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Antioxidant Activity and Fermentation Aroma Compounds of
Saccharomyces cerevisiae in Simulated Wine
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Abstract; Water-soluble B-glucan with different concentrations was added to the simulated grape juice
and then inoculated with S. cerevisiae Aroma White strain to start alcohol fermentation. The antioxidant
activities of the tested strain were detected on the 2nd, 3rd, 4th and 7th day of fermentation process
respectively, and the volatile aroma compounds in the final simulated wine samples were determined by
headspace solid phase microextraction combined with gas chromatography — mass spectrometry ( HS —
SPME —GC — MS) to clarify the correlation between the antioxidant activities and aroma compounds. The
results showed that the activities of adenosine triphosphatase ( ATPase) , superoxide dismutase ( SOD)
and the content of glutathione ( GSH) in yeast strain cells treated with water-soluble B-glucan were
significantly higher than those in control group (P <0.05), while the contents of reactive oxygen species
(ROS) and malondialdehyde (MDA) were significantly lower than those in control group (P <0.05).
Water-soluble B-glucan with concentration of 300 mg/L significantly increased the content of volatile
compounds, especially linalool, phenylethanol, ethyl octanoate and ethyl decanoate with floral and fruity.
These compounds were positively correlated with the activities of ATPase and SOD as well as the content
of GSH in S. cerevisiae cells. To sum up, water-soluble B-glucan with concentration of 300 mg/L can
significantly enhance the antioxidant capacity of S. cerevisiae Aroma White strain cells, remarkably
increase the contents of esters and higher alcohols in simulated wine samples, and it had the application
potential to improve the fermented aroma of the wines.
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AR ], 5 S5O0 T PN 1) BT SE A B 0 R G R A, AR T
£ % ( Reactive oxygen species, ROS) , B 35 41 il i Ji .
H AT DNA S5 20 Ao, 40 4 TR R A A ORI A
e AL ROS S 2 T4 A B B 1 7 4 , s s
SRS Sy TS5 4, 5 BOCHERE TG ) AR Bk 2k L 5
i S A A B A o TR, R R e A o
R TP T o TR AR B 4R AR RE 0, R 45 LA R 1Y A L T
JI ARG A EEE ., Hil, HrMa S
] 2 G L o T R 22 A DAy i e B R0 N T R
WA A PRt % A A T
BCR G R A A T 2 T 5T AR I S AR

PR 240 i BE 22 0 T R A 1 H B RO (30% ) FI
B-HI R HE (40% ~50% ) . vl i P ) 1 5 R b
7] 7 17 TR o A v Y i B R TR P R LB e I
gt T B BB I BT 5T A 3 B oA bR
Y BRI G ) S AR AT B R
T 3 3 25 (Fenton ) S5z i F1HG 5 88 4810 ) 15 1 il
( Superoxide dismutase, SOD) . i & Ak ¥ i 25 31 E AL
B3 P, #2755 - OH R O - TR 0 BRob 2
Hh,B-HIRBEN R AE AT 5 &8 & T 455, Ml - OH
7 A, B Ak B B 3 S Ak B o B R . R 8K
B-1,3-7 FME M v T oK B R OR I R R
PR A B A . © AT R,
U2 ¢ figp 5 A WY K i O, -1, 37 RO 1 1 o 4
RG BEAT AR 2 W R B AT, 7T LA 35 Bl L A
PE, HFEAR SR X ABTS™ - - OH DPPH H (i £ .0, -
LA BB R AR P A 2 R o o
T o T TR P R TR R 1) S AR M S R A RS
Yy i 5 i o8 A W

TE ] 5 0 52 B R 3 A= 7 e, S [ A A R )Y
it 215 0 A il 28 BT S AL R o0 A RE X A2 2% HL 22 S
R TN T JHC ) 8 B 2 3 8 o3 WA, B PTG
SRR AE R IR 5 oK, ST LA B & AR &R
Hol T A o X i 0 45 R B 2R . St AR SC R
RRADLA 4 T D 1k, A T K A I I S A [ Jo e
JEE ARV B SR, 42 5 RS T B 40 i 1) BT 4R Ak
TP A R 1 A A G W S e LA, LB TR
fifp BT K B~ SROME X A A T A B R LS Y
P& AR FAAL I B A 7 1o 4R AL 2 2 4040 |

il

cerevisiae, S.

