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Effects of Eurotium critatum on Fermentation Performance,
Microbial Flora and Baijiu Flavor of Daqu

YANG Fengying'?, QIN Yang"*", ZHAO Qianhui'?, YU Yougui'?

(1.College of Food and Chemical Engineering, Shaoyang University, Shaoyang 422000, China;
2.Hunan Provincial Higher Education Key Laboratory of New Technology and Application for Ecological Baijiu
Production, Shaoyang University, Shaoyang 422000, China)

Abstract: Saccharification and fermentation are essential processes in the production of Baijiu and directly determine the
yield of Baijiu. Furotium critatum has a synergistic glycation effect, and the addition of Eurotium critatum affects the Daqu
microbial distribution and flavor of Baijiu. In this paper, the main biochemical indexes, microflora and fermented Baijiu
flavor components of Daqu added with Eurotium cristatum and traditional Daqu were compared, and the effects of
Eurotium cristatum on Daqu quality and Baijiu flavor were analyzed. The results showed that the added Eurotium critatum
culture had higher esterification, fermentability and saccharification power compared with the traditional Daqu, which
increased by 6.70%, 125.0% and 28.35%, respectively. The functional microbial species and quantity were significantly
increased, with 6.68, 2.12, 2.25 and 6.02 times more bacteria, yeast, mold and lactic acid bacteria, respectively, than those
in the traditional Daqu. The types of major flavor substances and the contents of ethyl lactate and ligustrazine were
significantly increased in the Baijiu fermented with the addition of Eurotium critatum compared with those fermented with
traditional Daqu, which improved the quality of the Baijiu.

Key words: Eurotium critatum; five-grain Baijiu; fermentation performance; Baijiu flavor; microflora

KRR EHA: 2022-10-21

HETH: #%4 8 A4F 54 (20221150199 ) ; 8R[A%ER 2021 SAF70 AAAHI#R A (CX2021SY071) .
EEB v MRKE (1997-) , %, LA A, BIRF 6): A AL 42, E-mail: 1735880662@qq.com.,
*EEES: A9 (1987-) , 5,8, 305, B0 77 @ S0 R R Ja 69 4B 10 2 %, E-mail: 466031343@qq.com.


mailto:1735880662@qq.com

%44 5 16

MR , 45 TSR B R AR PERE | AR X 2R S T RUER R 320 - 181 -

TR TR PP PR R 1) R R R S e ISR
A, R E T h IR TS AR EEE R M T T R R E N
$ SRR RS T AR P, X g A = BAT
FEEE X, HenmEdwmaieh RA e ik
WpEEFE I LA R R/ IS & 19 25 7 U v R il b
RBEST, B YRTIIS PRz —.

T IEEEE B (Eurotium critatum) B 35 &5 K
HBEALRE 71, %o e 5 ikt v I m) & R ith A M AR ek
M UE B 43 AVE B A% VE R & 2 . GPC. SEM. XRD 43
o SRR BRI SS B vA I R Ve M) 1 ELREUE
A S BRI, ST BRI, S5A AR AR IE B, & SR
fIG, 3X— R YNTERY /TSI BB A 7R i IS e TR
XTI HHBHALRE T s A LB, e, oS B e PRfE
h—Fh AP, BAT TR . FEMUBE . Poéa b Tha ),
PR, P SR e PR s S R AT AR A 1 v A A
BlarE,

P RIMRE X R T4 F 5, AR
ACAE I BE TR . TR AR A 40 BRI =T i TR B, Sei o8
B A He S SR B S s AL E . B
FIATEESEFBAE TR 20 R e X R A — 3 15
ma), 25 R UK . A ISR s, RIAE S
TR 2= TR AR AL TR, 7 A e R v BT 3 =4
PRAFE . BLAbFE A XUBR 42 S5 (7] 22 il T 422 5 i) 45 P
B XUBRYY, 5T R iR ik = 1 X 3R S H S HEAb ¥R AR A
SIPEZR TG 22180, IR I, 5 el S AR B o Al A
BERE T . BB IX 2R A B P AUk g s i) 5L B 22
Op=9 a8

ARSI T S FICEE TR 5 5 A R i Gl g e )
S g R i R IR RE . A X R DL R Y
A AR PP XU (R 2 RS 2H R il S 8 S R R TE
FHFIZEAE T S THRIP G . [RIR, S P ZH i AL
FEPRITLE G I RIS S EORL A, S BT e oS i PR T
K & B RE LA S X R R o i %) Bt
B2 RN S AL GE Il R P 3 R e bR L A
P SR S5, 43 W LT PV XU AT S (9 B ), Ay
TEESE P DRZE FTPD B A0 2 TR 40Ul 1) 1y FH B8 5 BRI 3k
fithe HHTZEES R BRI, i 58 e v 220 FH T2
M- AR AR S P10, A P T R s AR 4 A 5T B A 4R
iE, PRI, SR H RS e BRI RE 71 i FH Rl ity s
FE DA R P R S0k, S HA B SRR L R
AR
1 HRSEE
1.1 MRS

