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Study on the relationship between polyphenolic compounds

and the taste of fruit juice samples
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Abstract: Objective: This study aimed to clarify the content and
distribution of polyphenols in fruit juice samples and explore the
intrinsic connection of the content of polyphenols with the taste of
fruit juice. Methods: 15 kinds of polyphenols in fruit juice samples
were determined by HPLC-MS/MS following ethanol ultrasonic-
Various statistical methods such as

assisted extraction.
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correlation and cluster analysis, were used to establish the
sensory evaluation system of fruit juice with the values of
different tastes, including sweetness, sourness, bitterness,
salty, umami, astringency and piquancy. Lastly, the relationship
between the content of polyphenols and sensory evaluation was
explored by correlation analysis. Results: 14 types of fruit juices
were divided into four categories owing to their taste, namely
sweet, sour-sweet, bitter and bitter-astringent. There was signif-
icant positive relationship between the content of total polyphe-
nols, phenolic acids, flavonoids, chlorogenic acids, free phenolic
acids and value of astringency. Conclusion: The contents of poly-
phenol varied greatly in different fruit juices, and those with
bitter and astringent taste often had high content of polyphenol.
However, those with sweet taste had low content of polyohenol.
Polyphenolic compounds, especially the free phenolic acids were
the key substances affecting taste of astringency of fruit juice.
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5 288 9y J5 2 /K SR B G T o o B A A 3
BT AR A AR BB S A TR R 5 R R
WA IR 1) 0 i 5 7 SR LI T R R DR T e
AR T B A BUIAOC . Rt i i £ B 28 ) B A 4
MRS BT 26 DL R /b B (Y ECSERIOR iy KRB . W LI
TR A AR W MR I 3R S AL AT AR W R S B R &
BT AR NG IR B LR AR R AT AW .
RE BRI PR — R A R AT L) — &
TR 5 J2: v WO O P2 R 2 JE R 4R TR R T . TR R 2R W) TR
KR 2B 1/3. 72 T A R HE ) P AR A 7E L TE TR WK 1Y



HA# 3 FUNDAMENTAL RESEARCH

KRB HEER, BWEEWRES TR ERESA
Co—Cy—Cos R mi iy — L 2 Wb G W £ 45 B B 26 | 3 il e
2 HBE R 2 R e B B M B A HR SR B R
A B IR R ) RN K SR Bt Rk ™ 2K H Al
B Z B IE Y S R TE AR W) Pk B BT AT
WHMNEMRABENFEAETEAYMETREY
MAh R Y K R T, 2R A AR E
UM AR LA (BU A B PR N B B ok o A A
ARG DT

KA T Z2 W TS AR A AR = 0 25 A (E 2K
SN Y AR AR — RN S M B i R KR
I CAn SR R A I RUBR L £ 73 T AR E M A
R Y SR R R A S i AN R,
P I BRI BT D R R R VR AR 1 45 A 0T AR LT TE
7 | RS 47 204 1 WAC SR AR T i R B R R, T L 2 1 0 T 1
AETEFZ MR R 1 65 By FR W) B v Ko 9 1 352 B 7E 22 M 4
TR AETE I S5 TF 5 25 5 S0 4K U 6 0 IR 2 4 I, foff 2R 7
PR . AN 2 ) B N A AE I 5 2R 0
BB MRERME AT TS REAREME, - EVIE,
FUEtEAR 22, A SR RN A4 T R AR
LIS AT AR AORS 5 T TR 28 W B A L U e R
S SR R AR A T DR IHAS () Ao A KR BT A 5 Y R E
FY I R AR R 2 R 0 2 R 1 A 2 T A
CRAASE Aol 5N N RS AR SN R e <IN
WREME S AMETARETFRE ", LR
FH HPLC-MS/MS 4600 & 0L 14 Fh 50t oh 2 19 9 3 19
o ARIERAE R 7 AR (R R R B RO R
THRE AT I TE O G a5 S 43 B R A R A e xR 1
BGHAT A FEMZE ST IR E R S e S
ST O o R A R S R R AT AR S A3 T, DU SR R
Yy S 5 4 L ES AR
1 MRS
1.1 ##5iRH

FEFMEE AFER B EETE LR B
AT R R Ak AR 14 Rk 4 R
JTHRAA A TR R A R A

N B PR R, 35 R A FRA FD

WEFR ISR LER SR RILEER X
PR R omMERR LT A R B B R L BT AR ER-d3 (Y AR
Y T R ECE TR MR BE R R R R A
R A« 4008 =995 %0, b 5Tl D Tl A7 BR S Al 5

