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Determination of phenolic compounds in kiwifruit juice by UPLC
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Abstract: [Objective]l The similar chemical structures and properties of phenolic compounds make it
difficult to separate phenolic compounds. At the same time, there are many problems in the detection of
phenolics, such as low separation degree and being a very time- consuming process. In order to frer-
quently, rapidly and simultaneously analyze the phenolic compounds in kiwifruit juice, a method was
developed for the qualitative and quantitative analysis of 22 phenolic compounds (gallic acid, coumalic
acid, protocatechuic acid, neochlorogenic acid, p-hydroxybenzoic acid, catechin, chlorogenic acid, caf-
feic acid, syringic acid, (-)-epigallocatechin gallate, (-)-epicatechin, 1,3-dicaffeoylquinic acid, p-coumar-
ic acid, ferulic acid, sinapic acid, rutin, quercitrin, resveratrol, phlorizin, quercetin, cinnamic acid and
phloretin) by ultra high performance liquid chromatography (UPLC), and the phenolic compounds in ki-
wifruit juice of 4 cultivars were determined in order to provide technical support for the development of
phenolic substances in kiwifruit juice. [Methods]The UPLC experiments were conducted using an AC-
QUITY UPLC BEH Cs phase column (2.1 mmx100 mm, 1.7 um). Samples were maintained at 35 C us-
ing a flow rate of 0.2 mL - min™ and a sample injection volume of 0.6 pL. A detector wave length of 280 nm
was used. The mobile phase consisted of 2% (V7)) acetic acid in water (A) and acetonitrile (B). The gra-
dient elution conditions were as follows: isocratic elution 95% A, 0-2 min; linear gradient from 95% A
to 90% A, 2-4 min; isocratic elution 90% A, 4-6 min; linear gradient from 90% A to 85% A, 6-8 min;
isocratic elution 85% A, 8-12 min; linear gradient from 85% A to 83% A, 12-16 min; linear gradient
from 83% A to 80% A, 16-18 min; linear gradient from 80% A to 70% A, 18-19 min; isocratic elution
70% A, 19-23 min; linear gradient from 70% A to 25% A, 23-26 min; linear gradient from 25% A to 0%
A, 26-29 min; isocratic elution 0% A, 29-31 min; linear gradient from 0% A to 70% A, 31-32 min; and
linear gradient from 70% A to 95% A, 32-33 min. [Results] This study took into account the optimiza-
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tion of the analysis conditions, including comparison of the effects of the mobile phase, detection wave-
length, sample injection volume, column temperature, flow rate and choice of elution gradient. The de-
tection wavelength chosen was 280 nm. The mixture of phenolic compounds had maximum peaks and
maximum response values of 280 nm. The excess or too little volumes of sample injections can affect
the shape of the peaks, separation degrees and the baseline. 0.6 pL. was considered the proper sample in-
jection volume. 35 “C was used as the column temperature. When the flow rate increases, the time of the
sample analysis can be shortened, but the separation results of the sample components will be worse
when the velocity of the flow is too fast. 0.2 mL - min' was considered the proper flow rate. The reten-
tion time, peak shape and recovery tests were used to verify the presence of the targeted analytes in the
samples. Limits of detection (LODs) ranged from 0.000 34 pg-mL" to 0.16 pg-mL" and the recovery rate
ranged from 84.11% to 117.15%. The mean accuracy of the relative peak area was 1.68% (ranging from
1.05% to 4.07%). The stability of the method was evaluated by using Xuxiang juice. The stability, and
the RSD of peak area was not more than 7.52%, which indicated good stability. The repeatability of this
method was evaluated by using ‘Xuxiang’ juice. The repeatability, and the mean RSD of peak area was
less than 4.88%, which showed a good repeatability. The applicability of this analytical approach was
confirmed by the successful analysis of real samples of kiwifruit juices. The kiwifruit juice consisted of
13 kinds of phenolic compounds, with ferulic acid, (-)-epigallocatechin, sinapic acid, rutin resveratrol,
phlorizin quercetin, cinnamic acid and phloretin not being found in any of the cultivars of the kiwifruit
juice. Gallic acid, neochlorogenic acid, p-hydroxybenzoic acid, catechin, chlorogenic acid, syringic ac-
id, 1, 3- dicaffeoyiquinic acid, quercitrin were detected in all the cultivars of the kiwifruit juice. Among
the 4 cultivars of kiwifruit juice, ‘Huangjinguo’ ‘Huangyang’ and ‘Xuxiang’ kiwifruit juice had the
most content of catechin (4.35, 4.52 and 9.32 pg-mL"' respectively). The most content of phenolic com-
pounds in the ‘Hayward’ kiwifruit juice was chlorogenic acid (2.25 pug-mL™"). Protocatechic acid was on-
ly detected in ‘Hayward’ kiwifruit juice, caffeic acid was not detected in ‘Huangyang’ kiwifruit juice,
and (-)-epicatechin was not detected in ‘Xuxiang’ kiwifruit juice. The chromatogram of kiwifruit juice
showed that this UPLC method can be used in the analysis of phenolic in kiwifruit juice and most of the
chromatographic peaks were totally separated. The richness, variety and complexity of the phenolic
compounds of kiwifruit juice present an extensive applicability for analyzing the constitution and con-
tent of phenolic. [Conclusion]By using this method, 22 kinds of phenolic compounds can be complete-
ly separated within 33 min with separating degrees of greater than 1.5. This method showed excellent
accuracy, repeatability and stability. It was also confirmed that this method can be used for the analysis
of phenolic composition in kiwifruit juice.
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1. Gallic acid; 2. Coumalic acid; 3. Protocatechic acid; 4. Neochlorogenic acid; 5. p-Hydroxybenzoic acid; 6. Catechin; 7. Chlorogenic acid; 8. Caf-

