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Abstract: Brewer’s yeast has great influence on beer flavor and flavor stability. Acetaldehyde is the most important aldehyde
compound affecting beer flavor and flavor stability, and is one of carcinogens in alcoholic beverages. Acetaldehyde is mainly
generated during the biological metabolism of brewer’s yeast and exists in brewing process and finished beers. Therefore,
screening or breeding brewer’s yeast with low acetaldehyde productivity will be one of the effective ways to solve beer flavor
stability. In recent years, with the development of genetic engineering technology and the continuous elucidation of brewer’s
yeast genome, a lot of researches have been carried out on the improvement of brewer’s yeast to solve the problem of brewing
and improve beer quality. In this paper, the recent research progresses in the selection of brewer’s yeast with low-yield
acetaldehyde by traditional and genetic engineering methods are reviewed, and among them, the methods and strategies used

to decrease the acetaldehyde production from brewer’s yeast are discussed. The research hot spot and development trend of

brewer’s yeast strains with lower acetaldehyde productivity are also predicted.

Key words: beer, acetaldehyde, brewer’s yeast, strain improvement, flavor stability
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Fig. 1 Enzymes involved in the PDH bypass (Remize et al. 2000).
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2 ZEFMEFHRIKILEYZ BRI EEREH#A (Peterson & Waterhouse 2016)  1a fl 1b: AR =% & kt; 2a
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Fig. 2 Molecular depiction of some of the equilibria formed between acetaldehyde and its various derivatives (Peterson &
Waterhouse 2016). 1a and 1b: Trans- and cis-dioxolane; 2a and 2b: Trans- and cis-dioxane; 3a: Ethyl hemiacetal; 3b:
Diethoxyethane; 4: Acetaldehyde hydrate; 5: Ethylidene-bridged catechin dimer; 6: Pyranoanthocyanins (Vitisin B); 7:
Hydroxyethylsulfonic acid; 8: The glutathione adduct.

T R R R O L A AT AT AR A A R WA ERIT R T2 5, BRERE
(Eichelberger & Bashe 1992; Elias et al. 2008). . R AEFARMAE M. RAMELZE M. FVFEELA
Peterson & Waterhouse (2016) I K F H A% i 97 B R A EEMAE, &R EMIEE TR
FAR (H-NMR) H87 /45 & B [ Eh /) 24 s & H AT S IR SR 1. I b, HEERIR
R, D naIp S R I o AR S L4 R R Ve s i) 1AL o R W R A R E T 7 2, R
MRt 7 EE W) EF S % SR, NMR HOARAT T, WA W v ik el Tk /D AR B R, R L
WAERIAZ W SL RN S B B, B3 2 1 Rl pliAc oK A LR E R (Cebollero et al. 2007) . 4
B EFt. Liuetal. (2018) FEIL T — P[] B A% gt BRI e e B B b 32 AR S B TE At 1, fi 1
T 9 R et A% Hh i B N 25 6 28 S 1) HS-GC B SZ O BT R, LAHERTSAR R4 . (2, Lager
TS, Z T ERIAEE BT L R ER A PR BRI IR & R R 2 A5 AR R R 4L, PR fRe ) 2
BAETE 217, K= SR I BRI B He it 1 LT AFIE G, IR AMESRAT AR E I A5 A B AR AT %

CIEA PR =2 LB Fh (Andersen et al. 2000). J5 4 JF Ak RE & £ A
L e L 0 W I 5 B 5 1
2 fik CBE PR B B H K R 16 B R S T A T B B ST
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F 1 FREMIEE AR RN

Table 1 The advantages and disadvantages of different strain breeding methods and their applications

