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Determination of polyphenols in cherry
by high-performance liquid chromatography
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(Beijing Research Center for Agricultural Standards and Testing( BRCAST) , Risk Assessment Lab
for Agro—products( Beijing) ,Ministry of Agriculture.P.R.China,
Beijing Municipal Key Laboratory of Agriculture Environment Monitoring, Beijing 100097 , China)

Abstract. HPLC was applied to separate and determine polyphenols in cherry.The conditions of pretreatment, solid
- phase extraction and chromatography were investigated. The optimal pretreatment and chromatographic
separating conditions were established: extraction solvent was 60% methanol (2% formic acid), the column
leacheate was 10% methanol (0.1% formic acid) , column eluent was acetonitrile (5% formic acid) . Under this
condition, the recovery of the polyphenols was higher than 70% .Meanwhile, mobile phase was water (2% formic
acid)and acetonitrile, column temperature was 40 °C.Through comparison with standar sample, vanillic acid,
catechin, caffeic acid, ruitin, p- coumaric acid was detected in cherry.The content of the polyphenols was in the
range of 0.365 ~ 240.617 ( mg/kg DW) . This method was rapid, sensitive, simple, accurate and less impurity
interference,and rhe polyphenols peaks were separated well.
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Wy 4 0T, 9K S Al HPLC 0 52 A2 Bk 2 9 & & 4R
T AR IR L R A B R R Bl A A R S AR
PEATIRAL I WE 5T o L Ah , A% S B0 AR (0 35 72 ThoRE i
BIALFR T R T sk 2% 07 A AR SCRAS FRAR, 7 B AL # o
e 5 1 I 2 B % o T AR AL I AR HLAT A2 G
BEE S I ARG PR ER TS YN CBRE AL S T
ST 54 B U0, HARER A, A SOK [E 41
ZERLF AR G AT AL FRAE S5 S, AR 2= i 38 BUR HE AT
alifl, e T [EIAH 2 B IR st Fse e 25448, SE X H
R S s il L1 [ =1 Vi £ s == € o - e i
SR TE DL AR B SRR b 08 22 T o Y A0 B
5, DU SRk 22 Wy 1 T 2 ) S AR Bk ol e 1Y) BT
P i SR AL R R -
1 Bt
1.1 #e5EE

i m2 i (Lapins) (564 (Van) (£1XT (Hongdeng) |
B K ( Summit ) AR A T T 37 W 3K, BRAEBE SR T L
TUACMEL 22 B R AR BF 5T . BEEUCR /N 5 | s B
Yy — OB L JCHe B RS, Y B A BE S
ELASVR R T4 48 h, ¥R T 25 =50 °C .30 Pa, #EHk
PR RERTE ik, o 40 B i, & T B98N, T-20 C
PRAFEH

14 FERMEY) BT B TR ( Gallic acid) (& TR
( Coumalic acid ) . JL &5 Z ( Catechin ) . &t JF /&
( Chlorogenicacid ) . Wi i fig ( Caffeic acid ) . FF Bi fig
(Vanillic acid) . 3 JL %% & ( Epicatechin) | T & &
( Syringic acid) | X} #F &g ( p— Coumaric acid) , /7 ]
(Rutin) FFF & ( Sinapic acid) #} Hz2 2£ ( Quercetin) |
PEERR (trans— Cinnamic acid) | 111 55 % ( Kaempherol )

b EAYRIECARA T, 4l >98% .