1 #M#BERFE
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KEEVE B-# R WE SG 90, W T2 HLEE B Ry A
RO w) s WEEESS A DL B-1,3 WEH 6 0 =, 5 A W
B-1,6 Wit % 5, 4l ) 85% LA b, 43 F B & 200 ~
500 ku, BAT R4 A, #E HT & 200 ~ 500 mg/ T,

ROWE BB E VB OR O R SR 5%
lii RO CMROHR BR O FIRROHER . C
M2 MR T R £ TR 55 4 AUbR HE A X908 F 36 [ Sigma
A

SOD ATP i i & 15 &, i It Y 4% e H ik
( Glutathione , GSH) ROS | 7§ — ¥ ( Malondialdehyde ,
MDA) A6 1500 &, 08 F Fg 50 E iR W TR S B
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LRGN X S [ b A, W B R G A A T
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TRACE1310 —1SQ B S AH (4 1% — i 3 X, & [
Thermo Scientific 2% &) ; DB — WAX %I 5 5 % % #%
(30 m x0.25 mm, 0.25 um), 3£
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CAR — PDMS, |- ifg 2 3% Bl 2 AU & A R 2 7] 5 DK —
S12 AU e Fi i K v i, b AR AR g A A R
Al ;PHS —3C HY pH i, b A B 27 A s e A7 R
2] LRH — 150 VA LB FR 4, b i — e ) 2 438
ARRAT
1.3 A%

L.3.1 A4k R p

R 2 T B BC 1 = 2% SCiik [ 14 ] /9 7 i 1
T A BE 100 ¢/T CRBE 100 o/T; B PR & B
1 500 mg/L @R — &8 750 mg/ L FiEZ 4 500 mg/L &
655 0. 117 mg/L; JLEEL 20 mg/L 44 % B, 15 mg/L
ZEER B, 0.25 mg/L ZEER B, 0.25 mg/L EYR
0.003 mg/L 4k % B, 2 mg/L; L-3 5402 3. 0 g/L ¥
IR 300 mg/L i A7 R 2B 2.5 g/L. BE4ULTEER
40 mg/T. SO, (i T MV 47 B2 44 71 ) , NaOH 8 1y pH {E
£ 3.5,

1.3.2 [ 1 A v R 35 A 5 A 4003 4 Tk e

Fie 7 it WY 95 HE 37 J7 vk R TR T T BE TR B 2 AT
WAL o B iE Ve T REVE T 10 A5 AR FR R OK
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Ak 25 min o KA AR 4 AT IR ST 45 R s AL R
f) Aroma White B# #£ (0.2 g/L) , ¥ F 2 5 &%
300,400,500 mg/L 7K ¥ 1 -7 5 W5 1 A5 4004 45 71
L LUK TR K 1 B 28 B S X B (CK) ,20°C
TE UL B 95 A E AT W9 ORS K R, AR OME T R E N T
4 g/L I 25 o0 R T o M\ B AT % BF TR AR (O h) JF
G, BB 24 h I E B R 40 i 09 A= ) i (DL 600 nm
WA AL B 6 BE (0D ) EAE) , 22 1] Aroma White
BtkAERK ML, FATEE 3 K, 4 RBCEFH1E.
T

