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Quality analysis of 'Akizuki' pear (Pyrus pyrifolia) wine fermented by different commercial
Saccharomyces cerevisiae

BAI Xiaoxuan'?, YU Haiyan'?, JIA Yanli'?, LIU Zhenzhen'?, XIN Fengjiao'?, LI Binglin*, LIU Shujun'**

(1.1nstitute of Food Science Technology Nutrition and Health (Cangzhou), Chinese Academy of Agricultural Sciences,
Cangzhou 061000, China; 2.Cangzhou Academy of Agriculture and Forestry Science, Cangzhou 061000, China;
3.Institute of Agro-Products Processing, Chinese Academy of Agricultural Sciences, Beijing 100193, China;
4.College of Food Science and Engineering, Northwest University, Xi'an 710069, China)

Abstract: To screen the Saccharomyces cerevisiae suitable for brewing 'Akizuki' pear (Pyrus pyrifolia) wine, five commercial S. cerevisiae (SY, RW,
RV100, VIC, Zymaflore X16) were screened for the fermentation of 'Akizuki' pear wine. The physiochemical indicators, contents of active ingredients,
antioxidant capacity and volatile flavor substances of 'Akizuki' pear wine were determined by conventional detection methods combined with sol-
id-phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS), respectively, sensory evaluation was conducted. The results in-
dicated that the total acid (1.99 g/L, 1.84 g/L) and volatile acid (0.24 g/L, 0.30 g/L) contents of 'Akizuki' pear wine fermented by yeast VIC and X16
were relatively low, while the alcohol content (8.51%vol and 7.50%vol) and total phenol content (190.45 g GAE/ml, 199.13 ng GAE/ml) were rela-
tively high. The total antioxidant capacity (183.40 wmol/ml), 1,1-diphenyl-2-picrylhydrazyl (DPPH) (20.27%) and 2,2'-azino-bis-(3-ethylbenzthiazo-
line-6-sulfonic acid) (ABTS) free radical scavenging rate (90.77%) of 'Akizuki' pear wine fermented by yeast X16 were the highest. There were dif-
ferences in volatile flavor substances in 'Akizuki' pear wine fermented by different yeasts. The content of esters (16 117.40 pg/L) and aldehydes and
ketones (605.92 pg/L) in 'Akizuki' pear wine fermented by yeast VIC was the highest, while the content of terpenes (184.62 g/L) in 'Akizuki' pear wine
fermented by yeast X16 was the highest. Based on variable importance in the projection (VIP) value >1 and odor activity value (OAV) >1, 6 key
differential volatile flavor substances were screened. The overall sensory scores of 'Akizuki' pear wine fermented by yeast VIC and X16 were relatively
high, which were 61.00 and 57.43 points, respectively. In conclusion, the quality of 'Akizuki' pear wine fermented with yeast VIC and X16 was better.
Key words:'Akizuki' pear wine; Saccharomyces cerevisiae; physicochemical index; active ingredient; antioxidant ability; volatile flavor compound;

sensory evaluation
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Table 1 Characteristics of five commercial Saccharomyces cerevisiae
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Table 2 Sensory evaluation standards of "Akizuki” pear wine
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Table 3 Basic physicochemical indexes of ‘Akizuki” pear wine fermented by different yeasts
ERERIZE KRS/ Y%vol OB 5 R/ (g L) MR/ (g- L) R R (gL pH AT [ 4 5 R/ °Brix
SY 8.59+0.03a 0.32+0.00b 3.03+0.13a 0.26+0.02b 4.20+0.00¢ 5.95+0.21a
RW 7.78+0.30b 0.46+0.05a 2.65+0.13b 0.36+0.05a 4.25+0.00c 6.00+0.00a
RV 6.82+0.11¢ 0.21+0.05¢ 3.12+0.00a 0.35+0.02a 4.25+0.06¢ 5.90+0.00a
VIC 8.51+0.08a 0.45+0.03a 1.99+0.00c 0.24+0.00b 4.68+0.01b 5.63+0.04b
X16 7.50+0.02b 0.29+0.05bc 1.8420.05¢ 0.30+0.04ab 4.81+0.05a 5.80+0.00ab

