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Monitoring of Benzoic, Sorbic and Propionic Acid in Cereal Grains,
Nufs and Seeds
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ABSTRACT - This study was aimed at investigating the levels of the natural preservatives of benzoic, sorbic and
propionic acids in cereal grains, nuts and seeds. Benzoic and sorbic acid were analyzed by high-performance liquid chro-
matography with a diode-array detector (HPLC-DAD) and further confirmed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS), whereas propionic acid was analyzed using a gas chromatography-flame ionization detector
(GC-FID) and further confirmed by gas chromatography-mass spectrometry (GC-MS). Benzoic, sorbic and propionic
acids were found in 44, 22, and 550 samples out of 702 samples, respectively. From the total of 702 samples. The con-
centrations of benzoic, sorbic and propionic acid were ranged from not detected (ND) to 23.74 mg/L, from ND to 7.90
mg/L, and from ND to 37.39 mg/L in cereal grains, nuts and seeds, respectively. The concentration ranges determined in
this study could be used as standard criteria in the process of inspecting cereal grains, nuts and seeds for preservatives as

well as to address consumer complaints or trade disputes.
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27573 9, &5, &9, 3, B, ok2 =, I3k, AFUE,
NS, e}, S AEA Q. mEe, A, E3HH, slint
271K, Sk, E70, DBt E:A, FAIA, S5, A9
7, 7T, A 5o A AR 265 271
g AFEE AAE F M4F 702714 FHBATO. A
5o 7Y A5 A 9 fFEgs dotsto] wisty,
HEvtE 2 Al 20169 3LHE 10897 7Y
3 3L, 471 (Blixer 5 plus, Robot Coupe, Vincennes,
France)S ©|-&3sto] 27 &4 § -20°C WY-&aLol] 2ast
WA BER T S ARSSHA

BEE U Aot

HER T ZAFE flal HA @ H(benzoic acid), 4~E
AH(sorbic acid), Z=Z3]-&4kH(propionic acid) ¥ FE-S
Sigma-AldrichAH(St. Louis, MO, USA)9] A& F+U3H
of A&t A EE FEE&= ol eh-E(ethanol)
o} ELYEE (acetonitrile)> MerckAH(Frankfurt, Germany)

o

Table 1. HPLC-DAD conditions for analysis of benzoic and sorbic acid

o] AFS AFESIAL, HIESHTE Y4 (tetrabutylammonium
hydroxide, TBA-OH), <l4H(phosphoric acid)< Sigma-
AldrichA}(St. Louis, MO, USA)2] #A|ES skl AL
39t AA4= Mili-Q ultrapure water purification
system (US/A56210-857, Milipore Co., Danvers MA,
USA)E o] &3 18 MQ-cm T2 ZAFE A3

QP ERAY, ABAN W X2 U 24 TFEF 100 mgS ™
o] 100mL €3 Zet23d zhz Y e
3] £ F 100 mLE &35k 1,000 mg/kg
7} H =5 5lGth o] & et = FA ke kb A&
B 33899 FX7F 0.5-50 mgkgrt HES A )

L 23242 0.1-50 mgkgZt H=S ZA|

ol
-
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oo
ol
-
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AAE WHE SAHES] 7H7IE 9 AEF4ddA 2
5 AR A S S&siden, uEE
T s5ge] X3E WO E A FURA v BE
B 7R BA 7Fee A Ws IYEanR. A
e AMFE 4.0gs GU3] Do} 50 mLEFEeFTo ¥
3 oEhE 40mLe 7 & 259E 30w FES F
AAE NS o]&3le] 3,500 rpmollA 1087 LA E2

AT AEY 10 mLE 24 vA 5 F oRES F
7kstel 1mL7F HA 3 F 022pm  syringe filter
(Teknokroma, Spain)Z 3}3te] AJ3d-gM o2 AL} T}
AEgMe AF =7t AF] AAE 23 skie A¢
e oerEE A W s=7t HA st A5H
skt

