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0.01 mol/L #4 82 = 8477 ,pH A4 % 2.90, &34 % InertSustainSwift C18(250 mmx4.6 mm,5 wm), 7 # 1.00 mL/min,
AL A 30 °C, A E A 20 pL, ALK 215 nmo Ed 54T 4 FH A U A 25 b X B AR A AR AR 2443 T 0.10 %,
F 5 PRI AR AR R ZAH 3T 1.00 %, A TR 4.50mg/L~6.60 mg/L Z 18], AR £ A8 % R 34 0.999 0 v
b B A AR EDIC AR 99.25 %Fe 100.16 % i8] A R % 5 ik 3T 10 A BRAEVLE B HLBR o AT R I, A TR ER B A
AP BB A BRIEARE P o) 2R A LR, A F 5 A A 7.83 mg/mL~8.60 mg/ml..7.17 mg/mlL~7.66 mg/mL F= 4.53 mg/ml.~
6.09 mg/mL,

SEIR  BRAR BRI s A HUBR 5 3 RORAR &35 % s ZAE FE S A 3 5 AL

The Content of 4 Kinds of Organic Acids in Kiwi Wine Determined by HPLC
NI Hui', LI Hua—jia®, LI Ke?, SHANG Xue—jiao', ZHU Yong—qing®, GUO Zhuang"”

(1. Northwest Hubei Research Institute of Traditional Fermented Food, College of Food Science and Technology,
Hu Bei University of Arts and Science, Xiangyang 441053, Hubei, China; 2. Institute of Agro—products
Processing, Sichuan Academy of Agricultural Sciences, Chengdu 610066, Sichuan, China)
Abstract: The high performance liquid chromatography (HPLC) was used for establishing a method for the
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simultaneous determination of quinic acid, malic acid, lactic acid and citric acid in kiwi wine. Chromatographic
conditions : mobile phase was 0.01 mol/L potassium dihydrogen phosphate solution, pH value was 2.90, column
was InertSustainSwift C18 (250 mmx4.6 mm, 5 pum), flow rate was 1.00 mI/min, column temperature was 30 °C,
injection volume was 20 pl, and detection wavelength was 215 nm. Under these conditions, the relative
standard deviation of precision test of each organic acid was less than 0.10 %, the relative standard deviation of
reproducibility of each organic acid was less than 1.00 %, the detection limit of 4 kinds of organic acid were
among 4.50 mg/L and 6.60 mg/L, the correlation coefficient of each standard curve was above 0.999 0, and the
recoveries of the samples were among 99.25 % and 100.16 %. Using this method, organic acid analysis of
10 pieces of kiwi wine revealed that tonic acid, malic acid and citric acid were the main organic acids in kiwi
wine, with contents of 7.83 mg/mL—-8.60 mg/mlL, 7.17 mg/mL-7.66 mg/mL and 4.53 mg/ml.-6.09 mg/mL
respectively.

Key words: kiwi wine; organic acid; high performance liquid chromatography; diode—array detector; opti—

mization
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PRk PR ar s L, DR FURR A, & & e Y
Vi Ve JERZFYE A 2 1 555 R, HEARE
M ESHHTE A BE MRS 9 & 122 . Abepk)m
TR ERAS R ARG, SRAR I 25 2 R AL I W% o,
TR RE A TR N I RAFIC 2, R R ERR
RIS AT LA = e ik 114 1) FH 321070 1T HL R B 4
RAFFURFA I DR, [F] 5 S e s e, 4
Ry S e R A Ak XU J8 i) T 5 e PR R 2 — 1), il
T W A LR i 2K R0 5 k] TR X B e Ak T ot ST 179
g AT

1B >R TR B0 o 1 B 1~ 3k L0810
TR TEE I B A LR I R A i dE A T
M5E o GB5009.157-2016C £ it & A= [EFARE B fin AT
BILIR 0 5 ) 25 o P v BOHRAH € 3% 12% (high per—
formance liquid chromatography , HPLC) U & €& 7 A%
APUIR AT HoAfh 7592 , 1207 1 BAT w7 (AR
PSR, BARTT LIS IR GB2758-2012C it 48 4= [
FARE A S CBC I )R H] HPLC 200 5 Bk
W A ALER (8RR B Bk Rk I v
FRIERR—2 T R A I J5 3T A A A, A it
X B A W A ALK B s T 1 AT D0 AR U A5
HEHE,