1.3.3 RS /B 20 M bt 40 Ak 3% 0

1.3.3.1 Aroma White g " ATP [ 75 J1 0 &

Sy MR R BER AR 2 (R 3 (T (4
W) 7T R ORI BRECF IR o SISk 16 ] 19 )7
I UE L, 10 mL & BEAEAE 3 500 o/min S5 {4 R
B30 10 min S5 (BRI W, U B T B 40 i ; ATP
T 70 2 AN BES] AR, LA 5 mL 0. 9% NaCl 3%
3 WA FRE, BRI 0.9% NaCl, pk /K 15 88 75 g
WE(4°C , h# 360 W, FF S 5,421k 7 s, 353 1 min) |
il 5 0. 063 g/mL 5] % o o A #5442 B 57 &5 10
BB AT .
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Z: MSCHR [ 16 ] 1 7 5 IF M08 e, Wic 48 1 B 4
JEL, A R HRUZH 5T i, 1] 20 A5 (KRR RS ol R R 22 o
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10 min P& 3B EEBEA0 ML, F 42 2 WG, FEINA 20 F5 4K
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W, ¥ BRI A AT A
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A EERE W, 3 500 r/min 550> 10 min U5 £E 41
JiL, PBS Yigk 1 ~2 ¥k, 4% 850 OB 7 40 i F PBS
L4 N & U T A o A SO BB (27, 7
Dichlorodihydrofluorescein diacetate, DCFH — DA ) , $#%
PR I A 5 () e BE 10 wmol/mL HEAT I . AE S fE
WO WA 500 nm IR AR I 525 nm Z5 AT R AT
FEEAEM
1.3.3.5 Aroma White 4 g f MDA & &l &

PR 1.3.3.2 I 7 i R 10% 19 40 i 50 5%,
Z: [ MDA 5 3t i 5 32500 6 Ul B A3 2R 7 44
1.3.4 HERMEFEIY T

ZHSCHR[ 17 ] B A7 8 ) GC — MS
(A EIE-B I 2508, IR IR Bl

1.3.4.1 FEROELE

HU 8 mL A7 RE W I 2.5 g NaCl 10 pL 2-3¢
P (Jo0 e FE O 81. 06 mg/ L) |, i AR IR N FA ik g 45
FEAS T, 40°C KV -5 30 min, 4 A A8 BUER (5 1 2
Bk ), T 28 2B 30 min,
1.3.4.2 GC-MS %14

GC &1 % 4F DB — WAX 60 m x 2.5 mm X
0.25 wm, HEFE 5 BE 240°C | {5 5 28 6L B 230C | 5
TR B 250°C, AN 43 U i#E A5 2R (He ) P
1 mL/min; i FE 0 [E] 5 min; #5 J5 FHREFE T :40°C LR 47
5 min, ) 3. 5°C /min J} & 180°C ,{#4F 15 min,

MS 5 . M 7 %% i B 7 (ED) 5 7 fig &
70 eV ;i 2k il B2 180°C 5 2§ + 5 B 200°C ;5 T 1%
HHEEE 50 ~350 m/z,

JE M E f AT AT AL NIST — 11 Wiley N 4 &
P X B Sk B W I R4 T 0 A5 R L X,
A N TSN AT 2 i, NS FRY
J A2 By o X B AT s v 1Y) R G R 2
WA A, R bR fh 22 (R® >0.995) 5 &, G
B v B A6 A 0K AR 22 S5 40 B R AT AR AL (B SR
BOM T W bR HE W SR A T 2 o
1.4 HIESH

M EE 3 W, B3 E, L85 4E M
Microsoft Excel 2010 13845 fi 2= , & ] SPSS 19. 0
HEAT 7 22531, Fl Duncan’ s 2 8 2% 5 | 3 43015 I
JH Origin 2018 /E &

2 Z#REHSW
2.1 KA B-EEMEST Aroma White B #k4E KK
A0

F AL T AR 72 B RS S e 2 F v, AN [ i
W KA B-H SRAEXT Aroma White [ ik AL #)
WHEAWIR e A . A3 d )5, R AR Y
AR T RERE 5 A5 A I 6] A 55 7 K I T T e £ 40