A AR < 407 40, 16 245 4 L2 7 A BRA A
1.2 u#5EE

YRR € A 5 1% B LAY - Agilent 1100 F 11/4000
QTRAP #!, it #5 ZORBAX SB-Cs # i JE 4 (4.6 mm X
100 mm,3.5 pm) .3 E Agilent 24 ;

BE 2518 | 202259 8 | RSG5V

EI KR E 2 . SHZ-DAID 8, P T AR U8
R 5

B T HRA  ZK-82B I, B TIT SR AN AR B

B, 7 K AEG-220 B, 0 A& Shimadzu 23 7 5

AWK T BF2000 AL, Jb 50 /5 224 BRA #

BB LG10-2.4A B JL U BE 7 B AR 7 5

s AL . KQ-100DB AU, VT 98 B 1L i 4  X #8 A
MRAH,
1.3 RitEmPSEBYERA HPLC-MS/MS & 17 77 i%
1.3.1 FEShATALEE KPS SCRk[ 4,12 137, R | HPLC-
MS/MS 43 B S #F i 22 1 9 5 4, A T A B
HERI PRI 1 g Mo Ry HE S F 5 mL B E.0A8 . S8 )5
A 200 pL ARV CPTERRR-d3, J R B 100.0 pg/ml) Al
5 mL B Z B, #8420 min,0.45 pm (OB 38 5 FH 20k A
W45 = 1 mL, ] HPLC-MS Kl ,
1.3.2 fig—Rui% & At ZORBAX SB-Cy,
fe FEAE (4.6 mm X100 mm, 3.5 pm) ; {4 0.1 % H) B 1R
TRVE W CA A A B (B MDD . R BB Bk I Ok 1B 4% 1
M :0~4 min,10% B;4~25 min, 10% ~100% B;25~
26 min,100% ~10% B;26~30 min, £ 10% B, ik
35 °C, Ui 0.3 mL/min; BEFEHEN 5 pl, BURE &P A
77 2y BT 55 B AL IF S B (ESD 5 B I IR
110 “C;BMERIEN 4.0 kV; FALE R 205.8 kPa;
TR EE Dy 350 °C 5 TR IR 10 L/ min; 5% ] 52 0f
2 I K AL (MRMD
1.3.3 bR H PRI & F IR B R R
LR BIFERR RILAR R ET @R e . T &
R BTERL IR BT R RR-d3 A T R HE SR M A
A7 WA A R BR AR M 5 4% 25.0 me. A ZBRE R OF B A
25 mL B2 BB — IR G AR MEE WL LA 4 CUKA &
FH . BB fifh A WG 1, T O BE T 0.05,0.10,0.20,0.40,
2.00,5.00,10.00,20.00,40.00,100.00 pg/mL Z& 3 iE & #5
WEVA W . FUBRER-d3 AR i g AR B AR A5 b Bm A
PN bR BT 2R R -d3 . e KW BE N 20 pg/mlL,
1.4 RitE@RBEENIEN

S WA B 2020 4FLE PR A 14 A S [ B 26 o 45 SR R
W AEAEEC 10 mL A SRR 1 SRR 7T B4
na o IO R N £ A =R N DR T N = A O
WRERAE AT PEAN DY . SREC 10 20 RERRGE R 7 AR &R
(R R 35 R TR0 19 45 40 4 BRUSR B I M 1E 4> R
LR DVF4r, fJa 3 7 Bk 56 57 AL A A7 [/ AR 1+ 50 0
E RS, Ko I 4| T 4 5 ke o 5
A S0, o R R A R R . R ITE SRS
1553212 43 (A E S BT KUK 5 T AR A s
1.5 HiELEFZ

% H Excel #1 Origin Pro 9.0 4 %F 58 i 47 A0 2 |
FhL TR, %] IBM SPSS Statistics 3 {4 547 #H 6 ¥E 43 #r



