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Application of Daqu as a saccharification agent in the brewing
industry and research advances in its saccharifying function

YANG Yang, MA Wuxia, LIU Xiaotong, MAO Xueting, TANG Hanlan, YANG Rujie, HU Yongxin,
WANG Qian, SHEN Caihong, WANG Songtao”

National Engineering Research Center of Solid-state Brewing, Luzhou Pinchuang Technology Co., Ltd., Luzhou,

Sichuan, China

Abstract: As the core saccharification agent in traditional Chinese brewing processes, Daqu plays
an irreplaceable role in Baijiu production due to its complex microbial community and
multifunctional enzyme system. This review begins by outlining the application scenarios and
characteristics of saccharification agents in both Eastern and Western brewing industries.
Subsequently, based on the research of microbiology, genomics, proteomics, etc., this review
elaborates on the diversity of microorganisms and enzymes with saccharifying function in Daqu,
along with the roles of Daqu in saccharification. Finally, strategic approaches are proposed,
including utilizing multi-omics technologies to elucidate the functional mechanisms of Daqu
during brewing and enhancing the integration of mechanism research with industrial practice,
which may provide references for the innovative development of saccharification agents in the
brewing industry.

Keywords: Daqu; saccharification agent; brewing industry; multi-omics; microbial community;
function
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Table 1 Main representative mixed-culture saccharification agents in Asia
Name Main origin Main ingredients ~Main fermented products Main microorganisms
Daqul*&'¥ China Wheat, barley, Daqu Baijiu, vinegar Aspergillus, Mucor, Rhizopus,
pea Lichtheimia, Thermomyces, Rhizomucor,
Monascus, Pichia, Saccharomycopsis,
Bacillus, Lactobacillus, Weissella,
Thermoactinomyces, Kroppenstedtia,
Saccharopolyspora
Xiaoqul®'¥ China Rice, soybean Xiaoqu Baijiu, Huangjiu Aspergillus, Rhizopus, Saccharomycopsis,
Pichia, Candida, Lactobacillus,
Pediococcus, Weissella
Fuqu®'¥ China Wheat bran Fuqu Baijiu Aspergillus, Rhizopus, Saccharomyces,
Bacillus
Kojit"”! Japan Rice, barley Saké (fermented wine), Miso  Aspergillus, Wickerhamomyces, Candida,
(fermented soybean paste), Ochrobactrum, Lactobacillus
Shoyu (soy sauce)
Nuruk!® Korea Wheat, rice Makgeolli (fermented wine), Aspergillus, Rhizomucor, Lichtheimia,
Yakju (fermented wine), Soju  Mucor, Saccharomycopsis, Pichia,
(distilled liquor) Debaryomyces
Loog-pang!'”!  Thailand Rice, herb, spice  Khao-maak (alcoholic food),  Amylomyces, Rhizopus, Aspergillus,
Sato (fermented wine) Mucor, Absidia, Saccharomycopsis,
Pichia, Saccharomyces, Pediococcus
Banh men!'®  Vietnam Rice, herb, spice  Ruou nep than (fermented Rhizopus, Absidia, Amylomyces,
wine), Ruou de (distilled Saccharomycopsis, Saccharomyces,
liquor) Issatchenkia, Pediococcus, Lactobacillus,
Weissella, Bacillus
Bubod!"”] Philippines Rice, herb Basi (fermented wine) Mucor, Rhizopus, Saccharomyces,
Saccharomycopsis
Hamei!'*2% India Rice, herb Atingba (fermented wine), Yu  Mucor, Rhizopus, Penicillium,
(distilled liquor) Saccharomyces, Pichia, Trichosporon
Xaj-pithal*!] India Rice, herb Rohi (fermented wine), Xaj Rhizopus, Mucor, Meyerozyma,
(fermented wine) Wickerhamomyces, Saccharomyces,
Candida, Lactobacillus, Leuconostoc,
Weissella
Marchal'7-"} India, Bhutan,  Rice, herb, spice  Kodo ko jaanr (alcoholic Aspergillus, Mucor, Rhizopus,
Nepal, Xizang beverage), Bhaati jaanr Penicillium, Bjerkandera,
of China (alcoholic beverage), Raksi Saccharomycopsis, Pichia, Pediococcus
(distilled liquor)
Phab!!”! India, Bhutan, =~ Wheat, herb Chhang (alcoholic beverage) Penicillium, Aspergillus,
Nepal, Xizang Saccharomycopsis
of China
Ragil!” Indonesia Rice, millet, Tapé (alcoholic food) Rhizopus, Mucor, Amylomyces,

