Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 31, No. 6, 225-231, 2018
https://doi.org/10.5806/AST.2018.31.6.225

An analysis of benzoic acid, methyl paraben and butyl paraben in soy sauce
using isotope dilution liquid chromatography mass spectrometry

Seonghee Ahn*
Center for Analytical Chemistry, Korea Research Institute of Standards and Science, 267 Gajeong-ro,
Yuseong-gu, Daejeon 34113, Korea
(Received September 6, 2018; Revised October 19, 2018; Accepted October 29, 2018)

SSiasi AVRURE OIS0 213 Bol oe

ot 4 &
FFEET AT BB
(2018. 9. 6. ™4, 2018, 10. 19. £, 2018. 10. 29. &2I)

Abstract: Benzoic acid, methyl paraben, and butyl paraben are preservatives that have been used in pharmaceutical,
cosmetic, and food products. However, as their toxicities for human have been reported, many nations and
organizations including Korea have established a regulation limit for thier usage of these preservatives in food
products. The present study developed the isotope dilution liquid chromatography mass spectrometry method
for accurate determination of three target preseratives in soysauce. In this study, the isotope dilution liquid
chromatography mass spectrometry method was developed for accurate determination of three target
preservatives in soy sauce. LC separation was optimized considering the pKa of benzoic acid which is lower
than those of methyl and butyl parabens. A C18 column was used with 5 mM ammonium acetate and methanol
as mobile phases. Mass spectrometry was operated in negative mode and selected reaction monitoring mode
(SRM). Soy sauce sample was cleaned-up with C18 SPE cartridge for removing matrix inferences and color
material. Optimized conditions and the method were validated with soy sauce reference materials for the analysis
of food preservatives from Health Science Authority in Singapore. The measured values of benzoic acid, methyl
and butyl paraben agreed well with reference values within their uncertainties.
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£ 0.044)%°] £ & st FE el Dr
Ehrenstofer (Augsburg, Germany) Aol Al F¢]ale] B
ATde =8 dXjo) wEt 1a 3t (99.992+
0.070)%2] TE=& AT W ZFELE AL
317] 918t FUA PCe-A A, PC-HIE Tk,
BCe-H-E Il Cambridge Isotope LaboratoriesA}
(Andover, MA, USA)l A 9] &titth ol & 4 &
Fo] x3tE 7+ 7]FE2 -2 Health Science Authority
(HSA, Singapore)oll A AlF3] FUth WErE, ol =
WolEd e 7] &S HPLC SHo2
Burdick and Jackson (Muskegon, MI, USA)o|A]
datRen, 4F&ANEs 57 Y% ammonium
acetate (minimum 98 %)%} acetic acid (purified by
double-distillation):= Sigma-Aldrich (47|, gt=1)ell
Al AT

22 HFEZEEYo| FH|
A7FA BAEA] FEgHe B o
100 mgkg o] HES ¥A FHFPoR AxsA
o 9] oF 5 mg& Hslel 1 PG A 5
getal, °F 50 mL&v (SmM ammonium acetate:
methanol, 1:1, vv)& 718t & Z&3 FAE &3
ste] AaEtATh A7 BAER] £994 BEE
A

Nz 22 WHOZ oF 100 mgkg FF©

|
A AT e BRl=9) 7Follom ARl £

A 22 A 77 AEEA Stk FE e 19
= s

Atk A WA= HF AR 1 g8 Cab I
ZYEE A (Supelco, 6 mL, 0.25 g)S =73l
mLE Aojdl & meke 5 mLE £33 89 njx
T HAE 74 A B 1 g2 C18 ZAA

A] (Supelco, 6 mL, 0.5 )& FZ3te] & 5 mLEZ A
Ad & HEE 5 mLE §&39 Tt o] WeEs 89
2 Aot A TN T o)A Sl 5 mM
ammonium acetate 843} WS 1:1 EFNoZ HL
gk 898 PVDFZ ZE 3 & ARSIt

