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1 #RFAEE
1.1 #REiKFH

TR PG P (Saccharomyces cerevisiae )CICC
31084, T [ Tl A W R Fp AR B B b, A0
LR R EILARME A, G, TG HUE ALK
i, 4 CH A .

LRJER (LB N 98% ) , bbb T A= Ak B4
A BRA 7 i S A AU (CAT) I i) & o Ak
Py AL (SOD) I a7 &% P9 8 (MDA ) I 5
& B o I R &L m s @ E Y T
FERFT T 32 WE (LN 98% ) (WEtEF B I |
TR G R AN, E 254k 2550 A BR 2 | PBS
WERR AL ZZ wi], AU A B R A R A BR 5T
A
1.2 UE5EE

SRS - T B Y Agilent6890N/5975 , &
[ Agilent 28 7 5 £F 4 # Bk 50/30 wm DVB/
CAR/PDMS, % [H Supeleo 24 7 ; LDZX-50KBS
JFEZEVK S, i ZBEIF AR s SPX-250B
AACKEFRA, REET 28 W R A 28 A R A | 51510
4 K 32 B0 |, Thermo Fisher Scientific 2 A ;
UV3600 %5853 600 BT, B [ % T 88wl 1H iR
KU, BN ER A BRA T 5 JYZ-V906 151t
BL, JUBR B A R A W
1.3 Ak
1.3.1 RIS 2% RS I AR
B, e w L3RR DI W R 2 A g
U8, B 200 mL T 500 mL H#ETE L, 2% . 65 CK
T E R E TR KU 30 min, IS BB B0 A2 4
A, KB RKEZRIE, BT IREBREG LI RE
15 min , B¢ 2% 5 R I T8 26K 5 FH 0.22 wm 38 B
UEBRTA o T AT B AR AT A2 5 Uk A
10 0,0.1,1.0 /L FLR R
1.3.2 SPEIRVERY R WE N TR A TR Rb R T

150 mL &K YPD i dkrf (BEEEE 1%, HEAWkR
2%, JCKH A 2% ,121 CKHE 20 min), T 28
°C.120 r/min ¥5 3% 20 h, EERGERWAEH
TR KPR 2 Ik, AR A, FHAE B K SE R T &
Vs Ja LA 19 R i A B 5 A5 N [R) 5 2 vk R R
R SE SR 28 C TR #FE R R, T 1 d R,
I BT -20 CIHRAF R

1.3.3  HEYEALEE (SOD) il ALY
I fE i (SOD ) J& — i 8 22 1) Bt S F 1l , RE % 1 1k
AU B Ak AR e A R D R AR K
PE O s 5 WST—1 58 1% F1 8 40 B B 1 5 07 2B Bk
VMR YL R R R R R BERE S UK RS
mL,4 °C 3000 r/min &L 10 min, 5% LiH® ., W
W2 4°C PBS W MEY 2 Ik, H PBS IFlE 5,
SR FH v 30 o 4 A ST R T R AN B, R SR
S SCHR(22]~[23], R 3 K, B RS Y R R
YT 4 °C 5000 r/min &L 10 min, B BT
Z: R SOD a7 & U6 BH E 4700 A

1.3.4 A LS (CAT) I E R HI4H IR vk
5 i3 Ak S (Catalase, CAT) |, 3 33 A 4H g 44
B 2 11 CAT 43 H,0, BO LI, 43 RY HL0,
LM AN P AR AN 4B, T 405 nm I
KA e AR, THSE RN I BE D CAT /Y B
TGP FERE S AR B ) 1.3.3 TR IS R
CAT 12071 & U6 B #4700 2

1.3.5 AR (MDA) e i A A0 g I b i =
Yrrb i T U (MDA ) il 5 5 A EL L 222 (TBA) &
ARG RN Y AT (6 7= ), 7F 532 nm P K Ab AT
e RSO % A i b 3 7 35 (W) 1.3.3 9 T
i, IFZ HE MDA U5 & U6 BH 647 00 a2

1.3.6 SRS K ot A v B B AR S4B a2
13.6.1 FRWEE SM Yang FPJ5E R
FH T0 23 [ A 90 4% Bk (HS—SPME) & 4E 3¢ S 38
MRS, K 4.8 mL SFE SR & B LW RO 0.2
mlL R E N 327.2 we/L N FRY 33 EE A
15 mL A MR AT, A 2¢ 19
NaCl, F 45 C%& 4 F F 1 10 min J5 R H 50/30
pum DVB/CAR/PDMS # B3k 15 25 % B 40 min
1.3.6.2 A AT I B 2 W B S AR I A O
I3 B A Ok A A SR (1S A i 1,250 CTR AT 5
min, {6 3% ko HP-5MS # P 7 95 B 40 % 4 (30
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VR I [E] SOD i 1 BA B2 25 7 (P<0.05),1.0 ¢/
L g R A A o W1 5, HLHO SOD i ik
B i fH (20.19+1.61)U/mg EH . TERBEL 2 K,
YR (0 /L 251 ) \0.01 /L ¢ iR 0.1 /L. &%
TR TR A 22 | RS 1 B B P SOD 17 1 328 ¥ 14
58, T 1.0 o/ L &R R & AR 22 b SOD 1 1 T ih ik
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i 1 B
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Fig.1 Effects of different mass concentrations