AAE R ] HPLC X BRpepkila b 42 TR SRR

FURR PRI B N E J7 1534647 1A, IFXF 10 A~ FI R
BB 4 MOAHLRRR S AT TIE o Gl g A
FETTRE, ST BRIt 4 R HLER 1 pRdi s
HE R, LU R SRtk il i A 7= T2k A
AR HER ) 5E PRSI

1 #MR5RE
L1 MRS

Lactobacillus plantarum (FEYIFLFFTE ) : B 50 SCHE
27 Bt SR VG AU AL 58 A e £ it TR AR S IR AR AL 5 R bk
W A SO B SR PY AU AL Gk B LRSS T A R
ZT R ERIR FLIR R YA bR B 2k A
b (R ) A B A R A A iR — U IR -
B kot s, Va e R # A A RS ) R BE .20 RN
Jist - By kg gl ] 24 4 A Ak 2 00 A BN B 5 i 2T
TREREN ARG (5 T3 Ulg) - B B i g, M & fad: A
FRBLAT BRZA 11 50.22 pom — UM Sk 20 i 848 A1 Bl
LRYERI RN TR A

LC-20ADXR R0 AH (A5 (L&A LC-20AD
XR PUTCAC AR % (SIL-20A XR H shitkESE .CTO-
10AS vp HE IR A F1 SPD-M20A % 45 B4 51 46 0 2% )
InertSustainSwift C18 (A i%4E (250 mmx4.6 mm, 5 |.Lm) :
H A B HE A ] 5 S810R 5 2 15 TR VA 1R 5 O L - 1 ] Ep-
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pendorf 23 F] ; PHS-25 %4 pH it AR A
FRAFE]

1.2 gk

1.2.1 s &k

1211 AHUERARER W

HEf PR EL 0.600 0 g 25 T2 .0.600 0 g 3= 1R |
3.000 0 g FLER A1 1.200 0 g AR AR UE &, BRI T
50 mL AR EZ, BCH A 1R BE A HLER B
Gl E
1.2.1.2 s o i o)

WIS AT LR B1 0.50 mL T 10 mL 25 &,
JIA 0.20 mL 1 0.10 mol/L BEFRVE IS 2%, il iR A&
A PR AR AL AR, B LIS 0.22 um £HfLIE
JE I LA
1.2.1.3  BARRERFIISAIEHE

A3 SITC 5 2 A 0.08 mol/L IR IR S — Sl 5 Wi 1
R — AN A, pH (R 2.90, HEFE RN 20 wl, i
IEH 30 °C, i A 1.00 mL/min, A3 KR 215 nm.,
1.2.1.4  WERRERMR B nYik£E

A3 S BC 195 B 4 0.01.,0.05.0.08 mol/L B #EE —
SRS, pH A 2.90, BERE R 20 WL, KRR
30 °C, i K 1.00 mL/min, K%K 4 215 nm.,
1.2.1.5 pH{HMEHE

BC I B R 0.01 mol/L BERR — A S shAH, T
pH {H43-5%1°4 2.90.2.50 1 2.30, JEFEE N 20 pL, A iR
930 °C, FHE A 1.00 mL/min, K3 K4 215 nm.,
1.2.1.6  AHUHMESE

S E SN FKA R ARFRLE A 0 £ 1005 < 95 Fi
10 : 90, Ji s M 0.01 mol/L BfZ — UMY, pH [
290, FHEEA 20 pL, A 30 °C, i A 1.00 mL/min,
R A 215 nm,
1.2.1.7  FLEMERE

I35 B L A 0.05.0.80.1.00 . 1.20 mL/min, ¥
AN 0.01 mol/L WElE — &80, pH 4 2.90, HEFERE
420 WL, HEIE K 30 °C, K 215 nm.,
1.2.1.8 FHRMERE

IR EAEIR A 25.30.35 °C, Hish AN 0.01 mol/L
WEmR A0, pH {0 2.90, HEFERH 20 pL, WE A
1.00 mL/min, K544 215 nm,

1.2.2 BRBEBE S 4 g HLER B E
1.2.2.1  Beim i i1

FREUSAVERE R DT T BN 4 o 1 O 20 0 A IR
BRFN 0.06 %ol A BEHMFEEI 2] 5 JR B8R4 22 ©Brix,
e 60 ¢ BRI EER: 6 h J5 434 3F4% 107 CFU/mL BiA