B JR R W= {7953 52 H
Breeding method Principle Advantage Disadvantage Application
HALE T FTIEEEL, HHAERE /DR A 2 ME RV BT AR50 Aa HE . RIEA
Hybridization AN A AR R IR I A AT IR AE — il A, B2 SS a es tH B i e AR A s
breeding L, HA%FEM Two or more good traits can AR 2, HHILFELZE, [FfEE The areas of
WH, KEHMAMI T be grouped together I FELZAE R E AT HMET livestock,  crops
Based on gene recombination, SEHL and marine life,
collecting the good traits of Dependent on the way of sexual etc. (Cebollero et
two or more varieties through reproduction. No new genes will al. 2007; Zhan et
mating, and then selecting be produced, and hybrid offspring al. 2008; Garcia
and cultivating them to obtain will have character separation, et al. 2012)
new varieties. the breeding process is slow and
the process is complex. It is
difficult to achieve in the breeding
of polyploid strains
JRAE AR S i NI, AT WS I G R B SR Tk A TN REAR RN Y Y. . R
B RAFI AR FE AT 4, EHFRE . LA REH A — 2 2 16 5 1P 35 43 18 55 4k

Protoplast fusion

breeding

FAH
Mutation
breeding

EATRE G, ARG A B BRI  B AW 5 R RE A R, BT B S5 R Plants, bacteria,
BRI PER ) Fe e AT ALk e, WS HAE MOy M T FN.: SERAR AL 1 @S W fungi, ete.
PN P ey PERRIC IR L FEXT SEIRFE MR R (Attfield & Bell
Through artificial methods, The gene recombination of Because genotypic characteristics 2003; Mao et al.
the protoplasts of two cells distant strain can be from two mothers are not 2010)
with different genetic traits realized. High frequency of necessarily evenly distributed to
are fused to obtain a process recombination, limited by fusion strains, the breeding
of  stable  recombinants binding type or breeding results are difficult to predict.
inherited from both parents type, complete transmission The establishment of experimental

of genetic material, and may models, such as the selection of

be combined with other resistance markers, has a great

breeding methods. influence on the experiment
AP, AR SE R JRIER S, RROS 4R @ AL FRTARN 7 In A LR, RAZ Y. ME. K
YIRS R R B S, T 28, FERUE R (0] A RAS 58 A4afe AR b 2N BRABEOIR s J5 307 1 55 1 A ) ok

AR SRR AP £ 45 5 AT 2 A0 R AR 57 28 TAERAR, BRKMEHM: Plants, bacteria,
FEFRELR BRI, HET Simple operation,  the JELE A HERIAK 22 15 A FI A AR #R fungi, etc. (Li et
2 H B SR B R 79 mutation  rate  can  be fE &4 tERR R al. 2004; Wang et
The genetic characteristics of increased, and more The direction of induced al. 2013; Shen et

plants and animals are mutated excellent types of mutations mutation is difficult to control, al. 2013; Wang
by physical and chemical could be obtained in a short and it is difficult for the mutants 2016; Fu et al.

factors, and then a single period of time to concentrate multiple ideal 2018)
plant/individual that meets traits. The late workload is too
certain requirements of people large and there is a great deal of

is selected from the mutated blindness. Some physical and
population, and then new chemical mutagenic agents have
varieties are cultivated operational safety hazards
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FED THE A F
Genetic
engineering

breeding

with certain requirements The

could be cultivated through combined into the vectors

gene introduction method

engineering bacteria, and
the DNA is recombinant to
overcome the infusion of

distant genes. It is not subject

specific genes are effectively solved

and then transferred to the

gk

FEEFE TREMAT B M TAE e ERAAREAE L, BEE R RE TREENES T Y. 2117,
BRI, FBEE— BN LRERET, o ek in) AT R A R Gk

TEESRIIH A E M7 DNA, FERRZIRFE R ANES s Complicated operation. The food Plants,
Genetic engineering is applied ASZM &R, FIHRYE N safety problem of genetically microorganisms,
to breeding, and new varieties 11752, A HHuEAT

animals,

engineered bacteria is still not etc. (Nevoigt et
al. 2002; Wang et
al. 2005; Cai et al.
2008; Gongalves
et al. 2010; Wang
et al. 2010; Wang
et al. 2014; Yao
et al. 2017)

to species restrictions and can

be conducted purposefully

according to human needs.