7712
SRRzt 28] A B Y AL skl HPLC-

Instrument
Column
Mobile phase

B: Acetonitrile

HPLC-DAD (Agilent Technologies 1200 series)
Capcell pak MF-C, (4.6 mm i.d. x 150 mm, 5 um)
A: 0.1% Phosphoric acid in 0.01 M TBA-OH

Time (min) 0.0 2.5 7.0 12.0 12.10 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 pL

Column temperature 40°C
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Table 2. LC-MS/MS conditions for analysis of benzoic and sorbic acid

Instrument

HPLC (Agilent Technologies 1200 series)

Mass Spectrometry (Agilent Technologies 6410 Triple Quad)

Ionization mode

Column
Column temperature 40°C
Flow rate 0.2 mL/min
Injection volume 10 uL

Electrospray ionization (ESI, negative)

Zorbax XDB-C,4 column (4.6 mm x 150 mm, 1.8 pum)

Mobile phase A: 0.2 mM Ammonium acetate
B: Acetonitrile
Time (min) 0.0 3.0 7.0 10.0 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
Collision energy

Precursor/product ion (m/z)"

80 V (benzoic acid), 75 V (sorbic acid)
3 eV (benzoic acid), 2 eV (sorbic acid)
121/77 (benzoic acid), 111/67 (sorbic acid)

"Derived from [M-HJ

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

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

Instrument GC-FID (Shimadzu GC-2010 Plus)
HP-FFAP (0.32 mm i.d. x 30 m, 0.25 pm)

80°C (3 min)—>12°C/min—>180°C (5 min)

Column

Oven temperature

Injection temperature 200°C

Detector temperature 200°C

Injection volume 1 pL
Split ratio 5:1

Carrier gas, flow Nitrogen, 0.81 mL/min

DAD (1200 series; Agilent co., Santa Clara, CA, USA),
LC-MS/MS (6410 Triple Quad; Agilent co., Santa Clara,
CA, USA)E AFg3199th HPLC-DADS] 4§ 2ge
Capcell pak MF-C; (4.6 mm id. x 150 mm, 5pum,
Phenomenex co.)S ARSI o™ L= 40°CE A A
t}. o]F/2 0.1% phosphoric acid’} ¥ 0.01 M TBA-
OH (A)%} acetonitrile (B)E AM&-31%1.2H, HPLC-DAD =
ZrlEad gl d3 WEE Al7H(retention time)S AXE.
b 4.1, eH2 &t 5.6%-0] A TH(Table 1). LC-MS/MS9]
2 AY-e Zorbax XDB-C,, (4.6 i.d. x 150 mm, 1.8 um,
Agilent co.)S AFE3INOH 25L& 40°CE AAIIAIL o]
42 0.2 mM ammonium acetate (A)} acetonitrile (B)E
AHEEtATE AEREA 7|2 A7) 5 o] 23} (electrospray

GC (Shimadzu GC-2010)

Instrument Mass spectrometry
(Shimadzu GC-MS-QP2010 Plus)
Column HP-FFAP (0.32 mm i.d. x 30 m, 0.25 um)

Oven temperature ~ 80°C (3 min)—12°C/min—>180°C (5 min)

Injector temperature 200°C
Interface temperature 200°C
Injection volume 1 pL
Split ratio 5:1
Carrier gas, flow Helium, 1.45 mL/min
lonization mode EI
Electron impact mode 70 eV
Selected ion (m/z) 74,57, 45
MS ion source 240°C

temperature

ionization, ESI) WS o] 8315 o1, MRM 2712 ¢H
ak4ke] precursor ion (m/z)©] 121, product ion (m/z)S 77
o] AEAES] precursor ion (m/z)°] 111, product ion
(m/z) 678 A skl EA3E392m, ©]£9] product ion
TE7b groba] AR oA ALt ApAg A=
Table 2o YERRITE Z2o|24ke] A 2 FF &+
S ¢3ted GC-FID (GC-2010 Plus; Shimadzu Co.,