feic acid; 9. Syringic acid; 10. (-)-Epigallocatechin gallate; 11. (-)-Epicatechin; 12. 1,3-Dicaffeoyiquinic acid; 13. p-Coumaric acid; 14. Ferulic acid;

15. Sinapic acid; 16. Rutin; 17. Quercitrin; 18. Resveratrol; 19. Phlorizin; 20. Quercetin; 21. Cinnamic acid; 22. Phloretin. The same below.
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Fig. 1 UPLC chromatogram of 22 phenolic compound standards in the best condition
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Table 1 Linear range, regression equations, correlation coefficient and limits in the detection of 22 phenolic compounds

e 2R N | 5] )= 5 72 MRRE WK
Phenolic compounds Concentration rage/(ug-mL")  Liner relation R LOD /(ug-mL™")
W& T Gallic acid 1.313~262.500 y=2571.2x-1336.3 1 0.000 83
% HFR Coumalic acid 0.480~120.000 =3 807.1x+3 525.5 0.999 4 0.004 6
J J)LA PR Protocatechic acid 0.700~105.000 y=2783.7x+8 751.5 0.999 9 0.000 34
B £EJ5R Neochlorogenic acid 0.500~20.000 =6 566.4x-557.55 0.999 9 0.013
2R R P-hydroxybenzoic acid 2.000~50.000 y=1659.0x+4 875.2 0.999 1 0.160
JLZEZ Catechin 0.380~380.000 y=7 226.8x+2 452.6 1 0.039

£ )5 Chlorogenic acid 4.000~50.000 =7 207.4x-4 361.6 0.997 5 0.140
MIHERR Caffeic acid 0.950~95.000 =7 950.0x-3 001.5 0.999 7 0.051
TR Syringic acid 0.500~100.000 y=5331.2x-2 843.3 1 0.077
REET IR B TR (-)-Epigallocatechin gallate  2.000~20.000 y=2200x-1 805 0.998 3 0.079
#JLFZ (-)-Epicatechin 0.600~24.000 y=1604.4x-1 268 0.995 7 0.120
1,3- - WMHERE 45 5 B2 1,3-Dicaffeoyiquinic acid 0.950~950.000 =13 207x-9 460.5 1 0.061