& 1

of chlorogenic acid on SOD activity

of Saccharomyces cerevisiae CICC 31084
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Fig.2 Effects of different mass concentrations

of chlorogenic acid on CAT activity

of Saccharomyces cerevisiae CICC 31084
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5 23 I R R TR 2 TP R O 3 e 1 T X R (O
o/L AMEERIFTR ), H S A a3 5 0 IR — B 72 %
BERHT 4 d R QRS Bl n, &l 4d 5 AR OBz
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Fig.3 Effects of different mass concentrations

of chlorogenic acid on intracellular MDA

of Saccharomyces cerevisiae CICC 31084
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Fig.4 Effects of different mass concentrations of chlorogenic acid on key aroma component productions

of Saccharomyces cerevisiae during cider fermentation

o/LAMB SRR R R BEIR R TR O R & ik e AMESREER ), (5 639.33£20.51 ) pg/L(1.0 g/L A1 &
B, kB 6d G FIROBR G RPN, KSR SRR, TERMEE M, W2 £ g 5T vk B 38 W b
BF, 2 R C B & 40 0 A (4 950.53+71.42)we/L (0 A, AN [R) J5 o e B 4 SR R A FH Gt 8 25 5%

o/L AR 2% )R 12 ), (5 161.59+79.07 )pg/L. (0.1 g/L. K LR 78 LB (Phenethyl acetate
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concentration ) 7 HAZ L WA 4¢ iR, 0.1 ¢/L FME
SRR K IR R T CROR R AR Ak B S X
MR —8, TERBERT 4 d CRRIKE 2 G & B i
I, A 4 RIK PR E A, G WAL, AR
Pz b i v 45 e I [ A 2L TR 2R 2T W Bl s T
XFTHRZH . 7E 1.0 /L AR SR R R Kk AR &, TR
RO EAER BV 1 REHE TX A, &
W 1d 5 CAR TR &g Wi m, HW W& T
XA, K 6d Ja LTROR R & ik Bl i i,
J5 BT REAR RS R, LR T i 4y o
(765.49+36.69) we/L(0 o/L ANRLRRRR ) , (772.39+
40.66) g/l (0.1 g/L AMFE SRR ), (977.37+5.39)
pe/L(1.0 g/L MR E% R )

KRBT IEC TR LR (Ethyl hexanoate) 7
AN E 4d BRI CRR £ & i 2 e B i
e 2 RS ) AR AR # 0.1 o/L AR 2 JEL TR 1)
TN A A R R OE O SR A
B, T 1.0 g/L A1 S5 Ji 2 1) 7% i 30 1) 1 44> K T
AR IEC R BRI, KA R IEC RS
Fits & 43 510 (1 613.55+42.43 ) wg/L(0 /L 4P JE 4%
JRPR ), (1 739.7873+67.44)we/L (0.1 g/L A5 2% Ji
2 ), (1343.82+45.97 )ug/L(1.0 g/L AN 4% JFR )

K B P 28 R 1R (Ethyl decanoate) 1
AL UNIE de TR . O of L AR 4% 5 R K A & |
BMROTR T, K o6dnEMOEES
EIRHRRAL . 7E 0.1 g/L AN SR R & BEAR &R
BEWR T B AR A R W R v 3 v TR R
RS 4 RIS OlR &k 8l s, HHE
T R R 4 d J5 28R O TR B B TR AR

£ 1.0 /L AMIR SRR & BEAR 22 i & I i 01 2% TR
ST S W BLAR X AL, K 4d 5%
M2 TR o i TR, RS 6 REMR TR &
kR, AT 0.1 /L MR 2% R & %
RREMR TR T RN R SHE, £ 6dFEERL
Fis & i B T ARG, R T2 AR | 28R TR it 43 i)
(2 350.5+413.66 ) we/L (0 g/L A5 4 R R ) ,
(2 314.97+45.40)ug/L (0.1 g/L AM IR LR R ) |
(3 719.39+416.24 ) wg/L(1.0 g/L SMNELEIRIR) .