3.0 -

25+

——CK —+— 300 mg/L
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P oK PE - 2RO X TR IS T 1 A ek ) 52 T
Fig.1 Effects of water-soluble B-glucan on biomass

of S. cerevisiae strains
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L 0Dy B K E /MK IR 2 300 mg/L (2.509) .
400 mg/L(2.461) .500 mg/L(2.398) ,CK(2.046)
5 CK M H, 4 B 55 22. 63% (20. 28% F117.20%
ZEA YN, FE AL A T I ORG 2 B IR K I B-
IR BEA R T Aroma White T8 #1925 £, H 7R it
300 mg/L B RUR B
2.2 KA B-EEMEX Aroma White Bk S
BE MR

2.2.1 ATP %5

ATP [l Z A T UM R 48 b 7E g i 46t
Yy s AL sy R A B OCE E/EH, EE
TE YT A0 R PN B 3 T A R 4 B R 25 A8 5 D RE 1 5
P 2 0 200 ML A 3 9 A S T 2 ORI/
PR ERE P <0.05 KFETHNZERBE, T
[6)) i, 52 i 2 e Bk 20 i ATP il 3% 1 76 vh 5
WEFFE (P <0.05) , 7E55 4 KA & & T X 4]
(P <0.05), 4%t CK 3 in 39.59% .36.43% #il
21.90% . /N [R)J5E o vk BE 1) /K i 1 B - 2R b Ak B 4
Z Al AETE 25 5, Horh 300 mg/ L 4b B 21 7 T A % 1%
87 K EF, ATP 1% J) fe &, b CK g 2 1
57.04% ;400 mg/L F1 500 mg/L kb ¥4 . CK 43 5
P25 37.24% F130. 13%

30
[JCK P22 300 mg/1. i
3400 mg/LL 500 mg/L b
B
=
RS
¥
&
=
-

> i) 5 4,-: 7.‘ Al
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P2 KPP - 2RO X TR TG I R AN L TR ATP S
) 522
Fig.2 Effects of water-soluble B-glucan on ATPase

activity in S. cerevisiae Aroma White strain cells

2.2.2 SOD 3% #

SOD [t £F by e B 1) 2 L bt B AL I , BB 4% 57 1 Hh
TR N I 4 A 3k, SOD il TG 7 1 A8 1k g % 4%
i S e T B 20 X 4 Ak W 38028 IR KCF S
P 3 W] A K T B IR o T R 40 M R i SOD
it 3 ) G . fE kK SR 2 K, 300 mg/L Al
400 mg/L /KM B-H) A AL BLAH SOD il 1% 7 3 5
o CK 3401 T 24. 85% 1 12. 25% ;Wi K K 1245 4 K,
300 mg/L Zb#E 41 SOD fiff 3% J1 fiw &, b CK $2 &
22.43% . Ui WSS PR TS I K i P B - SROBE e 1
PR KR SOD S J7 , DT 42 r=i 240 1t i) bt 4 Ak g

ap
=]
R
tHI
et
=
=

B
B3 RV B~ SRONE X TR T 192 B 48 g v SOD g g
R

Fig.3 Effects of water-soluble B-glucan on SOD

activity in S. cerevisiae Aroma White strain cells

2.2.3 GSH & &

i RS A e H Ik (GSHY) A& Ak P A e T K
( Glutathione oxidized , GSSG ) fi4 48 1k i& Ji - fiif %t T
P40 ROS JKF % e F %, Horh GSH nJ 4 ¥ 43
Fi BT B B A8 D, By 1k S A 0 AR i i
Tz E AL R BE T 4 R A A B
b GSH & & (i ) 78 Ak #2247 CK
(P<0.05), ik &K EEAS 7 K,300 mg/L &b B2 (4
GSH & i, tb CK $&15 76. 50% , £ WK 55 HE B-
A SR BEAE R SE AR Y, TT DL GE A Ok i S
$E1m GSH (& B o 28 b, ZE T RS & I 10 S ok
kB SR E T W 0 £ E I RE A0 b GSH () &,
H 5t W 2y 300 mg/ T A8 e i o