BRI B 10 AEDIZAFE , T 22 CRIET d,
118 CHHATIG &% 20 d )5 R, Hai's A GI1~GJ10,
1222 trdfEh Sl

I35 B 0.10.,0.20.,0.50,1.00,2.00 mL A [l HE 7
T 10 mL 25598, 1 0.20 mL 19 0.10 mol/L BFRIA W S
FEZE T H AN R BEBR v S  , VT 0.22 m 1)
EHFLIERREARH o 200 L 4 B HLER VR oy A AR &
T AR PRAR £y, SR SRR T A

3 5 WRENHE A 0.01 mol/L H§R — 41, pH
H°M 2.90; FEEEE N 20 wL, HEIRM 30 °C, W N
1.00 mL/min , K34 215 nm,
1.2.2.3  BREGEHRIEH 4 FhA HLIR & il

W HL 2.0 mL BRAEBETE T 10 mL 258500, A
0.20 mL [ 0.10 mol/L TR, H 0.01 mol/L Wi — A
PIRHOE RS . IRA AR 2 L0454 ™ 10 000 t/min
B0 15 min, B EWERGE 0.22 wm LR IR G B2
R, HMR 1.2.2.2 B @G5 SRR T 4 B HLIR 7 it Y
D 7E o
1.2.3  JrikHReiFs
1.2.3.1 tEE AL

W 1.2.1.2 AR SR RGE SRR 7 1K, 5300
XFFFRERR (R LR AN 25 7 R A e 1 LA 500 22
IRIGIH A AR AR UMER 2218 (relative standard devia—
tion,RSD ). 3% 5 1FR 1.2.2.2,
1232 HEMEXEK

B GI1RES: 2 mL T 10 mL 28, IR A
0.20 mL 1) 0.01 mol/L BRI, FH 0.01 mol/L W2 —
ARER . WA HB R0 T 10 000 t/min
B0 15 min, B EIERGT 0.22 wm £FFLIEIRAT H . #2218
1.2.2.2 B35 S o0 L AR T e, A0 o A2
Y7 R,
1233 ids D

B 1232 8 4 1, S 0ll45 o GI11.GJ12,
GI13 Fil GJ14, Hor GJ11T A EAf b 2], GI12.GJ13 Fi
GI14 53 SN AN R 2 B e ft VR BV W, £33 2% 1 )
1222,
1.3 Bt

e P R SRR AT €533 TS, 17 Y LCsolution 4%
Wi 1 s A7 B RS 8 Origin 8.5 3 F(0O-
riginLab, MA , MSA)AE &l {f FH s 280R0AH (i T 4R 5
7 LCsolution BT 4 FhA HLBRIEA T MEAE 155
Bro RO B I DA DUER RIS A 7 M, SR A
BRI T i
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2.1 AIEFEIm ik
21,1 BEFRERAYIERE
WRIR — S MR S B X) 4 FhoA HLIR LR B8 B[R]
F Ay BRI an el 1 iR

201
Z 151
=10+
jalad
w5
0.
209
z 154
& 10+
D\
Mmoo
0.

[ [E] /min
0.7 1.8 TR 2 SRR 5 3. 5LIR s 4 AT TR
1 REhIEBEER Hh KT 4 MBI S BRI
Fig.1 Effects of phosphate type of mobile phase on the separation

of 4 kinds organic acids

L 1 AT, e B IR B A i s AH T 4 B
LR AR REAS B AF 1 s, H S Be PR Al — 4 h
A LR L B8 B[R] AH 45 T R — LB/ 0N, 4G DN s 1]
T XTI AT, DA R R A A i sl A
ZETR . FLRR AT IR TR Z B IR — A 2%,
IR . R, Ao e 0 P il e — S
R A o
2.1.2 GRSl BRI R T R

e}y 0.01.,0.05.0.08 mol/L R — & B0 %} 4 Fl
A HLFR R B3 B 1) 2 0 B s8R R s ma an ] 2 i