cassava, herb,

spice

Aspergillus, Saccharomycopsis, Candida,

Saccharomyces, Pichia, Pediococcus
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WIFEMEBET), F LA 3,5- A 5K IR 1 AR AR
U R INCS s e ) 3o TE B AN 5 43 Ak
KA BRI TIRASWIRE S5 I RE Sy, % LA
W A ) P AR v R Y 25
FREST, A WTIEE RORAL S R T 53 0] B
VST PR A B E R R o-DE B RO AE ), Xl
WLEFEAHER . AN YIEE, o-SE R BERERLYIE]
TEA T TR o- 1AM SR, T2 20 AR AN A2 2F
Bl S5 BE SRR R R B A R IR, BE S R AE AL
Jidats L AR SNOIEE, A R TS
O AR E] -1, 4-FF 5, WEERTEN 4
TEHTAE R, BRSBTS, AT
WRAEBAC 14645 o BeAh, B-TERIEE . S IER
B, o-HIAIHEF N . 22 oPRRE SR ] B S
3 7K i REJIOA M o SR U, WAL ) R AL

AR AR AL RS BT B AR gy, SR OC
IR R R R o b R VE A R AR RO

KA TE A 7K A B 7 5 R IR 25 DA G
AifF 5% 2% W AN [] T 98 28 28U 1) g 2 Kl 7EAH G F5 A
ISErE TR~ S (A TN S Sb DNk
b BB A 38 T R P> FEASTR]
OB, TR )R s R el 2
L S AR AL T R AR R UG I I Al
2=l e 5 R IR E YR VI OC . 7R K IR
JERE . R RS AR AR R R e T — L
FRONFROE 1Y B 1k 32 450 ™ F, DT I 55 K it e
AEo A A JE B WE A BE 48 b IR A2 2] i
BEL WA ML, AR E N R,
i, AT B0 IR O Hh BT S AR T T
B EARAE, TR ) S R ARLOO), K e IO
R A: 7 A R S TS I 10%-30%
(14 e Yk K 7 A T 235 AR B AL T 1 0 2 KTk
NI SN DN

bR T VEMBEAL T RE PN A1, B4 B SRR O
T SOBEAR BT o 55 1 AR U8 M 2 08 7K i o 7 o
Jiang ZEURR ST K B Z AR 7 K i AR AR T 2
AT R M R R T AR R BN ). X
SCAEIWE I R R il P 2 R OK R 1 AR
WA BRI % J1728 4k, R LT 4k 25 il AR R b
il ()35 Y RIS S N RS, HAER
7 3-4 > A R BRI
3.2 KHEIEULIIEEAFEMRHAR

PUAC L 2 B AR I 24 TR AL T X PR 3 A R T
HERETR AT, o Rt B AL D RE AT 5 £ 4t
TH A AA o Huang 25135 T 72 56 SELL 43 W 7
r L A P I R TR A B WS B MR A . VE M
AR T A A 1 4 3 45 3 A v O e il 5 PR 1) R ik
A, IR TR B Be e A 48 932 AT AE
FEIR R AK AL A WD TS PRI s 7RI WS TR D g
AW 53 2R 22 8 N FE R B 5 53 2R 9]
FEALEE R FH(Trichocomaceae) . 2 FTH H
(Bacillales) A St B HE AV AN (Eurotiomycetidae) 5 o

BEE R T-BoBE FE 1 Fr2k e, TR
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AT C A ST HERA M DS B DI REYI A . Zheng
SRR R B, EC 3.2.1.1 (o- VE # i) il EC
3.2.1.3 (4 WG B i) S AP Rl P i 2 2 0 3
WAL T RERE , W A PR T 95%,
T Lichtheimia 51, Xia %3 F %5 &
H 5T 2H 27 53 M1 K PR Kroppenstedtia . Aspergillus |
W & % W J8 (Rhizomucor), Byssochlamys.
Thermomyces = K M1 v 3= 5L 1) 3 b i o3 mR BT R
g #1215 J& (Thermoascus) & £ B 1) £F 4k K il
Bk R B . Zhu SN o Z 41 E MR SE T
6 F LA IR R M b L T RE R R, K
23 FhEE A 5 FhAN TR RE S o3 Wb 5 FE R ORI G
PCBIAROCHY 13 PR HOK 8 ; X Lei 9+
B AL 35 0 4 MR A B B (Saccharomycopsis
fibuligera). K | % (Aspergillus oryzae). 8411
= (Monascus  purpureus) #l H oW 2 K &
(Byssochlamys spectabilis)?: . Yang 744 T
Hh LR R R R TP 23 FPREAL T REAR OC T, ¥
MUER . 4R PAYER . LT RARK
S WEK T R 2R e R AR
R B 3 58 i AR i Bacillales [7) B4 46
Lactobacillales FI! Mucorales, 520 K i ALl
REMESEN 5, T Eurotiales 1F 2 FPTRIEALTT
T EES; REHRASRHE DI T
B. spectabilis . Monascus purpureus . BRER R 5%
[C TR (Rasamsonia emersonii) FITG AR g H4 22 16 (]
(Thermomyces lanuginosus)~5: Eurotiales ZSHE1ENE
teIhge e oTik .

