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B FE MEUBARGEOATENMET AEAMKENY 15 gL MEETER EHERED Bk A, B, N
A, BN EEREESERAT#RE £ NC REER0.055h "HESFTH A, BEHITRKEESZR(20 gL)
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44% TBA 1§ 24% , EM W RSV ER 77%  EMIC B EHHB RS HEER S WG M HBKEA GSHEREX
T, A, N TFRET 2%, EHAMBAMER TERAGT Ahkk M, MEEZREARSTFORT 1 o’ &
BESR, SHEKTOHAL HENEARAMSREELTAE, PAERRASEEYN MM KEESR -,
B M, BEtRERED GSHIRFRA T 30% , TBA HEEME T 19%, B MMM A RSVEMBE T 929, FHMEE M,
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BE S FARALBEERANNKEEHRGE
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EPFEEE /T GSH RN RENHELE
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1.1 H#
O e R ( Saccharomyces carlsbergensis )
@, AT FT LA EF SRR C-03 il R HRiE

- HEPIKETNZ BT,

1.2 EXFE

1.2.1 FHEFE . RBESQR E7LTZ . H
BN 24%, BERMER 0.8 g1,

1.2.2 DL-EEMMEERE (/L) - W 50,E
EE 10;BESHE 10, DLEERXATBEE %
WM,

1.3 TRAZE

1.3.1 UV EEMERARMEREK D58 ATHIE:

E4ME . ERSAESTARIKE I "HEBEM XS %A (EHE R [1996]810 5, No. BE2002019) .
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FEEF BB ZE 15 W S AMT T 30 om &b RS — &
WS AR B R IEFRES, FEL 25CHME
BFERhE HBERGEEARWHE TR, 25CTH
73 d, EEVLIEUR PR L O E ER T S5
X ERERFA.

132 KEBEAFM:AHEREY LR EHTEE
300 mL EHHNEER Y, F N CHRBEFEPHEST
FERE EES~6da, TARS R NE&HBEL
55, |

1.3.3 HEMEZIF BV HEUS.EH—
MKEERE,EA 100 mL TEEHE S, AR
—ENHRBREEZEABARMEERE. 248
EETI0dR MEPREEY>E . Fik. NHER
BEREXERERE,

1.4 SHFHE

1.4.1 ZEH T GSH ¥ B : DTNB-4 bt H Bk 5 JR A%
L,

1.4.2 BERA GSH X & B 40 W A 8k Bt
R2Kfa ERER OB (VIVVIZBEBRP 30 T
FiRFHIE 2 h, ME b 15 GSH B, B LA A8 5 40
RTESHREAN GSHEH.

1.4.3 BEHHRD GSHESEMRNEE . RE 1 g
BERMEETMMIE, A 2.5 mL 0.15 mol/L Tris-HCl
(pH8.0) B B HEER 8 min(KE; T 15,4&
25),4 °C.10 000 /min T &.0> 10 min 18 3| 55 41 fig 18
B (CFE) . ¥ 100 L & #8100 pL H &8 .40
pL 2E B EBE .60 1. ATP,100 pL — 5% FFHEEE 100 0
KC1.100 pL MgClL (L) ¥ BA 0.15 mol/L Tris-HCI
(pH8.0) AL, W HE 35 2 0. 1mol/L.) \200 kL 0.15 mol/L
Tris-HCl (pH8.0)WR & /5 ., A 200 pl. CFE,37C &2 1
15 min J5,95C 2 min K, 10 000 /min & .{> 10
min, B L W M GSH WK IE, M ARSKESD
MAXKIER CFE, FiRZGHT, A4 1 ol
GSH MM B & L h— 1 BBis 8,

1.44 HENGUWER(TBAME) AU _ZHRBAEN
REXRRBELSYERERRTERFHRE N f LY
BaE £, B S5 mL £ 10 000 /min 5089 W&
MR, MA 2 ml & 33 gLBEREEEZ®R
(TBAK S0 ZBBH, A RS (ZEHAS mL &
OFFETRMBERESN 2 mL ZBAK), F 60CKE
PN 60 min, YKIE ¥ E,530 om T G, BLE % &
=7 TBA 1.