Xt 7 G P-coumaric acid 0.310~15.500 y=7901x+1 835.3 0.998 9 0.050

R &R Ferulic acid 0.500~10.000 y=13029x-1 431.6 1 0.097
I+ TR Sinapic acid 0.200~4.000 =6 741.0x+361 1 0.050
7T Rutin 4.000~1 000.000 =2 512x-7 828 1 0.130
M5 Quercitrin 0.380~950.000 =3 304.2x+1 665.4 1 0.160

[ %2 2% Resveratrol 0.550~6.000 y=16 785x-7 148.5 1 0.110

HR 2+ Phlorizin 4.000~200.000 y=2 538.1x+10 163 0.998 3 0.150
it 2 2 Quercetin 0.700~210.000 =2 995.7x-340.78 0.999 6 0.015
LS Cinnamic acid 0.736~11.500 =1 6882x-466.27 0.999 3 0.091
&7 % Phloretin 1.360~34.000 =7 068.4x+4 999.8 0.999 8 0.099
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Table 2 Precision and recovery rate of 22 phenolic compounds
e TR Precision - mbpEe TR
Phenolic compounds TR AR b i 22 Recovery rate/% RSD of recovery
Mean peak area RSD of precision/% rate/%
R FIR Gallic acid 113 655 2.10 117.15 9.56
7 5 R Coumalic acid 237317 1.05 107.34 1.49
J&5 )L Z5 1% Protocatechic acid 150 390 1.24 99.27 8.77
4R R TR Neochlorogenic acid 270 657 1.65 88.06 5.76
X $2 HK HR p-Hydroxybenzoic acid 59211 1.42 104.75 9.52
JLAZ Catechin 38073 4.00 105.04 8.37
£EJ5R Chlorogenic acid 171 106 1.50 100.92 8.47
WIHERR Caffeic acid 369 412 1.34 96.86 9.36
T IR Syringic acid 286 577 1.37 91.95 8.96
XA T IR FEBE A TR (-)-Epigallocatechin gallate 100 794 1.68 109.11 6.32
% )LEZ (-)-Epicatechin 74369 1.099 92.15 3.95
1,3- MMk 25 7% 1,3-Dicaffeoyiquinic acid 475269 1.45 106.47 5.73
X7 SR p-Coumaric acid 687 832 1.37 108.24 5.69
FiZ% R Ferulic acid 292 734 1.49 105.61 5.65
J¥ ¥ Sinapic acid 345 063 1.45 84.11 3.30
71 Rutin 121 236 4.07 105.23 5.20
Hit 7 Quercitrin 164 474 1.33 111.46 7.17
22 % Resveratrol 659 609 1.19 103.45 5.41
FR %1 Phlorizin 174 893 1.83 96.32 5.14
Hit i 2 Quercetin 99 679 1.69 116.99 6.95
WAERR Cinnamic acid 827 056 1.16 84.79 2.81
HR B & Phloretin 352435 1.47 107.74 1.80
=3 2 MEAEHMIRMNEEHSREN
Table 3 Stability and repeatability of 22 phenolic compounds
KA HE M Stability S FasE M Repeatability S
Phenolic compounds TR U T AR AHXS AR 72 T H U T AR AR o 4 i 22
Mean peak area RSD of stability/% Mean peak area  RSD of repeatability/%
#A TR Gallic acid 3167.17 4.88 318233 7.46
7 5% Coumalic acid 12 319.00 2.98 12339.33 481
J5)LZ5 12 Protocatechic acid ND ND ND ND
B4 5 R Neochlorogenic acid 470 966.50 0.41 470 437.56 2.82
YR HEIK R P-hydroxybenzoic acid 19 768.33 3.30 19 428.11 6.65
JL#E % Catechin 674 834.67 0.55 714 383.00 7.52
%k )5 Chlorogenic acid 9 987.00 4.78 9914.00 4.69
MR Caffeic acid 10315.50 436 9942.44 3.77
TR Syringic acid 9 480.50 3.18 9 405.44 6.46
REETILARE A TIREE (-)-Epigallocatechin gallate ND ND ND ND
# LA E (-)-Epicatechin ND ND ND ND
1,3-ZWNHERE 4 7% 1,3-Dicaffeoyiquinic acid 14 196.17 231 14 841.89 6.18
*f 75 5. P-coumaric acid 6 963.83 443 7 195.89 3.70
[ £ 1% Ferulic acid ND ND ND ND
I+ TR Sinapic acid ND ND ND ND
7T Rutin ND ND ND ND
#it B2 Quercitrin 373 374.67 0.46 368 646.56 221
1227 Resveratrol ND ND ND ND
2 S # Phlorizin ND ND ND ND
##t 2 2% Quercetin ND ND ND ND
AEER Cinnamic acid ND ND ND ND
R 2 % Phloretin ND ND ND ND