RURRAIE A — 8 2 T3] L 0 SF 35) 20 T 21 il & i ik
PRI & AR A SRAEAE R AT HULES (Attfield & Bell
2003). JTEER, [l DNA JFHI M58 i, BELE
1 R A1 IS ] o [ AR 0K 1 52 A S 3k R R B 20
e, MEREMN T E MG 2 S i I e .
DRI, AT L AT T b 5 L PR B R i a8, 411 B
SR FH 25 D] TR AR A AL ™ T8 () ML VPG T2 BE T A
T AAAS 53 52 v LG e XU A 1
2.1 REEMFRIZAFR"CHIGERSEK

N T BRI KRR E 1, ARG SE (2004)
KR ANEAS, kR A R R R I AR Y
F%, RGBT — Bk QBRI LS5 22 AL T 3K i P
IR Lager UM RE B R M. ThARE (2013)
BE—B e My AR R R, Gl R AR iE A b
. DMS (dimethylsulfide) ~F-HR#]77 Fl £, 1% £% 77
HOFFETH, REG T —HRAEF” LB Lager 7Y N5 1%
D-A-14, 5t RWKRAELL, RAZRBRKEE
(R b L S B PEAR T 70% A AT, MR RUBK
FeoE DL A P ek . EE A (2016) R
MEEE F-UV B2 5 Ek OBV IRIEE 4615,
DL £ it S0 Wl 35 R AR R TRk FR bR, K" SR
Lager 74 PTG % BF B PR 1) 977 146 %< 1T 1A $1) 60% . Wang
etal. (2013) KH UV IEZ LG EMEAR, UL
BN ME—F YR, 4-MP (4-Methyl pyrazole) Nfiiik

FRAC ik B — RAK = 2/ . RN LB 2 it
) Lager ZY MR I RERABHE MAL2. R BE S
(2012) LMl ERIE Lager BEEE TS-01 NHIK T
e, RIRFIH & AR 22k E 4 R 1) P AR
BHATE W B M, R R PR 2 & H s i A A
PEREM IR TK-10, #RJ@id EBC . 100L ik
SO, R PRI R PR I R R FE e v, R IR
SO, SrE M EFEIN . 2B EE K. Garcia et
al.(2012)%% lager B MLF B2 BE4H T 5 Saccharomyces
cerevisiae AT 782 M 3RS T 13 Bk LB R I ik
SR Lager B RE BRI G4, IR LETE BEAE K
S5 5 BTE 1WA BT Tt .

g LRTIR,  ER T R R R SR A ) R R
PR, R RF 5T 3 RH BRGE AT SR 0 ) TSR AR S
B R R IE B K7 R B RE B AR, R 1A
WA TR Z . SRR LS E FhE A IRTE
T 75 R B ME R ARAR, AR 5 & AR PR 1 [ R 5
. WEEEERE AR RRE, EHEEKE X
WP EEREE AT 840, ALK oS ENH
MCE N RE. PRI AT SR AS [R5 PR T RE 4
RTFBELH 2 B br A0S R AR ™ £ T 507 1 BF 1R
PRIFREAT FH ML AR R
22 XARBREHEFEEFTR-CHREERS