&M | Vol.38, No.9

BMEZ . SHMEYRERTOKXR

RA B AN 2 B, RS vk SR F R AR A, BIVES 2% °F- *1 RTHERBEETEMITESR
7 ALl Table 1 The sheet of sensory evaluation score
2 édn:%l%ﬁm of fruit juice samples
21 RABEMWEBHEDR i i al
S HPLC-MS/MS B3 14 4~ [ Rk B 52 R S R ORI OREAS I =
WEEMEBEIAT TR R 2 FR, ABEE g g e o WIS i
AR T R T R R P AL s e s
B0 I o 2R 0 O 2 R LT 7 A R 7 R RO SRR SEA I 1=z
SR, A RO R R R 2K L R KR (Y 4 AR FIORSEAF I 0
T < 4 8 BT S5 JEU D 4 Bk 15 1k 684.7 g/ T L% A B RO to~12
CEN AR R R NP A SR AR RIFRIAKTRROR 1o
1202.8 pg/g. A AHE R bEh S M R g ek T TPRIEEAT CRER AT =6
B 2 A 0 H 0 L o T A 0 0 SR TR (AT Tk R 2t
41,3 g/ PRI R IR 0 L 0 0 25 0 R LB B B A A IR 02
F2 HPLCMS/MSEMEMRTEHRPSHBEAYREE'
Table 2 The contents of 16 polyphenols in juice fruit by HPLC-MS/MS method ng/g
RUbEES WETRY WigERe  gER JLEEY RILERD MFRIEP R mneERRe TR o 2 i
R 56.2 397.7 287.0 10.4 9.1 4.9 62.5 86.9 79.7
o 38.8 3.9 20.0 10.4 8.4 1.0 44.6 48.6 39.0
AT — 5.2 0.6 4.1 4.0 1.2 19.7 13.2 21.8
HER 8.9 31.5 70.2 — — 1.4 21.8 27.5 48.7
W% — 3.8 5.3 5.1 4.5 2.9 28.1 29.2 —
R 103.8 122.0 3.6 1.8 22.9 23.3 65.3
TR — 5.9 26.0 — — 11.1 27.8 25.7 77.5
[ — 22.5 83.2 — — 1.2 9.3 1.9 —
R — 16.3 248.6 — — 1.0 14.6 3.7 —
it 2.9 46.7 1.1 3.6 4.1
Pk — 117.1 10.4 1.2 1.6 1.0 22.6 — 2.3
Bk — 38.5 3.8 — — — 2.1 —
X2 — — — — — — — —
figics 41.2 4.6 17.9
FIFRE S R e REFHE AEMRE MEE AR BBREYD BEEIERY,) ZEHBEAREQ)
R 132.8 17.8 — 15.4 0.1 42.3 1 035.0 152.4 1202.8
7 i 27.6 11.3 — 5.4 0.1 6.9 214.1 46.5 266.0
Hi# T 2.1 10.4 11.7 2.4 5.1 77.2 12.6 101.4
[EEiE S 2.5 10.4 — — — 18.6 239.0 2.5 241.5
WA — 48.1 — 2.5 — — 117.4 9.6 129.4
W 14.4 14.2 — — — 43.9 397.2 18.0 415.2
Jote R 1.5 17.1 55.3 246.4 1.5 247.9
T 2.6 14.0 2.5 — — — 132.1 5.0 137.2
R — 10.9 8.2 — — — 295.1 8.2 303.3
it 22.5 11.0 — — 0.5 — 69.4 23.0 92.3
HEBk 25.0 11.0 — — 16.4 1.2 165.6 44,2 209.8
bk 3.8 13.7 — — — 15.6 69.9 7.5 77.4
L X 13.8 27.5 41.3 0.0 41.3
fiig oA — 16.6 — — — — 75.7 4.6 80.3
TR T BRI Z B DTN I W
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Figure 2 The outline diagram of sensory evaluation of fruit juice samples
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Table 3 The correlation analysis between the contents of polyphenols and taste score of sensory

evaluation of fruit juice samples

TR (X ) TR (X )
Z ) I - N
AR5 2 R? KT R?
EAIDSS - 409) Y=14.02+89.46X 0.228 1 Y=—89.41+203.54X 0.713 1
BRI YD Y;=19.05+77.68X, 0.228 3 Y, =—71.434+177.14X, 0.716 5
BN Y Y,=—3.085+10.12X, 0.158 2 Y,=—16.37+23.96X 0.536 1
SRR I (YS) Y;=—3.435+46.96X 0.164 6 Y;=—56.674+106.23X, 0.508 7
WEMRIY,)  Y.=10.09+29.47X, 0.2270 Y, =—28.91+69.98X, 0.772 9

11



12

HA# 3 FUNDAMENTAL RESEARCH

H S TE R HLR?

