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390K 11.8~27.6 pg/g F1 18.1~19.4 pg/g; FENKER A3 51y 98%~111%H1 94%~113%; A& B4 5124 1.10 pg/mL .
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Simultaneous and rapid determination of benzoic acid and sorbic acid in
beverages by high performance liquid chromatography-differential
standard addition method

YOU Xin-Xia", ZHANG Jie, ZHU Ling

(Department of Food Science and Engineering, Zhengzhou Institute of Science and Technology, Zhengzhou 450064, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of benzoic acid and sorbic acid
in beverage by high performance liquid chromatography-differential standard addition method. Methods The
compound protein beverage and fruit and vegetable beverage were extracted by potassium ferrocyanide solution and
zinc acetate solution. The chromatographic column was Accucore C;3 column (2.1 mmx150 mm). Methanol-
0.02 mol/L ammonium acetate (5:95, V:¥) was used as mobile phase for gradient elution. The determination was
performed by high performance liquid chromatography with differential standard addition method. Results The
optimal differential addition values were 10 ng/g and 15 pg/g respectively. Under this condition, the mass fractions of
benzoic acid and sorbic acid in the beverage were 11.8-27.6 pg/g and 18.1-19.4 pg/g respectively. The recovery
rates were 98%—111% and 94%—113% respectively. The limits of detection were 1.10 pg/mL and 1.72 pg/mL, and
the limits of quantitation were 3.68 pg/mL and 5.73 pg/mL, respectively. Conclusion This method is simple and
fast, and does not need to draw the standard working curve and remove impurities through the column, which

simplifies the steps, improves the detection efficiency and accuracy, and also eliminates the background interference.
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It is accurate and practical, and is a new analysis and detection technology.

KEY WORDS: high performance liquid chromatography; differential standard addition method; beverage; benzoic

acid; sorbic acid
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1.1 #

WAEFPESEARR, iR 1; KRR 30%
RARE, g5k 2 WYUK, 45N 3, BEFEBH
LR FEEA — /.

1.2 iRX 5

R AL (0 BT 4, BN IR B ARl ) &
K. KB LB BT, H AT UL T A7 FRA
Al); HEE. Okt FER . CRRE (OIS, ks
B By A BR A Fl); R HREN(CAS 5: 65-85-0, 4lifE
=99.0%, bt & i L YRR BRA Fl); AL R A
(CAS 5: 24634-61-5, 4fifif =99.0%, fE[E DR 2\ #]).

13 UHF5EE

2015LHO037 L F K F(0.001 g H A ZHAA);
SB25-12DTD 74 T HEHL( T T 2 2 WY RHEE B 53 47 i

AHl); 1 Sigma3K15 F i & OHLAL S TN AR R
HRBARAR; SR mL, R EEGIT AR AL R
HeeAn A Bl ); AKAHTFLIERE(0.22 pm) . ERAA-HM-01
2 8 WA TR G A (1 i 2 i ST 00 B B A A BR A D),
Ultimate 3000 1= &30/ AH 5 351 (32 I FRBR A ).

1.4 LWIE

1.4.1 ZiRELH

(Vi3RI e i

TR FALHE (92 g/L): FREL 106 g WRFALE, T
KEE#, F£2 1000 mL e, IKERZEZIE,

FUKIE1:99, V:V): ABRAHEE 1 mL 2K, &
T 100 mL 28I+, A 99 mL BKERZZE, R,

LFRBFRIR(183 g/L): FRELLEREE 220 g, B TLHedr
o, K AR, AR SRR E R 30 mL K4TR,
HEBER -, F/KEZRZE 1000 mL,

CFRHR (20 mmol/L): AR AU EE T 02—
KN |, FREX 1.54 g 19 20 mmol/L Z.1R4%, & THrh, &
KM, ¥ % 1000 mL RS, FKER 2L,
WEHL 1 mL W, 22 0.22 pum KA AL BRI 38 05 45 o

FR-Z IR IA TR (2 mmol/L FIiE+20 mmol/L ZBR%E):
MR 1.54 g, K, ABBAMIRIC 752 uL 1
2 mmol/L g, ¥ £ [F— 1000 mL K&+, EXEZE,
WEH 1 mL ki, 28 0.22 pm KA AR 8 i 45 U0

