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Simultaneous determination of 11 phenolic compounds
in apple vinegar and sugarcane vinegar by HPLC-DAD
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Abstract: A new method for simultaneous determination of 11 phenolic compounds in fruit vinegar, such as different kinds of
apple vinegar and sugarcane vinegar, by high performance liquid chromatography— diode array detector ( HPLC — DAD ) was
established in this study.The phenolic compounds were separated by OMNI BOND with Hubble C 5 column(250 mm x4.6 mm,
5 wm)at 35 °C.The mobile phase A was MeOH—HCOOH solution (100: 2, v/v) and the mobile phase B was 10 mmol/L
K,HPO, -H, PO, (200: 1,v/v) ,eluted at a flow rate of 1.0 mL/min by a gradient elution program.The injection volume was
20 pL and the eluted components were monitored at 210~400 nm.Under the optimized condition, 11 phenolic compounds in
different kinds of apple vinegar and sugarcane vinegar were separated and simultaneous determined, including coumarin,
vanillin, chlorogenic acid, caffeic acid, ferulic acid, p — coumaric acid, apigenin, luteolin, cinnamic acid, kaempferol and
formononetin,in which 10 phenolic components were found and determined in sugarcane vinegar.The recovery of the above
method was 84.1% ~ 118.2% . The method is accurate, reliable, simple, feasible and suitable for determination of phenolic
compounds in fruit vinegar.
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L1 A 2 5T, S S 7 i 04 BT 256 PP S 5 By
T B & AL S B &6 T & R $R A3 B e L Al R R
8o
1 #REmE
1.1 M5

SRS POBE AN [R] S SR B OB i A~FL I
THEETT . HREES TR TR ARSI ST TR,
IR AR ZDE A BR ST A R A 77 Wy S AR Y o -
& il fi2 ( Chlorogenic acid, HPLC = 98% ) | & 3¢ &
( Apigenin, HPLC =98% ) . A & % 2 ( Luteolin, HPLC
=98% ) WNMERL ( Caffeic acid, HPLC =98% ) . [A1:1%
( Cinnamic acid,, HPLC =98% ) . & %l ( Vanillin) X
5 2 ( p— Coumaric acid, HPLC = 98% ) . ] 24 fig
(Ferulic acid, HPLC = 98% ) . LI 45 iy ( Kaempferol ,
HPLC=98% ) . ™4 f£ # 2% ( Formononetin , HPLC =
98% ) . Fr 5/ 2% ( Coumarin, HPLC =98% ) Iy Tt
i BB E ARG BRA A . AR A A
NG IR IR S5 R o el s iR Aok, | il .

Waters 2695 & #H 10, 4% 1% , it 45 OMNI BOND,
Hubble Cf@i%4E, (250 mm x4.6 mm,5 um) , Waters
2996 — K A B B AG DU #% , Waters 2489 %2 &b &G il
ar RRFHRR (B A R Wl GR-202 43 K
F o HA AKD HIRAE; CAHT-50L j@@alizkg: b
R E R R A R A A GM - 0.5A [ 5 B 25
A REERE S0 I 25 A R 2 F ; D3500S - DTH i
PSS RefE AR ( ) AIRA A F-33C
pH it dbmt e Bl g ekl i 4 BRA ] 5
VORTEX GENIUS 3 &z ay  fEE IKA 2NE] .
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1.2 XWHE

1.2.1 WRHEBHE A BRI 5.0 mg (R i &
0.01 mg) &5 My K pr UEY BT, L) F B B IF 2 25 &
10 mL, {45 500 mg/L BAFRHERE 2SR . FEHL 500 mg/L
PALRUE A 45 W 200 pL, DI EEE A E 1 mL, Bk
100 mg/LEARRUEAE AU, T —18 CLRAF. 43 B A HL
500 mg/L PAARAEME AW 1 mL B F 25 mL 2@,
DL H 5 25 A 20 meg/L VR -G ARMEE WL, T -18 C L1
7o fd FH B 422 75 22 38 9 F BE i 0.10,0.40, 2.00 .
10.00 .20.00 mg/L ) B pR 1 T AE W AR & PrvfE TAE
W, BH B .