T 80 A JH A /NG TR R 7R 28 57 0 3% (P<<0.05) .
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Fig. 1 Determination results of total phenol (A) and total flavonoid (B)
contents in “Akizuki” pear wine fermented by different yeasts
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Fig. 2 Determination results of antioxidant properties of "Akizuki”
pear wines fermented by different yeasts
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Table 4 Results of volatile flavor substances in "Akizuki” pear wine fermented by different yeasts analyzed by GC-MS

i/ (ng- L)

GBS s e’
SY RW RV VIC X16
Al A 4479.49+527.63b  3900.26+357.33b  4402.22+184.39b 11 609.79+2 580.47a 10 949.27+2 482.40a
A2 ST 7603.99+2 058332 6493.11+751.46a  4362.44+1369.0la  4933.924233.95a 4 355.82+913.02a
A3 St 44.096.51+182.67a 29 334.66+1 695.57b 28 468.34+4 186.31b 22 123.75+857.12¢c 27 235.84+2 008.35bc
A4 2,3-T Z % 83.98+7.90c 12.92+0.10¢ 43.89+8.53d 154.37+2.15b 294.61+3.72a
A5 3-ZHIE-1-NE 51.86+16.38b 4.38+0.26¢ 18.1124.84c¢ 96.06+18.26a 15.24+5.35¢
A6 it 2K -3- 4 117.65+0.36a 97.77+2.12a 104.16+8.32a 126.95+19.95a 112.79+15.55a
" A7 iF 3077.67+438.60a 2 171.80+54.82b 2286.15£371.87b 2 561.17+13.00ab 2032.51£72.63b
R A8 iF P 63.25+14.32a 45.08+3.84ab 31.59+4.78b 40.79+3.63b 64.66:4.89a
A9 S 13.22+0.86a 12.26+3.94a 9.88+1.79a 11.8126.94a 8.86+0.45a
Al0 o L 5.79+2.35a 4.67+0.69a 4.80+1.85a 4.24+1.48a 8.48+1.51a
All 1S 75.03+10.82a 53.10+3.18b 24.26+12.38¢ 61.26%5.61ab 82.94+5.43a
Al12 2- T 6.09+3.71b 4.68+0.65b 4.24+2.67b 2.29+0.78b 14.13+0.22a
Al3 K 3800.89+424.94b  5852.98+905.91a  4985.89+936.84ab 3 994.01+501.44b 5 448.44+249.43ab
Al4 1E S 12.46+0.40b 16.65+3.37b 8.11+2.54b 17.63+4.28b 36.70+7.14a
/N 63 487.88+1337.91a 48 004.33+3 059.52b 44 754.08+7 071.37b 45 738.03+2 630.64b 50 660.29+5 758.29b
Bl R T 4725.77£596.51bc 3 762.28+549.20c 6 712.92+256.94b 10 246.43+1247.76a 6 198.18+800.62b
B2 WL Z g 448.60+80.51a 35.09+6.16b 111.15+48.24b 501.95+226.92a 132.66+14.90b
B3 5T g 103.75+9.10a 77.37+2.43b 81.12+5.36b 82.46x11.90b 41.88+3.32¢
B4 TR 131.60+2.90a 65.53+3.38b 61.11+0.76b 114.84+11.96a 81.55+13.63b
B5 5 g 1005.54+133.74ab 1 168.75+91.68a 828.43+74.49bc 700.94+82.10¢ 606.29+49.46¢
B6 O T 1 513.46+235.88a 655.09+47.39b 720.65+61.39b 1374.87+85.01a 903.91+55.83b
B7 Z RO 124.69+26.74b 189.82+4.26a 136.62+8.31b 147.15+13.02b 53.69+6.41c¢
B8 BERR g 7.71x1.29ab 8.51+2.02a 5.68+0.16ab 7.21£0.57ab 4.56£1.50b
