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ABSTRACT - In this study, we investigated the levels of the natural preservatives, benzoic acid, sorbic acid, and
propionic acid, in raw unprocessed vegetables. Quantitative analysis of benzoic acid and sorbic acid was performed
using high-performance liquid chromatography with a diode array detector (HPLC-DAD) and confirmed using liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Propionic acid was analyzed using a gas chromatography-
flame ionization detector (GC-FID) and confirmed using gas chromatography-mass spectrometry (GC-MS). From a
total of 497 samples, benzoic acid, sorbic acid, and propionic acid were found in 50 (10%), 8 (0.2%), and 61 samples
(12.3%), respectively. The highest quantity of benzoic acid, sorbic acid, and propionic acid was found in peony root
(1,057 mg/kg), nut-bearing torreya seeds (27.3 mg/kg), and myrrha (175 mg/kg), respectively. The background con-
centration range of naturally occurring preservatives in raw vegetables determined in this study could be used as stan-
dard inspection criteria to address consumer complaints and trade disputes.
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IFss %
HER 3 ZAFE flal hA @K (benzoic acid), 4~E
2¥(sorbic acid), ZZ 3|22} propionic acid) XFE2} W F
EFEH IZEH(crotonic acid)S Sigma-AldrichAF (St.
Louis, MO, USA)°lAl F3te] ARSI AlEHA 2
2 FZ8u)Ql of|ek2(ethanol)Z} o}A| EUEH (acetonitrile)
£ MerckAH(Frankfurt, Germany)2] A2 ARE-3IH L, H|
E g9 9 = F (tetrabutylammonium hydroxide, TBA-OH)
9} 21l4k(phosphoric acidye Sigma-Aldrich*}(St. Louis, Mo,
USA)lA F+ate] ARg-3Hith. A A5 Mili-Q ultrapure
water purification system (US/A56210-857, Milipore Co.,
Billerica, MA, USA)E ©|&3F 18 MQ-cm 52| A4

2 AHgST,
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ek gkt 2B BFEF 100 mgs AE3] 2o} 100 mL
§% Zhaael 7 ¥ verE S Theke] s £
F 100 mLZ 883t =7} 1,000 mg/L7t H=% o)
ATt o5 WIEER 3|4 sto] A ~HAY] RE
o] FE7} 0.5-100 mg/L7t HEE FA|ste] ARSI
o} Z23eak BFF 100 mgS US| Lo} 100 mL &
g Zohie] Wil opllES ket ehdd] 3§ 100 mL
2 A&t =71 1,000 mg/L7t H == st iiE*P
100 mgS 43| o} THFTE 7Iste] £ % 100 mLE
&3t 1,000 mg/L7F HE5 st LHTE%% Ei Eis
o} 22324 1,000 mg/LS oMHES R )4
Ho] w7} 0.5-100 myL7t HEE A6, IH%‘E%%
Aol F&E 100 mg/Le] HE=E 7Fske] ARS-SIATH

gtk 307 250R 35 F Ay 1%— o]-&-3e] 4,000

pmolA 1087 ARG Y. vg] WERe smLet &

5mLE C,, SPE 7FEZ]X](Waters, MA, USA)E B4 314171
o

F FZd 5 mLE 13 mL/ming £52 373 me
£ 5 mLE 2e EE2 EIAA U2 4L A nylon
0.2 um WEZH Q] ZE(membrane filter)Z &35l F2] A

2 9] &7 (vial)l]l Ho} A@RNow ALgEIT]

PN xEA

2B AR Qb2 R A7 EAS 918t HPLC-DAD
(1200 series; Agilent, Santa Clara, CA, USA)E A3}
o, Z2 Capeell pak MF-C, (4.6 mmx150 mm, 5 um,
Phenomenex, CA, USA)S AFE-3I3TE ©l&54 AE 0.1%
phosphoric acid’} &% 0.1% TBA-OH, ©]&% B& °}
AEYEZES Addste] 71&7] &8 A Addssitt
(Table 1). &82F QFAgkske] A BHS f3) dAa=
vl E 2 A R4 7] (6495 Triple Quad; Agilnet, Santa
Clara, CA, USA)E AH&3I3aL, 48 ZH-> XBridge
BEH-C,, (2.1 mmx100 mm, 2.5 pm, Waters)= AM&-3}%1 T}

o]%54-S 0.1% acetic acid’} £3¥ 10 mM ammonium
acetate (A) ¢} acetonitrile (B)S AFE-3I3 T}, Electro-spray
ionization (ESI)H<] negative ion modeZ MSZZAE FHZ
3} 3192 ™, multiple reaction monitoring (MRM) 712
2 B3 t(Table 2). Z23|24ke] A3k B85 93]
o] GC-FID (GC-2030; Shimadzu, Kyoto, Japan)E AF&-3}
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Table 1. HPLC-DAD conditions for analysis of benzoic acid and
sorbic acid