YR E 4 (homologous recombination) #&1H
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RAEFEARGH IR G 0 B A 2 TR B[R] — e ik b5
[FJ5 7 Z1 I DNA 73 Z (A1 B2 1 2 N R SR 40
G o W TN T B, IR BT i L
) — A SCHE AT, MM B PFAREERE I L P2 &
TAER% (2005) J@it PCR HARIKA — B
A e bR R R DX B AR O e I R
vk, fEHBRERYS Lager BYNEEZRF ADH2 LA
KA IR E A, 133 —Fk ADH2 B[RRI 1 Tl
MR T BE 12 RAT R T M Ul 2 3% 7 FRAI O JEoR
1) 1/2, 100L iR BESLIR 45 R 7R IR Bk
() S0 X LM AR il W AT K P, T AE
TR T HREKE, R B KBRS 7 R4
1 1% & =N 3mg/L. [EFfE, Wangetal. (2014)
M TR S 2H A 7 SR 3 T —#k ADH2 PRIk 2K |
[F B} SoD1 (super oxide dismutase) #l GSHI
(glutathione) &KL RN Lager %Y RoLF e 1) 14
Pk ST31 (Aadh2::SOD1+Ailv2::GSH1), %@tk Z
PR R TR B T 29%. Cambon et al. (2006)
10 3 7] Y5 = H 0 o T i S ALD6 PR f ik B T
FRAR I B 1, B4 O 5 2K E] 8mg/Lo
Gongalves et al. (2010) F1 Wang et al. (2010) %k
FH [R5 25 20 R 7E Lager R4 ML 2 BF A Bl R 1 1 4
LA ) S S B R K] ADH2, [R5 A\ RE
THA G B IEH G G R GSHI, R D) 2
T BRI I BER AR RE Y31, H O ERE
K7 31.25%, MMkARE R K RSE s T 1.3
%), T HE i R A 7 A BN D Re R A
AEAAR BT TR, RS 1) TRtk S &
N A=, SR, @& T ADH2 1) Lager !
NELYPG T B} B AR 1] B2 T S B AR R B T BE AR
K2 MRS A AR ZIR R Y . hAh, R H 4 DNA
ORI I 7 BF AR AN BE T R Mk A MR 2R 77
N T A AR JOX — 8, Kim et al. (2014) KA
T AU 2H 2 AT IS SR M T BRI IR, T SR
JE | BEEERSE A KRR IR R R 7 PHXL, 1%
ERI AT DA 455 1 BE A BOAE 05 R 70 B e 7= fi e
&, bR R A ARG AR S A T B
X PHXL i DA 5k 25 28 1) Ak FFG HH K B PR I¥) mRNA 3=
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J5 FOEH i 9 AR T (AR AR AT 42 R o i, IR
7 B (A TR B R ) 2 ) AR A e 5 33 17 P
KB R O & &
23 XARE “ERBREHAR” HRIKZEEE
B B E iR

TE B b ORI ek, 1 B L TR TR B L e ik
RE) HAS 230 e Wl [ 7 B AR 3 Fo B RoR
FE AR5 25 K] SR (1) A (5] T [X 9 110 79 o 38 A% A2 1
AR (Akada 2002). HT¥%A 7V DNA 5] AEEK H
SRR, RHEERE “ BR DR B SRR R 7 N R
DRI A0 14T 280 , A B T8 2 3 T B A U A 6 ] T A2
BRI AR 25 1 77 i R R LR, RS RN A e i
XF v R BE A BT AR . I, BRI B e
ARAE A 3 P B 5 IR 1 A 0 2 4 ML T b R
PR R LA ) S B B P AN

Wang et al. (2005) F|FH HATHEE & Hi bt
Fy- 75 G Y- I 20 R & BRI 1Y) 2 R 7, b T
Lager ZY NP2 R 1R PR 11 ADH2 JE[R], A5 H
BE#E RYL A1 RY2, PCR FHMEH /79 e 45 B B R
GSH1+CUP1 B: R NMVALFBR T ADH2 B: R
— A8 DL, SR i S 56 kI B 2H B AR 1) 21
PRI AE R R T 21%-22%, HERRIITTEML
REJIH BT, R VPSS R T R B, BT
B ANRIE R 0 51N 5 1% 25 4 B Ak T LARE FH T g 9
TokAEF", 32H% (2008) FIH H AT IR
V5 MR T RE M B Pk R ) ADH2 S DR R RIS £
AL AN —AS cuP1 BRI GSH1 A, 3R1E T
ik ADH2 FiiE M. T GSH & &MUl B & TRE
e B A 1) Wl v 2 H R BRI 65%, NG EIK 2
Pt (1) MEELYP I R TP A B T AR
2.4 EAZERBIERBEEL B S ER S E

