 0.682 0.348 0.848 0.000 0.360

841 1.000 0.614 0.990 0.390 0.662

948 0.000 0.000 0.992 0.021 0.105

1048 0.500 0.631 0.110 0.503 0.514

FIFH DPS # At Xt K &5 A 48bn iR 8045 53 Z 347 —
REWAZL A5 HT, BIRARZERED, FHK
ER G TRPR RS & TR T 2R R R EE 72 a0
T

Y=0.2203+0.5440X2+1.4935X22+0.2347)(52—0.0200
X1 X5+0.0002X1X4-2.0502X,X5-0.0010X3X4+0.02778X,4
Xs
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F= 21 EFHFENEZES T
Table 21 Analyses of significance of regress equation

EES fie % 7 3 t AT BEKTp
X, 1.0311 5.6110 0.1260
X22 1.0566 38.1732 0.0182
X52 1.0124 6.3173 0.1135

X Xo -1.0731 13.6522 0.0489

XXy 1.0423 9.4336 0.0761

XoXs -1.0708 57.3349 0.0127

XXy -1.0705 33.8177 0.0213

Xy Xs 1.0680 24.3750 0.0295

3 g

ARG R A BRI TR T2 TR R S
MIRFFE, FEXT R 4 MR TEAVEN, 15
— AR ERIR I TR T SHo M BB
BER 47.8°C BB—IBEN 1.3 mis. /Ko & &
05 15.5%. 25 BB 45.0 CHRISE B XUE
N 0.3mis, SRS KSR FR bR R BAS ik SRR N
1.367 43 o AHIF SIS AF T2 K 1 43 B A gk 2
TR IR, BRI TR T ES8, 3
H—F R TR T2, NS E b =R
RAKYE, RIS te TR & M B T He R fille
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