Correlation coefficient R?

[EUS

Taste
PP. ZBy & PA. MBIARZE FN. BB CHA. SEMZE
FPA. i B B 2 2%
B4 ARAMNEGZHBHRESRIT 2R TN
Bk e LR AR K M g
Figure 4 The comparison of relativity between the types
of polyphenolic compounds with value of bit-

terness and astringency

BURIREL AW RIS I (8% B F e R R H R
mh e R BT BRI T R L AR R X A T R AR X 1 R i
R B D R A, % D TR SIS 5 T 2% 22 1 DU A X R M AN
A EL TR 21 28 BT S bR AL A R R A A O
B85S, P RE SRt T SR ) R BE Rl R {UR 2 W 2k
JB L T AL FE A ) R A R S RO . ) SO SN v A
REW L EE BEMER/NERPNZHBY & ESH
PrAALEE I fr e MO, Ik, 29 BN (U R
T AR I 5T SE R ) B b 2 SR OB AR AE P s A
W 1) ) T R G T S I R 2R T
3 g5

ASTE AR SR T 0 22 B0 4 Jo 9 2 R A B 1 22 AR K
BEN RN I R R il = sl R N N el T (A
PG TR 2E 5, IE SR e R I 45 & B M ik s 14 bR
TEA3 R B R | R I B R R B SR DU S, FE b LAl b,
MRS RFEHRET PR ZHY &R B R S E.
BT AR SRR ESE MR BRI S eSS 0K
TR AR OC . b, 2 M 2 W TG R U 1 R
51T O R R R 9 ) BT LA

£ & Uk

[1] 2 5%, 2R 040 4. £ FHAE ST ob i 20 193 2 i 0 L A= 0 1 A 1 9
JEI]. 155 5 HLME, 2018, 34(11): 178-182, 189.
CAI X Y, GONG Y Y. Polyphenols composition and biological ac-
tivity in the edible flowers[J]. Food & Machinery, 2018, 34(11):
178-182, 189.

[2] 0%, 2 TE, RUFE, 55 LY 2 B %) I T8 A 25 5% R A BF 52
HER[T). B fh 5 LML, 2019, 35(6): 222-227.
LI H, PENG X Y, WU P X, et al. Progress on effects of plant poly-
phenols on intestinal microecology[J]. Food & Machinery, 2019, 35
(6): 222-227.

[3] BUA A, A4, AR, S5 i Th 2 B S ST R ). &

BESIE | 202289 8 | BRSNM

Fh R 2015, 36(15): 249-254.

YAN C Z, YE F Y, ZHAO G H, et al. A review of studies on free
and bound polyphenols in foods[J]. Food Science, 2015, 36 (15):
249-254.

[4] PARETS L, ALECHAGA E, NUNEZ O, et al. Ultrahigh pressure
liquid chromatography atmospheric pressure photoionization-
tandem mass spectrometry for the determination of polyphenolic
profiles in the characterization and classification of cranberry-based
pharmaceutical preparations and natural extracts [J]. Analytical
Methods, 2016, 8(5): 4 363-4 378.

[5] BEHERK, FUAR, B0, 55, 19 2 B B9 F 5% #F % (0], 4 7™ &b fm
T, 2020(11): 85-91.

LIANG J X, BAI W D, YANG J, et al. Research progress on plant
polyphenols[J]. Farm Products Processing, 2020(11): 85-91.

[6] R B4 . A2 40 412 354 6 Aot it o i BT I AE L 5 R [D). R AL
I, 2021, 48(6): 8-11.

CHEN Y Y. Application and prospect of plant extracts in cosmetics[J].
Yunnan Chemical Technology, 2021, 48(6): 8-11.

[71 WANG W, JUNG J, TOMASINO E, et al. Optimization of solvent
and ultrasound-assisted extraction for different anthocyanin rich
fruit and their effects on anthocyanin compositions[J]. LWT-Food
Science and Technology, 2016, 72(2): 229-238.

[8] ARIGE N, 3t SR, FRLLBE, 45 7K R o 2 9 B BE 52k J8 0], &
55 % BERHEE, 2018, 54(3): 82-84.

LIN X L, HAN W F, GUO H Y, et al. Research progress on phenolic
substances in fruit [J]. Food and Fermentation Science &
Technology, 2018, 54(3): 82-84.