AU B S TR R B . ZBEM A
iy, CEEMAR. OB A & RBEREEE R
A, DRI, AT DASR F 22 266 R 8 42 SR W A4 IR 218
WL BE TR AR o DR Ah, BRI T 2T 2 36 A VY XA 22
I RTIRPI R 2 —, WE T8 N T R sk s hie ik
R 1T PG P 5 B R, 1R A3 2 X6 Bk AR U A O
F R 22 A 22 A BT A 5 TR [ el 3 4T 4 i s o
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Wang et al. (2005) @it 7E [ — kI bRt Rk A
Aoy ubfe Jily soD1 F1 GSH FEIN, AR iR 1Lv2
A ADH2 JEDH, W T — MR MR RIF. O™
B RAKH Lager ZYMERER AR, FHIZ B AR TR IEG I PG
KR K B S A 14 8 35 B 6 3 98 . Nevoigt et al.
(2002) HFFCAR DL H -3-5% B2 it &5 5] L
GPD1 (glycerin-3-phosphate dehydrogenase) LA
E LRI B (1) Ik SR 0K 22 1 il Lager B ML T BE £,
EErPE ISR T GBI R R TR T 18%), 1E
HEL VPG TR R 1) — R B R R R T L O &
JIT BEAIG, (L 2R B PR AG 21 PR 7 it v B L 1) £
KR ERMELL T« TR ORISR AET, LSl
ARG (ADH B[R MEH /M N 4
W, CmEBtmZh QMR (ALDH JE A%
B ff R TR, DRI, SR [ B SXof P P R A Aok K L
GPD1 JE[H. ADH R Jz ALDH 2[RI 1) 2 3[R 1 42
T, X T B BRI 1Y) 2T AU T 19 4 21 B B R Y
RR .

MLV P B AR AR | s 1 MLV 7= i v XK )
RO E AR R . B4 b, RGO X 5
N Ale ZUMEE EERE R Lager TR LY R B5F B K
(Saerens et al. 2010) . Lager MLyF % R} 2 4] 4% VA
2% N Saccharomyced carlsbergensis ( Hansen
1908) , BENMHLIHIEN S. cerevisiae, J& KA = fiy
%N S. pastorianus (Vaughan-Martini & Martini
1987) . Lager 7MY Mty [ BF 1) PR 1) e (A4 2H B R
%, F MM DNA-DNA ZEAZH KR (Tamai et al
1998; Yamagishi & Ogata 1999) . & [4fi4l %%
T (Joubert et al. 2000) K FEHLY 14 2 45 1% DNA
SIS (Teresa Fernandez-Espinar et al. 2003) 15){E7~
S. pastorianus S H W EYEAIR: S, cerevisiae T Fl
S. bayanus . 4K, FEEFBIEKI, Lager
TR0 G 2 R R 4H B I G A 2R R I R ANAY
JA PR T S. cerevisiae A1 S. bayanus Pifh2EHY, A[H
] Lager LI P2 1F 16 35 R 2 28 e AN IR A [F] (Rainieri
et al. 2006; Dunn & Sherlock 2008) , HH', S.
bayanus F1 S. bayanusvar. uvarum & [X 45 S,
cerevisige FA BB FMRIRIN 321, 15 Lager %Y