20-
= 10.01 mol/L 3
= 15 4
& 0] I,
juitad 5 0
SEE
20-
151005 molL
= 104
o> 5
R
193008 molL
=10
E[]J“' 5
N S A ACE A G

o 1 2 3 4 5 6 7 8 9 10
[ [8] /min
0. AFAIAE 5 128 TR 5 230210 3. 5L s 4 MR
B2 WA - SHIREX 4 BB BRRNZI
Fig.2 Effects of monopotassium phosphate concentration in

mobile phase on the separation of 4 kinds organic acids

AL 2 W, WERR — BRIV BEXT T 4 Rl LR
1) L BRI ] R 35 B — 2 (52 mm, X E 3 AN
PR — SV B ) (o L v B R — U VR
(IREATG 4 FhoE BILER A B et TR (AR R (R 4, DT 4
S ARSI HTBIRHIE] . [RIESE W0 3 SR 4 Sig ] s,
FHWRIR S BT, 3 SR 4 S U (T A
25, H YR AR B R 0.08 mol/L i, FEZE H L
T P, ABFFEEERE 0.01 mol/L HIBERE — S IR
YE R s
2.1.3  Jishtfl pH (ERYER:

pH {4 2.30.2.50 11 2.90 HYMERR — S840 sh A%t
4 P HLER OR B B 1] B3 B8ORS e 4] 3 TR

= 201 3
£ 15{pH230 4
Z 0] Iy

iy 59 0

CUSN

> 201

£ 15{pH250

=@ 104

I]-P 54

Z 3N pH290

= 0]

P 5]

E o4 —_— N N

o 1 2 3 4 5 6 7 8 9 10
HsJ 8] /min
0.7 5 125 TR 5 232K 5 3. 5LIR 5 4475
3 7EhiE pH EX 4 FHEVES BRI
Fig.3 Effect of pH of mobile phase on the separation of 4 kinds

organic acids

M 3 RIAT, FRBAHM pH (EXT 4 FfA HUER £
P I (] RN S AAAEROR B 52, % FEASTR] pHH 1Y)
g E N, B pH (A LT 4 FioA HLRR I £~ B st ]
BIA BRI, R AT IR 0 O B I 1E] 1 7.20 min
A% % 5.90 min, HIE] 3 JRAIATL, XY pH {2 2.30 B,
FELITATE A 7] FIEERE S Y pH {2 2.50
I, 3 S W 4 S0 Y 43 B RE SO, DR B I TR) AR X A
K, HXTEG 3 A4S E& 8L, pH (B2 2.30 Fi 2.50 B, 344
PRI EE M RN G . TR, AR e R R b V5
W) pH (A 2.90,
2.1.4  BAHT A P H R

PR S G R RRER VA W AR L 4331024 0 < 100,
5:95 F1 10 : 90, WF57HXF 4 P HLIR A B8 I Ta] e 73 15
ORI, 45 5 & 4 Fios .

FH 1] 4 WL, W62 A7 DA L AR TG i, 4 Flcfy
BILTR 1) U BA e (Bt AS W7 406, ELUGETES 4 g 0 ) i
HEYR A TRRA ., X 3 AR, S LNEE
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= 407 00 RGN, H B A B A R B 1R H O R
= 30 5 %7 1.00 mL/min F1 1.20 mL/min (58 € % R, i
| 1 .
£ 03 9 1.20 ml/min IR M2 FLEE AT
_— o T Rt ACBIFFE e B34 1.00 mL/min,
E 0 2.1.6 FEIRELPE
£ FEIRAR IELE S 25,3035 CHEXT 4 Fh AT LA 1
~ . 109'0 o BA 71 %43 B 20 R R ST A PR 6 s
£ 304 'V
o | -
%E %g‘_,\_,_/\/J\,A t% 19] b5 3
L& oy N 101 1 4
0 1 2 3 4 5 6 7 8 9 10 i o 0 K
FiF i) /min
L T 1] #EE:30C
O.A NI 5 1.5 TR 5 2 SRR 5 3. 7L IR 5 4 FTH6ET#R g 10l
B4 FahtErh Z B OITT 4 A SR AR Y
Fig.4 The effect of acetonitrile percentage in mobile phase on the = 20
separation of 4 kinds organic acids é }(5)- HEL:35 C
IR 0 B 4 A HUIRBEA BRI B R B ] )\