N HBE QMR TR H R Ak al, 2R .
AR Sy S AT 4l o

Waters 2690 = R AH (4,354 . Waters 2487 454}
& %% . Waters Symmetry C,; column (5 pm, 4.6 X
250 mm) fA,i%1:  Waters 2\ 7] 33K—15 =i v 4= B O
Bl sigma 24 W] ; KQ-300VDV M EERY BT
AL A RS Al s RE-5205 ekt 78 AL ifr
FerE b RS FD-1A-50 ¥R TEEPL dbeste R
IS A BRSNS B]  CM24 04X dE BT A g A6k
BHEA AT ; TV-1901 550505000+ Jbatd
i P S A R AT
1.2 WHE
1.2.1  PEEkmy 2SR B Lhhr = AR Ak &L A AT
BTG IN Jr 5 0 IF & 52 86, 2 J= 3 FH JFC A A2 ik ot Ao
AT BRI E . BAREFRAN R (B 1.0 g hraE sy
BEREZR TK T 50 mL B0, I AR B 58 60% H
B —2% W BR/K IR 20 mL, {3 JE , T 23R K 8 $R H
20 min, B J5 K ¥& 5 .0 (10000 r/min, 10 min,
—-10 °C) B BiE WA, EE RN IR, A I H2E
W, ARE IS o By A
1.2.1.1 ARG B000 B B T 22 1 & B8 1 5
ma o FE R EIARREBGE AR B AR Er 0 D 50% |
60% 70% W W5E—2% R 7K I W 0T Sl Wy 5 G B9 52 ]
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LLalizKAE Ry 23 it 18 AR B FANAE

1.2.1.2  AEIZEAIREE W 2 W & s $#2 B
R BGT AR, B BN [R) 28 B 1 IR X s Wy B B Y 5
ma , SRR S 60% A, 43 S ES 2% R (2% &
2 2% FrPHER , LL 60% FBEAE Jy 23 onf B, H At Fi2 B
FAFARAS

122 Gl & B e BB R E = M
Singleton Fll Rossi [ J7 ik I WA e a0 o o i R
20 mg & BT RARAES , KM I E 45 2 50 mL, 15
F| 400 g/ mL FYBECE FERER UL o 53 50DRS B R HR
0.0.25.0.50.0.75 .1.00 .1.25 mL F 10 mL K&,
FAZERIB/K I RE B 20 B4R AF BN Rk B2 43 73] 2 0,10,
20.30.40 .50 pg/mL, 435 W B b 3R V& & 7 R % W
1.0 mL, I &R B4R AR IR 0.5 mL, $55) , #
8 min, LA 10% BRFREAVE R 4 mL, 3557, TRk 2=
BRI 10 mL, ARG, £ F R RO HF A
40 min, J* 765 nm A ERE S IROGEE , LI B TR R
VA R B v B8 Sl R AR, WROG (L R A b, il
FruEh£L .

1.2.3 HPLC 385 A% 4E : Waters Symmetry Cq
column (5 pm,4.6 mm %250 mm) , ii# :0.8 mL/min , #§
i :40 °C, AR MR AR I 2% (PDA) A& I 57 1< - 280
320 nm, #HFEE 10 pL, FEAIAHBENL A L3R 1,

F 1 TSI RGN L S BE VR

Table 1  Ratio of mobile phase and program of gradient elution
R (min) VEAVR A <29 TRk AV B: 21

0 95 5

16 84 16

24 80 20

27 70 30

35 60 40

40 50 50

41 95

52 95

1.2.3.1 AFEFPIERRMLLESE  ERSAH A th 43 50m

AU 2% T8 1% 1% .0.5% 5T, W sh A B
N ORE RN 40 °C HAb KA AR, 14 3R =R,
BEBEERAEMMAE RS AE A BRI

1.2.32  FERXTH 2SO B RORIE I AR
TR XT By 2IS W) T 43 5 AR 1 B i, 53 9 A A VR 25
30.35 .40 °C,yshAH A 2 2% HiR-7K, wishi4H B 2
O FHAh S5 A S, B R =R, s PR R AR B B
AU o