Kok, ok, M3, /ANERITOK T
LG ARG WHENE L B BR AN =] 5 3820 I il

S [ s CgH,,04. NaOH ., HCL, JEH3E . M1k
fiff . MRS, @ INPrerifizedess HiBERAEYRI
AR H, S Hral; EZN.A® soil ik & Bl vg
A= R A B A H

HR-T16M &S B VR ECHL IRTBRPE AL

AEAE L AT PR\ T ; PE.28 pH it . UV5Nano M 43
ST MR- ORI 2 AR BRA W] DH-360 fH
IRETFEFE . FW-400A HH 250 HL. YA28%6T 4= [
KR AbETRHM AR ERAT B2 F] s Epoch 4=
KEGEHRL . 7890A-5975C S AR FRigE I 26
E Agilent A F]; RE-52AA JiEF475 & 1% . KF960 PCR
P14, SDS-PAGE BENCHYK . Enose FBF & i
FESRAEMIE AN ER A R A A

1.2 SEWHE

1.2.1 MEWAE HEEICESIRE, RS
FOAR Y I EE 7MY, 36% R L 18% FEK . 22% K
K. 16% /NEFN 8% Tk, FoARA AL 20 HIf, 78
S 300 g/ AR E T2, —2H =47, IR/KTERR 12 h,
T NEIK S, ZEER P FE 2.5 h JEMEECH 35 °C, 2EiE,
1.2.2 dilih 3XEGZH IR S35 11.43 mL/100 g
P S R E B (MR EE 2494 1x10° cfu/mL) . 3.68 mL/
100 g UL ER: (R EEZI R 1x10° cfu/mL) | 1.692 g/
100 g &I I (FREZ TR 240 1<10° cfu/g) B/ N By
1, KGR 36.08%, AT N TR AE5 K fl: ANEIn
TESSHAE TR, ISR WAL B A BR A F iR .
R s A Bl B i 30 d.

1.2.3 FEih  FERERETEA 20%, FREL 60 g BT,
K g2 R ph AL G il 43 S in 2] AR B A il
L BEPEE4), 32 °C &% 30 d.

1.2.4 MWEZRRTEM SEZAME M 123 K5
PR, 21 DB34/T 2264-2014 #7285 & B Sy
71250, SRAFRBREFHGHA TN BT /K A, A2 B bR
VBRI S, FH AR MR A b . A=
ﬁ[ﬂ::

Vo=V xc

VER (Y0) = %x100%0.9

mx%

b Vo IR AT T G TH FEPR I W I AR,
mL; V, FORMETHFEPRER AT, mL; ¢ Ronbn
WEFS MR MR, g/mL; m FORTAET BT EE, g5 2 FRRFF
IARER, mL; 500 /8B AR, mL; 0.9 FoR4
1.2.5 KA LFER U BAEFE bRl e bl
I, Befb I, KEEST . TR ARG BREE AN IR
A S QB/T 4259-201 1 PRI A 38 FH 43 B 5 ),
B B GB 5009.5-2016¢ £ &4 v 48 P15 a il
E Y, IFRES IR GB 5009.7-2016 £ 5 HH ik JFoBE 1
MRE Do
1.2.6 RN AEMWEEE N E  HE SRS
GB 4789.2-2016 & S B0 2 ), NS KA A
rER AR 4P, FLER S8 GB 4789.35-2016(FLAR
FHRREG ), 75 B ARS8 GB 4789.15-2016E 5 Al
BERE ) -
1.2.7 RUAEYIX RSN PRSI IE: 5351
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H 10 g e ed kAt ge athiat 80 B, ImACK
PEAY 0.1 mol/L WFAREL SR PR U T87F, INAGE 3%
HEERPRYS S5 min, 300 r/min Z5.0> 5 min, B F3ER, UL
VEFZZ P R S PR 3 U, BT Y ISR ST,
#E4T 9000 r/min B5.0> 3 min, WEEHMDTTE. P2
MR 3 RITFE L, WEEDTTEN