100
[ICK 7 300 mg/L.
F1400 mg/T. NN 500 mg/L i
80
o
£ 60
18
&1
= 40
&

LT e [F]/d
4 JKEEPE B-H M X MU R AN P GSH 5 2N
Fig.4 Effects of water-soluble B-glucan on GSH

content in S. cerevisiae Aroma White strain cells

2.2.4 ROS & &

7 IE W B Az BACE 3 b, 38 BOK P9 ROS A]
ARy 4 LA 51 5 ik TR 3 3 0 O 47 8 25 4R 10 T
MBS o S0 N ROS & &t id g i, 22 ol DNA
5 AR, I e i S i S A A S W 240 i A )
Btk Sk v S R FETERS R B R
B 20 L v A ROS 5 4 38 Wi B AR ( A9 (1 R AE 4
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MIN ROS i) o FE R WESS 2 KB, Ak 35 20 4 ifg v
) ROS & & ¥ F LT CK(P <0.05) ;55 3 KA},
A0 ROS & 4t /I 3 KAK K Ry 300 mg/L,
400 mg/L.500 mg/L . CK, 300 mg/L 4k #H4H 3 CK.
400 mg/L F1500 mg/L Ak B 20 43 5] B ik 44. 14% |
16.95% F121.20% ; 7E 55 7 K, 55 A B 4H p ROS &
HEWRZS B CK 258 E(P<0.05),

400

a [ICK 7 300 mg/L
EZ3400 mg/l. NN500 mg/L

2

3 4
B A B A/d
BS  oKkigdk B- SR X AR % BN ROS 5 BE Y 52

Fig.5 Effects of water-soluble B-glucan on ROS

in S. cerevisiae Aroma White strain cells

2.2.5 MDA %4

TR P9 1% Bk 4 M 7E & T B b Rl DL A A
FE T AR 2 R R RS IR L 5 | R R BT A e
fEM . MDA 25 b >z — i fE R
PR A RSSO B A AR 0 i 6 AT
i TR RIS TN K VP B -0 SR W 2 I U TR 74 19 B 24
M MDA & &, 7ERBERYEE 2 K, 4084 5 CK A
W23 4 R AAHA R MDA & &3 R E LT CK
(P<0.05), 4 Xaf, {41 MDA & & i /h
B KKK F 300 mg/L 2H (1. 49 mg/g) 500 mg/L 4H
(2.17 mg/g) . 400 mg/L 4 (2.74 mg/g) . CK 4
(4.22 mg/g) , Hrf 300 mg/L Ab ¥ 21 %5 % HR 41 g %
A% 64.69% . WY, B K M B-H R BETE
TR A T (AF) i 390 0 o 09 4 2850k 55 17 BE A ok A Ak
SR, U855 T MDA X i BE 4 i B 0% #5345, EL LA

12
[CJCK 7300 mg/L
EZ3400 mg/. NN 500 mg/L

MDA &/(mg-g™)

LT R )/ d

K6 JRIEE B- A SRBA ERE AL 40 Hh MDA & RS2
Fig.6 Effects of water-soluble B-glucan on MDA

content in S. cerevisiae Aroma White strain cells

J e O 300 mg/ T I RO e f: o
2.3 XKAMBERENELUEESLEWHZIT

AP TR AN TR 5 v R ) K e B SR M
BT K B A b 1) 2 Z AW B GC — MS Al 45
RWE7(Eh RS FRRAEAS CK siabH# 2Z H
225 W (P <0.05) ,ns R AL P2 22 0] 22 5 AN
F(P>0.05)) firzn . e LAG I ) 89 Fh A Mk &
Yo, Horb R 26 37 b m R 21 A RS 1S Fh il
Mi2s 4 F HAlZE 13