VE:ND. &4 . FIA. Note: ND. Undetected. The same below.
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2.3 BRRHESRT P ER KM BRAYE

N T B8RSR HE UPLC 73 #r vk g F I, X 3
SR AR HERRAE A SRR R AR SR
T R R BT AT 2 T SE , S5 SR ILIE 2 A 4

H1 & 2 7] DUA AN R] il RS AR SR A (1 %
I 73 B ROR BT i K 2 (U IE RES 5 TR
EAR IR A E i XS L, 22 R Ry SR 5 K 2 W]
FEBRAERR R T A o FE A 4 e X e kSR

0.060+ 6

0.0551

0.050

0.0451

0.040

0.0351
= 0.030]
< 0.025]

0.020

0.0151

0.010 . 4
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fis}1A] Time/min
2 ESR EBEHRTMEERuREaIL ST
Fig. 2 UPLC chromatograms of ‘Huangjinguo’ Kiwifruit juice
T4 FIBEMRTHEB YRS E
Table 4 The contents of phenolic compounds in kiwifruit juice
p/(ug mL™)
T 4 ) , o,
Phenolic compounds Wk I W& RS
Huangjinguo Huangyang Xuxiang Hayward

BB TR Gallic acid 0.5140.03 0.40+0.01 0.18+0.01 0.30+0.03
FHE R Coumalic acid ND 0.1340.01 0.24+0.01 0.16+0.08
J5 )L Z5 8 Protocatechic acid ND ND ND 0.12+0.04
B4k JE R Neochlorogenic acid 0.93+0.05 1.80+0.05 7.19£0.03 0.39£0.19
X2 HEH R P-hydroxybenzoic acid 0.07+0.04 0.28+0.02 0.92+0.01 0.19+0.05
JLZEZ Catechin 4.35+0.25 4.52+0.11 9.32+0.04 0.07+0.00
£E 5% Chlorogenic acid 0.32+0.02 0.65+0.03 0.20+0.01 2.25+0.50
WIEER Caffeic acid 0.13+0.01 ND 0.17+0.00 0.13+0.03
T Syringic acid 0.30+0.01 0.07+0.05 0.23+0.01 0.09+0.01
AT IR R A TR (-)-Epigallocatechin gallate ND ND ND ND
# L% % (-)-Epicatechin 1.35+0.13 0.93+0.06 ND 1.54+40.11
1,3- kR 25 7% 1,3-Dicaffeoyiquinic acid 0.14%0.01 0.21+0.03 0.16+0.02 0.08+0.00
%t #F 52 P-coumaric acid 0.06+0.00 0.45+0.03 0.06+0.00 ND
FiIZEER Ferulic acid ND ND ND ND
F*F W2 Sinapic acid ND ND ND ND
7] Rutin ND ND ND ND
#it Bz # Quercitrin 0.06+0.01 0.13+0.01 11.25+0.05 1.12+0.08
142 ¥ Resveratrol ND ND ND ND
2 JZ 1F Phlorizin ND ND ND ND
Hit % 25 Quercetin ND ND ND ND
2 Cinnamic acid ND ND ND ND
HY 7 % Phloretin ND ND ND ND
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SRJETR T AR 1,3- 0 EE 2 T R A R I e
ek th, MBI EERR R B TIRIL R R KB TIREE.
AR T B BE AR R PR R
BB ARME R H . X FRIAAL S (1) UPLC J7 7% 7] LA
TERREAR Syt TP A I 13 PR S8 5, A BT 1 iE
F 1 o