(bR HEVE R A L

FHER . 2L ERARERE A V(1000 me/L): 43 5 ER
PRI 0.118 g 4 HIRAIAN 0.134 g(R5HA%) 0.0001 g)1LIBLFRHH,
SACET 100 mL AR, AW E A2
BE, 4 °CIRATS

AR, IWRERIES PR MET R (100 mg/L): (A
% TR 43 90 o 0 R TR VR IR L 1 B R A o A VR TS
5.0 mL F 50 mL FRAA R, FIKERZZE ., 4 °CIt”
17, RSN 3 AU,

1.4.2  #rfvh &k

R RASMRZER, BHPEERR . LARIE
G FRUE TAEWR (100 mg/L): {57 IR WA 43 T HE  WR BBOCA R
B& | IIBLERIR A A R EW 0.05. 0.10., 0.50., 1.00, 2.00,
5.00 mL iF 6 MFERE T, FKERZE 10 mL, Bl %R
BWES 8 0.5, 1.00, 5.00, 10.0, 20.0, 50.0 mg/L iy
6 IV BE AR AE TAEV o

JEeAE s AR A it SR R 9 4 S5 AS o s o 1 [
Wik BU—fy B L AR S (LR AR AR 00 R A B VRS
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%1)2.000 g, @ 100 mg/L AFRHE T A/ER 400 uL, TR
T A 20 mg/L, FERE A RTAL BT S
1.43 XAFEG4RI

P HEEE DT R b, SR A o IR R 24
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o— RS PR IR . ILAYER W T AL pg/ge

ZEILLR R 3 A ST
1.4.5 MR KRBk

TERIFRILZ 2 gORS 1A £ 0.001 @) AIREER 24, 2> 3IE
F 295K AL A 1 50 mL HIEES L&, A, SEHE
W, AR ERER; 78 A, SEPIMA 400 pL 1y
100 mg/L bRk, 2RI 1.43 T RERE, ©F 2
50 mLiRAT, 43 BIBGE & FiE WL 0.22 um JERK, FRBH @
TEME, SEEANE 3 K, BEFHE, #HARG)IHTEIR
FERRR . IDBLRR A & .

XV
- m/: 1000 3)

A
X— R R 2 4 & &, g/ke;
P——— b v £R A5 1 AR T P 0 A ) o TR

mg/L;
V——iAFE E AR, mL;
m—— e, g;

1000—r mg/kg HHh g/kg MBI T

SRR 3 A SETE
1.4.6 LBEAHK

B RORRE 3 [ Ultimate 3000(2017LH132); 5l #5:
THCERES R 230 nm; 3% Accucore Cig
(2.1 mmx150 mm); #3E#: 0.2 mL/min; #EFEE: 2 uL; ik
30 °C; WizhMl: HEE: 0.02 mol/L ZFR%E(5:95, VD).
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Fig.l Standard curve for benzoic acid
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A EISCRIT A, BER 1~2 a1, ZEH R | R
TE 91%~114%, 11FLER EICRIE 94%~117%, T8 HlAiE, W
SRR ELR

1 FEARREYE

Table 1 Recovery of benzoic acid

FE TS bR/ (gkg)  PAREA(gkg)  TEIRER/%
1 0.02 0.0184 92
2 0.02 0.0228 114
3 0.02 0.0287 91
#2 WEREEYE
Table 2 Recovery of sorbic acid
FRGE  nbsi(egke)  IRE/(g/ke) B R /%
1 0.02 0.0187 94
2 0.02 0.0234 117
3 0.02 0.0266 98

22 EFMEEMGERSSH
22.1 AeARE ek

Fel 1.4.4 O BERE LAUR, A EIREEEASE M
PR TR EEE . aigE LK 3~6.

