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Quality analysis and comprehensive evaluation of cherry wine fermented

from different cultivars

LIU Hui, LIU Jiechao, LI Jiaxiu, ZHANG Chunling, CHEN Dalei, JJAO Zhonggao"
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] Sweet cherry (Prunus avium L.) is one of the most popular fruits because it has an
exotic flavor and is a nutrient—rich fruit, with abundant sugars, vitamins, amino acids, organic acids and
polyphenols. However, it is a highly perishable fruit with difficulty in storage and transportation and thus
often processed into juices and wines. The physicochemical properties and nutritional compounds of fruit
wines are directly related to the genetic background of the fruits. Nutritional quality analysis and evalua-
tion of cherry wine are important for cherry breeding and comprehensive utilization. This study was con-
ducted to analyze the nutrient quality of cherry wine made from different cultivars, establish an effective
method for cherry wine evaluation, find out the key factors influencing the nutrient quality of cherry wine,
and select suitable cherry cultivars for wine processing. [ Methods] Cherry wines made from 11 cultivars
(‘Brooks’ ‘Chunxiu’ ‘Bigarreau Moreau’ ‘Hongdeng’ ‘Hongyan’ ‘Huangmi’ ‘Sunburst’ ‘Summit’
‘Zaodaguo’ ‘Zaohongzhu’ and ‘23-24’) were used as materials for detecting 19 processing physico-
chemical characteristics by conventional descriptive statistics, principal component analysis (PCA) and
cluster analysis. The differences among cherry wines were analyzed to screen suitable cherry varieties for
processing high quality wine. [Results] The results showed great differences in wine quality characters
among different cherry cultivars. Coefficients of variation (CV) of pH and alcohol content were lower than
10%, but higher CV values were found in other qualities. ‘Zaodaguo’ cherry wine was dark—fuchsia and

possessed significantly higher contents of total phenols, flavonoids and anthocyannis, with the highest radi-
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cal scavenging ability (DPPH and ABTs) and ferric reducing antioxidant power (FRAP). PCA is a mathe-
matical method to perform a reduction in data dimensionality and allow visualization of underlying struc-
ture in experimental data. Based on the major physical and chemical properties of the wines from 11 culti-
vars, 3 principal components with eigen value >1.000 were extracted to account for the 17 quality parame-
ters after data conversion, and the cumulative variance contribution rate of the 3 principal factors was
85.74%. The variance rate of the first component factor was 57.1% and was related to h value, polypheno-
lic compounds and antioxidant activities, and was thus considered to be the antioxidant factor. The second
principal component was the acidity factor, which was related to vitamin C, volatile acids and total titrat-
able acidity. The third principal component was related to a” value. According to weight index and synthet-
ic evaluation function of the 3 principal factors, the comprehensive evaluation of quality showed signifi-
cant difference among wines from different cultivars. Wine from ‘Zaodaguo’ had the highest composite
score of 3.792, followed by wines from ‘Hongdeng’ ‘23-24’ and ‘Zaohongzhu’ with score value ranging
from 1.039 to 1.650. The higher scores in the wine fermented from these varieties were attributed mainly
to richer polyphenols and higher antioxidant capacities. The lowest score was found in the wine from
‘Brooks’, which had the minimum contents of total phenolics and flavonoids. Polyphenols and antioxidant
activities can be used as important indexes for comprehensive evaluation of cherry wine quality. In addi-
tion, samples could be grouped on the basis of similarities by cluster analysis based on Euclidean dis-
tance. The results displayed 4 well-defined clusters at a Euclidean distance of 5.0, which was consistent
with the results of PCA composite score results. Cluster analysis proposed less information than PCA and
needed PCA results to assist the evaluation of the advantages and disadvantages of the clusters. In this
study, ‘Zaodaguo’ cherry wine formed one group, possessing the highest antioxidant capacities and most
abundant phenolics, flavonoids and anthocyannis, and was thus an excellent cherry cultivar for wine pro-
cessing. ‘Hongdeng’, ‘23-24" and ‘Zaohongzhu’ cherry wine could be classified as above—average and
were clustered in one group. Wines from ‘Chunxiu’ ‘Bigarreau Moreau’ ‘Sunburst’ ‘Summit’ ‘Hong-
yan’ and ‘Huangmi’ formed one group, which was considered to be of medium quality. ‘Brooks’ cherry
wine formed the forth group with poor quality. [ Conclusion ] There were some differences in quality proper-
ties of wines among different cultivars. The key factors affecting nutrient quality were the antioxidant abili-
ty, hue angle (h), and contents of total phenolics, flavonoids and anthocyannis. These indicators represent-
ed the comprehensive cherry wine quality combining appearance, nutrient properties and functional char-
acteristics. The comprehensive evaluation score of ‘Zaodaguo’ cherry wine was higher than wines from
the other cultivars. ‘Zaodaguo’ ‘Hongdeng’ ‘23-24 and ‘Zaohongzhu’ could be also be good choices
for wine fermentation. However, ‘Brooks’ was not suitable for wine processing. These results can be used
to determine cherry cultivars appropriate for wine processing, and can be used as a guide for cherry breed-
ing.
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Table 1 Color characteristics of cherry wines