HH3E 4 AT LU Y, AN B dn AR epk SRt vh, oy
KW B & AR BORZE R, 1IX 5 Ma 5517
IR TE AL . 7E 4 B i B BRI B v, 3 4
RS ERA RS ) LR ER (435 pgmL D,
BEIH A R R S ) LA 3R (4.52 pgmL D
AT IR R S B iR 2 1 M R o e A R
(11.25 pg-mLD « JLZE 2 (9.32 pg - mL ) FHT 4% JiH iR
(7.19 pg-mL™ o “ WFIRAE Bk SR rh &R IR & B i
%(2.25 pg-mLD, H3R) LR AN B B B
Bo MRATEN, TS AR TR Ak B
AEAL, JLAS 35 A e, IX LI R ] e SR 1 2R
I (B L F 3P 8 T S BRIk, ‘1R &
A HFIRAE & T2k BRI ) B R Y (B 4 2R 7
CTEFH B T AR, AR NIRRT B T3k
IR K o

3oH i

Yy A=Y SHiRecty/ R COP O PN EN 9 ¥ <]
IR S (H A 8 P R SR AR, 20 5 X
K, 5] B 00 Py 2R A0 ok P 5 R K 2 A7 AE 3 4 T F 2
A FEI KA . 43 T I S o 2 %
MBI A 0.1% F R - FBES 0.3% L 1R - FH "
7.5 mmol- L' G- 2 FE" . 4.5% F R- L HE"4% .
TR EAR BT K P25 5 s 1Ak, 390 T Ak
7 [ 72 AH 2R T OB E OR 87, dn 30 N/ & (1 R R
TR H B, AT DL AR A , {5 23 B AR A
TEAF B e, (H 5 8 21 A (T FR L B, Y 8
HH pH A I A AN, 1 H 2 5 35k 2 7™ 8 i
R, @I X SCHR H AN A R P A, 4R 2%
BR- I i ahAH .

155 FH B R4 5 43 BT J7 0 9 WA i v
AR ISR B HPLC v2AG 0 SR HH (¥ 16 FhER 254
Jii ¥ 157 105 min, & H B 4 0.007~0.418 pug - mL'.
Anna Z5PF) B 402K -LC/UV KA % S b 7 Fh
BT K RN 0.40~0.78 pg-mL . FRERDEALRD

A 58 8 F UPLC v [R] iF I 5 22 Fh oy 6 49 o VR
& bR HE T WAL FE I 33 min, £ H R N 0.000 34~
0.16 pg-mL", iiF B 5 38 38 i AH €4 15248 Lk, UPLC
EHAAFEN R 2 B ORI R H RS A

i Aok O — e kE {8 FH UPLCvE A Y 254
Ji o B SR B UPLC y5 A& DU AH A% , HRE 70 2
17 Fh iy 29 52, d SO AE P Y UPLC v R A
T2 AR 14 PP SR 5, T B B S VRS WU AR Ak T
FRES> B S PP 28 5, Jird S5V AE 19 4 T LR A
MV GRS TR AT T 17 R 2y, E 0 B R
AL BN 545 B, X 55 2508 B UPLC VA 7E
B ST 7 MR AR . 2EFH R BT L
UPLC %A, 5 i 2 B 720 24N A 12, AR A
G UPLC ik HIER 2, 7 B & .