DNA AYHEHL: 3218 He 21 J7 2 LR DNA,
JH E.ZN.A.® soil IG5 &0iHF17 .5 DNA fhie, {8 748
PR AT G TR I e B gl . FH 0.8% Bt
R AT AR L R ARSI JH 53/ NN AT 3

AP X R T TR RIZH DNA A9 B2 4l
FERT A 7 E R BOARUE, JESE3256 i bR R AR IR
S5 (IR MD A BRA TN DNA #5417 PCR 3714, 3E47%
LB ITS LR T 45, 415 16S rDNA JE PR

FHFH) 50T 75 U5, KA Mlumina -5
Ko BB 2N AH B 2SI R P A A T8O 5B S5 7 A4
ko fiF] NCBI BLAST HAFHE 75 AR =
99% AT R GEBEAMS ST, i T B SR P A1) 5
B ZE TP AR S A TIRIE M Fud, DASRAS SN 751
IS B .
1.2.8 FIEMERILFEPRIHT 4350 H 400 g FHIES
21 el AL G Aot & 1 30 d AR, e 5% 7% A AX
100 °C ZE1fE 20 min, K§ 2R E 0 W HET T2 B AR
RS R . AR . B AR R L A S IR GB/T 10345-
2022 ST IR Do
1.2.9 HTFE25UTAEAIRIRIEER  43AEHE 10 mL
WIFE, 2 A 40 mL TRZSFEFI, #H& 30 min, “FAT
MIRE 3 ¥R, RPUAE S 5 XML IEER (R 1) TE 600 s F5-
MFE R — AR F S A 255 SRAERTTE] 60 s,
BERAE TSI 0.5 s, SREEIEIRATE] 250 s, 3 HriFess

F1 T RLIREERE

Table 1  Electronic nose sensor performance
sl wIC ﬁfﬁf S6 wis  HHssmbER
S2 wss  AAMLEY s7 wiw el
S3 W3C %izf; I S8 W2S T B
S4 W6S £ S9 W2wW %{f@%@%
S5 W5C %’rjﬁi} S10 W3S {;gffzé

ASFIE] 340 s, 2 150 mL/s,

1.2.10 GC-MS SR FHAHPLR 0.45 um
T YEAR XS P AL A AL vE, 263 2 mL B.0 8,
BAfbREEIE & IS B AR IR H 42 B 45y BR
ISEIHA T/ ST, RUAREEEN 0.5 mL BESHRS 20 1%,

GC: 4 % £ & DB-WAX & 41 45 #1 ( 60 mx
0.25 mmx0.25 um) Fl TG-5MS & 41 & #+ (30 mx
0.25 mmx0.25 pm); FHEFRT: FHRPIE IR 50 °C,
£3F 3 min, LA 10 °C/min FFEF] 100 °C, £4%F 0 min,
LI 15 °C/min ;i@ ) 280 °C, 43F 4 min, 2R J5 DL
30 °C/min JFEE] 320 °C, 4%+F 8 min, R SS #EAE
1 He, 53, TIHEAES 300 °C, [ 7.6522 psi, MimE
39 mL/min, B X% & 3 mL/min, 2R WA
20min Ji7 2 mL/min, 53Mfikb 35: 1, S5t 35 mL/min.
AR LS, TH R AEWGHE 1 mL/min, #EFE 5
1 pL;

MS: &3 EL B, TR 70 eV; B
TFURIEE 230 °C, PUKAFEE 150 C, i 30~
350 amu, F#HFTE] 0.2 s,

1.3 HIEAIE

iz i} IBM SPSS Statistics22 347850 s 4L B
S0, HARAHSCIO B A 3 YR (&5 38 LI Y E R i
2230 HAECESTHT, B Origin 2019 VEE S
2 HBRESH
2.1 EREEREX KA RERIR M
2.1.1 KR fedetnssdr B3R 2 AlH, g0k
ik S B s TRge et nl el EDERE it 2
G H R MK 3 BUR S, S 2O IR A, 7
PRI A WA T AR AL AT A A2 el FIT AR, 1 Jo A e
s BE M il IR LU, G ZH I R r e R
3 (P<0.05) HbALg Rl TEMm & & kAL g K h
%, FEZRTMFFR IR R IS R TR GBS S A TR MR A
K, Kitfinopifeie 1 w230, g Rty & H
JT & i A2 R IR A A I 25 (P<0.05) & TH&g K,
AT BE P Ay 5 58 Bt P R A 1 1 g8 20 il o = 2R 1 il
I E A, K S B R T B K et AR
TRRE 2R 1 e AL a7, SR T 2 SRS
aom . PRI, S 5 HORE TA RE A4S 12 R o AR T
VERT I . BEALEGAE A Y A, (O i B B TS
A
2.1.2 FESEHFE X i EZE A AR bR sZ
FH 3 A0, g gd R th e ik o =258 (P<0.05) T