from different cultivars

PR it ol ks
Cherry L a b h c Chrom~—
cultivars aticity
andl 2121f 2096b 28.22f 5340ef 35.15bc 0.878d
Hongdeng

[ Sl 30.29¢ 16.71d 29.66ef 60.60 cd 34.04 bc 0.442f
Summit

&I 20.19g 16.02e 30.79de 6251 ¢ 3471bec 0.864d
Brooks

o 3159b 9.71¢ 3559b 7474a 36.89ab 0.434f
Huangmi

HikH 28.70d 12.65f 37.86a 71.52b 39.92a 0.5%e
Sunburst

BAF] 19.39h16.92d 23.72¢ 5450f 29.14d 1.012¢
Bigarreau

Moreau

Fes2 31.27b 1899 ¢ 30.79 de 58.34 de 36.18 ¢ 0.376 ¢
Chunxiu

23-24 2354 23.79a 32.10cd 53461 39.95a 0.598e
ROCIR 4961 1695d 392h 13.02g 1740e 1.784a
Zaodaguo

£TH 3536a 7.44h 3342c¢ 7745a 3424bc 0314h
Hongyan

FerER 18.46b 17.02d 23.75g 54.37f 29.22d 1.322b
Zaohongzhu

Bl (] 2409 16.11 28.17 57.63 3335 0.784
Average

R % 2354 1671 3079 5834  34.24 0.598
Median

SRR 3567 2922 3245  29.84 19.03  57.820

Coefficient of
variation/%

AR FREFIRLE 0.05 K7 FHAA BEMZER. TR,
Note: The different letters in the same column indicate significant dif-

ference at P < 0.05. The same below.
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Fig. 1 Distribution of CIELAB parameters a” and b” of
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Table 2 Quality and physic—chemical properties of cherry wines from different cultivars

B RS p( L) p( 'a'@i) N p(ﬁ_ﬁ@ﬁ)_ p( LK)

Cherry cultivars pH Alcohol Sugar—free ef(]tracl Total tllralal)}le acidity Volatile acid } Total sugar }
content/% content/(g-L™) content/(g-L™) content/(mg-L™") content/(mg-L"™")