MLV 1% B B R B8 0% 0 B 1) R B IR B AT ML
R Lager 2 MUP I BE TR K rh AN [R) 28 A4 (1) 1.
RH 55 E 1) L) /B AR br o, HAERER
HEHE #0H0R 5 Je k5 ER] DNA 7512
BMEHHAFEZE R (Nakao et al. 2009) . Kk, H
T Lager RN e RFSE R H A5 I B 240, RIEHZ
HE H MU RIS AR Lager 28 T b mg 7 % 1) 1R 2L S 2
BERARIE B P AFERORMERE o (H 2 B T U 2H 55
M 2, 2 3L DR s SRS B A AT e 2 BRI Tk
NP R RE TR AR LB T R m NSRS LR
71 B A ) LT I REIE RN

3 B2

LT T 5T N 8 B A A R F1 5 A XRS5 2
— [, ARy —FhTh RETE R o 3 3 A7 AE
TR MR A A A R RS OB, R
Wi MR 5P XU R A R PR R E AL AT IR o 2 — o F 5 3t
AT 25 AT IA 1 1 o e 3 P B 0 AT i, USRI IR
LIBEPUEMN B E R . S5 LTI, MY L
R ) v R A R TR LA 1) MR IR B R Ak
A 7 B WG / AR AP R 2B B AR T
AR v 2T 10 XA BRI » [0 IS P S ) A A P e AT
fb R BEVE REAR AR AN R AR B2 A 2) BIH AT AL,
MR P e e i A P AS R I T b i b S
B JLFR A i S BN &' E. &
M1 £ FR 23 A L T LS RS ORY o 1 25 A o
s (B BilE. SO, AR EIRAE) KA mI i e
JS2, BRI, ] v A 2 0 E MY e i B S AN A A S
LW B R WAE | QRS B BORIRIE: 3) |
T Lager R IRY FE B 55 Y 22 A 1 0 A 58 Ja PR AN AR 22
T T2 BBE 77, X FL AT 10 4% 7 BSOS K A H P ik
Pho BoxE bad i B, 5 P B TR PR 2 T 0 1 o i
IR ML 1 B £ AU I AR T A SS B R 4 2
AR 9% 5% AT 2 AT 4 B 5 AT P 90 e 2 v
L St TS P ) L R 0 A R AR I Y I
e B ) ERE T T 1) .

Tl A 0 T o S ) i 25 ) A L E A s 2
TAVAR I 7 2 H AT, SRR S8 H A At A
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THEEMFBRES K™ MR O 2R
%, AH 3 A7 LR [R] R BERR A EG, XU 5T BB TS
RS ZEN, B, 78RR
T A AR = T T 7 B AT B A 1 A s A
o B, KEAR M N R REE B RS R T
REEVE BB R IR RELYRS e BF AT 20 S B FR, HUCK AR
B, A IR Z3RAF B0 B AR R T AL A I /R
B R4 T2 b, wT DLd i PR i BR g A AR
B 8 R A E TR R A R A B B O T
FEE A 717« P 425 1 ol P Bk L A7 AR RS AL P[] 5 435 T
RARAFAL TS IR 7= i o

Tl YR E 20 DNA ok L R i 3 (A L
T TR A8 FH (%) A 0 2 A i i) L, FR A 1 G 7 b A 82
AT FHELZ T, HT3%A U8 DNA 51N,
K IR H CBE R 0 I RE I PR A AT 2
A BT o T B I A R DR R T AR AR 1 7
R (Akada 2002), BT ZB AN AR 5] /)
(Saerens et al. 2010). Ak, SRAZERE TREHAR
U CRISPR/Cas9 “5 3L [K g RS Lager 714 gLy P
BEGEAT 2 LR 2576 2508 2 AR R — AN KR JT ), iX
P AR O 2 - ML 1 B 1 O PR A 2 MLV i
HIiEE . [FE, BEE Lager 75U ne yi i) JE K] 41 2= iff
5T (Caesar et al. 2007; Nakao et al. 2009) A~
RN, R RGEAEY S A TREFN S 2 =2 A5 510
I3 Kom B s Ik TR g A, W IR G RETIE
A WU P B B R PR 128 B T T IEE , AE AR SR HE B X
— A ) K
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