2 rlo rlo
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Kyoto, Japan), GC-MS (GCMS-QP2010 Plus; Shimadzu
Co., Kyoto, Japan)g AHE-3FSITE Z 23|24 Ao A1&-
gt EA48 AYLS HP-FFAP (0.32 mm id. x 30 m,
0.25 um, Agilent Co.)°|$2L ZZwlE2d Aol I3 o
T2 A7 10.5%0]ATH(Table 3). GC-MSE= GC-FID29}+
Y3 HP-FFAP (0.32 mm id. x 30 m, 0.25pum,
Agilent Co.) AHE ARSI AlF 2712 Table 4%}
2ok GC-MSe] A4 BRle a2yt xFgde 5
Aol (m/z)7ke] o] 2A|7]12] Hl(response ratio)2} AlE-&
N o] o] 2A)|7]¢] HIE H]Late] o] 2A]7]¢] H|7} =A)| 2

91913] (CODEX)elIA AABHE £30% 0] WellA] L x]3}
3 AReEIR ol va wyE A AT 1 A
4 glstsiTh

ANEY 9u’d BF

AlgHe §a84 HE5S AOAC guidelineo] wa} A4
A (linearity), 73&3SH4| (hmlt of detection)2} g #FSHA| (limit
of quantitation), ¥]5& (recovery)2 78l 248 H7}
AT, Fad AFol #HE J4FS BF 3pkEo R
T QFA Akt 2HARE 0.5-50 mgkg, ZEI|E
2H20.1-50 mg/kge] FEOM AP S A5t AA7
< Brrstslen, Ao Aae A (correlation
coefficient, P2 EAIGTH AEEA} AFIAL 33
x o/s, 10 x o/s (o: standard deviation, s: slope)Z AH&3}
R0 AR HEet Brks A 4R I
& AFE2 9, ok, dintgtrlA 359 AR 1, 5,
25 mg/kge] HEF E%%él% A7k & AAE AR S

i=]

Results and Discussion

aH *P-J HAZEA= 03 mg/kgol‘iil zé%k'iﬁ]—\:
0 mg/kgelRorn, 22242 4
AHFIA= 021 mgkgl = = éfﬂ]oi"/}. Q%“%—S— Q2 &k
2ke] A9~ 90.7-106.5%, ABARS 92.7-104.9%, ZZ3]&
AHE 833-110.4%2] M2 ZAHEAL, 35 whEsle] o
S FFEARE HAAE Ve A EST X}(relatlve standard
deviation, RSD)E 5.7%°]3}2 %453+ A3= H I tH(Table
5). ©]#3t A= AOAC guidelined| A AA|3l= 3]4&
I A BFTAe] MRS RESion, A EFolA Al
Alehe QFAERE, ABAY 2 u|4ke] AeFetA vt zhz)
10, 1.5, 10 mgkg® @ o RThs =AY 27] HRo] =
9 A FTAF T HAERE AEA, 229

o] a"_ .L}-C]—E] ]:]—6 23)

tlo
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Table 69 A3} FAHAF=

S qF 2757 T 2140 HEHY 4F % 7&%&% oF
63%°1NL FEE AEWUAE IF 18FEE T 9F =0
A ¢t =glo] 2(ND-3.47 mg/kg), F8(ND-2.45 mg/kg),
Z(ND-2.26 mg/kg), F(ND-1.61 mg/kg), Fx=oHND-
1.58 mg/kg), AP(ND-1.31 mg/kg), 71 (ND-1.30 mg/kg),
WoHND-1.06 mg/kg), E2I(ND-1.03 mg/kg) o2 =4

Table 5. Linearity (1%), limit of detection (LOD), limit of quantification (LOQ) and recovery of benzoic, sorbic and propionic acid

Instrument  Compound 2 LODV LOQ? Cf)ncentration Recovery (%)+RSD” (%)(n=3)