2147 Hongdeng 393 e 9.60 f 540 a 9.16 a 63.78 i 84.62 a

BEKIE Summit 391f 11.00 cd 4.031i 7.02e 93.09 fg 49.07d

i€ 52 Brooks 4.47 a 11.20 be 4.05 gh 4231 460.63 a 4778 d

5% Huangmi 3.94d 1230 a 4.07 g 6.26 fg 133.08 ¢ 56.29 cd

i PH Sunburst 3.96 ¢ 11.40 be 4.03 hi 592h 88.88 gh 67.98 be

B Bigarreau Moreau 3.98b 1220 a 3.76 5.86h 178.64 b 72.74 ab

45 Chunxiu 3.99b 10.70 d 4.19e 6.19¢g 116.55d 52.16d

23-24 3.90 f 11.20 be 491b 7.52b 84.80 h 69.59 be

R Zaodaguo 3.86¢g 12.00 a 4.28d 7.32¢ 97.04 ef 76.84 ab

214 Hongyan 3.98b 11.50 b 4.17f 6.39f 102.07 e 50.48 d

FLELER Zaohongzhu 3.94d 10.20 e 440 ¢ 7.17d 114.24 d 68.69 be

YIH Average 3.99 10.90 4.30 6.64 139.34 63.29

H 4L Median 3.94 11.20 4.17 6.39 114.24 67.98

AR5 ZHL Coefficient of variation/% 4.13 7.37 10.81 18.68 79.43 19.97

ST SR AR AR S R B ER . 114>
v PR AR TS H pH{F d5 i 19 2 A B e 7 (4.47)
52 T A R (3.86~3.99) (P<0.05) o R BE T
(TP A BE R 9.6%~12.3% , g /N 4T KT 7, Fe KO
CHRER O CLUKT PRRRIE TR M R R
8 2w T A S A (P<0.05) o HERTR S S
A2 A& e, T 460.63 mg- L', A flAY 2 © 40
X1, 4 63.78 mg L7, YK T4 4570 R bR i sk 1 1.2
o L'

PEBKIR b BT AR T i R T 4R R
C B BBy e i i) & i, B T E s 2R
W EFRNE . A3 30 0L, AS TR S AR TES fY B
Wy R A AT iR R C AR 2EFROR. PRk SR
AR CET RSN 131~8.78 mg- L', ‘A& sl &
s dp i, HOR O fUHE B YRS me- L,
CHUEPERRIEAE AR R C SR L R
(IS B 5 f i, A 1 315.60 mg- L', A sl
PRI AY B S AR, BB SRR AR R
AR, 4 931.06 mg- L', Fe Al AY 2 < A v il
(343.45 mg- L) A0 RS BRI S 7 i 1Y
37% PN 1A SR AR o, AR 55 95 S
E L 7 N (vl | R < T TR % M 1 B ST R4 N
o BB A T OO R AR T
11(20.69 mg- L) .2 i T HAh & A (P<0.05)
23 AERMEER RN EE IR ES T

PrE AT MR R S TR bR . R4 n]
AU, ASTR] s AP T A B — o TR B B AR A
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Table 3 Contents of antioxidants in cherry wine

from different cultivars pl(mg + L7
PRt il AERC KT B PIRUNES
Cherry Ascorbic  Total Total Total
cultivars acid flavonoids phenolics anthocyanins
24T Hongdeng 1521  74534d 670.19d  3.90c
BPRIBE Summit 3.80cd 393351 518211 1.46d
T i Brooks 8.78 a 200.70 k 343.45k ND
H# 2 Huangmi ND 507.68 h 533.02h ND
HiH Sunburst 523bh  694.08 e 587.97f ND
BEH] 2.87de  295.67] 468.88] 1.47d
Bigarreau Moreau
455 Chunxiu 1.82ef  57554g 596.65¢  1.18d
23-24 131f  852.22b 689.09¢ 12.12b
FRER Zaodaguo 584bh 1315.60a 931.06a 20.69a
£THi Hongyan 478be  656.19f 577.25¢ ND
FLZT Bk Zaohongzhu 290de 797.24c¢ 76743 b 1.39d
I Average 3.53 639.42  607.56 3.84
i % Median 2.90 656.19  587.97 1.46
5 5 FR AN 59.98 47.81 2575 17201

Coefficient of variation/%

TH:ND SR

Note: ND indicates not detected.

CERLCHL BB 9 DPPH T R 1 L ABTs H H 575 B
AE T VERIEJRLRE T Y HEA B 1, TE I S AR i R
R AR B 100% ., 23-24" ¢ BLLT Bk PPk 1)
3P PR RE A, (AT B S RHRIE
DPPH 35 B AE /1 A1 ABTs {5 BR fiE J1 55 , 1 FRAP B
JIrh A AT I R ORI AR Y 3 R
raa ke 1S, ShtAfkae k.