# 2 B R S LGN AR R L

Table 2 Comparison of physical and chemical indexes between experimental group Daqu and traditional Daqu

S K53 (%) %% (mmol/10 g) WIEHE(%) YEM (%) AIMEE (g/ke) HEHF(%)
R K 12.63+0.30° 1.00+0.06" 2.65+0.13° 53.52+0.57° 3.3620.01° 0.15+0.02°
&g Kith 11.4940.13 0.95+0.05° 0.77+0.06" 61.56+0.47° 2.91+0.04° 0.110.02°

T PR NG FRER 7R 22 5 125 (P<0.05); 3~ 5.
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fLg I, PRI S 10 A A1~ R AL B i 1= 4
AR AU, S R i s P, R gl
KA LG, nTEEE S =i s aE L
Wi, PSR AR A, A3 AT PP XU R AT A, i
Bo2H S 1% 77 3 (P<0.05) & TAEge Ath, Fothre
KB R R, TERY TG . BEAL L T TR A RE

3 (P<0.05) = TG Rl . DA IS ZH Aol Peg
TR R BRI, A R R b 2 1 A
FereiEae 77, Ry 2 R ith & iz 7 15wt By,
TEESEHACAE B AT ABE i R TR A6 o A R liERE o, $TF
KU TR, A e 25 PP A R i XU . 82 K
HplAb 1 2 (P<0.05) /& THAE SR i, oAb 1 ) iz
TR PR AN B A5 A DR AL RE T . R 4
AN, GG LH R AL & IR AR IR DE Y & IR TR 58
il [FIR e 2 FeiH T 388 20 Il TR & s
fLge Kih, 262 W AFss Sl L, o e i a Bh

3 I R LG A AR LR bR Xt L
Table 3 Comparison of biochemical indexes between
experimental group Daqu and traditional Daqu

e iRtk 1 KN Witk
(mg/50 g-7d) (g/0.5¢72h) (mg/g-h)
RIGAL A 710.14+5.61° 0.54+0.09" 863.7+12.06"
&g K 665.56+3.72° 0.24+0.05" 672.95+0.7°

4 XK SRR Y AR PR ARTE R LE
Table 4 Comparison of residual starch in fermented grains
between experimental group Daqu and traditional Daqu

I3k BRARVER (%)
I N 20.46+0.22°
fEge Kih 23.33+0.37"

KM PEEACAE AR, BT LA, BRI 58 Heae s b A 713
FERHH, A TR AE K, s Bl L
2.2 EREEERMMEIX RN

2.2.1 Ry FZRAEM ISP R 5 al AL
o2 R B BB W35 (P<0.05) i L4k, jilss
BORE B 3.44%10° cfu/g, BL T SSB e R 5
TP R, GRS AL VEMY G . WEALAGST, BB fE
HET R PBELLRE I, 306 2H ISR Hr TR BT A
[ e R 1GR3 1 7 A N - TN St | D = 2 O 8
P B PR DA R LR PR 21, DR i 20 R il o I B B
FOAN BB W2 PE(P<0.05) N, M 3 450, K86
2R R EA SR 77, LIRS LH it & & = Ta A it
M), LR P EAT P FLRR Y GE ) 1 LREE i b &
JRFLAR <", BRI, TS B2 A B O it Hh - g
AREGF =G MU i 2B, B hnoC i s 4,

# 5 R 5 g ih i EERCE YR TE X T

Table 5 Comparison of main microbial colonies between experimental group Daqu and traditional Daqu