1.4.5 MR ARR S KM . iR —# %k 5 HE
W, EF LR EERETRETRE, D4 mE

T 60 CKBHRRIL,E 12 h B | SEBRIL B T
KEHFRE. FR4 TR LBHRATE, R 1.4.4
BAE, LAY oA 5,530 nm F 3 & A B 1L &t ]
THEGEWOLE, By ATBA, {5, KK 8 8%
( resistance staling value, RSVYEL F &, F R

1 ( 12 24 36 48
a “\aTBA, * 37TBA, T ATBA, t ATBA,

A [ H G W T B AL B RSV A -5 T A9 AL oR £
BMEAERNEXR.
1.4.6 NLM HBEK/D ZETHRE HEKRE. B
/B KBEEFASHE WIE(12],

2 #R5it%

2.1 UVEE

MR ENEY EEGHEBERKE R R
BRI 52 T X e BB AT R, UV R B H .
AYPIRARBFEENE ARBAESARMERS
FEZEMER, EHERE UV BE 60 s 497 8 %f
RERHTEE MU AR IEE N 85%,

IR R B 1 9 0 % R B M 2 : GSH
MEDABAER R : LS8 L ERER
Er-AABRYHERSHEM(CGSHL )MEATER
rERBEMEAM; SES HERAESKRHRKER
B (GSHI ) #EIET AR GSH, Hh GSH T W5t
X GSH Rl , R CSHEMEBMNBES T, &
FAMAE GSH WALy, 2T HEARWEE B,
HATHE(E GSH I X GSH J% 8, {F bz 18 30 5 48 LA 4@
B ATEE GSHEREED .

2.2 ERMWMMEEHAORERERRR

2.2.1 EEARHHEEENRE - TREA, YEH
BREBMEEED 12 /Lt BBEKZHEBM
il MM EEIRE] 15 /LB, BERA KB T2 ME (Y
MEBIBNE) . ML 15 gL WEEMIKREE T
W AT

222 EAMEHMEAHNRE . UVELTR,. EER
MRt AR L RE LBk L & 180 B, 4 Bl T A
MADHBE, 47.5%KERAKR KPS B %8B
W R QR E R L, 25% BB Bk LR 7 B
QAR — 2T 27.5% 89 40 B K/ ) A F g
BEHEQ. T BRI k8 &t 4
H 4/ R R R B, PEE BT R/ 48 R
HITREEERE, SHAKRAREHQE,
iX 48 PR, 50% AY B4 Bk TBA {8 KK , 54 9% 09 B8 #
GSH ™R H, M RSVEAMERRMEY S 2%,

RSV =
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Table 1 Fermentation results of the strains obtained from the second screen'
Strain Parent Ay Ay Ay Az Ay Ay
TBA value 0.30 0.287 0.285 0.256 0.297 0.257 0.9
GSH concentration/ { mg/L} 43.4 45.3 50.2 45.1 45.6 51.9 45.6
Apparent fermentation degree/ % 598 55.1 V 541 56.9 58 4 56.3 60.1
RSV? 54.8 55.1 60.8 60.8 61.1 75.0 62.4

' Date represent mean value of triplicate samples.

2 Unless otherwise specified, RSV was measured after the completion of main fermentation. Due to the presence of axygen, the RSY measured after the main

fermentation was lower than the RSV measured after the final fermentation.

2.3 ERBNEZYE
ZUVHATHHEMARRE REREFEHN.
HrEERTHRAOMEEERBLUEBE FAERMBRK
EREREZVWFENFEERARTHPOBERE
th. B 2.1 WA, B4 GSH I % GSH &1
REKRABAGHREEEREREPERK ALRR
B ERFNERBAEAEE. EdRREEEAR
EEYIF, FUEEELE GSHARBEBRENES
B, HTRTHEIREER 15 gL HESR, Kk
BE. EZYVFHNEEREKEENRN 20 gL,
2.3.1 YiFAEMNEW - RERSNRSERKEE
R2sC BEEFSWE R IICERRE., RIEEFE
WBEED NS WAL T HETARBRE
M A EEEZYFRAOEHE, YF 1045, AEH
BEREBMNABEAPESBEE 0 KEHTHRER
B 50, M E 60 Pk E®F A RSV . TBA A
GSHERIHANTHIT . ERRTE 2, TLE
B ARYIFREXNEW®?™ GSHEAEMBER A
BE, HBCIUFRELELOEE, HEBRNT
BWTBAB® T 11CHIFH, ¥ RSV UETF 11CTH
HR. XERANEGHARE 5CTERRE