900 ST I S 344
F4 AEGEMESERE L
Table 4 Antioxidant capacities of cherry wines from different cultivars
DPPH - i FAE /) ABTs iHBREES) FRAP MBS o f
S DPPH radical scavenging activity ~ ABTs scavenging activity ~ Ferric reducing antioxidant power " 15
PG i o Comprehensive index
Cherry cultivars ¢(TEAC)/ T ¢(TEAC)/ T ¢(TEAC)/ oL of total antioxidant
(mmol - L™ Index/% (mmol-L™")  Index/%  (mmol-L") Index/% ability/%
2147 Hongdeng 2982 ¢ 62.21 3478 ¢ 64.33 1.601 f 33.06 53.20
BEKAE Summit 1.894 h 39.51 2.630 ef 48.65 1415 ¢ 29.23 39.13
&yl Brooks 2210g 46.10 2315 ef 42.82 0.605 i 12.49 33.80
% Huangmi 2426 ( 50.61 2.097 £ 38.79 1.392 ¢ 28.74 39.38
#iFH Sunburst 2.781d 58.01 2.866 de 53.01 1.716 e 35.45 48.82
T Bigarreau Moreau  1.985 h 41.41 3.332 cd 61.64 1.215h 25.10 42.72
#45 Chunxiu 2.476 f 51.65 3.588 ¢ 66.36 2.200d 45.42 54.48
23-24 3.408 b 71.08 4734 b 87.58 3.042b 62.82 73.83
KSR Zaodaguo 4794 a 100.00 5.406 a 100.00 4842 a 100.00 100.00
21 #i Hongyan 2.586 € 53.94 2.647 ef 48.96 1.677 ef 34.64 45.85
FLLTER Zaohongzhu 3.079 ¢ 64.22 4322b 79.94 2.581 ¢ 53.31 65.82
PIMH Average 2.784 3.401 2.026
A EL Median 2.586 3.332 1.677
A5 RE 29.130 30.860 50.600

Coefficient of variation/%

2.4 AE&SMEMESBRERERD D
2.4.1 BB SRR IEAR R F TR

e Zaabr e oy > B SRR — R GEi Ik,
AU R AT REZ Y S B JFOR A B A5 B, PR IR
H R D HAR R H R Al RE A, IR SR ST 4G

SR, S B i R 1] 22 S 5/ B pH ARG JBE X 2 T4
B, 11> b R PEBRIRT 69 17 A B8 R i) 2 o320 i

ZER AR S K6, A FEEREM N1 LG
I 25 DURRASH 2 S I 8. R A/NR
NN DIVAE S5 Wi i A 2 TR R SR U E A Ei B
AR 34> o AR > 1, R AR5 22 DUkR>
85% , BEWIIX 3> F ML 1 BRI ol S5 A R
O3 R BRI, BRI 3> TR U A 17 198
N R ST
6 AR Y 17 4> it ST AR ) 3 R0 8 R
x5 ERBRRERSNHTERKE
Table 5 Contribution rates of principal components to
variance in the quality characteristics of cherry wines

ST FHEEA 52T FRU5 E TR
Component  Eigen value  Rate of variance/% Cumulative/%

1 9.706 57.095 57.095

2 3.358 19.754 76.849

3 1.511 8.888 85.736

4 0.851 5.008 90.744

5 0.669 3.937 94.681

6 0.375 2.205 96.886

7 0.245 1.441 98.327

8 0.200 1.176 99.503

9 0.051 0.301 99.804
10 0.033 0.196 100.000

K6 ERDSNHIL S HATERE

Table 6 Loading matrix of 3 principal components

Qualities PC1 PC2 PC3
ABTs 5BR /1 ABTs scavenging activity — 0.927 0.071 0.064
h -0.915 0.283 -0.138
DPPH i1 0915 -0.001  -0.195
DPPH radical scavenging activity

FRAPRET] 0912  -0.026 -0.304
Ferric reducing antioxidant power

S\ Total phenolics 0.906 0.241 -0.292
A Total anthocyanins 0.899  -0.073  -0.035
JE I Total flavonoids 0.880 0209  -0.341
b -0.849 0.430 0.027
L -0.815 0.449  -0.312
4% Chromaticity 0.805  -0.458 0.156
S Total sugar 0.714 0.287 0.298
LRI ¢ -0.709 0544 0172
4/ % C Vitamin C -0.028  -0.806 0.012
FER R Volatile acid -0.386  -0.744 0421
SR Total titratable acidity 0.584 0.710 0.093
T2 Y Sugar—free extract 0.425 0.650 0.431
a 0.467 0.243 0.736