Instrument HPLC-DAD (Agilent Technologies 1200 series)
Column Capcell pak MF-Cg (4.6 mmx150 mm, 5 pum)
A: 0.1% phosphoric acid in 0.1% TBA-OH
) B: Acetonitrile
I\gfl:;f Time (min) 0 2.5 7.0 120 12.1 17.0
A(%) 75 75 65 60 10 10
B(%) 25 25 35 40 90 90
Wavelength 235 nm
Flow rate 1 mL/min
Injection volume 10 uL
Column temp. 40°C

Table 2. Analytical conditions of LC-MS/MS for benzoic acid
and sorbic acid

Parameter Conditions
Instrument HPLC (Agilent Technologies 1200 series)
Mass Spectrometry
(Agilent Technologies 6495 Triple Quad)
Ionization mode Electrospray ionization (ESI, negative)
Column Waters Xbridge BEH-C, 4 column
(2.1 mmx100 mm, 2.5 um)
Column temp. 40°C
Flow rate 0.3 mL/min
Injection volume 2 uL

A: 0.1% acetic acid in 10 mM ammonium acetate
B: Acetonitrile
Mobile phase Time(min) 0.0 3.0 7.0 10.0 10.1 12.0
A®) 9 9 10 10 90 90
B (%) 10 10 9 9 10 10

Gas N,
Gas temp. 230°C
Analysis mode MRM
Capillary voltage 3000 V

Cone voltage 80 V (benzoic acid), 75 V (sorbic acid)

Collision energy 3 eV (benzoic acid), 2 eV (sorbic acid)

Precursor
/product ion
(m/z)"

DDerived from [M-H]".

121/77 (benzoic acid), 111/67 (sorbic acid)

Rom ZyS HP-FFAP (0.32 mm i.dx30m, 0.25 um,
Agilent)S AFE3F TH(Table 3). T2 A4 A EX4&
{3l NAFZeE ) Z A ZEA 7] (GCMS-QP2010 Plus;
Shimadzu)E AME-3F o™, ZH2 GC-FIDS} 53t HP-

Table 3. GC-FID conditions for analysis of propionic acid

Instrument GC-FID (Shimadzu GC-2030)
Column HP-FFAP (0.32 mm [.Dx30 m, 0.25 pum)
Oven temp. 60°C (4 min)°‘C—>28°C/min—>‘115"C
—20°C/min—240°C (5 min)
Injection temp. 230°C
Detector temp. 250°C
Injection volume 1uL

Split ratio Splitless

Carrier gas, flow Nitrogen, 2.80 mL/min

Table 4. Analytical conditions of GC-MS for propionic acid

Instrument GC (Shimadzu GC-2010)
MASS spectrometry
(Shimadzu GC-MS-QP2010 Plus)
Column HP-FFAP (0.32 mm 1.D. x 30 m, 0.25 um)
Oven temp. 60°C (4 min)—>2.8"C/min—>1 10°C
—25°C/min—220°C
Injector temp. 230°C
Interface temp. 230°C
Injection volume 1 uL
Split ratio Splitless
Carrier gas, flow Helium, 1.5 mL/min
Ionization mode EIl
Electron impact mode 70 eV
Selected ion (m/z) 74,57, 45
MS ion source temp. 230°C

FFAP (0.32 mm idx30 m, 0.25 um, Agilent)S AF&3}% 3L
AR 2748 Table 49} 7t}

ANEY 08 BF

Al Tr§.é 52 AOAC guideline' | webA] %
A A (linearity), 7 & SHAl(limit of detection) 2 2 ZF3SHA|
(limit of quantitation), ¥]5*&(recovery)S -3l F84S
AFs e dool #dE AL BT 3WES
239} ORI JJr 282, Eﬂuﬂ%&j R 05100 mg/
kg F=oA HEFdS skl S sk eH,
XA A= N'J’Wﬂ—r(correlatrlon coefficient, )& X &
0}0311]— dE&sHA|19F A Z3HA|= 3.3%0/s (o: standard deviation,
ARt EAH Y] HEket HUE flg
"—Vévﬁrg 37g AP AE o9 e EEE AR
7hsdt e S FRdE g, o, 271, &, B, A
Fote] Z4zf ARAE, ARG, A
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Results and Discussion