22 W 14) o BRI Stk 38 RS A ) g 2 8] 174
AR o PN DD R K fid i Bt 4L D0 1 22 W 1) PN 9 0
TR, AR R AR R R i, S AT R K i
FE g it T 2 B9 E IR . Rt b B L 4 By ]
YEHAGAERE, BN, KAETENT o-TERHE
HAE R . EC 3.2.1.10 (ZEE-1,6-H A5 BE 1T
i) 1 EC 3.2.1.20 (a-fI I WE 17 1) ; KARLF4E R
i EC 3.2.1.4 (N UI-B-1,4- % B i Bf). EC
3.2.1.91 (4MJI-B-1,4-% R WERE) 1 EC 3.2.1.21 (B-
HAIHEH ) KELT Y EC 3.2.1.14 (BUIL
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TR A EC 3.2.1.52 (B-N-Z B SL a8 SLA A vy
fitf); ZKARABEN EC 3.2.1.8 (W YA ROBERR) A
EC 3.2.1.37 (B-ABE 41 filf) 25107 g %) H3 [) /6 FH
FE— s T BRI T Rl 7 b i 7 v i ey
R AN, R Ak 2 RE il Y 2R W Ok A
WHA ZFEAE . TR M A W e va i v
BE LS U HJE 22 R EL T AL D e Y 2
IR RE, X ERE EAT AR o 54
T AR R L D Be i AR . A
R Z ST, R AR D BE AR R B PG BeAs L
P,
3.3 KERSELINEERIE Y R Th e BRiZ 1
3.3.1 REIPELThREME Y0Hi% A N A

R MR AL D RE 32 AR 0 A T BE TR A Y
M S Bl o 220K LT PR R R 1 2 K
fiff it 53 W6 BE 1 1 R A Tl SRR T RE AR
] 5% FR R B 2L AL 45 Aspergillus . Rhizopus |
Mucor, 21 1 5 1 J& (Monascus) . A3k %5 )&
(Absidia) F1 55 55 J& (Penicillium) 4310801 - Horp |
Absidia F Penicillium 7 BEXT & BEIR S B 2477
pite PR KU 7 A 87 T 52 00, R) b 7 R 552 ke v 2
F IS AN, Bacillus WA= K TR
BEMEL D AN 0, X BB B RRBR T 43I VE A
fity . 2P 4L R G RERG 2 Ah, B AT LA™ A
BN, RViREE M, DA 5ok
AR AR N XU R ol

ARk, WFFE & Dl v i 32 H Z2 Mok 4
TIREMEY, JFEE T e T EERT Tk iy 2
I FHROR (R 2). BLAk, B X R TE R 2 MK
fifg 05 1B HH Y T BE T Rt S B A5 Y 0 FH
F1o B, AT E TR DA B R A i —
B AL, DA H il R P 2 3 v R IR ) X
1% BR 1 (Enterococcus gallinarum) F1 16 {4, 1 #4 ¥
% & (Thermoascus aurantiacus) B/ & , H /' E.
gallinarum =R REHETE 30-50 °CHAT R A7
FasE HEU . Zhang UK il rp i 2 9 BZE
YIREV FA12 RERGAE 71 MA T 4E 2% 1l A1 AR SREbH Tl
R IE S5 BT 0.235 0-0.447 0 U/mL Al
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x2 AP OEHRER LR E YR E N AR

Table 2 Partial microorganisms with saccharifying function isolated from Daqu and their application effects

