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Monitoring of Benzoic Acid, Sorbic Acid, and Propionic Acid in Spices
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ABSTRACT - In this study, we investigated the levels of natural preservatives of benzoic acid, sorbic acid, and
propionic acid in spices. The quantitative analysis was performed using high performance liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) for benzoic acid and sorbic acid and gas chromatography-mass spectrometry
(GC-MYS) for propionic acid. The sample was extracted with ethanol using sonication, then centrifuged and evaporated
to dryness and redissolved to 1 mL with ethanol to use for the instrumental analysis. The analytical method was vali-
dated based on linearity, recovery, limit of detection (LOD), and limit of quantification (LOQ). This method was suit-
able to determine low amounts of naturally occurring preservatives (benzoic acid, sorbic acid, and propionic acid) in
various spices. Benzoic acid, sorbic acid, and propionic acid were found in 165 samples, 88 samples, and 398 samples,
respectively from the total of 493 samples. The concentration of benzoic acid, sorbic acid, and propionic acid were
ranged at ND-391.99 mg/L, ND-57.70 mg/L, and ND-188.21 mg/L in spices, respectively. The highest mean levels of
benzoic acid, sorbic acid, and propionic acid were found in cinnamon (167.15 mg/L), basil leaves (22.79 mg/L), and
white pepper (51.48 mg/L), respectively. The results in this study provide ranges of concentration regarding naturally
occurring benzoic acid, sorbic acid, and propionic acid in spices. Moreover, the results may use to the case of con-
sumer complaint or trade friction due to the inspection services of standard criteria for the preservatives of spices.
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Materials and Methods

HE=

R Mg AFTA FAE AFLAE ERel o
2t Az, A, ed E
AL, S5, A, 2Ax7], FF, FR, G
FoF AEFFAY P8 B/ FAE &
o2 PANEE Yol 2ole vhs, 9, L5, szgdt
Ui AER AASt 33%F 4937& FYSIAT. AR
o] YL A= A B fFEARS dotste] A= 8
E=Ale] s, EviE, o=l vkE g FRIA e A
20151 497E 1097 FYsHAL, &3 7](Blixer 5 plus,
Robot Coupe, Vincennes, France)E ©]-&3to] A &4
T 20°C YeaLe] Bdstas BER G A0 AL

4N

IX
EEZE YN

BEF g ZAE 98] 9k ak/‘P(benzmc acid, BA),
TES Slgma-Aldrlch/'\}(St Louis, MO, USA)ETH -
st ARgSIdITE A28 FEEEE o'k (ethanol),

olFA Sl E & o} EU E Y (acetonitrile)S MerckA}
(Frankfurt, Germany)2] A& AE-SI9, HEZHEYR
F(tetrabutylammonium hydroxide, TBA-OH), 214K(phosphoric
acid)2 Sigma-AldrichA}(St. Louis, MO, USA)ZH-E ¢
ste] ARSI TE AA= Mili-Q ultrapure water purifi-
cation system (US/A56210-857, Milipore Co.,
MA, USA)S o] &3 18 MQ-cm FELE AA|FE ALE
=
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lé—k/:ll- iHA} =1} __Li_],].g./\} X3FF 100 mg*— A4
ST e
< 7}a}ed %101 mﬂ 100 mLE xmo}o:] 1,000 mg/
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2 3087 FE39T} °o]F 3,500 rpmol A 1087+ 4]
2] staer #elgk 45 HS AdvantecAH(Tokyo, japan)
©] PTFE, 0.45 um syringe filter2 ]2} 3 oF2]gksbs} A
HAb 245 9 A& o AREstith TR 41
=4 AEYE 45N smLE ErFEVE 55 F
TA] ollghE-& F7tste] & o] 1 mL7t HAl & F 045

o
um syringe filter2 o3} 3 A|FgN o7 AE-3ISTH A
A& HE: sL7t AR HAE 23 sl S 7-5oll
= G2 A W =7t HA A5t A A4
skt