Wo 2 PR S B T e — A X F2 B e R 4
5 it ST ARSI T B A 1) S e AR R A ) . B L
F AT 22 TTRR R N 57.095% , Horb 3 i v HL Ry
TE B b B AL 4G 3 FPBT SEAL RE 1 AN 3 R 28 B
i, J_kaéﬁ%*ﬂ]“ 1 ERA A E R . 35

HAFS R0 S BT bs A R b, X585 1 R
FEAR B R, BB AR 1 RS R, BUE AL RE ST N
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R AE AR AR S AR AR 1 i, 5 1A S A4 A
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Table 7 Scores and rankings of principal components of

cherry wines from 11 cultivars

B b PC1 PC2 PC3 F SHE2
Cherry Comp— Comp— Comp— Synthetic Rank—

cultivars onent 1 onent 2 onent 3 scores  ings

KRR Zaodaguo  2.439(1) -1.200(10) -0.878(9)  3.792 1

2147 Hongdeng ~ 0.542(4)  1.451(1) 1.475(1) 1.650 2

# % Huangmi  —-0.832(10) 0.466(3) -0.911(10) -1.409 9

BAF] -0.226(5) -0.754(9) 0.758(3) -0.588 6

Bigarreau Moreau

F45 Chunxiu -0.332(6)  0.401(4) -0.145(7) -0461 5

HafH -0.501(7) 0.184(5) -0.671(8) -0.894 7
Sunburst
BEKE Summit  -0.611(8)  0.083(7) -0.127(6) -1.070 8
TRl -0.991(11) -1.987(11) 1.377(2) -2.326 11
Brooks

2THs Hongyan ~ —0.727(9)  0.133(6) -1.633(11) —1.424 10

Rk 0.618(3) -0.004(8) -0.019(5) 1.093 4
Zaohongzhu
23-24 0.622(2) 1.226(2) 0.758(3) 1.631 3

T 55 ECT A
Note : The numbers in brackets indicate the rankings.
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2,=0.298X,-0.294X,+0.294X,+0.293X,+0.29 1.X; +
0.289X, + 0.283X,— 0.273X:— 0.262X, + 0.258X,, +
0.229X,— 0.228X,,— 0.009X,— 0.124X,, + 0.187X;s +
0.136X,6+0.150X,

7,=0.039.X,+0.154X,—0.00 LX;- 0.014.X,+0.132Xs—
0.040X, + 0.114X; + 0.235X; + 0.245X— 0.250X, +
0.157X, + 0.297X,,— 0.440X,— 0.406X,, + 0.388X;s +
0.355X,6+0.133X,,

7:=0.052X,— 0.112X,— 0.159.X:— 0.247.X,— 0.238 Xs—
0.028X— 0.277X; + 0.022X— 0.254X, + 0.127X, +
0.242X,, + 0.140X:, + 0.010Xs + 0.343X,, + 0.076.X:5 +
0.351.X,+0.599.X,
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TerER
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Fig. 2 Dendrogram plot obtained from cluster analysis of

wines from different cultivars

x8 EHERERRIEN
Table 8 Sensory evaluation of cherry wines
E2N PR A A RS TR IS I L
Cluster  Cherry cultivars Colour Flavor Taste Clarity
1 LN LU EOHIE WA RMEANE RN R R I E )
Zaodaguo Garnet, brightly Rich bouquet and Full and mellow wine Clear and
coloured cherry fruity flavor body with suitable sweet transparent
and sour taste
2 RLATBR 24T 2324 L, mastss AR, SRRk BRI, ZRANIET LA A
Zaohongzhu, Hongdeng, Salmon pink, Strong vinous and iEH Clear and
23-24 vividly coloured fragrant fruity aroma Smooth and supple structure  transparent
with moderate acid and
sweet taste
3 HifH S5 LH FT BRI . BRIAG WA SRRk RPN, AlE T HE A
T Amber Fragrant vinous and Harmonious wine body Clear and
Sunburst, Chunxiu, Hongyan, fruity odor without impurity transparent
Bigarreau Moreau, Summit, Huangmi
4 i ve BRH W SRR ATRR AR A
Brooks Yellow=brown Fragrant fruity aroma with Shallow mouthfeel Clear and
a little tart flavor transparent
3 W B st RO SR A SR BT M A TR MR A O
; )