B9 SR LR 13.75+1.25a 8.73+2.09a 4.18+2.34a 14.64+7.63a 11.11£3.62a
LS B10 FR T 1617.82£112.01b  1327.18+14.89bc  1091.48+254.09c  2210.00+143.42a 1 024.49+28.85¢
Bl1 KR 8.30+2.09¢ 4.97+1.30d 8.49+0.81c 12.0020.92b 16.1920.74a
B12 ZIRH L g 302.02+103.55b 523.70+27.34a 265.43+22.35b 329.85+47.60b 406.88+45.97ab
B13  3-RIEE-CM T 15.80+8.01a 15.12+4.80a 20.12+5.09a 18.82+7.46a 15.67+1.32a
Bl4 VAR TR 1.28+0.41b 0.76+0.03b 1.010.74b 1.96+0.54ab 3.10+0.34a
BIS  Z3-9-%% TS 124.12+29.98a 98.45+5.55ab 97.55+56.81ab 22.34+1.45b 24.20+4.62b
B16 B/ g 540.72+191.30a 235.12+20.36b 100.85+35.85b 290.45+48.76b 189.05+45.60b
B17 =5 O IR R 13.21+5.87ab 7.89+2.15b 7.39+0.32b 18.58+5.61a 10.02+0.62ab
BIS AR 2B 25.61+3.02a 6.33+0.44b 4.72+2.49b 8.64+8.70b 22.71+5.03a
B19 AR B2 2 TR 18.63+2.02a 14.23+1.93a 16.75+8.38a 14.26+2.15a 12.38+0.84a
/N 10742.37+1 148.71b  8204.92+690.87b  10275.66+180.43b 16 117.40+1 406.86a 9 758.53+1 017.79b
Cl S 65.94+7.41a 37.25+3.26b 67.85+3.18a 48.44+8.68b 46.55+2.99b
2 Va3 261.04+31.63a 167.28+5.13b 105.49+29.40b 343.23+60.37a 90.84+7.65b
) c3 oK FH 16.73+3.31b 5.66+3.68¢ 3.86+2.83¢c 37.36+4.20a 3.54+0.54c¢
IR C4 K 33.12+4.49bc 44.80+11.04ab 52.27+1.03a 39.11+7.38ab 18.89+4.08¢
Cs 2-T-Ff 28.41+2.86ab 12.34+6.09b 41.11£12.60a 33.42+2.36ab 21.29+17.06ab
C6  3,5-HISLIE I 117.56+58.88a 111.62+24.84a 37.24+9.56a 104.37+90.44a 65.86+10.69a
/N 522.81+78.16ab 378.95+43.78abc 307.83+31.35bc 605.92+168.71a 246.96+13.46¢
— D1 o 180.30+30.59abc 104.91+1.22bc 227.49+15.91a 76.57+18.90c 190.49+81.55ab
D2 ¥ 1 731.36+409.98a 860.42+48.09a 1003.23+352.84a  1265.32+£521.30a 1 427.24+202.09a
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gk
i P last/] i/ (pg-Lh)
SY RW RV VIC X16
D3 TR ns ns ns 1.98+0.56b 6.89+1.31a
D4 IE2S TR 374.54+216.57a 163.32+0.96a 106.60+57.68a 451.15+342.03a 527.87+58.77a
N 2385.22+627.18a 1172.28+50.38a 1364.77+435.77a  1804.34845.63a 2 154.77+343.00a
El iR 30 3.58+1.49ab 0.89+0.34b 1.30+0.15b 2.75+1.31ab 7.17+3.80a
il 175 2 E2 =g 84.00+8.61b 84.27+18.36b 132.48+2.07ab 92.03+49.18b 168.87+0.50a
E3 B-4x A WA 4.34+0.77b 2.70+0.27bc 2.18+0.17¢ 9.90+1.26a 8.58+0.96a
/Nt 91.93+7.88b 87.87+18.42b 135.95+2.39ab 104.68+49.23b 184.62+2.34a
- F1  4-Z Mg e A m) 86.18+33.79% 79.61+21.00a ns 101.44+39.55a ns
F2 2,4- T BEOR T 65.74+17.75b 58.00+0.46b 121.86+82.39ab 223.77+46.75a 133.91+7.88ab
AN 151.92+51.54b 137.60+20.55b 121.86+82.39b 325.22+86.30a 133.91+7.88b
FAIRA Gl X H R 99.02+29.96a 43.64+2.02b 27.45+9.34bc 9.31+1.76bc 2.29+0.73¢