RLmy |
P8 T FARL, 284 g T2 92408 HPLCS

GCZ ¥MT 4 FUE AR marixe] 7H40] A
BHSIL 44 9, F O W $EE B4 s
o] LC-MS/MS (6410 Triple Quad; Agilent Co., Santa Clara,
CA, USA)¢} GC-MS (QP2010 Plus; Shimadzu Co., Kyoto,
Japan)E ©]§-3ke] 7171841 L) QrA Ak} 2UALS
A7) 915t LC-MS/MSE AHE3IAAL 48 AH S
Zorbax XDB-C18 (4.6 i.d. x 150 mm, 1.8 um, Agilent co.)
S AHEEI e 2R 40°CE AGEtgitt o154 02

mM ammonium acetate®} acetonitrilesS 7% 592 90:10

Table 1. Analytical conditions of LC-MS/MS for benzoic acid
and sorbic acid

Parameter Condition

Ionization mode Electrospray ionization (ESI, negative)

Zorbax XDB-C , column (4.6 mm x 150 mm,
Column
1.8 um)
Column temp.  40°C
Flow rate 0.2 mL/min
Injection Volume 10 pL

A: 0.2 mM ammonium acetate
B: acetonitrile

Time
Mobile phase (min) 00 30 7.0 100 10.1 12.0
A (%) 90 90 10 10 90 90
B (%) 10 10 90 90 10 10
Gas N,

Gas temperature  325°C
Analysis mode MRM
Capillary voltage 4000 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)" 121/77 (benzoic acid), 111/67 (sorbic acid)

H &2 FEFrivl 3% H9 10:90 H&=2 A5t
0.2 mL/min %22 Z85% 3 injection volume 10 uL
2 A5 AFEA7EE A7) BF o238k electros-
pray ionization, ESI) ®}2]-& o] &3l31o™, MRM 2712
Skl gk4ke] precursor ion (m/z)°] 121, product ion (m/z)
2 7701915l AB 4 ] precursor ion (m/z)©] 111, product
ion (m/z) 67 A3l B33 ©]9]9] product ion
< =Tt oA A A AlQlsith. LC-MS/MS A=
ufE o Aol 3 WEE A]7N(retention time)S F2] 3
ARE 27, 2BARE 32801, AR FH 2712 Table
1ol Yehfileh. Z29 24 E4 o= GC-MSE -85
3 B8 A HP-FFAP (0.32 mm Ld. x 30 m, 0.25 pm,
Agilent co.)E AFE3IATE QE 2% 40°ColA] 180°C
7HA] 9 26°CH 2% F 180°CellM 3R AAsh=
o8 2rexror AASIA FUT AEVY =S
140°c2 dAsan. Aol 7tas dF2 AHSsHe
34mL/min® 2 EHFH A5 1 uLE FYste] 431
St A=A 7= AA5Z o] 23} (electron-impact ionization,
El) W28 o] 83519291, 70 eV o238l YA & AFE-3I3
I BEAol&(m/2) o2 74, 57, 455 B4 2 A B9
o]-&3I L ol 2E T 7MY TETF =& 54012 (m/z) 74
& Agoleoz Hdste] HFsIATHTable 2). T3, Al
AgHo] HA FRloA 22024 FFEN 9 5402
(m/z)7F2] o] 24| 712] H](response ratio)e} A]F-E-H el o]
2A]719] BlE H]wate] o] 2A4|7]¢] H|7F FA]| 2 F9] 93]
(CODEX)olA A Sl +£30%0 W oA LA GC-
MS ZZrtET Aol 33 wFEE AlZk(retention time)
Q41 AT o G IRl

Table 2. Analytical conditions of GC-MS for propionic acid

Instrument Parameter Condition

Column HP-FFAP (0.32 mm i.d.
x 30 m, 0.25 um)
40°C — raising to 180°C

Oven temp. program  with rate of 26°C/min and
holding 3 min

GC Inlet temperature 140°C

Injector temperature  140°C

Injection volume 1 pL

Split ratio Splitless

Carrier Helium, 3.4 mL/min

Ionization mode EI

Electron impact mode 70 eV
MS Selected ion (m/z) 749,57, 45

MS ion source

140°C
temperature

DDerived from [M-H]

YQuantification ion
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Table 3. Linearity (1%), limit of detection (LOD), limit of quantification (LOQ) and recovery of benzoic acid, sorbic acid and propionic
acid

> LOD" LOQ? Concentration Recovery (%) + RSDV (%) (n=3)
Compound r .

