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Abstract: This study was performed to develop an analytical method using Carrez reagents as the precipitant
to effectively and easily remove proteins and lipids while pretreating samples for the simultaneous determination
of preservatives, including dehydroacetic acid (DHA), sorbic acid (SA), benzoic acid (BA), methyl p-hydroxybenzoate
(MP), ethyl p-hydroxybenzoate (EP), propyl p-hydroxybenzoate (PP), isopropyl p-hydroxybenzoate (IPP), butyl
p-hydroxybenzoate (BP), and isobutyl p-hydroxybenzoate (IBP). The effective selectivity was determined by
HPLC separation analysis for nine preservatives in the test solution, after removing interfering materials such
as lipids and proteins. The method developed in this study showed excellent linearity at 0.999 or higher. The
limit of detection (LOD) ranged from 0.09 to ~0.12 mg/L and the limit of quantitation (LOQ) was ~0.280.37 mg/L.
The results of the recovery test on processed foods, including pickles, cheeses, processed meat products,
beverages, sauces, and emulsified foods showed DHA, SA, BA, MP, EP, IPP, PP, IBP, and BP at 90.9~107.7 %,
85.4~113.7 %, 90.7~111.6 %, 84.5~111.2 %, 81.3~110.9 %, 82.5~102.2 %, 81.1~110.0 %, 80.9~109.0 %, and
82.4~110.3 %, respectively. The probability of the simultaneous analytical method developed in this study as
a quantitative method was confirmed for various processed foods.
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€ (butyl p-hydroxybenzoate BP) AJ7tE=2 AR
TAF7138 HSAZHE], H]8] =2 24 H(dehydroacetic
acid, DHA), 2221712} (sorbic acid, SA), I}2FS-A]<H2]
Skakol | (ethyl p-hydroxybenzoate, EP) 2 3}2}-S-A]QF
2] 8kA+3E 2 I (propyl p-hydroxybenzoate, PP)2 Sigma
(USARFZRE], FHe}-SA] k2] 3 ko] 422 2 9 (isopropyl
p-hydroxybenzoate, IPP)=} THEH-S-A] QA ko] A g
(isobutyl p-hydroxybenzoate, IBP)< Accustandard (USA)
APRSE 22 skt 24 R A (Ammonium
acetate), HIEZFFE U H(1.0 M tetrabutylammonium
hydroxide solution, TBA-OH)3} 212¥(phosphoric acid)
< Sigma (USAWA}, BXiH(sulfuric acid), 3 ZA| 93} Z
F (potassium ferrocyanide trihydrate), &4to}<(zinc
sulfate heptahydrate)> SAMCHUN (Korea)A} | &2
AHE-3ATh E(Water), ™ ¥F2(methanol) 2 oFH EU
E Y (acetonitrile)> B&J (Germany)AHe] HPLC grade A
F2 AHEsIA T 24 ZE L Osaka Soda (Japan)A+2]
Capcell pak MF-Cg (4.6 x 150 mm, 5 um)= ©]-&3}9 1,
41771+ Shimadzu (Japan)*}2] high-performance liquid
chromatograph LC-20AD, photodiode array detector
M20AS ARE-te] 24 83T

23. MSA I:!OI-H-I

231 EEEH A

DHA, SA, BA, MP, EP, IPP, PP, IBP, BP 7t} &
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Table 1. HPLC-PDA conditions for simultaneous analysis of preservatives

Column Capcell pak MF-Cg (4.6 mm i.d. x 150 mm, 5 pm)
Column temperature 40°C
A : 0.1% TBA-OH (0.1% phosphoric acid) solution
B : Acetonitrile
Time (min) A (%) B (%)
0.0 75 25
2.5 75 25
Mobile phase 8.0 65 35
14.0 60 40
18.0 70 30
20.0 75 25
21.0 75 25
21.1 End
1.0 mL/min
Injection volume 10 pL
Wavelength 217 nm
Instrument HPLC-PDA (Shimadzu 20AD)
N49) AU FEUAe, Aahe H149 A7 A g ot e
()F 28k AEdA= 33 G/s A= 10 #
ofsE AZ3AT AHEE FREDL 50 myke?] & ta s I
BEE RU1BE 25, AN 25, A= 15, 4 . EN TR
NBER 1E, SEF 1F, 227 13 F 839 g } (T T
NgAE A A7k v o) Aed wes L QoL UL T L T
ﬁ])‘\_]_'?—)‘}‘ﬂ 5]}\ S 2] 00 75 50 7s 160 125 150 mn

=
Wslel Qe T2WAE BIAZ he A EZAA
(%)= YEpIlen, 43x 9
o7 STt

31 MEyM MM o S

A ZZrETY 2 FrioleEmE A&7 o&
St HER 9F9 FAIRA A3 Fig 19 A9l 7]
DHA, SA, BA, MP, EP, IPP, PP, IBP, BP9] =A12
15% ool AE=HAUT AFFHL 570 F=d
st Bt A e FAsdon =4 A
Table 29} 7Fo] HEZ 9F E5F 0.999 o)A ¢4
o AA4S YeEpgler BEE 9% F DHAZH 7}
=2 7S VeI