/N 77 481.16+545.59a

58 029.60+3 780.74b 56 987.60+7 648.26b 64 704.90+2 885.87ab 63 141.36+7 121.59b

O AT A A [RGB 3o 22 5 3 (P<<0.05) 5 “ns” R P R KL

FH R4 RT 1, IARK H B4 e R D 3 49 Fh 45 Pk KUk
YT AL AE B BT 14D RS BT 19F D | 25 ) B 6 Fh |
HE TR 25 W ST ARh il 4 25 W o 3 2 S 2 LA e 5 By
A IR AR BB & I Bk O] R0 1) 4 kMR o
AR, A BT R A BT 2 5

AN TR RE R T 2 SRR AR R A8 1 22 5, 2 % A4 17 IR
W 7 Az AN TR 5 ) ) A ) o o H BT oo T R A T 5
TP SRRk A AL S A v A A M XK ) I 18
BESY & Rk H ALY Hh i B2 1 o 3% Job 35 e (P<<0.05),
K363 487.88 wg/L, S IGEE S o 7R WY b o i,
AR R 23l e v A R sl e F M IR I O B4 ok
FLREY ) BERESY A Ak A AL S S B R OE O B A B A
2 e (P<<0.05), 3 %1844 096.51 pg/LF13 077.67 pg/L,
TF DA = 5 A B A R A PO SR, A v A
Wy I TR VIC X 16 A& TR H B4 Hh i) 1F P9 B 5 o 45
A EI11 609.79 wg/LAI110 949.27 wg/L, i 3 = T H AL EE 1
(P<0.05),

BEZE ) B AE SR v BB A KRR, B Bl h
T 26 fie = & AR MUKW 5T o I BEVIC K B RK H 2437
4 T 28 ) Jo 75 2 B 3 e e (P<<0.05) , 155116 117.40 pg/L,
HP 2R OB NIROE TROHE CROW FIRL
i 2 35 O R T 7 5 4 (10 246.43 pg/L.501.95 wg/L .
114.84 wg/L .1 374.87 pg/L 2210 pg/L . 18.58 ng/L), NEMi
M2 £ TR 2 I AR RS & I o R v 1) 7 A 23 32 B g B rh 2
fis A5 Bl AN T 2 T G RS Tl 1) 4520 TR TR VT TR &
fis | C M2 S B R rp E B Ok AR P R AEK
REFR, FROTEF D WWE Y 5, B AR
LIBNE WAL YA ey / @S AL s & = i)

RAEY T .

P TR 25 16 B 0T DAk SR A R R s A S AU
IR Rk VIC & T2 J5 1 Bk BT v 858 i 2 9 ot o i e
1, 60592 wg/L, HH v 2 48 RN FH R &5 b i, 40
P o T R AR AR, R H A R A AR AN [ R
R BERKOT B4 rh i B 7 R 2 0 o A o B 25 (P>
0.05) , {H & KA B VIC X164 B 5 19 Fk A B4 b 6 il
BT TR, BERRVABERH B PO &R
(227.49 pg/L) , J& B BF VIC K BE K A B30 v O R & 2 1Y
2.974% 0 O R 3= Al ok AN B T S A ) 5 K R R IR
B A B

i 2 ) o A R S v R A AR, — B AR
S o TR A A R AR B REX 164 IS R ] AL
0 S W) I i S e, M 184,62 /L, LRI 2 g
B A P B~ B U I Y B, FESR P R
I RAT R TR 3P B R B R, B- 4 B WM Y
KA HEMENREA, AR ZUE T B EEX16K B
i e P R 14 O ViR 3 Ao R (R X R A S TR AE

FERK A B RS I 2 2 i 25 4 5, RS VIC K T fk H
FU ) S i IR R (P<<0.05) ,iAF1132522 pg/L.,
HoR2,4- 0BT B IR B A Ok B SIOR B LR L 4- 20 3k Y]
AR Ty — A7 SR HE 5 RIS 7 B RERVAIX 16 % [k A48
A B 4- 2975 FE @A, BELEESY & BERK T B4 i 55
TR IY o oK & & 3 e (P<<0.05) , H = 2y
e AR B

g b [ EERES Y & TR RK A B i 2 i i e
i T B VIC & T Ak H B4 235 oK T 22 S B 5 A WA e 1)
P 259 0, i FH e RE X 16 & e fk A B4 o] LIS s A Ay, filf
FHBEEERWRIRV % Bk H B4 o AU 3B 4 & S &
HREER,
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Fig. 3 Score scatter plot of partial least squares discriminant analysis
(A), results of 200 permutation test (B) and variable importance
in projection value (C) of volatile flavor compounds in "Akizuki”
pear wine fermented by different yeasts