R, SELAYRATEAYRRENENR

WEERAE S CESEWRTHIMRE, FBLIH
BRMEBE SR Y TBA EEE. NCT#HTE
EMWFEREN, RPN A EE WA £ 7 %4
MER TRITISR A REHFSRAFTEEETN
FHRER, IAREHERBHEE.

%2 WHEEEHRAMSEEOER
Table 2 Effects of domestication temperature '

FEAN 11 25

TBA value 0.252 + 0.082 0.307 £ 0.063
GSH/(mg/L)} 55.0+3.8 54.8:4.1
RSV 79.8+2.5 73.2x2.1

! Data were expressed as mean t stendard deviation {n = 30)

2.3.2 MEBENIFHRNEW: N TERERY
FRFMER N EEPFHRE W, £ NCTTHA
THREEMNYFHROER, NF 1045, N44

CENHEPEHMERRT &S EL 20 REETR

BEBEAR 4 IMRBEEXTERIKESHREY
R B BRBETY LR, 43R 3 BT7R

3 EERAEZNFIREERNRABRSNRSER
Table 3 Effects of dilution rates of continnous methionine domestication

Db~ ") 0.038 0.06 0.10 0.14 Control
Strain M M Ml M My My M LR M M M"™ MY @ An
TBA 0.26  0.25  0.25 0.32 032 034 0.3 027 027 0.38  0.34  0.37  0.40 0.257

GSH/(mg/L) 62.5  61.5 57.9 66.3 6.7 646 9.4 549 540 628  6l.1 61.9 434 519
RSV 85.2 4.4 80.2 69.9 68.6 62.8  61.3 60.4 57.6  66.5 58.9 58.2 548 2.0
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M3 3 A, AR R R AP 4R ™ GSH fE
HBHBEEWH, AREREL, AN PR UHHE
BRi¥ TBA R AH R ¥ 8% % , 0 RSV 1A W &R K ( S ek #E
By, HREN FHRTRAMEEYIFERZEH
SREERSEQRITR, R LR, BB TR
B, BRSO o 08 ZE RS 28 o 3% BN 8% P AR
FEFBRHESHEMGEESE, B BRAHAR
EE.TANEBRBERSHAMBEA LA KBEETL
HE. WERMA, ERFMARMNLERKREREL,
R, FRFHAE-HEASYEAEERL
YR MR, % T4 R HEETHM™ GSH

HEAHEAKX EEAAEEEREZWFFN
RUB/IHRERIFRA N E, HkE MM
oMLK 3 BB R, TR RR.
24 BARAMNBAEERR

MEA - RERRERSGE S AUARER
BB EN. X ERRESZYIFG R0 3 HR
BRI A, BBk, 7E1ICEMS d,6CKR
BIOJHITEAESHT #TREHRR, SRAE
4, HP RSVEIRSEENEE ARLPESE
M HEEHBEFEI~3FAHERB RSV
fi.

4 AZEZWXRPIRPD-HBRKPDBELRE
Table 4 Stability test of three strains isolated from continuous domestication

Generation Final GSH/(mg/L) Final TBA RSV of fresh beer
Strain 1 3 5 1 3 5 1 3 5
Ay (control) 52.6 443 40.9 0.28 0.31 0.33 158.6 148.1 136.3
M} 58.8 59.1 58.9 0.26 0.24 0.25 244.3 248.8 241.3
M} 50.3 51.4 50.7 0.25 0.32 0.30 244.1 192.9 155.8
M} 55.0 55.8 55.1 0.26 0.30 0.30 196.5 177.2 168.0