[9] KELLY N P, KELLY A L, OMAHONY J A. Strategies for enrich-
ment and purification of polyphenols from fruit-based materials[J].
Trends in Food Science & Technology, 2019, 83(1): 248-258.

[10] PP, 15, HIE 77 RS Kk R KU 9 o e F 9 3k e 0. o
3%, 2020, 40(6): 1-9, 22.

TANG Z B, FENG T, ZHUANG H N. Research progress of flavor
compounds in bulk fruits[J]. China Fruit & Vegetable, 2020, 40(6):
1-9, 22.

[11] 2B IE, 5KA7 BE, 2o 40, 45, JLAIAT A% 28 K SR ol B 1 37 4 ot
W5E 5 LIS HT 0] & S L, 2012, 28(2): 36-39.

GONG X, ZHANG Y J, LI C L, et al. Determination and compara-
tive analysis of functional nutrients in several citrus fruits[J]. Food
& Machinery, 2012, 28(2): 36-39.

[12] )%, M ff5, i, 45, UPLC-MS/MS [ B I 2 4k i 7 iRk 2%
B P 2 AL 5 (D). R AR B, 2021, 42€10): 262-268.
HUANG B, HE W, WU J H, et al. Simultaneous determination of
phenolic components in dendrobium officinale stem, leave and
flower by ultra-high performance liquid[J]. Food Science, 2021, 42
(10): 262-268.

[13] AT, S ife e, L5 5k, 55, B8 F b Z B4R U 5 A £ W
A B 2 B A AR [7). B S HLIK, 2017, 33(4): 133-138.

BAO LY, ZHONG H Y, WANG W J, et al. Isolation, purification
and identification of extracts from seed of Camellia Semiserrata

Chi[J]. Food & Machinery, 2017, 33(4): 133-138.
(F#% 1770



&M | Vol.38, No.9

tives[J]. LWT, 2018, 96: 350-356.
[7] 5K R 2. H Ak SRS 75 BREE B 45 K F P BT A9 52 M [D]. )N AR g
BT K2, 2016: 28.
ZHANG T X. Effect of heat treatment on structure and Properties of
Barley starch [D ].
Technology, 2016: 28.
[8] PhRF, H4LAF, SRR, TPA J A4 20 H7 485 3 7 2 WF 9% P 1Y
N [J]. SEE R R, 2007(2): 1-4.
SUN C L, TIAN J C, ZHANG Y X. Application of TPA texture a-

Guangzhou: South China University of

nalysis model in food research[J]. Experimental Science and Tech-
nology, 2007(2): 1-4

O] ARHRM, £ L, 5K SO THAb BE 4 18 X B R T OF 0 VLR X

HEK i BB R W (9], B 5 BLA, 2021, 37C1): 44-48.
XU L N, WANG Y F, ZHANG W B. Effects of pretreatment condi-
tions on the evaluation of the taste quality of japonica rice in Jiang-
nan area with rice taste analyzer[J]. Food & Machinery, 2021, 37
(1): 44-48.

[10] BB Ak k. T ik 2 3 1R D 3R B2 6T A A0 R o BT 1) 52 W B L il
HIH[D]. Jo 8 VLR K%, 2020 31-32.

BI S L. Effects of heating rate and soaking temperature on rice
taste quality and mechanism analysis [ D]. Wuxi: Jiangnan
University, 2020: 31-32.

[11] 4 4%, # 7% %, MENAGER L, %5, 145 58 5 A R R IR 2 0t
KA PR 52 M [J]. £ &5 &% Tk, 2009, 35(4): 38-42.
YU S F, YANG X C, MENAGER L, et al. Influence of linear
starch, protein and lipid on rice powder thermal characteristics[J].
Food & Fermentation Industry, 2009, 35(4): 38-42.

[12] 2 #%, ZE5 57, TKOB, 25 BRSNS 07 & B0k 5 B 300 2 5 %
K AR LR 5T R R[], P AR 2 41, 2021, 36(4): 1-7, 29.
WU Y, YUAN J Q, ZHANG C, et al. Effects of fat content in ja-
ponica rice on thermodynamic properties of starch and eating

quality of rice[J]. Journal of the China Cereals and Oils Society,

X HEGRABREMKREEESFERTAKROIZM

2021, 36(4): 1-7, 29.
[13] ¥ Jetfg. Wx 3 PRI 45 56 IR 2R K R g oK e o 1k
Joi W IR A i B (D). M - 3 M K EE, 2017: 38-39.