H I 3 AL, AR R Ty 100 pl B, ke
WASPEGREAYRT, KHER . WA AR i 4
B & 3120 min A 4.047 min; W TR 4> B o8 2
0.077 mAU*min Al 0.033 mAU*min; & %5 4> % M
0.386 mAU £ 0.255 mAU. HE 4 77 WL, JAFRHEE
ER 200 pL B, SEEEAE R E A E AR, KR
% . LALER (9 IR B B ) 4331024 3.120 min F1 4.053 min; W
TAY54 0.077 mAU*min A1 0.199 mAU*min; 15554351
} 0.386 mAU il 1.233 mAU,
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Fig.3 Sample spectrum with 100 pL standard solution
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Fig.4 Sample spectrum with 200 pL standard solution

B S v, I AFRERRIAATY 300 uL i, ke
WY S EOYOR Y, R R LB Y 1R B I ] 43
F124 3.123 min F1 4.040 min, RS54 0.367 mAU*min
A 0297 mAU*min, U &5 4 5 8 & 2412 mAU #l
2.001 mAU,

HH 6 AT AL, IAFRHER IR A ARBA 400 pL B, 8
WAEAEAE AR, SRHER 5 11 B4R 1 U7 55 B 8] 43
B A 3.127 min Ml 4.040 min, ¥ IH R 4> Bk 2
0.497 mAU*min 1 0.431 mAU*min; ¥ & 2 % K
3.101 mAU 1 2.989 mA.
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Fig.5 Sample spectrum with 300 pL standard solution
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I 3~6 AT LA B, 240 ARRER IR B AR 100 pL
F) 400 pL 2 W - E I, GRE 63 1] ok B R B L B R 1 U
iy R TET R P (AR X B A A, B BT, B R
AR ) 5 R I AR AR B B A S i o ORT S A
T ] v g v R e TR A R 9 A T E AT, RIS
AR PR R . IR & & .

WRYE 1.4.4 FEEE PR IR)E, A=UTE R
L. INAmRA &, Mg R« 3,

& 3 A, 24 3. 4 SAEHIAREN 10 pg/g A
15 pg/g BF, BRI RAE PR R . LAY & i 5 O
HEhIEE . B, A58 L0 0 i 22 S s = S s
10, 15 pg/g 19 100 ug/mL FRiEE TR

222 PATRE L RIMEE

MR 4~5 A5, AP RBERMSE N 1.8~
27.6 pg/g, M5E BN AR UENR 22 (relative standard deviation,
RSDYAKF 12.6%(n=3); ILFLERE N 18.1~19.4 pglg,
FAXFRHEAR 22 (RSDYAS KT 7.6%(n=3), T AR
223 AmiFEgE

TERRFRERZY 2 gOWSHA 2 0.001 g)idAE, F 100 mg/L %
R . I BLERTE A AR HEVS WA T IR DSCR 525, 4 nbr
R Ay BIEAT 3 WA E, K TG £ 5 O 3E,
I AR bR, bR R SRR 25 R AR 6~7,
H & 6~7 AT AL, R 2R B R INBR TS EEN 98%~111%,
LI BLER B AINAR B 94%~113%, 5 K2R

x3 MERFREEE

Table 3 Determination of the spiked volume

FE & (E8=7 kR /(ng/g) PR R & R/ (ng/g) 1 B4R & i /(ug/g)
2.3 5. 10 25.21 8.27
FHE 3.4 10, 15 18.43 8.78
4.5 15, 20 10.21 17.9
2.5 5. 20 17.95 11.6
F4 AEFEFRHSEM=3)
Table 4 Content of benzoic acid in the sample (n=3)
WA HHBR T/ (ng/g) SIIME/ (ne/e) FRUEN 25/ (ng/g) AX B v 22 /%
1 28.4,29.5,25.0 2.35 8.5
2 17.9,16.8,21.3 2.35 12.6
3 12.2,12.9,10.2 1.40 11.9
RS RBPLRERNESEN=3)
Table 5 Content of sorbic acid in the sample (n=3)
A INBLEL 5 2/ (ng/g) SFHIE/ (ng/g) PRI 22/ (ne/g) ARR RG22/ %
1 17.4,19.7,17.2 18.1 1.38 7.6
2 18.7, 18.0, 19.7 18.8 0.85 4.5
3 18.0, 19.6, 20.7 19.4 1.36 7.0
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6 FEHERMAREWERME (n=3)
Table 6 Determination of standard recovery of benzoic acid (n=3)
A= JindRE/(ug/g) Bk /%
1 10.0 101
2 10.0 111
3 10.0 98
F 7 WIRERINAREW R E (n=3)
Table 7 Determination of standard recovery of sorbic acid (n=3)
VG IARTT/(ng/2) Insi/(ng/g) TR 0 72 fE/ (ng/g) I g3/ %
1 10.4 10.0 19.5 94
2 10.2 10.0 21.4 113
3 10.1 10.0 20.2 101