(mg/L) (mg/L) spiked (mg/L) Black pepper Turmeric
0.5 106.9 +£2.4 81.8+£2.7
Benzoic acid 0.9997 0.01 0.03 2.0 93.9+3.8 90.0+1.2
10.0 98.7+1.6 97.6+2.1
0.5 104.9+34 100.1+ 1.1
Sorbic acid 0.9994 0.015 0.05 2.0 92.3+4.8 92.7+0.8
10.0 104.7 £ 2.1 102.1£1.6
0.5 98.3+24 94.5+£2.7
Propionic acid 0.9995 0.05 0.16 2.0 904 +1.1 96.6 + 3.6
10.0 112.1+£29 90.4+0.6

PLOD: Limit of detection = 3.3 o/S
JLOQ: Limit of quantification = 10 /S
o = Standard deviation of the response
S = Slope of the calibration curve
YRSD (%): Relative standard deviation

Table 4. Range and mean concentrations of benzoic acid, sorbic acid and propionic acid of 493 samples with 41 commodities

Benzoic acid Sorbic acid Propionic acid
Commodity ST:;[S?G Detection  Range Mean  Detection Range Mean  Detection  Range Mean
rate (%) (mg/L) (mg/L) rate (%) (mg/L) (mg/L) rate (%) (mg/L) (mg/L)
Turmeric (dry) 42 19 NDY-71.47  4.29 7 ND-6.50  0.19 100 0.56-4.99 1.58
Mustard (dry) 19 11 ND-2.16 0.18 0 ND ND 100 0.64-3.53 1.35
Cinnamon (dry) 31 100 54.40-391.99 167.15 0 ND ND 68 ND-19.25 4.56
Coriander (fresh) 3 0 ND ND 0 ND ND 100 0.96-1.27 1.10
Pepper (fresh) 5 0 ND ND 60 ND-1.26  0.25 100 0.67-1.36 0.96
Pepper (dry) 31 71 ND-25.90 4.80 97 ND-542  1.86 100 1.53-31.56 5.86
Lamp leaf (fresh) 2 0 ND ND 0 ND ND 50 ND-5.63 2.82
Rosemary (fresh) 3 0 ND ND 0 ND ND 100 0.83-1.32 1.10
Rosemary (dry) 15 0 ND ND 0 ND ND 93 ND-12.34 5.43
Garlic (fresh) 11 0 ND ND 0 ND ND 82 ND-53.88 11.05
Garlic (dry) 5 0 ND ND 0 ND ND 100 1.18-1.59 1.40
Myrr (dry) 6 0 ND ND 33 ND-1.79 041 83 ND-25.71 13.12
Basil leaf (fresh) 5 0 ND ND 0 ND ND 80 ND-6.15 2.15
Basil leaf (dry) 14 29 ND-45.69 3.77 71  ND-57.70 22.79 100 1.16-22.45 8.22
Basil seed (dry) 5 0 ND ND 20 ND-0.67  0.13 100 0.97-2.81 1.54
Peppermint (dry) 12 92 ND-34.52 15.58 0 ND ND 50 ND-12.31 4.20
White pepper (dry) 7 0 ND ND 0 ND ND 100 1.28-171.97 51.48
Black pepper (dry) 23 26 ND-3.32 0.43 0 ND ND 96 ND-4.44 1.84
Chinese pepper (dry) 19 5 ND-1.47 0.08 0 ND ND 74 ND-6.92 3.15
Ginger (fresh) 11 0 ND ND 0 ND ND 91 ND-188.21  19.35
Ginger (dry) 10 50 ND-30.73 4.71 0 ND ND 100 0.69-110.77 14.29
Saffron (dry) 5 40 ND-1.52 0.49 60 ND-1.88  0.87 80 ND-11.85 5.09
Onion (fresh) 15 0 ND ND 27 ND-0.74  0.18 27 ND-1.28 0.20
Onion (dry) 6 0 ND ND 0 ND ND 67 ND-1.22 0.70

Oregano (dry) 5 0 ND ND 20 ND-0.67 0.13 60 ND-9.00  4.14
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Table 4. (Continued) Range and mean concentrations of benzoic acid, sorbic acid and propionic acid of 493 samples with 41 commodities