sk WK B (<107 cfu/g) 4N (X107 cfu/g)  BERER(x10° cfu/g)  FER(x10° cfu/g)  FLERR(x10°cfu/g)  TREZEHLHER (x10° cfu/g)
RS2 R 88.64+6.87" 85.5+4.28° 8.48+0.29° 22.9+1.47° 9.88+0.84° 3.44+0.46
[N 14.22+1.26° 12.8+1.39 4.0£0.25" 10.171.54° 1.64=0.46" /
[ [ |
4.52 ~0.40 522 -0.56
OTU_3:g:Rhizopus,s:Rhizopus_arrhizus OTU_12:g:Lactobacillus
OTU_14:g:Candida,s:Candida_tropicalis OTU_8:g:Lactobacillus,s: Lactobacillus_fermentum
OTU_22:g:Trichosporon OTU_20:g:Thermoactinomyces
OTU_17:0:Eurotiales.f:Aspergillaceae OTU_6:g:Pediococcus
OTU_21:0:unidentified OTU_11:g:Staphylococcus
OTU_18:k:Fungi OTU_14:g:Lactobacillus,s:Lactobacillus_salivarius
OTU_23:g:Apiotrichum OTU_422:g:Lactobacillus
OTU_35:g:Rhizopus,s:Rhizopus_microsporus OTU_83:g:Lactobacillus
OTU_37:g:Rhizopus,s:Rhizopus_microsporus OTU_119:c:4ctinobacteria
OTU_31:0:Hypocreales.f:Nectriaceae OTU_22:g:Lactobacillus,s:Lactobacillus_acidipiscis
OTU_24:g:Mucor,s:Mucor_racemosus OTU_16:g:Lactobacillus,s:Lactobacillus_brevis
OTU_29:k:Fungi OTU_19:g:Bacillus
OTU_32:g:Aspergillus,s:Aspergillus_penicillioides OTU_17:g:Virgibacillus,s:uncultured_bacterium
OTU_41:k:Fungi OTU_181:g:Staphylococcus
OTU_19:g:unidentified,s:Saccharomycetales_sp OTU_23:g:Lactobacillus
OTU_27:g:Lichtheimia,s:Lichtheimia_corymbifera OTU_32:g:Kropp itia,s: Kroppenstedtia_eburnea
OTU_28:g:Trichomonascus,s: Trichomonascus_ciferrii OTU_27:k:g:Scopulibacillus,s: Bacillus_sp._ MT03
OTU_20:g:Wickerhamomyces,s: Wickerhamomyces_anomalus OTU_26:g:Lactobacillus
OTU_25:g:Hyphopichia,s:Hyphopichia_burtonii OTU_18:g:Pseudomonas
OTU_26:g:Lichtheimia,s:Lichtheimia_ornata OTU_21:0:Pseudonocardiales,f:Pseudonocardiaceae
OTU_16:g:Xeromyces,s:Xeromyces_bisporus OTU_10:g:Lactobacillus
OTU_12:g:Rasamsonia,s:Rasamsonia_composticola OTU_30:g:Lactobacillus
OTU_7:g:Millerozyma,s:Millerozyma_farinosa OTU_29:g:Lactobacillus,s:Lactobacillus_plantarum
OTU_10:g:4spergillus OTU_24:g:Streptomyces
OTU_9:g:Monascus,s:Monascus_purpureus OTU_25:g:Leuconostoc
OTU_4:g:Aspergillus OTU_7:g:Saccharopolyspora,s:Saccharopolyspora_phatthalungensis
OTU_8:g:Rhizomucor,s:Rhizomucor_pusillus OTU_4:g:Kroppenstedtia,s: Thermoactinomyces_sanguinis
OTU_6:g:Clavispora,s:Clavispora_sp OTU_3:g:Thermoactinomyces,s: Thermoactinomyces_vulgaris
OTU_5:0:Saccharomycetales OTU_2:g:Weissella
OTU_2:g:Thermomyces OTU_l:g:Pantoea
A B A B

a-EL A

b-Z

BT s I (A) SEGE Il (B) YL B FIZH B SRR 0] 1L
Fig.1 Comparison of fungal and bacterial cluster heat maps of the experimental group Daqu (A) and the traditional Daqu (B)
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JE BRI BE R — i I AE ) 25
2.2.2 R 2 Apa AR SREE T A 1
AIRA, 16 2H R S AR et B DL AR TR & Panto-
ea. Weissella, Thermoactinomyces. Lactobacillus.
1B 2H Rt S AL ge R AR L, a2l Rth & =R & ™
BRALEGE A= PRI Lactobacillus, HAT AL AL
TR £ Wit g et ™ AT R EEE AR B Fi 2
PRAEAE ), AR ™ 4 32 2 5 ) 1P 9 AR
JEPY HE 1a w1, RIS Il S A e R th i e
B S Rhizopus. Thermomyces. Clavispora. Rhizo-
mucor., Aspergillus, IR H IR S1Lge R ahAd EL, 50
B ZH R h b & TS 1O R AL . BT DL K UE A
PSR A . il AR B R SR R v TR
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Table 6 Comparison of main flavor substances between
traditional fermented Baijiu and Baijiu fermented by the addition
of Eurotium critatum
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Fig.2 Comparison of the main physicochemical indexes of
Baijiu fermented by the addition of Eurotium critatum and
traditional Baijiu
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Fig.3 Principal component analysis and radar map comparison
between traditional fermented Baijiu and Baijiu fermented by the
addition of Eurotium critatum
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