KERHE TR, B2 5 R & 2 5 R
SERRA G M SR PR R S Y SR B A R 2
T B AR BT R AR SRR i R
BEME R RILKR RET ILER SRR
0 PR EEMEMRAECR LR R G
R IINMERR VA RLIR R ILR R T AR N E IR
T TR M B AL R Bhrh B R
A RILFERLRER SRR SRS, &
FEH I B R A BT R  AEERR LY TR LK
MR BB TR R BRI HEEIR T &R K
NHER A B SRR AER . AL P b 1 By 2R i A RE
REFEETR GFER RILFEMPS T2, 7R
S BRERR SR E B R B A R B IR B ak
JRBR XA TR LR R AR T AR 1,3-
TR R 2 R M R A . AN [R] R R B S5 )
RIS S B AT ER . TR R, v
B A T LUK 0 21 14 Fh s 240 o3 , 1 4 A A ReAs I 3]
SFh, 24 R e R B S A S B AR, (RAE AT
T FIVRIE AR H 28 4G 00 AS 38000, < o e Ak b R A
S BN R LR R T, e LR R
MEDREG &R, MO RINAELEER, ‘58
KL KA B R LA R fEPRR A, < FLB g
B> bk 15 FERREEE R RS ER A,
M [ J& T % Bk 25 10 & A % Bk 0 4G A B R L 2R
R R F A A 9 R A AL A i S R R
i, EE CPRERAESERY. EEVR
RIL, B A RSB BRE R R rhS R A
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BIReR . RILARIE A BRSNS A
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R IR S LE BRI B I O\ SR T 48 “C Ab
3 hJE1E26~34 CREDO R ER LT R R
BT RRE TIRES. S T A AR B, AR
W REETILR R E THREG T AE A b
BRI AR A B A B . X T AR T
1522 C R ARA BRI 35 & 0 Bk iy
TR A SRR , R A 3 FOBR Rk R S A
B FIRJELATIR N HEER i 2R R R A6 R 5
SRRVAIER LR R REE TR R T TIRES .
PR B H A4 22 BT, X Be 4518 5 ARG 25 AR, 75
AT R PRI S AR B TR LR X
EERE., R—2Z9E 16 CREDREFR R
B BRI AR TR R LRI LA &
FILRR AR AR B R 2 SRR R |
X TR PTERR 2 kA, PR B TR & R
%, AR BRI T S s e FiR &l >
(0.18~0.51 pg-mL", H & i FhBR Ak S v oo 25 R A
HOAR B AIAR B2 &, DA b 22 53 T e 5 BT FE BRI B o
Bl LA BN T 2[R 28, 1 6T AN Rl 1 T 2%
TRAE Ak F v By SR o 2H i S s, A ek
2L

RS 4 Tl PR BB SR R I A I AT
W5E , AR R & FRLA R R B TIREE T T
B T VB SE AR A MR E PR IR AR
TR AT, P IE B AS Y R A R
BE— BT TR AR T R BT B R R TR LAS
R ETERES I PR T AR BE AR B A A
Fi g RRERR AR R 2 T ARAE , 2B 0 A 2 75 ml iE
T X Ly W) 5T (PAFAE 5 75 R X B bk SRt A
Ao A SR

4 #Z B

feivAN Sy LI RN Cili N VSU SNIETE € rallURRRY 1 ¢ 2
Rt R IR T % RAG)E B 4 AC-
QUITY UPLC BEH C5(2.1 mmx100 mm, 1.7 pm) i

AR K, 3R A 35 °C L 3EAE & 0.6 uL, i 4 0.2
mL - min™, 2% ZBR K W/ 5 R ENAR L K i K
SN 280 nm , SR HUE BE PRI . 4877V 2E BRI, 22 R
W) I TE 4R 1 Y0 L 3 Re i S I R A B Ok
F 6 H RAR, RSB RS o B TR N T 4 SR
(VBRI SR b PR 22 , 45 SRR B, AN R) S A e )
Ty ) Jo3 35) e % A 80K H 5 90 B 5 Fh By S5 4 ot 58
A0y B8, 0] LR BRI SR I 2 IR 1 R )
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