MGG 5 %8k 10 %I}, 4 FhA LR HA
ﬁ%ﬂ*ﬁr‘ﬁﬁ FEACR, H S ARG LG, 3 n
I LAJE R B4 I AT HMg ok, Itk A
ﬁﬁ?ﬁiﬁ%‘%%ﬁbnaﬁ%o
2.1.5 UREmBEEE
WA K 0.05.0.80,1.00,1.20 mL/min %} 4
PR LR PR B I E) S 43 B8R R sEma an sl 5 s

>
E T 0.50 mL/min | 3 .
g 0 A
iz ; T T T 7 T T T ]
>
ﬁ?!% é 0 80 mL/min
N
>
E 1.00 mL/mm
o
il
Jiz
>
£ 1.20 mL/mln
o
il
Jiz

0 2 4 6 8 10 12 14 16
A} (8] /min
O.FA RN 5 125 TR s 2. 30 2R IR 5 3. FLIR s 4 AT A5

El 5 mEhtBimiEst 4 AR ERRNZMm
Fig.5 Effect of flow rate of mobile phase on the separation of 4

kinds organic acids
HITE 5 FIAL, SO 4 ST LR 4 D4t B IR ] e
HATEISE R , A O AN, 4 FATHLER A LR B ]
AW A (A TE A, I 1.00 mL/min
1 1.20 mL/min B, #P2RR I 4% BE B5) (0] R I% B 3 k24
Sto WIS INRIHI, BEAE U B FEAR , 4 FiAT LRI 5

0 1 2 3 4 5 6 7 8 9 10
Hf ] /min
O T 5 128 TR 5 23048 5 3. 5L s 4 AT I

El 6 HEX 4 FANBRS BRI
Fig.6 Effect of column temperature on the separation of 4 kinds

organic acids

H 1] 6 AT AT, RN T4 TR SRR M FLRR 1 AR
P[] AT 3 I M) T XS Ay A T ) 4 P s (1] 52 i)
AR, 2SRRI A 30 CCH, BRIR ST HT s (Rl . H Rl 6
JRATHD, LI N 25 CCHI 35 °C, 3R FLIR AAy 5
BRI AT 30 CI I 22 RIAIF S8 AT
TR 30 °C.
2.2 BRI 4 R LR S 1
221 bRAERIE R

S3ILL 4 FCE HLER MR B2 F AR &, AT I4 T
BURRAE & y ARl mA R m e, 455
* 1,

1 4MENBREEHE

Table 1 Linear regression equations of detection for 4 kinds

organic acids

B AL

b oA et 2 R *(;“”:/'L%’
ZETMR  3.686 y=552.491x-6 630.8  0.999 5 5.30
WRR 4271 y=835.502x—6 115.4 0.999 5 6.60
BN 5.001 y=491.317x+12 0762 0.999 1 450
FrEER  6.165  y=1034.770x—-12 284.1  0.999 8 5.20

FH% 1 AT, 4 A HILIR 1Y 26 |1 U 7 A2 1 AH 5
ZEOYTE 0.999 0 L) I, ] WA HLER7E 1k i YU Bl Y
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HA RIFMLRMESCR . B A 1 BR7E 4.50 mg/L~
6.60 mg/L 2 [] , FLAT 5 e AOAE 1, vl AT 2 16 2R
222 BREEBEE T 4 FAHLER S B I E

fii H HPLC 3555 10 ANBREBEIE AL 5 4 Ao AL
PR A P25 SR AN 3R 2 B

%2 HPLC ENEBBRMIE D 4 MANRSE(n=10)
Table 2 Contents of 4 kinds organic acids in 10 kiwifruit wine

samples (n=10)

H1 2 W0, 10 FBRAGARIEG rh 5 4G 00 1 2 7 R
SEIRMR FLIRR AR , & s E 5334 7.83 mg/ml~
8.60 mg/mL.7.17 mg/mL ~7.66 mg/ml..0.84 mg/mL ~
0.94 mg/mL F1 4.53 mg/mL~6.09 mg/mL., HILA] L, 4
TR SRR BRI R b ) EEAT PR
2.3 JIILTERERISY
23.1 AR AR