(mg/kg) (mg/kg) spiked (mg/kg) Wheat Almond Sunflower seed

1 100.0+3.4 106.5+0.9 103.5+4.1

Benzoic acid  0.9996 0.3 1.0 5 101.1+1.7 100.9+1.7 102.3+1.8

HPLC-DAD 25 90.7+2.0 95.2+0.8 90.8+1.0

1 104.3+1.4 92.7+1.6 97.8+4.2

Sorbic acid 0.9996 0.3 1.0 5 104.8+2.3 104.4+1.6 103.7+1.0

25 104.9+0.8 104.8+0.4 102.0+1.0

1 110.4+2.8 86.1+5.7 90.6+2.7

GC-FID  Propionic acid  0.9998 0.07 0.21 5 94.7+4.7 103.7+1.9 93.7+4 .4

25 83.3+0.8 84.0+0.4 85.9+1.1

PLOD: Limit of detection=3.3 o/S.
PLOQ: Limit of quantitation=10 /S.
o=the standard deviation of the response.
S=the slope of the calibration curve.
YRSD (%): Relative standard deviation
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F 4271 F 2340 AEH A&

H9le). ZirJr%— 2%
ok E.\:H AEHYE A = éNE 26
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fa rlo

= 7%go1]x1 Z7)(ND-23.74 mg/kg), &34 (ND-
mg/kg), 3-8} (ND-4.07 mg/kg), S UAHND-3.60 mg/kg),
- (ND-1.91 mg/kg), St(ND-1.18 mg/kg), 3lHI2}714] (ND-
1.10 mgkg) £o& =7 AEHA ol9l9] /7 2 A
;4 z_/qeoﬂ;ﬂ‘— o}}\lzﬂ:/\]-o] 74§Q;q 01-9}.1—4_ o]
F= QRO EAE} AR J}2E 9] obA)Es
218} Nagayama 599 A7} Hlw A] FFox
E]‘ﬂ A Hat 03 mgkg, HololA Ha 0.8 mgkge] <t
AEHNAL, A3 FHAFAE FFAA Hd 1.7
Aol A B 02 mgkee] HAE o] HEEA
I?‘rﬁ 11#8}01—3%1 ol& oyl dAFZA¥e] AEWS <tell

oo o
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~

o
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o rlr filo r&'
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¢

%%tﬂ AEHYE I57 18%

3 mg/kg), F=OHND-2.69 mg/kg)

ZHof|a] win] (ND-
T-(ND-2.49 mg/kg),

al

ﬁ°P(ND 1.94 mg/kg), @rI(ND-1.43 mg/kg) Lo =7
AZEAT A 2AE 4274 = 1040] A& A=
ES 9F 23%01UL FEE AW ﬁJ)r =42 26
Z

5 % 3FEONA a1 X (ND-7.90 mg/kg), 0}

(ND-3.58 mg/kg), =3 (ND-1.84 mg/kg) =22 =7 7&
ZH A o199 FF 9 A} FHAFAAME LB A
ZFA] &AUtt. o]= 20108 Kubota 5V¢] I2ERX] Q.9
A ABARe] AEEA @2 A T2 B AT Aot d

evAL =1 =]

=

| sl Z23]4ke] AF Al
HE 5 uhg} FF+% Table
e Table 79 YER AT 224 3
2202101 AE EM IF T HEES 80.0%°]
I 18FE T 18FF BTN AEHNeH, H=
HelE dr(ND-20.74 mg/kg) o}k (ND-13.57 mg/kg), 71
7+0.44-11.97 mg/kg), T (ND-6.88 mg/kg), < =(ND-

A=E

Table 6. Range and mean concentration of benzoic, sorbic and propionic acid in cereal grains (275 samples of 18 commodities)