1.2.4 HLB /MEZFEECFEEIE £ Waters Oasis
HLB (60 mg,3 mL) /N % B2 Bk £ B i — 2 2l b,
FERZR BT LME T T — 2 Wy 2SR S 2 43 43 Ao R AR
PRIREU T 40 °C 51 e e 78 ke 4 22— e IR R,
FEARZE 20 mL, 5 B EAHFEBCNME . 5/ 3 mL FIEE
3 mL 7K{%fb,5 mL B 54,3 mL PR A L 2
BRZ 5T, 5 mL Wl WK B A58 Be it ke, AR e i
W BEVENLIE N ZNE-5% H IR, 43 5 75 8Lk P
FAK - 0.1% H iR, 5% W lE - 0.1% H g, 10% W
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Pi5—0.1% H i Xk 22 Wy [0 Wie 232 1% 5% 1) 5 [ 9K 00 W ol
10% HEE-0.1% H R, 53 551 %5 5 BE B W ol FH % - 5%
K HEE-2% R HEE-5% R . ZNE-2% HiR .
CRE=5% RN Z Wy FISCR A S2 . R BE B T &
WA 35 °C 4544 0k, T 5 AR ER 5350 50% FR s
REZE, 1L 0.22 pm PR, - HPLC %2
2 ZERE5HH
2.1 BrRCEXEM SRS ENF I

Z Wy A BT AETETE 2 BRI T Ik DA M B I
S R TP AR AE 0 T P4 5T 45 R RS 2 5 W 22 19 S ) I
IR ZRE, A= 2 P2 W25 Bty 32 By ik
JEEFNR R, E R & B R H S A,
0 R SR FH I L O PN T g I K TR S VA R S B R
3, HE AR R I T AR AR R R EAK E . TE PR I AR
SR T BT 1k 22 W S W B AR S, RS I R P T 5 an
AR R4S, SE ARSI Sl & AL, 43¢
5T R v B8 RN ] LR 0 AN TR S 7Y Y R X 22 Ty 218
Wy JE & RS IR, R B HE s vk R ORI TR Bl IS T Ik 2
i R o
2.1.1  FEEER T By S sE I R AR 1.2.2 IRk
Tk 2 By S B AR dE T 2R S Y = 0.0082X +
0.0415( R’ =0.9931) ,

— 0 R JEE 1Y) O R R e AR 22 Wy 2SR 28
W I A R B , 32 R R Ay K 43 (e AT ) A I K, AR AR
PRIBOS 70 A6 2050 Hb 1 40 i P9 95 38, DT B R B B
B 1 7R SR 55 500 i B X AR S W B e s ), DA IR
AT LLE 5 Al KA L 50% ~T70% 17 H B34 GE AT 3K
HLFEHR Y 2y 5T, 60 %0 114 HH Mgt i T H A P ST B,
WEE] ST 2 5 oA (4.28 £0.02) mg/g DW , il £E 60%
R A S SR BB 71

4.2 4
3.7 1
b
8l d
£ 32
I8 2.7 -
41
& 2.2
I
1.7 1
1.2 - . :
il

K 50%FEE  60%

sl

1 PR T G 5 B A 52 )

Fig.1 Effects of methanol concentration

70% P

on total phenolic content

2.1.2  FRFPIENT AT A RS e SR AR o
PR T R 22 1 5 2 1 0 IR 0T L 2Bl 2 ) i) S K g
IRAEFR 3, DT 1 25 9l O 2 B e ke o tedh, 2
W 20 6 TR PR PR B8 T A fa e, ELIR W] 7E — o A
EUTEESF ) AR S0 2 TR R A K i R o 22
W R ARSI, 25 SN R 2 ok . AR TR AT LA Y,
KR FRIITE — i BRI B JC T R o &, ok 2y
B BRI AR R TR > AP > LR, e,
TR R B A 7 A B R (4.26 £ 0.03) mg/ g, e
1 ofe $ R PR BRI
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Fig.2 Effects of acid on total phenolic content

22 fIEEHMRNK

ARSI 0 FH 38 PR Y C g (i A X 2 258
AT O B o T 22 W W ISR S O 8 PR SIS B o i
PRI T o B € 3 e 4 R 728 T S X PR A B B, TE T
SIAH RO B B0 PR P41 ) 500 R 9 ) 2R A S P Y
RS, SR IR . AR B4 T 7R O 23 B b Y
MR LR IR = IR X 22 Wy 43 85 28R Y 2 i
MERR IR A LA 3R AT A R DU AP 4 S5 HY i I [a]
AR W HET , 38 FH £ 1R IV T ) €2 335 0 1) 3 5 20 R N
A, WURP A AR B AN 58 42, T HL AT B8 B T B IR H 58 11
SRR, BB 2l . BSIN PRI, 14 FhAREY)
ooy B SRS S 2% W R A g 4 il 551