R Pl | BRGSO (R T IR )
Strains Sources Applications ~ Main results and effects (compared with the control group)
Bacillus R Lt Nl (1) Bacillus . Clavispora F Aspergillus - FEXANN, Pichia .Saccharomycopsis -
licheniformis High- Fortifying I BEAI:
temperature  Daqul’") (1) The abundances of Bacillus, Clavispora, and Aspergillus increased, while
Daqu those of Pichia and Saccharomycopsis decreased
(2) WAL Ty WA s 3 RN, R ) 3 A
(2) The liquefying power and saccharifying power increased significantly,
while the esterifying power decreased significantly
(3) MRS A 2R G &
(3) The contents of pyrazines and aromatic compounds increased
Bacillus Eth HriwNiiE (1) A Lactobacillus F: P st AR, J5 ) Kazachstania .Naumovozyma
licheniformis High- LTSS Saccharomyces FPH g s i
temperature  Brewing after (1) The gene transcription level of Lactobacillus decreased in the early stage,
Daqu fortifying while those of Kazachstania, Naumovozyma, and Saccharomyces increased in
Daqul’™ the later stage
(2) J53 Saccharomyces TN I . £ Nt S0 P21 56 S T DR e S
B
(2) The gene transcription levels of alcohol dehydrogenase, aldehyde
dehydrogenase, and lactate dehydrogenase of Saccharomyces increased in the
later stage
Bacillus subtilis Kl Ll Nl (1) Bacillus .Lactobacillus M1 Candida F-FEXE N
Bacillus velezensis Daqu Fortifying (1) The abundances of Bacillus, Lactobacillus, and Candida increased
Daqu!”! (R UDIR L VIN L FIETE )|
(2) The liquefying power, saccharifying power, and esterifying power
increased significantly
(3) WL LR NI A A & et S 1 n
(3) The contents of esters, pyrazines, and alcohols increased significantly
Monascus HR A HR ik KE () R RS 8%
purpureus Medium- JLIEST) (1) The alcohol content increased by 8%
Aspergillus oryzae temperature Brewing after  (2) XUMH) o B0 A& = 89
Rhizopus arrhizus  Daqu fortifying (2) Both the quantity and content of flavor substances increased
Daquml
Rhizopus oryzae  "HEIHH sk Ek (1) ST PR X IR S35, B TA T 2 TS A
Bacillus velezensis Medium- Fortifying (1) Through the plate confrontation experiment, it was confirmed that there
temperature  Fuqul™ was no antagonistic effect between the two strains
Daqu (2) 88 ek B PR 3R R BV T S5, A A kit iR R 4 T
(2) Through single-factor and response surface experiments, the optimal
preparation process of the composite Fuqu was determined
Bacillus (SN [iiwNI (1) JERB BT 4 e
amyloliquefaciens Low- Fortifying (1) The amylase activity increased
Saccharomycopsis temperature  Daqu’® Q) A YRtR s RSB, FEERE
fibuligera Daqu (2) There was little difference in the microbial community structure, and the
Absidia richness increased
corymbifera (3) HE LA P i OB S5 TR S B & B n

(3) The contents of ethanol, isobutanol, and isoamyl alcohol in the fungi-
fortified group increased
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0.191 7-0.307 8 U/mL [X[0], A REME K B ke RE
JHCRTERIR . Liu SRR 5 =2 4 2 il i) A 7 29
¥F 1 (Bacillus subtilis) TR omfl, o & 27+
TR 7 . WAk s B B P AR X
Ji (85.08%, XTHEZL Ny 63.42%), [EImT & T 1€
R R AR SC A 2235

(EAS RS, AR ZSAH B A ok
., UM A REIIRe, BHRZH
PR, X BOLAE PR T I RSCR AL
FH—LEAEYE . DIRERR T RE XS = AR
AR, AEAR T RES HA A W K A e
FEr, MR A 7= 22 40 AR e AR e O3,
332 KehfEHINREER L E R FRIL

LR F25 3 PR35 R im0 o JA0 T DR R
KK (cosmid) . F 2R (fosmid) SCZE i B % o
Frl L A 2 5 A5 B EBOR MRS A T ik —
A HE T T B 0 0 e 50R P Huang 19138 T
Xof Al A T e A 2 B i 4 R B 4 A A2
TG BT BE(62 COREA i e . e T 22 Flupi 7Y
VEALRESE N, IFl o IR R R RERAE T EA]
(AT 2 Ve R A SO i, 40 T R ik T e
FIWFFE A . T I i Bl A AL 35 o- 38 A0y il
a- AR % EC 3.2.1.73 (B-1,3-1,4- 4 54
BV Al A ST IR T I R I A R
i 14 22 20 245000 ARl DNA g e T 8 R
WAL D RERG L, H v B ) 3 2K 114 200 B A U5 A
2 B VE W B KeGAS il EL i oK I8 o - TE B B
RpAMI11 1Y ik 7 it B2 4353l R 55 °CHil 75 °C,
PIETELR A o-1 4- 2R IR YA R
TSR R R A R R PR 0 B I A T
YT RMZ S EF & WEETE, G RE
FELE A Y e 2T ST S P VA
34 KHEECDISREREREITZEFD
ER