Vol. 31, No. 6, 2018

24. X3 Z0tE IO -REAMT|

o] AMEE vAS AAZEZE T Y= Waters
A} (Milford, MA, USA) Acquity UPLC system©]™, Z
2 CI8 7t=Zdo] AZ¥E WatersAhe]  Acquity
UPLC BEH CI8 (1.7 pm, 2.1 x 10 mm) 2H< AL&3}
St} o] A+ 5 mM ammonium acetate (pH 4 acetic
acidd7Ph g, o157 BE HEES AMSSHath o524
H&-& A9} B B]&o] A& 60%:40 %E A &3l 5
7 fAEE 7 SEA 108714 A9k B H] &9
10%:90 %7} B =5 Z7FAZA 0w, ut& o]F4 B7}
1000] E=5 o] 17%7H4] FA ATt o] F 237714
A%} B2 H] o] S 60%:40 %= A5 sHATh

F42 02 mLAELE SHFoH, A& 10 mLY
FY3A

Ao AEE AFEAVIE A7 #5023
(Electrospray lonization) 7% 7} “&-2-% ThermoElectron
(San Jose, CA, USA)AF2] TSQ Quantum Z &2 7]
Z Ao, S0l E (negative ion mode)ollA]
o] 23} ¥ Y-S 4000 V 7hste] #4S ekl

ehel] AR 7] o] Helut-3-EAH (Selected Reaction
Monitoring, SRM)S ©o|-&3to], B &4 £4 =4
o] FLAEZ Y HAY] At A

% = o AR "1 O

BAYE 9% FEUAS} 2folese Ade
Table 291 “FERASITE.

25 HYEEQ AN

F9A28N APRAPS olgete] BB
Ak 1 &0 BaRASe] AR ER Y
3, o] ARE-E ]2 7 H7dH(one-point calibration
with isotope-ratio matching) 2 2, 4] thg-3} 7},

C _ is—sol,spiked ) ARsample ) Msfsol.std.mix. ) Csfsol

sample — M AR M
sample : std. mix. © is—sol,std.mix.

o W AHEH PRk Thew R,

Azl Eole EAEEY] F% (the

concentration of analyte in the sample);

Cosol EAEZe] 8N F=(the concen-

tration of the analyte standard solution);

FAof] ALg-E Al8e] <F (the mass of

the sample taken for analysis);

Mol pied AN FO H7FeE BAEH] 949
% (the mass of the isotope standard
solution added to the sample aliquot);

Ms-sol. std. mix. %'?'] %iﬂl E%%—QE oﬂ %‘7]—@— %)ﬂ%

Csam ple

A/[samplc



228 Seonghee Ahn
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Fig. 1. Chromatograms of benzoic acid with 5 mM ammonium
acetate (a) and 20 mM ammonium acetate (b) solution
as an aqueous mobile phase. The mass fraction of
benzoic acid was 40 mg/kg.

Table 1. Structures, pKa, solubilities and regulation limits for benzoic acid, methyl paraben, and butyl paraben

Regulation limit

Compound Structure pKa Solubility (in soy sauce)
Benzoic acid @COZH 42 3.4 g/L 0.69 g/kg
Methyl paraben OH@COZCHS 8.5 2.5 g/L 0.25 g/kg
Butyl paraben OH—@—C()zC 4Ho 8.5 Less than 1 mg/mL Banned in food
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Table 2. Channels and collision energies for selected reaction

monitoring of ID-LC/MS/MS

Collision energy

Compound Channels
P V)

Benzoic acid m/z 122 — 77 14
13C¢-Benzoic acid m/z 128 — 83 14
Methyl paraben m/z 151 — 92 23
13C4-Methyl paraben m/z 157 — 98 23
Butyl paraben m/z 193 — 92 27
13C4-Butyl paraben m/z 199 — 98 27
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Fig. 2. Comparison of chromatograms for benzoic acid (3.4
min), methyl paraben (4.8 min) and butyl paraben
(10.3 min) with 5 mM ammonium acetate solution
(a) at pH 4.5 and (b) at pH 4.0. The mass fractions
of benzoic acid, methyl paraben and butyl paraben
were 40 mg/kg, 10 mg/kg and 10 mg/kg, respectively.