Benzoic acid

Sorbic acid Propionic acid

Commodity S a?r;};)lfe Detected Range  MeantSD Detected Range Mean+SD  Detected Range Mean+SD
sample (mg/kg) (mg/kg) sample (mg/kg) (mg/kg) sample (mg/kg) (mg/kg)
Adlay 15 0 ND ND 1 ND-2.5 0.2+0.6 11 ND-2.0 0.8+0.6
Barley 19 1 ND-1.0 0.1+0.2 0 ND ND 15 ND-2.0 0.9+0.5
Buckwheat 15 0 ND ND 0 ND ND 9 ND-0.8 0.4+0.3
Corn 15 0 ND ND 0 ND ND 14 ND-4.2 1.2£2.0
Glutinous rice 10 0 ND ND 0 ND ND 5 ND-1.1 0.4+0.4
Hemp seed 15 0 ND ND 0 ND ND 14 ND-6.9 2.6x1.6
Italian millet 15 3 ND-2.3 0.3+0.7 0 ND ND 13 ND-3.6 1.0+£0.9
Linseed 20 0 ND ND 0 ND ND 10 ND-13.6 1.8+£3.2
Malt 15 2 ND-1.1 0.1+0.4 1 ND-2.0 0.1£0.5 9 ND-4.2 1.2+1.4
Millet 15 3 ND-1.3 0.2+0.5 0 ND ND 15 0.4-12.0 4.1£3.5
Oat 16 3 ND-2.5 0.3+0.7 0 ND ND 14 ND-4.1 1.1£0.9
Quinoa 15 3 ND-1.6 0.3+0.5 6 ND-2.7 0.7+0.9 14 ND-2.0 1.1£0.5
Rice 20 0 ND ND 2 ND-4.8 0.5+1.4 16 ND-3.3 1.1£0.8
Rye 15 0 ND ND 0 ND ND 13 ND-1.5 0.7+0.6
Sorghum 15 1 ND-1.6 0.1£0.4 0 ND ND 15 0.3-3.8 1.5£1.0
Unpolished rice 20 1 ND-1.3 0.1+0.3 2 ND-1.4 0.1+0.4 16 ND-20.7 3.3+£5.9
Wheat 15 0 ND ND 0 ND ND 12 ND-1.1 0.5£0.3
Wild rice 5 4 ND-3.5 2.4+1.3 0 ND ND 5 1.75-3.8 2.7+0.9
Total 275 21 ND-3.5 0.2+0.5 12 ND-4.8 0.1£0.2 220 ND-20.7 22432

SD: standard deviation, ND: not detected.
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Table 7. Range and mean concentration of benzoic, sorbic and propionic acid in nuts and seeds (427 samples of 26 commodities)