CAO X M. Differences in starch properties and response to late ni-

[t 2% 5 B Xk

trogen fertilizer in rice with Wx near-isogenic line[D]. Yangzhou:
Yangzhou University, 2017: 38-39.

[14] FV&F, 228, Tl 2848 0 T 2 B i S i 1 52 i
M5 5 IF R, 2021, 42(18): 166-174.
YAN S, LI H'Y, WANG J. Research progress on processing tech-

AR '

nology and Quality of steamed Rice[J]. Food Research and Devel-
opment, 2021, 42(18): 166-174.

[15] sk e, 2 /INEE, 4 T B, 45 v R oK IR B0 o 4 % J5 A 43
7). HE 5 IE, 2021, 34(3): 102-106.
ZHANG Y Y, ZHU X L, YANG Y M, et al. Preparation and
texture analysis of ultra-high pressure brown rice[J]. Grain & Fat,
2021, 34(3): 102-106.

[16] E 3. A L& AR K G A PLE R DF5E (D). 5 & SR
K2, 2010: 42.
WANG T. Study on post-ripening mechanism of special rice for
rice flour processing [ D ].
University, 2010: 42.

[17] feg &5 28 20 A0 5 K il i BT A9 5% R [D]. [ 19 5858 K
2.2019: 38.

Qingdao: Qingdao Agricultural

HE M. Effects of cooking conditions on the quality of rice
products[D]. Shanghai: Shanghai Jiaotong University, 2019: 38.
[18] PIENIAZEK F, SANCHO A, MESSINA V. Texture and color anal-
ysis of lentils and rice for instant meal using image processing
techniques[J]. Food Processing and Preservation, 2016, 40 (5):
969-978.

[191 HAN J A, LIM S T. Effect of presoaking on textural, thermal, and
digestive properties of cooked brown rice[J]. Cereal Chemistry,

2009, 86(1): 100-105.

(L#% 12 70O

[14] S, ZEARal, X H, S5, 56T R 2800 0 00 vk 4 2R T KUk
At B M S AT (0] £ A 5 &g Tk, 2020, 46(2): 94-101.
CHAI P F, LI L J, LIU J, et al. Analyzing and evaluating the flavor
quality of concentrated apple juice based on the method of cluster anal-
ysis[J]. Food and Fermentation Industries, 2020, 46(2): 94-101.

[15] A miH, #2875, XU T34k, 4. BT Moy 55 B30 Hr i 3 Rt
T B (9], ARk T AR 2R, 2014, 30(13): 276-285.
GONG L Y, MENG X J, LIU N Q, et al. Evaluation of apple quality
based on principal component and hierarchical cluster analysis [J].
Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2014, 30(13): 276-285.

[16] #BIF. JLFP S 3 b B 28 4 5 (9 UPLC 43 A7 2 H 48 80 i 44
HE[D]. A [ Al B2 e, 2018: 6-10.

ZHENG Y. Determination of phenolic compounds in selected fruit

juices by UPLC and construction of fingerprint[D]. Zhengzhou:

Chinese Academy of Agricultural Sciences, 2018: 6-10.

[17] FRANQUET-GRIELL H, CHECA A, NUEZ O, et al
Determination of polyphenols in Spanish wines by capillary zone
electrophoresis. Application to wine characterization by using che-
mometrics[J]. Journal of Agricultural and Food Chemistry, 2012,
60(34): 8 340-8 349.

(18] F i, Xedk 25, 217 . AR IR 4 43 B LR 7K SR XU R B 5% i BF 52
R [T A 24, 2015, 32(2): 304-312.

ZHENG L J, NIE J Y, YAN Z. Advances in research on sugars, or-
ganic acids and their effects on taste of fruits[J]. Journal of Fruit
Science, 2015, 32(2): 304-312.

[19] XUSCHE, #52F FH, 0 e Afl, &5 WEAg R AE W 4 P 2 B 289
R HHU A AL TG YERTSE[0]. B i Bh2E, 2011, 32(23): 130-133.
LIU W X, HUANG W Y, ZENG X X, et al. Phenolic content and
antioxidant capacity of strawberry, blackberry and blueberry [J].
Food Science, 2011, 32(23): 130-133.

17