MEAR REBEREZVRMN A BHk, &
SERSAGE. . KEBEPCSHERETR 2%; &
HMEAMREEIESEBIN MM, M M, B8
EESRE. EBB P CSHEERERT, Hd M,
BHRE A B TBA R, RSV HE &, Ht 2
EUHRY HCRAREEREST | o KEEESR,
2.5 M, BiskEdsEHIRENEEKE
2.5.1 BARIFN CSHEY S RBEENEN.
¥FCSHAERMAE(GSH] M GSHI B MRS
B GSHHX@BHEE HEEFEAMod SN BER
BHEQ A, M M, ZHMFRA GSH & HBRNIE
% A GSH & R 2Bl 4 GSH MREEREAT T 407
(£5). EEMBIENHK A, RH GSHEERAK
BEREFORAB 1.7 . BHEEHERAIEE,
KN BEMEZVWHREINN M, Atk FERIR
P GSHEBMAREEAAT, ZHHWHS GSH
I %4 GsH BB MR RES I & # e
2.5.2 MM MEREQEESTFORRTH
o GSH 5 BB 3 18 ¥4 B R BE P GSH )8 M4k .
mE 1 R, EERTRD,GSH S M £ K3t
FEHEERE 4 XFBRKE, MABEB K GSH
SREMNEALAHTRENES, ITERHTFER
MEP,RE GSHE RMAMIE A Mg m, H

HTFEAMBRY RO FELELCYRB A4,
GSH B AW, M GSHRF SR EB AN FER
BE. EEMRBELIES LA M, 89 GSH &1
MABUMEARE P GSH IR EH R T 1 k¥
AEFHFOD.

s MERGWO. A M EH GSHABRENER
Table S Comparison of the GSH biosynthesis of
strains ), A,, and M,

Specific activity Intracellular
of G5H GSH content
I ulg wet cell}t  /{mgfg dry cell)

Strain Generation GSHY( mg/ L)

@ i 198 + 12 8.3 43.0
5 190 x 15 7.8 4.2
Ay 1™ 395 & 21 22.5 53.0
st 348 + 18 17.6 41.5
M, 1™ 420 = 24 23.4 58.0
5t 414 = 10 24.8 58.2

! Mean + Stand deviation {n =3)

2.6 REMEKM N1 XSl
ATHEEREHRM, REBNKEFHER,
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FE1m' KRR X R W Q R LR B
M, EIati#fr R E, M M, ERERREETHE
MEBEERE. WGBS RAEENLE 6. £F
AR RAMITEHRM R T, S AER B RS
FOMEL Kk M, RRERP GCSHERERFTT
30% ,TBA HREE T 19% , G & B9 19 RSV A W 2

-3 5888 8

Specific GSH biosynthesis
activity/(u/g)

vd

Amgll) -

GSH concentration in broth

<

d
BH1 ZMEPEEHEMN CSH SRER
X BEIE 1 CSH S BAWE/L
Fig. 1 Time-course of specific activity of GSH
and GSH concentration of strain M4 (@)

and strain &) (o) during fermentation

6 1w AREESMRAESRMN LR
Table 6 Analysis of fresh beer brewed by strains 2
and M) in a 1 m® fermentor

Parameler Parent strain (2 Mutant M
Original extrac/ % ( Wi W) 11.7 12.0
Ethanol/ % ( W/ W) 3.95 4.15
Fermentation degree/ % 65.8 66.7
Calor/{E.B.C.) 9.0 8.8
Total polyphenol/{ mg/L) 146 149
Diacetyl/( mg/L) 0.08 0.07
TBA value 0.220 0.178
GSH/( mg/L) 45.6 59.1
RSV of fresh beer 125 240

BT 9N2%, MERFEFRAEEER. AcCUMS M
EREPHRAEEAESE AANE LAY
MBILEAT (HERG L), 0, (UEE M
TR ) A W, HL LR & 0 T B BT QR R
LT KR A A —F

HEXRY,. 2 UVET . RERWEEEREER
R EEAREZVFERGN M, B %R
fEHRBENER RTERS, HTHREERE™ER
SrEI LR GSH, B Tl b EEMRANE
W EAOWE, R RE TRE R ELES, R
LR bl 3 St Rt R T

REFERENCES($ % 30#k)

[1] Hashimoto N. Brewing science. Bristol: Stonebridge Press, 1981

[2] Kaneda H. Reducing activity and flavor stahility of beer. Master
Brewers Awociasion of the Americas , 2000, 37:165 - 171