ULAESA , B AR T AP B e, AT Y ~T 15
TR I]E FRAE R RIS o A KGR ISURHR 2 2R
T, R AT S8 3 A A BEIRAL S, SCRT LR "
Sl B AR A JE o AR 5 Bl i
TR A R I 2 B R BN R A
AT, S — R0 A TR JEURE o e e 3 SR R
ARGARAE MR DB 3 J A 8 2% , $i i ARk B o
(B SRR TR I AN B, K T I S e B ik AR
LTI, RSl (A A I B S5 R, B 5 RS A
A, BRI ) VP KR A S BT o Dl

AR PR, S P B PRt SR A 0 R ot ol o 2R ™
A 8 A RO FL . 2B AL X 11 AR Bk TR
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AOPEBI (e S22 B e, B SRR AE T
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SRR, IR RS 2 R BRI
PR A SR RINRLL A, Z 30 R IR T
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557 XA AR FERE & BT S SRS N 903

T2 RSB REAE St JE T R A (LA
PEGER A AE— AR R R ER AR,
A F BN M ZR B MBS 2 AR R A, T 58
BRI B AR, ARBFTORE 17 bl 5 T
PR AR &, e 28 LA SR BRI SR w425, &
AT TR D B LA TR R A ROk 2 A bR
KB BT IER 0] LAIXER 20 M p i 28
FEUEATHEP AP o 38 R $R I 2 54y ARk 17
A2 5B 0 R AR 2R A Sk 3 R XA
T b BTN FE brak BIRE4E R B . B 248 ABTs
W6 71 . DPPH W% /7 \FRAP fig 17 e Sy (25 BEd
A A PR M b AT R AR RIS . X
SEFEHRIATE T AL B R S D RE T 3 N2 I, &5
A R T PRI A BT b, SR R R R
JECEY b S5 ) BB bR 2 — , FE S R T AR
TEM R AR, IR AT BERE I 9 ™, £
T3 400 Joit S ) T SR A7 2 S e 1 T R R 2 — 1,
SR AR A, T SR (€ | RS S
SRR | MR SR OIS R e e, R B )
LR S 2 PRAE Y, PRI T
S R IR0 I, BRI SRR EAR K
FREE b P T v s 2 o3 i R SR AR AR 0™ <
FOH LTk RALLER 2324 BRI (0BT R AL g

M W2 & il A2 1| ER 3,
3 R LR A VRN BRBOTH A 2 A HEA
o A5 RIS A R s AR, 5 128 52
VR A RPE BN T ARBRI , 26 4 S0 B R AR
BT, A PRI o Tt A ok PR A 21 s A B

4 %5 i

XA TR At R TR A T b AR A A S R G0
i, W LIST AL TG 2 B2 5 i G b
N B SRR A T T3 12, O 8 i AR
BRI R B R R R HO 23247 4147
CRLZTER BT AR AL T B IR R BT
AR o T A s AN IS T AR
BRI

References:

(1] M8, BN, IR B AR . PERRAE (T i 4 IR Bt S AR T M
FEI. P A, 2011, 11(5): 70-75.
XIAO Junxia, HUANG Guoging, CHI Yusen. Extraction of antho-

(2]

(3]

(4]

(5]

6]

(71

(8]

[9]

[10]

cyanins from cherry and its antioxidant activity[J]. Journal of Chi-
nese Institute of Food Science and Technology, 2011, 11(5): 70—
75.

CHOCKCHAISAWASDEE S, GOLDING J B, VUONG Q V, PA-
POUTSIS K, STATHOPOULOS C E. Sweet cherry: composition,
postharvest preservation, processing and trends for its future use
[J]. Trends in Food Science and Technology,2016,55: 72-83.
KIRAKOSYAN A,SEYMOUR E M,LLANES D E U, KAUFMAN
P B, BOLLING S F. Chemical profile and antioxidant capacities
of tart cherry products[J]. Food Chemistry,2009,115(1): 20-25.
JAKOBEK L, SERUGA M, VOCA S, SINDRAK Z, DO-
BRICEVIC N. Flavonol and phenolic acid composition of sweet
cherries (cv. Lapins) produced on six different vegetative root-
stocks[J]. Scientia Horticulturae,2009,123(1): 23-28.
GONZALEZ-GOMEZ D, LOZANO M, FERNANDEZ-LEON M
F,BERNALTE M J,AYUSO M C,RODRIGUEZ A B. Sweet cher-
ry phytochemicals: identification and characterization by HPLC—
DAD/ ES-=MS in six sweet—cherry cultivars grown in Valle del
Jerte(Spain)[J]. Journal of Food Composition and Analysis,2010,
23(6): 533-539.