AR (33 53 2 I B, A I X (0 35 04 3 2 52 i) ¢
R . HRYE HARY) A B a5 MR, A e ) T
RN 52 o0 B, A Be ) AR ARAE I T 5 23 e . AR
FELTTE 25 .30 .35 .40 C PUASIREE T 1Y 22 W 43 25K
o GERRW]BE A O R 09 Z 2 TR, (i g
B DGR 8] 32 20 3 /1, X 5 SCRRIFSE 45 2R — 3, 4
EIEAL IR E AR, F R RILEREARE, H
HEIR 220, IREETHS) 35 CHIFB R . RILKE
28 HY 0, (H 3 BRSO AN B AR, AR R T F 40 C
H, W P | A PR | L2 SR AT A IR DU AR A 5 AT
eIt , A HA AR S A IR PEFE 40 °C

TP 5 B0 % 25 P 14 Fids W) iR &
MR EALIE | 183 S bnvEdh B A 1, 3R 2 I T
14 TR MER) BT 44 FR A B8 I Ta] | e RIS 1 o
2.3 HLB HEZFEBEUEHML

[ AH AR BB A B A S A2 0 B A a4k 59 T Be
T EW PR~ B Al o3 B A 25 5% B AT A PR GE AE
ABLE LA AR Z2 Tk, I B £ H AR -5 W K
7 Z ) A i K AR B 1 S e A L R BRI
B D7 Ak F Sy B st iy B gt L AR AR Oy 3=
BRI B PR, ST H bR 9O B A R R
b T A R P R B SRR B AR W) 5 R SR 43
BN T e o W PR FRIAS B 02 58 4 g e itk
&, B 20158 42 5 1A A ml AP Ik H i 17 B 551
SEARM LR B, DALkl B 7 26 B0 R O ACAS [R] e
HORR YA Y pH DAL FARY) B 57 0 2 5~ Ak el ot 5~
AR, I Ab, P B TR 04 AR P R s B B sl Tt Sy
wE,
23.1 HLBAEMPEMRAYESE  FEan RS, BiRW)
N2y Joi ) Ak A8 W% Rfeh 7 1B i 70 L, O 5 4 0 2 R EE Y
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" WA S22 , B 5% W R 104 22 1y [a] e 5 B K g T
0.08 2% W HR , H.Z5-5% H IR i L[] e 3 35 5 1
0.06 fE—5% HR ., PRIkedE 2 NE-5% H RRVE MR o
?ﬁ 0.04 1 8 %‘:23 g@ﬁ@l&%(%)
5 6 Table 3 Recoverys of polyphenols( % )
0.02
3 I & N L 5% - 10% FP -
TS -0.1 £
0.00 et M I WRUER K01 W o g 0.1% H i
4 8 12 16 20 24 28 32 36 40 44 (Qﬁ»%ﬁg 51.33 65.72 72.22
0060 Minute T 60.67 70.26 81.95
' . % 37.44 60.71 72.68
0.050 5 1 JLRE
0010 4 RS 83.65 86.46 88.33
' A 88.12 90.65 92.03
2 0.030 G -
12 A AR 74.18 89.96 94.57
0:020 10 FILL=E 50.56 67.40 70.30
0.010 | TH 98.51 101.95 103.28
0.000 jhmmmm—s it el e Y} 7 5 R 75.46 80.24 81.71
408 1216 20 24 28 32 36 40 4 ST 100.32 108.85 11041
. . =i, 40.58 77.30 79.52
3 ZEWRES HPLC [ TR
. o Wil % 50.21 66.35 85.90
Fig.3 Chromatogram of mixed polyphenols standards
el I e P EE 60.66 65.64 79.45
7 BILA R SR ACKS 2 TR 5 0SB 980 5T LIS 59 1 3 LEE 7890 5049 5037