2o AR AN B R A S B T R4y
KAL) By ) v SR TR v S o gt Ry i s B
TER T2 R ORI & s BEET Kl b
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PR B JFOREAb K 5 S 1 20555 XU 4 AR it
A A, X — S e R AT
INA . Tl — IR TR R AL R A 5
FH, TE T & R0 b B B AR K il Tk T
90% 1) o-TE K FI 99% ()4 2 WHTE M il , X 4
A R T B T O E Y, Wang 4508
AN I ) e BT s b 4 51 Rk A6 &
YK e, Hoh 2y 80% KIET/hill, IFAH o-
TR T R 25 A D R B L G R R B
PRI

AR AT, AR A I U R
VR BE )T o B RN B Az B A B f . R R
JE T FRIR 10 A5 R 2R A 2108 sl R B, TR
TIAINIE P UE K3 7K A AF WS LR B mT A 3508 T
SRIF D i e A A 0N AR, B AR
M AR A T B R, EER AR T
KIMAA G E ZFELE, &5 & H A
AU W, R WE S0 80 B 2 24 i A AL % & g it
i ULAh, MR EE R INE S 5 RIEY
PR o3l A W R L TS BOR
TR b, X A A R R T 7 T AR
AFEE Y,

A VE #3220 W5 0 K A 1T R et o A v ) A
w20, BRI i, LT
JEANAS SR R 22 R L TR R 1 TG R o e e e e B
5 EH AN MRE Y E IS, IS K I A
MR e AhSE i R EEEE M . LT T 2 WA K A
Je B EZL Y R S A, A S ] 5L
EA YIS . 28 &AL RS R N, TE A
W& B AP, IS5 e hr sy s
by B Ak B et AR o Y A A R AR R B AR A
AL BB XS & 7 i 1 RO e 358 7 A 25 DTk .
KSAETERS A TS LRl A7 06 B X
A6V 53 22 0 I ) 1 R i o R A A i B L IR
R A TTER T R SR AR .

4 ReEH5EE
e 4 4 R 11976 2 7 e 2 1 A
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M), SEARTT O K B L A AR 14 4 T
R A B 4 Bl 4 90 R 0y I 2 8 i I
48 22 TR 5 WAL RIS B BRABRCRY . A 3038
X GE NG 37 T3 1 5 B 2 BOR AR 5 SCRR Y
LRk, RGRES T RMTERAL IR A Y= 4 |

WA BE M 22 4R LR AL L) 25 75 T A BF 5
JE RS, G T ZrRh BRIt T e
iﬁ[EjE e}

MEYRTHEFE BURR R, RAE SR B
HRB R HE SR T E S, BATAE R 1F
GERAIA . (1) 7R i - T e e 4
FiE 2R QIR I, oAty kA Ol W AL 1 RE
Xk TS A T T A T S AR A Y 52 i A
2 2 FOR H IR A TR AT 58 FI R B9 52 3 90
(2) BUA WE 5T 22 SR A5 T AN E A 7K Ak il 1) L322 07
FH TR A ke T8 3 A 7K St il S A v By 22 B K
fifk Bty R/ 22 GEAZ IR TR TS . (3) ATHRERLE
P P U R SN T 7 I 5 R RGBS o)
AR T8 g e A S ) AT, ) et vl 2R R
L5 WAL DIy BE Tl 1 770 4 DI R)38 0RMeG . (4) (EBRAT
AOBELC D . WP D HE AR Al L 5 57 S AR
AR ML D REPEMN R IR IR 5, IFEEB L
fow o 2 B S B R A D BE Y R T A
T ESRORTE . AT LBl n] 42 71
HE PR R B O RRE T, ISR TR
W T 25U RIE R

1E# TR = A

Wb EIRGIE, ZhRYS; BEE: X
BRRL BB s XIS . iR St 85
B WG WK IBSCHE S5 B
ffiidi . FEIFRBE WS : W0 T
Z 5@ AR WBICHI; AR

W
B A 28wk RATF A

VR P WA TEAEAT AR T BE 23 52 W AR SCHIT 4
& TAEME AT g s AR
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