XUSCHN , IVEF L DA, AT, 4 ik . AN R TR I B A
BT £ LRI TS P L 7 S SR B AT (. B 5 R Tl
2016,42(1): 157-162.

LIU Wenli, SUN Shuyang, GONG Hansheng, CHE Changyuan,
JIN Chengwu. The compositional profile and sensory analysis of
cherry wines fermented by different Saccharomyces cerevisiae
strains[J]. Food and Fermentation Industries, 2016, 42(1): 157-
162.

SRHE . R AR S T
DA KA, 2008.
ZHANG Yan. Study on the brewing technology of Chinese cherry

ERA T ZEACWIFE[D]. HEZ:

and change of the aroma components[D]. Ya’ an: Sichuan Agricul-
tural University,2008.

HAEL, R0, A B . R IR R X R 7 U B R PILIR
FsZmAT]. P 2, 2016, 16(7): 259-267.

XIAO Zuobing, ZHOU Xuan, NIU Yunwei. The influence of dif-
ferent fermentation temperature on the flavor of cherry wine[J].
Journal of Chinese Institute of Food Science and Technology,
2016,16(7): 259-267.

GONZALEZ-MAS M C, GARCIA-RIANO L M, ALFARO C,
RAMBLA J L, PADILLA A I, GUTIERREZ A. Headspace—based
techniques to identify the principal volatile compounds in red
grape cultivars[J]. International Journal of Food Science and Tech-
nology,2009,44(3): 510-518.

EVE A5, B SRR, SRS . R sSOROH (i ) e
Mk B AN [ TG T T PR A O T 1 0% P B2 (). i 5 K I
Tolk,2016,42(8): 171-177.

LU Guotao, NIU Yu, SHAN Lu, JI Peishuang, ZHANG Lizhen.

Analysis of active ingredient in cherry juice and different cherry



904 ®OOW

2,
=

Eild 343

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

wine by high performance liquid chromatography|J]. Food and

Fermentation Industries,2016,42(8): 171-177.

JUICZE . w B T OIE AL A ST S B 2R PR RO TS, 47
I,2013(5): 22-25.

FAN Zhaojun. Optimization of fermentation conditions of cherry

wine by response surface methodology[J]. Farm Products Process-

ing,2013(5): 22-25.

Bl R ARG G AR 3R COX i R A T 25
RIFFELI]. FRPS,2013,40(3): 75-77.

YAN Zhenzhen, XU Cairong, ZHU Chuanhe. Study on the effect

of ascorbic acid on cherry wine fermentation process|J]. Liquor

Making,2013,40(3): 75-77.

SUN S Y,JIANG W G,ZHAO Y P. Evaluation of different Saccha-

romyces cerevisiae strains on the profile of volatile compounds

and polyphenols in cherry wines[J]. Food Chemistry, 2011, 127
(2): 547-555.

TR, AR, B R WU . AP A

PERERFSLI). B Toll,2013,34(8): 157-159.

NIU Yunwei, XIAO Zuobing, WANG Ying, ZHU Jiancai, GU

Yongbo. Research of antioxidant activities of different cherry

wines[J]. The Food Industry,2013,34(8): 157-159.

NIU Y W,ZHANG X M, XIAO Z B,SONG S Q,JIA CS,YU H

Y, FANG L L, XU C H. Characterization of taste— active com-

pounds of various cherry wines and their correlation with sensory

attributes[J]. Journal of Chromatography B,2012,902: 55-60.

XIAO Z B,FANG L L,NIU Y W, YU H Y. Effect of cultivar and

variety on phenolic compounds and antioxidant activity of cherry

wine[J]. Food Chemistry,2015, 186: 69-73.

FTE AR RN, AR AU, BT, MK AN T AL

AT O ST AIE VE A AT). b E 2R, 2014, 14
(10): 252-259.