*I“’“é* 1 BF
2k AAAL ABAF)
%M 0999 ol*& 2 FolEAtK(Table 7). SH2Ake] 7
A 22 035, 1.05 mgkg ©1AL, 28
*th JEJJ%*LH A& o AFAE 242 0.26,
0.80 mg/kg 2 0.27, 0.80 mg/kgS 2 =7 = U TH Table 7).
5| go QHAERAL ABAL Z2u| el 7h7t 82.4-113%,
92.2-115%, 87.4-117%= ZA AL, 33] WHEste] A2
EFARE HAgo g var A EEH X} (relative standard
deviation, RSD)= 7.7% ©|3t2 %53+ A3= ®ItH(Table
5-7). o]8g A3 AOAC guideline| A A|A3HE H ¢
of RkEste] AEH O ARAES IAT F AJTY.
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Table 5. Linearity (R?), limit of detection (LOD), limit of quantification (LOQ) and recovery of benzoic acid

Sample Concentration spiked (mg/kg) Recovery (%)+RSD" (%) (n=3) R?*  LOD? (mg/kg) LOQ” (mg/kg)

5 106£1.9
Mountain hawthorn 20 113+0.3
40 96.5+4.8
5 105£1.0
Capillary wormwood 20 109+7.4
40 90.4+4.7
5 95.5+4.6
Korean mistletoe 20 103£2.4
40 98.3+4.9
5 107£3.0

Poria cocos wolf 20 104+1.3 1.0000 0.35 1.05
40 102+3.3
5 86.4+7.1
East asian arrow root 20 102+3.0
40 94.2+0.5
5 82.4+1.6
Astragalus membranaceus 20 91.443.0

Bunge

40 95.6+1.8
5 89.1+3.8
Sacred Lotus Seed 20 84.1£5.9
40 88.3+6.5

YRSD (%): relative standard deviation.
PLOD: limit of detection=3.3 o/ S.
YLOQ: limit of quantitation=10 o/ S.
o=the standard deviation of the response.
S=the slope of the calibration curve.
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Table 6. Linearity (R?), limit of detection (LOD), limit of quantification (LOQ) and recovery of sorbic acid

R* LOD (mg/kg) LOQ (mg/kg)

Sample Concentration spiked (mg/kg) Recovery (%)£RSD (%) (n=3)
5 100+3.6
Mountain hawthorn 20 98.9+0.3
40 96.4+1.9
5 10443.5
Capillary wormwood 20 114+4.7
40 98.4+4.8
5 92.2+4.9
Korean mistletoe 20 103£1.5
40 99.8+4.9
5 111£3.6
Poria cocos wolf 20 105+1.2
40 10243 .4
5 111+£2.2
East asian arrow root 20 106+2.2
40 106+0.8
5 97.3£8.5
Astragalus membranaceus 20 10643 8
Bunge
40 115+£3.3
5 109+2.3
Sacred Lotus Seed 20 97.4+4.8
40 108+7.7

1.0000 0.26 0.80

Table 7. Linearity (R?), limit of detection (LOD), limit of quantification (LOQ) and recovery of propionic acid

Sample Concentration spiked (mg/kg) Recovery (%)+RSD (%) (n=3) R? LOD (mg/kg) LOQ (mg/kg)

5 90.4+2.0
Mountain hawthorn 20 101+4.4
40 117+£3.4
5 88.5+2.3
Capillary wormwood 20 91.8+£2.8
40 91.8+1.3
5 94.6+4.2
Korean mistletoe 20 91.7+£3.3
40 90.2+0.5
5 87.4+1.9

Poria cocos wolf 20 93.8+3.8 0.9999 0.27 0.80
40 97.0+3.6
5 105+1.7
East asian arrow root 20 103+0.8
40 105+0.1
5 113£1.5
Astragalus membranaceus 20 113£0.8

Bunge

40 107+9.1
5 95.9+7.2
Sacred Lotus Seed 20 105+5.6
40 112+£1.9
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Fig. 1. Concentration distributions of benzoic acid, sorbic acid
and propionic acid.
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