M EIBATT AT, A 48 & 45 46 50 (RPX) 00.941, A 4%
LA F8E(RPY) }0.918, #5278 15 I 5 54 (Q*) 4 0.737 , R*Fil
Q¥1>0.5, Ut AR A HLAT B4 19 v it R B2 AN 0L 6 8 il i
Hotelling T35 , T4 Bk H B4 FE 5 09 AR LB #RTE95%
5 KRN, HAR & B B RS o B R A 5% A (] i B
P fk H BT 04 44 % Pk UK 4 ot A7 R 41X 43, iR IRI3B AT

I, AT 22200 0K B 5 K5 55 )5, O 1 A 4R 55 9\l ) AH 28
MO0, VLIARIRURAEAE S 0 BERY AT 5 )l BI3CHT %0, B
FVIPAE > 1087 A [6] 2 B & I 1 Bk H B4 v 3t 5 0
B 1080 3 2222 S 45 R MR IR W) 07, B 45 S 0 | IE DY B
LT T KO FRLB . CROEE . IFC
[N R YNE

TRR10RR 35 225 5 45 J Mk UMK 4 5 A9 250K 06 1
(OAV), 853 L3R5, i R W #2 R M R ) it i OAV > 1
FE BIZ ) 06 A i 1 AU R A R O B DT R AR B, 3RS
AL, T o O 25 S 4 R KUK P 5T (OAV > 1), i 1)
SY A& Bk H B4 v S G EE I OAV > 1, = K 75 77 bk 25 B
T > EEREVIC & R A B4 2 R B IOAV>1,
REWRST BB, Fra O B4R e iR Ol R
LB TR SR oS R (I OAVEY > 1, g 2K W) it 3= %8 ¢
BRZSALE B BRIE R R, TR 2 R W RS, (5 it
AN [7) PR TG 1 B O IR T A v HE R PR ) 25 S R R
U8 T EE W) I MR 2P T & i 25 57

#5 AEBSABMAREPIZEZRERERGKYRSKEEE
Table 5 Odor activity values of the main differential volatile flavor
compounds in ‘Akizuki” pear wine fermented by different yeasts

. OAV
e fawm v R
(gL SY RW RV VIC Xl16

A3 SREE 322 30000 147 098 095 074 091
Al IEHNEE 307 306000 001 001 001 004 0.04
Bl ZWZFE 253 7500 063 050 090 137 083
A2 STE 224 40000 019 016 011 0.2 0.1
Al3  ZEZEE 174 14000 027 042 036 029 039
BI0O ¥MZEE 169 5 323.56 265.44 218.30 442.00 204.90
B6 CZFEE 106 14 108.10 4679 5148 9821 64.57
A7 ECHE: 103 8000 038 027 029 032 025
BS ZS/%l 1.01 3 335.18 389.58 276.14 233.65 202.10
D2 FR 1.01 500 346 172 201 253 285

2.5 R BEEF R BEAK R LB 6 BB IR

AN [R) P B T P K H) B0 1) B B AN 45 SR LI, h 114
A E P b BEREVIC (11.4343) MEERERW (11.2943)
KRR H BU 0915 5358 o ARV VS B L W LERWOR K H
BRI AR 53 $5 5 (7.0053) o TER S L TEREVIC (26.0043 ) FI
PR BEX16(25.5743 ) & Ak A B4 A543 358 i, Lk O e B
SY (24.57%% ) FiEERFRW (23.864) ) , BE RERV & B Ak A AL
(AR B A% (23.14%8) o 16 R b i RFRV (17.1443) FIVIC
(17.0043 ) % B Bk A B0 09 45 20 B e, H U2 8% B RW
(16.2953 ) FiX16(15.8641 ) , e BESY & ek A AL (1945 43
B A% (13.5743) . & b BEREVIC & BERK A BL0 1Y 82 Be s
(61.0043 ), HiUk S B BERW (584343 ) FIIEREX 16 (574353 )
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Fig. 4 Radar map of sensory scores of "Akizuki” pear wine fermented
by different yeasts
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(605.92 wg/L) %59y o1 i fie e, e 1R X6 & ek T B4 1)
Wi T (184.62 pwg/L) & di i o i — 5 FVIPE > 1
MOAV>1, i e 15 B 6 Fp I #2253 45 K Ve R ) I, e
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