1.2.2  FEEhHE SRESEES L 0.22 pm ffFLUE IR
UEJS R .

1.2.3 fai%&{ {ai%4E: OMNI Hubble C, 250 mm
x4.6 mm,5 pm; AR 35 C; LA A H - H iR
(100: 2, v/v) , i shAH B:10 mmol/L s & — 47 — i
FRVEW (200: 1,v/v) , i : 1.0 mL/min ; £ B % B 2
JP UL 1 HERR R 20 pnl, RSIURE SR 2998 4
¥4 2 KGRI 8 4 :210~400 nm)

#* 1 HPLC BRI P

Table 1  Gradient eluted program of HPLC
PR [] (min) AN A(% ) B B(% )

0 95 5
12 95 5
14 78 22
28 78 22
50 50 50
75 50 50
71 95

78 95

1.3 HEHH

f#i F Waters i) Empower 34 & Excel #4347
s ab 1
1.4 FHEKHR

T Aer H B AR S /N U BE BT, A BE LR 1Y 10
AP B T I ) e BE e AL
2 HBRE5SMH
21 K

FHARAE BEFN AR b m v TAE W, 1531 11 Fp i
2 o W AR 35 [ o 8 L B AN [R] T 2% Wy
KW BT AR/ DN SN R T 27 5 T 5 Fl 4k
EWHFIT A2 11 Py 24 B AE 52 ARG I 2% T 19 3%
AERIIRE R, WK 2,
2.2 fRifEHE

g3 #E#E 0.10,0.40 ,2.00,10.00 ,20.00 mg/L &
AR UE A W) g WA T AR, R R A R 2 A T 2
SRS RN 2 0 210~400 nm (19 = 4E3% E i@ T
BEBCAS BB S, 15 21 AN [6) 3 T B 2 hr 42 ot 19 £2,
EE(E ) o DUR-GARE TAERST S e B AL by,
-1y 251 BT e AR ARG I B T B WA T LR A AL AR A F
F ey AR Al £k o H A By IS B (8109 7 R R
AHICREC(FR 3) WA, 11 Fh gy 288 49 Joi 174 0 T AR 5 I
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Table 2 Retention time and detection

wavelength of 11 phenolic compounds

2 e i N 4

sogasy meppm PO PRI
(nm)
1 e 23.2 325 325
2 WhHE R 25.9 220,239,324 324
3 7 29.5 230,280,308 280
4 Ko} 75 LR 36.0 229,310 310
5 g Ny 39.2 236,323 323
6 FHE 41.2 210,277 277
7 PIRERR 53.9 226.5,277 277
8  AREiE 56.1 210,254,350 350
9 1251 61.2 264,364 364

10 FERR 62.6 210,267,338.5 338.5
11 THEEE 692 249 249

0.012
0.009
=2 0.006 3

0.003

0.000

0.00 15.00 30.00 45.00 60.00 75.00
It ) (min)
Bl 1 By2ebriedy i (i & (310 nm)
Fig.1 HPLC chromatogram of phenolic
compounds standard(310 nm)
1 BRERR 52  WIERR 5 3 3 B 54 . X LR
S5:PUBRIR ;6 A7 LR ;7 WHER ;8 . KR ELR
9 1lIZE ;10 73R L PSR AE B R
R BEAATE RAF IR G R
2.3 JiEtaHR

HEFE 0.10 mg/L By2eW) B0 5 b v T AEWE, AL

bR g

28 10 130 BT XH N (19 -3, 1531 11 APy R
TR B, UL 3,
24 HEMXW

Syl 5 AT OB RR &L, IR 11 FhER 2
RS, A BT AR EIm 25 (K 3) . LI IR R
AR, SRESAE S 11 FRE R 5T i I 8 E A R AT
2.5 FHRmEY

B2 0.1 mL 1 mg/L IB-&FRMETAER N A 0.9 mL
B S B ) SRS 3L T, TR AJ A5 E] 0.1 mg/ L IR AR
B BL0.1 mL 1 mg/LIRAHRAE TAERINAO.9 mL
FR s, TR 4453 0.1 mg/L ARUERE B R . B 0.1 mL
FHE=hNA 0.9 mL SRESHL T, JR )15 B 45 I AL BT o
IS T 28 5 i , SRAS RIS 1 2% HPLC A6 it s in
IACRAE 84.1% ~118.2% Z[A] (£ 3) .
2.6 LERERNE

SR AR I 155 6 Ff AN [A] S SR 5 R0 H I WA S
AT53HT A5 BRI A B 2 AR 4 5 09 055 = ([
2) AT As A R SRS R 11 R S BT, UL
x4,

0.050
0.045
0.040
0.035 :
0.030 ‘

20.025 | 2

dwm AMMLJ\QL

0.015
0.010
0.005 LJA
0.000-
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
FF 1] (min)
K2 RS (i K (310 nm)
Fig.2 HPLC chromatogram of sugarcane vinegar(310 nm)
TE 1 RJ50 52 WIERR 53 - A5 B 54 . X TR 5
5:5@[@%@8‘5;6:%‘5_%;7:&]*}:@;
LRV N STRIIPS S (e
R T WA S B S SR I ORI 96 25 A7F T A4S H 9 2
Yt 5 A (LR IR W ERR | A B X A LR | B R
TR ) o P2 ISR IR F0 X 7 52 R A8 Z i < T i