WANG Yuehui, CUI Lingchou, XU Hongyu, ZHANG Jingfang,

HOU Lixuan, CHENG Bing. The difference in color parameters

and antioxidant activities of varieties of dry red wine[J]. Journal of

Chinese Institute of Food Science and Technology, 2014, 14(10):

252-259.

Aol . LA R AT B i ST AT D). A TR Tl ok

#,2012.

LI Xia. The research of the fermentation technology of jujube

wines and the analysis of quality[J]. Zhengzhou: Henan University

of Technology,2012.

rhAR B R T W B A B A SRy v AR AL

P2 b1 2x . AT R ST 5 - GB/T 15038—2006

[S]. Ab3: HrEBRAE S R, 2006.

General Administration of Quality Supervision, Inspection and

Quarantine of the People’ s Republic of China. Analytical meth-

ods of wine and fruit wine: GB/T 15038—2006[S]. Beijing: Stan-

dards Press of China,2006.

[20]

[22]

(23]

[24]

[25]

[26]

[27]

[29]

OSMAN A M, WONG K K Y,FERNYHOUGH A. ABTs radical—
driven oxidation of polyphenols: Isolation and structural elucida-
tion of covalent adducts[J]. Biochemical and Biophysical Re-
search Communications ,2006,346(1): 321-329.

RAUDONIS R,RAUDONE L, JAKSTAS V,JANULIS V. Compar-
ative evaluation of post—column free radical scavenging and ferric
reducing antioxidant power assays for screening of antioxidants in
strawberries|J]. Journal of Chromatography A,2012,1233: 8-15.
SEERAM N P,AVIRAM M,ZHANG Y J, HENNING S M, FENG
L, DREHER M, HEBER D. Comparison of antioxidant potency of
commonly consumed polyphenol-rich beverages in the United
States[J]. Journal of Agricultural and Food Chemistry, 2008, 56
(4):1415-1422.

F 45 B KT, V5 kA, £ ARRET, sk . RE SR AT T
BIRIT T SATM)]. B, 2014,35(1): 34-38.
WANG Yimin, ZHANG Ke, XU Feihua, WANG Yu, REN Xiao-
wei, ZHANG Baolin. Chemical analysis and nutritional evaluation
of different varieties of goji berries (Lycium barbarum 1..)[]]. Food
Science,2014,35(1): 34-38.

e JHE . N 200 5E AT IM. LRt JEaTIess A, 2005:
216-321.

GAO Huixuan. Applied multivariate statistical analysis[M]. Bei-
jing: Peking University Press,2005: 216-321.

MIKAMI- KONISHIDE I, MURAKAMI S, NAKANISHI K,
TAKAHASHI Y, YAMAGUCHI M, SHIOYA T, WATANABE J,
HINO A. Antioxidant capacity and polyphenol content of extracts
from crops cultivated in Japan, and the effect of cultivation envi-
ronment[J]. Food Science and Technology Research, 2013, 19
(1): 69-79.

INEN, BRI, 5K %, R, 250 , M) . TR R
FRRALE D] R, 2013(6): 9-12.

SUN Yugang, WEI Guogin, ZHANG Cheng’ an, QIN Zhihua, LI
Qin, SUN Yang. The breeding of early—maturing variety of sweet
cherry ‘Zaodaguo’[J]. China Fruits,2013(6): 9-12.

N, SRR XTI Re A | BT S RS M
AT AR BT A0l TR, 2014,30(13): 276-285.
GONG Liyan, MENG Xianjun, LIU Naiqiao, BI Jinfeng. Evalua-
tion of apple quality based on principal component and hierarchi-
cal cluster analysis[J]. Transactions of the Chinese Society of Agri-
cultural Engineering,2014,30(13): 276-285.

PARR W V, GEOFFREY W K, HEATHERBELL D A. The nose
knows: influence of colour on perception of wine aroma[J]. Journal
of Wine Research,2003,14(2/3): 79-101.

GONZ LEZ- NEVES G, CHARAMELO D, BALADO J, BAR-
REIRO L, BOCHICCHIO R, GATTO G, GIL G, TESSORE A,
CARBONNEAU A. Phenolic potential of Tannat, Cabernet—Sauvi-
gnon and Merlot grapes and their correspondence with wine com-

position[J]. Analytica Chimica Acta,2004,51 3(1): 191-196.