Benzoic acid

Sorbic acid Propionic acid

Commodity ;;ritgi Detection ~ Range Mean Detection Range  Mean Detection  Range Mean
rate (%) (mg/L) (mg/L) rate (%) (mg/L) (mg/L) rate (%) (mg/L) (mg/L)
Bay leaves (dry) 16 ND ND 0 ND ND 81 ND-75.97 16.07
Nutmeg (dry) 17 ND ND 18 ND-2.20 0.22 71 ND-5.61 1.61
Perilla Fructescens (dry) 10 80 ND-10.12 3.36 50 ND-4.64  1.00 70 ND-58.86 19.12
Clove (dry) 19 100 54.10-263.18 134.89 95 ND-16.90 4.75 21 ND-5.59 0.66
Cardamon (dry) 7 86 ND-104.75  66.04 14 ND-0.58  0.08 100 1.96-5.06 3.76
Caraway (dry) 3 0 ND ND 0 ND ND 100 1.23-4.79 3.47
Curry leaf (dry) 2 100 1.74-4.38 3.06 0 ND ND 100 2.72-6.95 4.84
Coriander (dry) 20 10 ND-2.13 0.23 0 ND ND 45 ND-3.21 0.81
Cumin (dry) 15 33 ND-3.01 0.43 0 ND ND 93 ND-4.76  2.49
Thyme (dry) 14 0 ND ND 0 ND ND 57 ND-7.32 3.21
Parsley (fresh) 2 0 ND ND 0 ND ND 0 ND ND
Parsley (dry) 7 43 ND-4.11 0.59 14 ND-1.02  0.15 86 ND-17.78 9.91
Paprika (fresh) 11 91 ND-1.84 0.94 0 ND ND 91 ND-0.96 0.51
Star anise (dry) 20 80 ND-24.69 3.62 15 ND-0.96 0.12 95 ND-18.87 3.89
Fenugreek seed (dry) 5 ND ND ND ND 100 0.75-8.14 3.37
Fennel (dry) 15 7 ND-1.32 0.09 0 ND ND 93 ND-4.54 1.40
Total 493 33 ND-391.99  18.38 19 ND-57.70 1.03 81 ND-188.21 5.27
YND: not detected < LOQ
a 30 p S0 c 300
w0 - wo L0
M e s
ND <5 <10 <50 <100 200 <300 <400 ’ ND <5 <10 <50 <100 ’ ND <5 <10 <50 <100 <200
Concentration of benzoic acid (mg/L) Concentration of sorbic acid (mg/L) Concentration of propionic acid (mg/L)
Fig. 1. Concentration distributions of benzoic acid (a), sorbic acid (b), propionic acid (c) with the number of samples.
A8 g8 85 Results and Discussion
Aol fad ASS fAstel A4 (linearity), HE
SHA| (limit of detection)2} % ZFeHA| (limit of quantification), Algd o fd 24= A}
3] &(recovery)S 73T 2 ATl HHE AY Skl gFAr, 4Bk X 2w 2qke] A S AABAIF(P)
< B R0 2 Feigith. QP EREE AHARS 0.05- #ho] 0.999 oo R -k A AAE ERAITE gk
1.0 mg/L, 2324 0.1-100 mg/Le] FEolA 2AA 2b, A8 g ul kel AESHl= 247 0.01 mg/L, 0.015
< HrlelRew, Zt s=ERZ Al7|(intensity) S 273 51 mg/L, 0.05mg/L, &A= 27 0.03 mg/L, 0. 05 mg/L,
AAS ZAdste] A= A3AISG(correlation coefficient, 0.16 mg/LeZ SAHJTE 5E-2 FalgHite] 734 81.8-

ME 233 A& A= 3.3 xofs, 10 x (5/
s (o: standard deviation, s: slop)Z 7152 F3lAt} &
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Tt AF AEe ] vER ¥EEEE WM F
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ﬂﬁ

106.9%, A2X 22 92.3-104.9%, 23] 222 90.4-112.1%
o] MR 2Aro] ¥53 AFE HUTHTable 3). o2
s QJ%: AT EAe] g§des RoFErh 4
EZZ (ot detected, ND) A 2F3tA o] 3|4 n) <=
s %}% Ag3ste] 2 oldte EHEE At
SBAR2 S 100 S A&t 7tz



386 Sang Soon Yun, Sang Jin Lee, Do Yeon Lim, Ho Soo Lim, Gunyoung Lee, and MeeKyung Kim

0.3 mg/L, 0.5 mg/LoB}% EAEE AL, T2y
b2 S| AN 2HlE A 83t 0.32 mg/Loldte &4
2] 8F21TH(Table 4, Fig. 1).
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7} 7 E(ND-104.75 mg/L)o] A E A8 F 74

=2 7&%‘%‘-&% YeR 3, 14, 5 #EQ) 2=n]
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