JEMARBUS AT REZ 19 L R A% ot , AR SCH 58 T 4k (A%
T E B I E 1 2 B IR PR ROCR , A RSk 3 R .
FHEEIK 5% Btk U i 358 53 22 Wy 1] i 3R 421K, 10%
PR BSEAE S bk 1 WIS, 13 216 0 o 1) ] i SR 34 A 70%
15 g
K214 PR AER 5
Table 2 The 14 kinds of standard phenolic compounds

B I 1=} N ..
M bR ﬁ(fl“*)'ﬂ Bﬁj‘(”ﬁ%ﬁ*‘
1 WEFR 5.285 280
2 IR 8.861 280
3 JLRE 12.539 280
4 ES NI 13.199 320
5 R 15.476 320
6 F R 15.857 280
7 FILAKEK 16.453 280
8 TR 16.901 280
9 X R 20.966 320
10 BT 22.994 320
11 IFF IR 24.161 320
12 i %= 33.936 320
13 LR 36.252 280
14 g 37.538 320
2.3.2 HLB FBEBR LR — RS AR 091k

2P 2 RE RO 5T A R 5 5t 5 79 PR AR A e e 534 21 14 %
POk o A AR 2 HRUCT, W AR 22 B 0 5T A 5 It 1 5
AHEE NG LR LT B L S PR DL B IR i
7 AE P s | 2 e R HE DL AR SCER A B 55 T A
CEAEBSINAS TR A& B 8 BP9 A0 22 7 B o) 22 3 [ i =3
HOFZIR , G5 R ULER 40 MU 20Ok, vl BE -5 1 iR A&
AEAS AL S B, P B LA Z R BE RIS, i R

2.4 FHiRWIE

B H BT 2 10 mg/L 1Y 14 Fh Z IR G Fr vk
T, FRB R B R PR B b vV T, $ R R
PR €035 S5 AR R AT IO R , AR MRV W ) T S v 2 (X)) 2Hy
AR, ETSIET A (Y ) S A AL bRl b o il 2, T
FRENT 7 PR B S AH G REILFE 5, S hnifEY)
FRERPEC TR RAT, HHSC R BT R T 0.9990, iR AR
WV ROR RIS BERE, LA 3 %45 M b T 345 2 1 0 T
AR B (ULER 5) o HU 14 Fh 2 1 M PR EIE T, i 5L
PERE 6 YHEFTINAE , PRuEVE TR P 14 P 22 15 0 1 AU
RSD ¥J/NT 6.6% , = A ZS 0 KG %5 BE 4, i 2 I

I ARRRAR P aSIn— AR AR R B TR A
PR v S AR, Fi BEOC AR 0% A A B T 1k R 60, 3% 4% AR 32F
ATIAR N 2R 52 56, AR I w o il 2R 150 45 1 2 )
M, SPATINRE 3 0, O ME . Z2 R &b [l
WCR I TE 70% LA I, RSD ¥J/NF 10.0% . J7iks2%
EREEIRFREAAS HPLC J5 7% HAG AR 49~ 1 1 14 Fn i
P, AT LT SEBRAE SR ST o
2.5 1BHkERSH

AR C J7 vk W 98 B T A AR Bk AR BB A BB M
(Lapins) , ¥4HI15564% ( Van) (£14T (Hongdeng) | 5% 2K JIit
(Summit) L K BRAEAk PO Fh A AJk ot Fb (ARG . AR
BESL AP LR Y 6~8 Fh2 Wy, 3R 6 A LIFE Y, A
PRI AR HBEE TR AR . HA RSP &
A — w2 L LSy, H A PO AP AR RE R A
FHAPERE S BT B 2 1 R S R B I, B B A
TrE—E 2R, Hp i mi 22 a RILSE Y
T FHmEURILERENFERS, BB FEEH LSS
R RILER EFER 7T, O NRILEEE LS
T EERE, B KB R H ) 22 W RIS B
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bR g

x4 ZHEE(%)
Table 4 Recoverys of polyphenols( % )