KEES R C MR 7 IEEE (Esoamyl acetate) 77
AN B Af fiR , R RE T O R SR
BRI G B AR AR B & AT R TR
JoT HE v P AR R IR R VE AR IR 5 2%, 6 R BT
3d, IR Sk R R K AR R P O TR SN R Y
BT BEZH, OB BE 0.1 o/L AM R &% R R % 1K 2
T TR SR i B /N IR R RS 4 R
EE 0 4/ 2 i 2 % IR AR R v £ T 5 IR T
fm T R R D R B SR R T R A AE A i
SRS IR A B VE T, AR F R0 5 o kg
E L, REEGHEB, £ S IES AR N
(458.5678.07 ) wg/L(0 /L MR L% TR ) , (467.44+
80.53)wg/L (0.1 g/L SMIE LR R ), (571.44+84.50)
pg/L(1.0 g/L AR LRIETR )

Xif 3 SR A T o R R AS TR I R R A R AR R
i 5 A S A L AT AR M A BT, AR
FENFE 1 FrR . B LA SER K R
KOWE LR TE BSR4 W8 5% LR i i
W B 5 MR 2 D I R P IR A OGO R, A G
ZH00r 9 0.133,0.253,0.026,0.114, VR W |

x1 ERFERBIEDHMEZERRERESXBESHIELEZHABEXRY
Table 1 Correlation coefficient between chlorogenic acid mass concentration and key aroma component production
during cider fermentation
BRBRERE RTB F B LB LR LB IE TR LB BB T B T B 5t %, B

SRR E HRIE 1 0.133 -0.012 0.253 -0.248 0.026 0.114

KT B 1 0.548* 0.749%* 0.430 0.696%* 0.337
F R B 1 0.840%* 0.897** 0.931%* 0.834%*
LR LB 1 0.688** 0.804** 0.797**
IE T B LB 1 0.795%* 0.774%*
RIR LB 1 0.627%*

T Bt R 1

ek fE P<0.01 K7 W3 H 56 %, #E P<0.05 /K7 BB H G,
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1E O R 45 5 40 VR 43 J5 IR o B vk 5
R B0 ) -0.012,-0.248

VR PSPS

3 #Hig

SR 2 AR R BRI B RE CICC 31084 £
SRR AT, 35 EE A v i P AR R 1k
it (SOD ) 1 P | 3k 8L fb S0l (CAT) 3 M A P T —
T (MDA ) & 5 ke 312 v BRI /7 RF O Pe i e 1 . Ho,
SOD i P Fifi % 2 J5 R Jo 2% Wik B 1) T o T 20 o 44
Ty AR TR v T g D IR W 3 12 o TR Y 8 B 1) CAT
TP BT v SO G At SRR T 6 A AIE T CAT
P SRIER I8 AR T & AT MDA & & | K 2
Je 191 MDA &5 S 8 1 0 S 50 ke [ a8 vh 4% 06
SR S T 1) O A R B O T B T S 3 3 T
1o, PE R T PO 5 A A IO T AR R S B R K
{8, 5 W R AR TR o AH M 7t e W G
FERYT RO LRAKRLTEE BB TR LR
TG T A4 S5 R R 5 A VR ek D R R ek P B AE A O
K FF R LW IE CR £ 10 o ok i 5 AR &k
A S ViR A S RMH S &R

Z % x #
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Effects of Chlorogenic Acid Stress on the Physiological Characteristics
of Saccharomyces cerevisiae during the Fermentation of Cider

Yang Chao', Xiao Mei', Zhang Han'?, Peng Bangzhu"
(‘College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070
‘Rainbow Star Agricultural Technology Co. Ltd., Xi‘an 710061)

Abstract In the process of cider fermentation, Saccharomyces cerevisiae will make metabolic responses to various stress-
es and environmental changes. Chlorogenic acid is a relatively high content of apple polyphenols in apples and cider.
This study selected chlorogenic acid as a representative apple polyphenol to investigate the effects of different concentra-
tions on the physiological characteristic of Saccharomyces cerevisiae. The results showed that Saccharomyces cerevisiae Cl-
CC 31084 improved the resistance to stress by changing the activity of superoxide dismutase (SOD), catalase (CAT) and
the content of intracellular malondialdehyde (MDA) under the stress of chlorogenic acid. Among them, SOD activity
gradually increased with the increase of chlorogenic acid’s concentration. The stress of low concentration of chlorogenic
acid (0.01 g/L)promoted the increase of CAT activity of Saccharomyces cerevisiae. The content of MDA was reduced in
the early fermentation stage, and increased in the late fermentation stage under the stress of chlorogenic acid. With the
extension of the fermentation time, the concentration of key aroma substances in cider gradually increased, which reached
the maximum in the middle of fermentation, and then gradually decreased and stabilized. Correlation analysis showed that
the concentration of key aroma substances, such as phenylethyl alcohol, phenylethyl acetate, isoamyl acetate, and ethyl
caprate were positively correlated with the concentration of chlorogenic acid, the correlation coefficients respectively were
0.133, 0.253, 0.026, 0.114; ethyl caprylate and ethyl caproate were negatively correlated with the concentration of
chlorogenic acid, the correlation coefficients were —0.012 and —0.248.

Keywords cider; Saccharomyces cerevisiae; chlorogenic acid; physiological characteristics; aroma components