(3] LinoW (BHE), CoCX (BE W), Zhao CA (RIEX) eral. A
review on beer flavor staling, staling mechanisms and anti-staling.
Brewing (BE), 1996, 1:1- 16

[ 4] Lerrusieam G. Nonoxidative hanism for develoy of trans-2-

nonenal in beer. American Association of Brewing Chemists, 1999,
57:29-33

[5] Bamforth CW. Beer quality: oxidation. Brewers’ Guardion, 2000,
4:31-34

[ 6] Kinoshita K, Machida M, Oka S et a! . Glutathione manufacture by
methionine analog-sensitive yeast mutant. 1986, JP61209583

[7] Komo G, Harada M, Sugisaki K et of . High glutathione-containing
yeast. 1977, JPS2125687

[B] LiQ(FEK), GuGX (BENR), Sun FN (X T) a al.
Breeding of low-diacetyl producing brewers’ yeast. Journal of Wusi
University of Light Industry (RSB IKFFIR), 1997, 16:47
- 50

[9] Tietze F. Enzymic method for quantitative determination of nanogram
amounts of total and oxidized glutathione: application 1o mammalian
blood and other tissues. Analysis of Biochemisiry, 1969, 27:502 -
522

[10] Kaneda H. Chemical evaluation of beer flavor stability. Master
Brewers Association of the Americas , 1995, 32:90 - 84

[11]  Parsons R, Cope R. The assessment and prediction of beer flavor
stability. Proceedings of the congress of the European brewery

. convention, Odord: Information Press, 1983

[12]  Guan DY (¥4{Y)}. Beer Industry Handbook (M9 T ¥ F¥1).
Beijing: China Light Industry Press, 1982

© HERFRHMEMHRAATIKSHEES  http

//journals. im. ac. cn



6 : F M AFHEARARTERRBARKEEEHTR 917

Improvement of Beer Flavor Stability by Screening Anti-staling Brewers’ Yeast

LI Qi"*"  PAN Xue-Qi®  GU Guo-Xian'
' ( Department of Brewing Science , Southern Yangtze University, Wuxi 214036, China)
*{ Key Laboratory of Industrial Biotechnology of Education Ministry, Southern Yangtze University , Wuxi 214036, China )
?( Centre of Research and Developmens, Tsingtao Beer Co. Inc., Tsingdao 266100, China)

Abstract In order to improve the flavor stability of beer, a brewers’ yeast mutant, A, , was selected for methionine (15 g/L)
resistance afler UV mutagenesis. Compared with the parent strain (Z), the glutathione concentration in the main fermentation
broth of strain Ay; increased by 20% , the carbonyl compound content (TBA value) decreased by 14% , and the flavor resistance
staling value ( RSY value) increased by 37% . To obtain a geneticaliy-stable mutant, the cullure of strain Ay, was domesticated
by continuously feeding a medium supplemented with high concentration of methionine (20 g/L) at a dilution rate of 0.035 h™"'
at 11°C, which lead to the identification of M;. Compared with strain Ay , the glutathione content of strain M} increased by
44% , the TBA value decreased by 24% and the RSV value increased by 77% . To compare the genetic stability, strains M} and
Az were inoculated into flasks and transfered continucusly 5 times. The intracellular glutathione content of strains M} kept
constant while that of strain A, decreased by 22% . Pilot-scale experiments were camried out in a 1 m® fermentor, using the same
mashing and fermentation conditions. Comparing strain M} with the original parent strain (2}, the concentration of total long-chain
alcohol and ester was at a similar level. Furthermore, no significant difference in routine fermentation parameters was found.
Most important, flavor test of beer demonstrated that typical Tsingtao beer flavor was kept after the mutagenesis and
domestication, while the glutathione content in the fimished beer of strain M} increased by 30% , the TBA value decreased by

19% and the RSV value increased by 92% . All above results demonstrate that strain M} is an excellent anti-staling brewers’
yeast, and therefore has great polential for improvement of the flavor stability of Tsingtao beer.

Key words Brewers’ yeast, unti-staling favor, methionine resistance, continuous domestication, gluwathione, carbonyl

compound, beer flavor stability
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