VeI H 5% Z K H 2% B R H 5% B R ZE-2% H g ZRE-5% H g
WEFR - 59.30 59.28 58.20 70.03
HER 67.41 51.53 65.64 58.48 85.31
L 18.21 56.70 82.88 65.16 79.50
4R 88.73 87.55 71.55 84.93 87.98
A e 54.39 89.17 80.38 87.84 93.19
HIR 87.97 84.80 86.10 87.22 96.90
FKILEE 17.53 4478 80.37 54.93 72.54
T&HR 88.69 97.90 88.22 94.55 102.34
POEA A 68.72 78.67 72.28 79.80 84.39
BT 176.95 101.92 121.35 125.41 112.86
TR 65.63 80.45 56.77 79.56 81.95
i iz 2% - 51.87 54.94 51.29 75.34
WERR 83.76 58.91 84.08 65.47 73.92
L2 - 82.60 82.19 71.96 82.14
25 Kl RS R R R PR e A
Table 5 Precision, linearity and recovery of HPLC method of different analytes
— S *Ha‘é;%%z SRt | mhEs Kt R RSD
(R") (mg/L) (%) (mg/L) (%)
BETm®R y =77287x-4014.9 0.9999 0.1~10 75.83 £2.2 0.30 2.7
FEMR y = 13564x-441.84 0.9998 0.1~10 88.35 £2.8 0.25 25
L y =6573x +68.56 0.9993 0.1~10 82.03 +2.3 0.28 3.1
o R y =33742x-1362.9 0.9999 0.1~10 84.36 +2.2 0.31 22
kiR y =55795x-2984.5 0.9999 0.1~10 95.75 +3.2 0.19 34
R y =20901x-1150.1 0.9998 0.1~10 100.90 +4.2 0.18 2.0
FKILKZE y =7530.1x-433.21 0.9998 0.1~10 7535 + 1.8 0.18 1.8
THm® y =33512x-1556.5 0.9990 0.1~10 102.88 £4.0 0.22 32
Ko 7 R y =65465x-3691.3 0.9998 0.1~10 80.57 £3.6 0.40 6.6
T y =9648.5x-505.66 0.9999 0.1~10 110.75 +3.8 0.21 45
IFFIR y =52646x-2889.3 0.9992 0.1~10 82.07 £2.5 0.32 48
Wit iz 2 y = 14610x-1044.4 0.9998 0.1~10 79.51 1.6 0.18 33
PR A iR y =77287x-4014.9 0.9999 0.1~10 7772 £1.7 0.30 5.0
2y y =22922x-1262.9 0.9997 0.1~10 83.92 £3.5 0.22 42
F 6 RFEEEBES R Z AP I (mg/kg TH)
Table 6  Contents of polyphenol in different varieties of cherry( mg/kg DW)
DS $ ZE M (Lapins ) 56 (Van) £14] (Hongdeng) B KM (Summit ) TRk
WET] - - - - -
H R 35.40 +0.88 170.16 +6.9 17.75 £1.2 9.81 +0.32 5.26 +0.31
L 21.19 +0.68 240.62 +7.2 - - -
2R 3.26 £0.13 - - - 206.83 +10.3
Wi R - 1.10 £0.01 6.05 £0.63 1.69 £0.15 3339 +2.2
R 20.83 +0.66 - - - -
FILxE 152.67 £3.8 72.93 +0.81 228.48 £7.9 - 55.10 £0.75
THW 6.92 +0.47 - - 7.27 £0.16 -
X 75 TR - 0.37 +0.01 7.09 £0.12 0.80 +0.29 20.56 +0.68
BT 72.31 +0.29 64.21 +4.7 82.49 +0.85 31.88 +0.12 -
IFFR 5.09 £0.02 - 12.51 £1.00 2.47 £0.07 64.92 1.2
it iz % - - - - 4329 +2.3
R - - - - -
175 B - - - - 1.62 £0.10
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