#3011 PRI T e e NG H RIS AN [ i 5

Table 3 Regression equation, LOD ,recoveries and R* of 11 phenolic compounds

S R %
sy wewn mm e ARG BRI o wa
1 ES L y =57905x +701.4 0.9990 0.104~20.720 0.010 1.39 103.8
2 i R y =104560x-11043 1.0000 0.107~20.320 0.107 0.83 111.1
3 TR y =79649x-4984.5 0.9999 0.100~20.080 0.064 1.29 114.2
4 Xt & HR y = 148033x-24075 0.9997 0.163~20.400 0.163 1.15 110.3
5 BB R y =108562x-20723 0.9998 0.192~20.320 0.192 1.45 118.2
6 FOR y =87579x +42.851 0.9999 0.103~20.640 0.002 4.05 84.1
7 REERR y =160151x-6308.2 1.0000 0.103~20.640 0.040 4.53 111.9
8 VNN 3 y =83461x-3315.4 1.0000 0.103~20.560 0.041 3.06 1124
9 LAy y = 88942x-4009.4 1.0000 0.102~20.400 0.046 3.00 101.8
10 N3 y =92857x-4290.8 1.0000 0.104~20.800 0.048 2.84 109.5
11 TR R y = 126636x-22265 0.9997 0.177~20.560 0.177 4.59 102.6
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Table 4 Eleven phenolic compounds content of fruit vinegar samples( mg/1.)
SR EYR i%@féﬁ*ﬂr ﬁ%@%ﬁ*ﬂr ﬁ%ﬁ@%ﬁ*ﬂr ﬁ%@%@”\*ﬂr i%@%ﬁ*ﬂr ﬁ%@%ﬁk*ﬂr Hﬁ\@%
A ‘i B i C D i E i F OB
1 25 R 2.814 47755 2716 0.246 1.284 6.831 4.175
2 A 0.112 0.180 0.138 0.125 0.108 0.454 2.090
3 T ND ND ND ND 0.078 ND 5.418
4 pOEIS 0.168 ND 0.182 0215 0.168 0.226 0.731
5 (RSN 0.195 ND 0.199 0213 ND 0.205 1.175
6 FER ND ND ND ND ND ND 4.182
7 AR ND ND ND ND ND ND 0.066
8 AJREZ ND ND ND ND ND ND 0.072
9 i3 ND ND ND ND ND ND 0.063
10 i ND ND ND ND ND ND 0.079
11 TR E ND ND ND ND ND ND ND
H:ND, KA .
VPSR SRR R e R S (31 E R e ERA S Rk R [T] P B AR,

FR LA B A o PN T A SR SR
SR VIR R LSRR R R X S
1 BRI R ILFEE B TIREE PR 1. AL
A5 RSOk R B 28 R Rp R b X AT RE S
K T JFH ) 392 SR DR A WSURI 3P S U8 A e FH A 25
EPE2E T T EUN [R5 2S00 S SRS ORI 25 R
THEZER.

HEEES R B 2 SRR S R o R SRR
My T 10 A 2 S BN S B i HF T E
LRJFEIR TMERR TR IR N TR SRR KR
F R AN L Sy, Hoh AR R H UR RER .
WMAERR & R E (> 2.0 mg/L) PR R KRB R R
RIEEFR FNLL 25y & B B ( < 0.1 mg/L) o JLrh 45
PRP A REVH AR E AR g B B L AR AR B
AT 4 W sErhgirh, ARSCH K
o AN [] it Ao S SR 8 R0 RS P 09 TU AR AR HE A TR
), 3% SR 3P SR A AR AN H RS Ok FR B RS H
3 it

A G DL B i — B R (100: 2, v/v) , 10 mmol/L
BEIR A AT - BRI W (200: 1, v/v) i 3 A, R
A RN 2, A HPLC—DAD 32 [W] B A6z I SR g v 11
FRER YR & i, 11 FhER 24 ot 238 518 L W 1
FEE X HF SR R F PR AR KR
F LW TS E PEANTE I E O B RUR AT, Ml
TE 84.1% ~118.2% 2 [A] , 25 R AEHA AT &%, B B 5 47, &
G T RS T 2 BT 43 BT . FH T 1 A SR
YL [RIEST ARG I H 5 s 2 IO, H R I RO gy
Y EAZEIE 10 Fhz £, H RS 9 AE 56 D ge 1
My A4 o3 ) A BRIE MR 1 N — IR AR S
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Fig.3 The chromatograms obtained from blank goat milk spiked with 5.0 pg/kg of B—agonists
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