R 1.2.1.2 A PR i P ROE SRR 7 U0, 21
X 4 T LR B U ThT ALEA TN E | SR TR HAH A A

2 TR AR/ L/ Frimg/ - ' o b s
(mg/mL)  (mg/mL)  (mg/mL)  (mgmL) Wi A 22 {H (relative standard deviation, RSD ), ## % J& i
Il 7.90 721 0.89 472 ISR 3 s
o2 7.90 721 089 472 i 3 AT 2 TR SRR FLRR AR 0 A
13 783 7.22 0.94 4.53 AR R 22 (E4I7E 0.10 % LI R , R fl AR BF 7844k
o 7 7 088 2 O G A% PRI BT e 4 Bl BRI AT B A7 10
Gl5 7.91 7.24 0.92 4.55 e
GJ6 8.59 7.66 0.87 6.09 RS
GJ7 8.45 7.56 0.86 6.01 232 WA VEARA
CI8 8.55 7.62 0.84 6.01 F IR 1.2.2.2 RS SRR XT G BRABEBE S
Gl9 8.60 7.66 0.84 5.94 B MR St T e , 00 AR 4 7 W IR 4 F
Glio 845 762 085 597 A HURRIE TR RSD, A MER R4S IR 4 TR
x3 RBEEXRER
Table 3 Precision experiment results
[ERIIEERN U TR SHE RSD/%
4R 328 351 327 671 327 915 327 910 327 637 327 548 327 956 327 855 0.08
BN 249 608 249 522 249 413 249 358 249 419 249 683 249 545 249 507 0.05
LR 759 751 760 338 760 450 760 583 761 220 760 320 760 548 760 459 0.06
FrEEms 612 475 612 535 612 225 612 500 612 648 612 532 612 496 612 487 0.02
x4 ESHKLRER
Table 4 Repetitive test results
ERUE R U T AR FHIE RSD/%
EEN T 869 534 871 689 868 828 866 044 864 169 863 215 864 576 866 865 0.37
R 143 202 143 599 144 102 143 286 142 828 143 329 142 936 143 326 0.30
LR 4588 23 464 726 462 870 459 789 458 308 457 326 462 832 460 668 0.61
FrEEIR 1466751 1478963 1475729 1467722 1454685 1468534 1467538 1468 560 0.53

H12¢ 4 W0, 25 TR SRR (LI AA A5 IR 11 A
X bR e IR 22 (78 1.00 LI, R T FHASBIEFE A4k
(1R € 3 S5 D S A DT v 4 Rl AILRR I HLA R
HmEM
233 finpwlalfioRse 4

SR 1.2.2.2 R ERE S5 R HEAT AR [ RS
HEERIE 5 PR,

M e 5 AT, 45 TR AR IR | FLIR AN AT G R 7
B 53500 100.19 % 99.64 % .99.25 %F1 99.67 %,

x5 MAREIERIXIGE R
Table 5 Spiking recovery test results

Inbrik BRS(E/ SCBRME/ BIGR SPXE

A~ EL
Ay

(mg/mL) (mg/mL) (mg/mL) (mg/mL) % /%
T 079 0.25 1.04 1.06  101.56

0.79 0.75 1.54 154 9953 100.19

0.79 1.50 2.29 228 99.48
FRE 0.09 0.03 0.12 0.12  101.43

0.09 0.09 0.18 0.18  98.88  99.64

0.09 0.18 0.27 027 9861
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Continue table 5 Spiking recovery test results

PP il bR FESE/ SEPRE RDCR, SFHIE
(mg/ml) (mg/mL) (mg/ml) (mg/ml) % %1%

Lz 0.46 0.15 0.61 0.61 99.36
0.46 0.45 0.91 090 9866  99.25

0.46 0.90 1.36 136 99.72

R 0.72 0.25 0.97 095 9825
0.72 0.75 1.47 149 10124  99.67

0.72 1.50 222 221 99.50

PR FHABIE LA A G35 A I R DR 4
A HURRIN AT ARG 6 AL 1 2K

3 g

AHIGE N T OB R 80 €3 1 BRI S A
TR 2 TR SRR FLRR AT IR 1 s, Tl
AHZA 0.01 mol/L R — &8, pH B 2.90, (43544 In—
ertSustainSwift C18 (250 mmx4.6 mm,5 pm), Vi ik N
1.00 mL/min, #:3A 30 °C, AR 20 L, Kzl
4 215 nm, R HZ 00 M R B, 28 TR PSR R FIAT
B AR i = 2 HLIR .
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