Benzoic acid

Sorbic acid

Propionic acid

Commodity sﬁ;&i Detected  Range  MeantSD Detected Range MeantSD Detected Range  Mean+SD
sample  (mg/kg) (mg/kg) sample (mg/kg) (mgkg) sample (mg/kg) (mg/kg)
Acorn 14 0 ND ND 0 ND ND 13 ND-5.2 1.4+1.7
Almond 22 0 ND ND 6 ND-3.6 0.1£0.5 19 ND-4.7 1.1£1.0
Black sesame 20 5 ND-3.6 0.6+1.2 0 ND ND 15 ND-2.2 0.6+0.6
Brazilnut 14 0 ND ND 0 ND ND 3 ND-1.0 0.2+0.4
Cacao nibs 20 0 ND ND 0 ND ND 4 ND-7.1 0.6£1.6
Cashew nut 20 0 ND ND 0 ND ND 15 ND-1.6 0.8+0.5
Chest nut 15 0 ND ND 0 ND ND 13 ND-2.7 1.1+0.8
Coffee bean 20 0 ND ND 0 ND ND 8 ND-5.0 0.8+1.3
Cotton seed 5 2 ND-4.8 1.6+2.0 2 ND-1.8 0.6+1.9 5 1.1-6.2 3.7£2.0
Evening primrose seed 5 0 ND ND 0 ND ND 4 ND-1.5 0.9+0.5
Ginkgo nut 13 0 ND ND 0 ND ND 11 ND-5.0 2.1+1.5
Guarana 4 0 ND ND 0 ND ND 1 ND-0.8 0.2+0.4
Hazel nut 14 0 ND ND 0 ND ND 10 ND-1.7 0.9+0.5
Macadamia 16 0 ND ND 0 ND ND 15 ND-2.0 0.9+0.4
Peacan 15 0 ND ND 0 ND ND 12 ND-1.6 0.8+0.5
Peanut 26 2 ND-1.9 0.1£0.5 0 ND ND 22 0.7-2.8 1.3£0.5
Perilla 22 0 ND ND 0 ND ND 16 ND-3.0 0.7+0.8
Pine nut 20 1 ND-1.2 0.1+0.3 0 ND ND 20 0.6-1.3 1.0£0.2
Pistachio 15 0 ND ND 0 ND ND 14 ND-2.8 1.340.7
Pumpkin seed 20 0 ND ND 0 ND ND 19 ND-4.7 1.4+1.2
Rapeseed 3 0 ND ND 0 ND ND 1 ND-0.3 0.2+0.1
Roasted coffee bean 20 0 ND ND 0 ND ND 20 10.4-37.4 25.847.2
Safflower seed 18 4 ND-4.1 0.6£1.3 0 ND ND 13 ND-4.3 1.4£1.5
Sesame 20 7 ND-23.7  5.447.8 0 ND ND 11 ND-1.7 0.6+0.6
Sunflower seed 20 2 ND-1.1 0.1£0.3 2 ND-7.9 0.6+0.8 20 0.4-4.2 1.5+0.8
Walnut 26 0 ND ND 0 ND ND 26 0.4-1.7 1.0£0.3
Total 427 23 ND-23.7  0.3£1.1 10 ND-7.1 0.1+0.2 330 ND-37.4  2.0+4.8
SD: standard deviation, ND: not detected.
421 mgkg) 5 w02 ¥/ AZHANT. A% $AF 427 T Y AT FUT F OAIGA, 28N, T2mel
71 % 330710] HEHo 4% < o 7. 3% 195l A T EL
TAF EH 26F2 T 2652 WA AEHY ov% A =R Y AR BEF 5 AP, 282 Zeaen
Z¥9e A9 YLF(10.39- 37 39 mgkg), 7}7} FND- & EEE Fig 19 Aok A FEEe F 7024
7.12 mg/kg), 53144 (1.08-6. 22 mg/kg), =E2](ND-5.22 mg/kg), = 447AEF 6.3%)°01A4 A Rom, FISA ol AE
SH(ND-5.02 mg/kg) 5 o2 =7 AEZHU oA HWA 5 mgkgelste] ¥ sz HEE Aee 374

G %7 % A B4

Azl o9 3
HEE WARLE F

ASl=

SEC RIELEERISE
29 Qe mEvlene] 45 vEjol BT, AU
F70 CPARFE, ofv]ito] BalHwA A
sz Bwog Rol 7125k
AW R AT ZEeie] AEE AOE A

o]

(%F 5.3%)°1A3L 5 mg/kgo]
A AT 77 (SF 1.0%) 2 auﬂ 2374 m
ATH AEARS 227(2F 3.1%)00 A
U Z 23]k v
AEHWEA 5 mgkgolste]
2173(%F 3.0%)°103L 5 mg/kgol

/\1- pal

AEgo

o).
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Fig. 1. Distribution of the concentration of benzoic, sorbic and
propionic acids with the number of samples.

e AN 1402 A 7.90 mgkeo]l HAEEATH
2224 F 7027 T 5507 (SF 78.3%)°] HAEE o]
B2 ARoA A ol AEHAH R 5 meke
ojale] W FEE AE(5147, °F 73.3%) UL 5 mgkg
o’ 10 mgkg ©ldt T2 AZHE AFEe RAF 1.7%)
olleH 10mgkg ol FEE AZH AlEE 2471(%F
34%) 22 ALFolA H 3739 mgkgel HEEATH
AFH7FETANA Q] P, 2B Z2 T 2ske] A
87152 AF Rl wet ol H4& 50 mg/kg
B Hh 3000 mgkgZHAl AREE = ATHY. oW A
A A AAFUNE HEHNE HEEY HEF2 AT
T Hohs @A AA AEHe A4S ¢ F I 2
By Z2yueske] g wrazbgo] xgE =R A
S AR FHA ARE7IEA 3000 mgkeolY HEEHE
7445 HAlEo] T,
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