i 24 0y Jo %F 4 4 19 9 A6 R AR R B BTk,
FEALTE QBRI R W B2 £ lE A A R . A
A 4 T L RREE, S EREY AR 9.42% ~
16.42% , &AL BRA Z [H] £ TR TR 28 W) o 2 i 22 18] 0
BFXESH(P>0.05) (HY CK ML, KEME B-#
WEALFRZH 1) O PR TR & & 43 ) 1235 19 fn 19. 84%
9.55% f131.32% (18] 7a) ., 5 CK At ,300 mg/L
1400 mg/L 4b FRZH vh Jlig 15 R £ W & it 20 0l 0 35
IT 47.32% A1 51.42% (& 7b) o 4% 4b P2 = 12
CTRAIBETR LW 7 B ey, U IR SR %
I CK 43 5l 2 TF 45.39% . 47.65% F1 51.42% , FEg2K
Yool SR e o B AR O 400 mg/L A
(10 626.40 wg/L) 300 mg/L 21 (10 434.24 pg/L) .
500 mg/L2H (9 096.53 wg/L) . CK £H (6 509.88 pg/L)
(& 7d)

TE A 1 & BE AL b, S B & i fe e, 29 o
HREER AW R 55% DL b, HKE R L
IS T W, 300 mg/L F1 400 mg/L 4b B 2H 2 Ja] (1) 55
RES WA N EE R A FEH S T CK(P<0.05)
( 7e) o &alE0 2l 204G 14 FhR W o, o 6 ik
FEAKIR A7 913.91 .1 120.29 .1 187.56 .1 214. 85 pg/L
(K 76) . 5% B4 AH 300 400 500 mg/L 4b ¥ 41
B 2E R A 0 ) 3R T 28.88% . 27.42% .29.94%
L) O e R L, X A e 0 A S A A BT
Wi o A BHLZE i 0 25 I b CK g 35 18, {H 2 4% A
P Z IR E 25 (P >0.05) (K 7g) o

ZSCHR [ 1] M 07 25, 2 9 B A XUBR 1% 14 (8
( Odor activity value, OAV) KT 0. 1 B9 K BHFS N5
347 E AL 4 43 ¥ ( Principal component analysis,
PCA) . fi &l 8 mJ 1, PC1 Al PC2 4351 o5 Ko dl B 44 7
2 61.04% M 25.45% , —F Bit kX N
86.49% , w] B I X 43 /K Pk B-Hi R BEAL #IZH 5 CK
W FIROTR IR B TR, ALE A KR
J& 19 Bk J%2 300 mg/L 1 400 mg/L &b 3 20 5 kf = 543
e — B ; C MR L BRI 500 mg/ L Ab 32117 43
AR50 DU R BR, T CK I AR 2 A 72 2% = R IR H e AE:
Ap B SRS oA o VAR, KR - SR A A
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Fig.7 Volatile aroma compounds in wine samples treated with water-soluble B-glucan
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PC1 (61.04%)
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LA SRR Y 20 2 B

Fig.8 PCA analysis of aroma compounds in wine
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samples treated with water-soluble B-glucan

AR THRIEVIROH B TIRONR RO . F
W2 5 M 2 A AL 5 W B A R, T R Y AE A B
K ARG 2 A I AE R I CK B s .
2.4 ERBEEBMME ATP BEHARRELEHSE
REESUHEMHBEXESR

R 38 A WOR fc 28 H 1K 300 me/L K E B~ 2R
BEALBEZH , OAV KT 0. 1 I A H LG,
3 99 5 TR I B 20 M ATP S ) K i SR AR RE ) ik

T Pearson fHICHE /T S5 FHI (K 9) ,F R & I
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