224 AR EFR

P BEAL R AR 2500 5 3w AR AR £, %
100 pg/mL AR | LU ALRR (bR iR G RGE 2l 2 11 1K,
MBRE FEIEG, B8] RPROKHRY 1.10 pg/mL,
EFRA 3.68 ng/mL; IIAERAE R A 1.72 pg/mL, &
RN 5.73 ng/mL, RN ESR
23 MELZHERHIXTHR

1.4 WIS EERECE 2 WO QIR Friiliss
I ZE AT BT, DARESAIEA: 2R 0558 5 B VOB A 1,
AT 3 YA TINE, Rl JEEE fF O (E, HARILE 8,
H12% 8 AT, FEAREESS b SPEA T AR R b v O
220 1.84 pg/g, AXHREN 22 A KT 10.8%; IIZLRR AR UE
T2 2.26 pg/g, FXPRERZEAKRT 14.8%. FRBORAHE
Tk 2E bR SR BRAFREIR2E R 2.35 ng/g, HAXT
PRUEIZEA KT 8.5%; WWERAIFREm 24 1.38 ng/g, M
XIRIENRZE AR T 7.6%.

e ROBOR €8 1 1 - 28 5 TR 125 5 TR b vk B g, 3K
PN E 25 AT 5 F ARSI ¢ 4G50, G55%W: 2 Ry
LR A 2 5, (AEEGE R 95%T, 2R
PR 1 000 2 AT o 5 1) R R 2, T L 2R g ) )G B
M RGEIR 2 . W] REE T AL R B Tk

SIS ) - S ES R 7 S ol R (0 S g (3 A
WOERN 91%~114%, 22 FMFREETE 98%~111%; IZLR
B[ g 2O bR R R 91%~117%, 2 5 bR ik R
94%~113%. BAR 2 FhJr i MK SR ER AL L E Ve 22 1,
AL 5 A0 A £ 3 3 - 25 S A 1% 1) [ 3R X R R 7
SR A DGR RS e . FLECA S R . HL2E S
T V25 ) HEL KT A VAl 22 LU TR BR 96 19 /0N, RT i ,  vk SIE
06 2 S AR I ARG I 45 SRR X T RE IR . R 2=/

3 wgSiie

B UL b SE B0 W L, R e A M g vk -2 B
TARIEAE SR AE IR & 9 10,15 pg/g W0 T4, POk
FRER RS 11.8~27.6 pglg, WWELR N 4.52~
7.62 pgl/g; ARH M EIET 98%~111%, LA N
94%~113%; ZEMRRAIK B R 1.10 pg/mL, E&RKN
3.68 pg/mL; INALERAAGILERY 1.72 pg/mL, EEIRA
5.73 pg/mL. Z¥E S ER KRN E & F R ¢ 5
R 2 PR B A R E M E R R ER S
AR o 2RI 2 S B . BOAS IR, TR PR, SO
o TAESCRAIM KRR, AEHPFILIRER., KH
1 (A0 R B T — PR B A T B R, A — A A
N A
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1l LERVES

*8 ERMIRESERRENEEZBIRAHERRR LB R0N=3)
Table 8 Results of determination of sorbic acid benzoate in protein beverage by differential standard addition method and national
standard method (n=3)

FEAREE—ik

HPLC 25 hnpsik

RH R 8/ (pg/g) 1B ER & /(ng/g) KH R &3/ (ug/g) INBLER Y % B/ (nglg)
FI1E/ (ng/g) 17.1 15.3 27.6 18.1
iR ZE S/(ng/g) 1.84 2.26 2.35 1.38
AR BR A 22 RSD/% 10.8 14.8 8.5 7.6
VE S 2.8 6.6 3.67 1.3
F R 30 FRHR: F=1.727<F %=19.00; IWZLR: F=5.077<F +=19.00
g2t K =6.99>1 1 =4.30; 1LIFLER: (=2.48<1 +=4.30
S E 3k 63-65.
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