TEOA ARAE &
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125] ’
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Fig. 1. Chromatogram of preservatives; A is 9 kinds of
standard mixture solution (5 mg/L); B is results of
recovery test of preservatives in processed milk (50
mg/kg); 1-DHA, 2-SA, 3-BA, 4-MP, 5-EP, 6-IPP, 7-
PP, 8-IBP, 9-BP

detal ol & 7ﬂ y %6}04 7}z7be] Ao 2 HE

A 2FH 2o, Al2FHE 3714 €]
71€71(9)% vhe gtell 338 et Alltatglon ol
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Table 2. Linearity, LOD and LOQ of analytical method

P LOD* (mgL)  LOQ® (mglL)
DHA 09998 0.10 0.30
SA 0.9999 0.1 0.32
BA 0.9999 0.1 034
MP 0.9999 0.10 031
EP 0.9999 0.10 0.29
IPP 0.9999 0.09 0.28
PP 0.9999 0.12 035
IBP 0.9999 0.1 0.33
BP 0.9999 0.12 037

“Limit of detection (3.3 o/s)
°Limit of quantitation (10 o/s)

102 #sle] Axtsidon, REF 95 028037
mg/L. Alole] A &F3HAE YEFW I BPY AH$ 7
=2 A E JeEM At Table 2). BV A&
49 LCE o83 e 54 7)7] H A
= DHA, SA, BA, MP, EP7} 7}7} 0.5, 1.5, 1.0, 1.0,
1.0 mgLE & BAHI v A o =2 3s U
BT A AW (DF)Y] LCE ©] 83 BA, SA
BAEA M = FFAIE AT ot

237
3 A ol=haL At Sl
33 Mgz o MUz
e HER 9T FAEAHOE HANE, A
27, 457 ER, ¥5EF, 227/ ¥ {7 El
50 mgkge] =2 7} 35 A4S ¥ A7, DHAE

90.9~107.7 %, SAE 854~113.7%, BAE 90.7-111.6 %,
MPE 84.5~111.2 %, EPE 81.3~110.9 %, IPPE= 82.5~
102.2 %, PPE 81.1~110.0 %, IBPE 80.9~109.0%
2|3 BPE 824~1103 %9 3 4&S Yediglion,
Fig 18] BE f7HF & 7H7el tigt R85 9%
slvg AY Ay a=nEagelr A49E 33 v
B3l de REHEAE HAAE Uiw JUETHA}
£ DHA 06-5.6%, SAE 04~74%, BAE 0.6~8.6%,
MPE 03~83 %, EPE 02~79%, IPPE 1.1-9.3 %, PP
= 02~82%, IBPE 0.4-~86% L] 3 BPE 0.9-8.7%
E UEPATH(Table 3). 919+ 22 A3+ AOAC
84 F9l stel=gloA A s HAE WSl
HER 9FT5 TAIEAEH GaFabrldl A3st &4

ozt A"

£ 7Fs H9E 6920 mgkgl = YERf o] o] 7)o 34 34. JIBME & B2EE @Y 24
W aele 43, 7171 AZFAE oF 02~03 mg/ll A7t Bl S Sl 7HEAE 8 T EEE 9
TR 2 AFed Hd FEdS o AT TS BT A, A E, A2RF, AT ER
Saad 529 Aol M = BA, SA, MP, PP7} 2+t 0.5, £ AME 7Hs H7HEQ SATe] AEHeH 7+ 71F
0.1, 0.3, 0.1 mg/Le] HETAE Yelfo] & A 2 T+A<l 1.0, 3.0, 2.0 gkg ©l3t=E FA A A&
o} FAIAY B =2 #dS E}lEkh ek 2 I FEFole AHE 7 F7HER] BAREO]
A S FRIAEAR Y AR WA AEENeH 7IE772L 0.6 gkg olatdS 1A
vl B oolgt REF 9% BF 158 Wl A& T} Park 2 HA S FARE ALET FEW ol
7] W2l AE F HEEE A& E4s517] AF SolA BAV 9EEHE AAFH Evhy B
Table 3. Results of recovery test in processed food samples
DHA SA BA MP EP PP PP IBP BP
Samples®
R® RSD* R° RSD® R® RSD® R® RSD* R® RSD® R® RSD® R® RSD® R® RSD* R" RSDf
Pickle 1 93.0 33 1137 1.9 907 08 870 1.6 850 29 897 15 827 34 881 04 829 34
Solid Pickle2 107.7 5.6 894 7.4 1087 86 111.2 83 1109 7.9 1022 93 110.0 82 1090 86 1103 8.7
"% Cheese 928 32 854 54 1073 06 845 17 813 12 825 13 811 02 809 0.7 8.1 37
Sausage 1047 09 893 29 111.6 0.7 1062 1.5 1109 0.6 99.0 2.1 109.0 13 1066 1.5 1062 0.9
Beverage 919 0.6 98.7 04 952 55 937 03 862 0.7 887 3.1 849 40 835 07 848 16
Liquid Sauce 914 35 967 45 980 51 976 48 875 02 101.5 24 1049 0.6 925 41 912 09
1A i 909 1.9 991 12 943 49 949 83 889 0.7 889 1.1 81.1 1.1 813 25 824 32
Yogurt 948 25 930 60 940 58 954 62 955 46 905 49 918 60 916 55 912 54

“Spiked level; 50 mg/kg
PRecovery, triplicates, percent, %
“Relative standard deviation, triplicates, percent, %
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