acetate SN oAM= I3 ZFAA tailingo] A3HA L
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ghal o] Wi AR Zpo] 7} oF 147441 (Fig. 2(a))
W pH 40914 E 0.655-2 2 (Fig. 2(b)) LFEFT). &Fx9k
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Fig. 3. Total ion chromatograms and benzoic acid chromato-
grams of soy sauce after (a) dilution, (b) Carb SPE
cartridge and (c) C18 SPE cartridge. The soy sauce
sample for (a) solution was from HSA. The soy
sauce sample for (b) and (c) soy sauce was spiked
with standard mixture solution into the soy sauce
from the local market. The mass fraction of benzoic
acid was 20 mg/kg, and the mass fractions of methyl
paraben and butyl paraben were 4 mg/kg.
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Table 3. ID-LC/MS/MS measurement results of 5 sub-samplings from soy sauce reference material

Benzoic acid (mg/kg)

Methyl paraben (mg/kg) Butyl paraben (mg/kg)

Sub sample # 1 153.74 + 4.59 101.76 + 2.48 101.07 + 2.95
Sub sample # 2 153.79 + 6.10 101.09 + 2.44 101.17 £ 3.12
Sub sample # 3 155.38 + 6.57 102.08 + 2.46 101.22 £ 3.16
Sub sample # 4 156.36 + 4.13 101.00 + 2.69 100.81 + 3.51
Sub sample # 5 155.86 + 5.15 101.52 £ 2.70 101.19 £ 3.26
Average 155.02 101.49 101.09
Standard deviation 0.77 % 045 % 0.17 %

The number after “+” is the expanded uncertainty of the preceding value with the level of confidence of 95 %

ol213k H & 3td LCOMSMS 243 Axlg =74
otz A& AFAAE FA AT A A,
W g, feaeie] A&EA RIS o 74 3
du)= 242 0.1 mgke, 0.02 mgkg, 0.005 mgkg ©]
Ao, FEFIARE ol FH 10duhHe zhzt
0.5 mg/kg, 0.1 mg/kg, 0.02 mg/kgl 2 1 H QY Th.

33. DLCMSMS =AY
BHAf
=

HAste "Ae WHI LOMSMS 2UES o1&
Sto] 4] 7FAZZ Health Science Authority (HSA)O! 4]
AZG 7EA RS G AEE B FEAS
AZsA ek WA 728 A182] 57]¢] sub-sampling®]
w4 AHAE Table 30 YERARITE 570 AR <14
3

fijo

0|88t 7 Alze|

2 HEAQE A4S Bt olE Ade VE AR
T3 HSAQ] 71F3k3} vl wslgieh. vl A3}
Table 4914 UYEPSATH A7HA] 484 &=
T A ID-LCMSMSE °]&3te] S gt
=

Table 4. Comparison of measured values by KRISS with
reference values of benzoic acid, methyl paraben,
and butyl paraben in soy sauce sample

Measured values by Reference values

Compound Y RISS (mgkg)  (mgkg)
Benzoic acid 155.03 +£ 4.28 154.55 £ 2.26
Methyl paraben 101.49 +2.44 100.95 + 2.57
Butyl paraben 101.09 + 2.85 99.05 + 2.57

The number after “+” is the expanded uncertainty of the preceding
value with the level of confidence of 95 %

B3-AFRAY S gtk A7k BHEDL

=

acetate 4L o5 MR ALEEA LW, 5 mM
< acetic acidE ©]-&3}4 pH

4022 2435 pH 4.5 §HE T} At kel g3

tailing A4S =Y F AATE BAZG N = 78]

Az Sl EdES

ol gste] WEEE £&F §9S B4 43}

® B LOMSMS 215

HSAZF A58 71EA1 88 1P AlEE B4 A%

5711 sub-sampling®] BHEAJS] FFEAAL 1% ©l8t=

v
o2
ot
Y
N
N
X

gom, B AqdelX & I EAEH 4
= HASZF AF& 71E30 2] B85 HolA
BE dAs= A4S ¢ F Atk 2HER o] 4
Hol 7 5 <rAERt vg i, FeaEil s &
Aol dlol 8, A4S FFae AAee Y
< I T AN
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