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Determination of Preservatives in Raw Materials of
Functional Foods by HPLC-PDA and GC-FID

Jung-Bok Kim, Myung-Chul Kim, Sung-Woan Song, and Jae—Wook Shin

Korea Advanced Food Research Institute

ABSTRACT Preservatives, as food additives, are occasionally intrinsic to natural raw materials or sometimes generated
during the fermentation process as reported in many research articles. Preservative compounds in raw food materials
may persist in the final food product, which is not supposed to include such preservative compounds. In this study,
we validated an analytical method for preservative compounds in raw materials of functional foods. Quantification
of benzoic acid and sorbic acid was determined using HPLC-PDA analysis after distillation, whereas propionic acid
was quantified with GC-FID. A significant set of validation data (accuracy, precision, linearity, recovery, etc) was
acquired. A total of 212 samples were collected for analysis of naturally occurred preservatives, and preservatives
were detected in 85 samples. Most of the detected samples showed less 10 mg/kg of preservatives. The results of
this study provide fundamental data on naturally occurring preservatives in raw materials of functional foods. Moreover,
building up a database of naturally occurring preservatives could solve problems in the current scientific data.
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crotonic acid= X 99% °]%42] Sigma-AldrichAHSt.
Louis, MO, USA) A#F& AME3l ow, Also] A e A
ARE-E = FA% FASI U ESR, Q4R Junsel Chemical
Co.(Tokyo, Japan) A& A&t ofAlE, Tl Eel
HZ, oA EYEH" 52 J.T BakerAHPhillipsburg, NJ,
USA) A&S AHgstglen, LC 224§ o5 dd o] g4
TBA-OH A] %2 Alfa AesarAH(Lancashire, UK) #|&&
AFESEGITE. T 9] 9] Aok BT S5F-S AMESISITE g
34E A5E st dmaTHEtATdY <t
Ak AFEFEAQ XS F(KRISS CRM No. 108-06-
001, <A&A=116.2 mg/kg)E Twldte] A8k,
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°F 100 mLE 7}&k 5 4
= T TR
12 1% NaOH &
EH-Eo] 1% NaOH &
shelon, ffe 10 mL/
°] 500 mL7} M=% F/E 3%
/45 ym membrane filter® o] ¥}3}o] A=Wl
7} o AP gHo R STt ZRI 24 48
J&Ho] 2AE fl8l W= FTHFY 100 mLE EHo] 5o
3t NaCl 10 g 2 912F 1 mLo} WH-EF54d 1 mLE
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A A FES A A 40°CE) rotary vacuum evapo-
rator(BUCHI Labortechnik AG, Flawil, Switzerland)&
o] &3te] T HUagt & oM ES °]835te] 10 mLE
Ag ZRIZAL FAE AFEAoR &t

As T AERIE Yl Qb ERte] EA(16)E 915tk
PDA 7A&7]17} A#% HPLC(Shiseido Nanospace SI 2
HPLC System, Shiseido, Tokyo, Japan)& ©]-&3}% o™,
Z+#1 2 Capcellpak MF C8(4.6 mmx150 mm, 5 pm)& ©|
33t ol F g2 AdH ] 45 0.025% TBA-OH(0.1%
14, B&Ne] A5 oMM EUER S AFESte] 2387 5%
T E AAER e, AE9EE 217 nmE 200~600 nm
£ scan SITE FUHEL 10 uLZ o, o] 2%+
40°C, §42 1.0 mL/mino2 -3 tH(Table 1).

T3, 2924 £48 FID7F Z&E GC(HP-6890,
Agilent Co., Palo Alto, CA, USA)E o] &3}tk Zd&
HP-FFAP(30.0 m>320 ymx0.25 pm, Agilent Co.)& A}
S3lon, 28 2= Hx 100°CEH-H 10°C/minl. &
150°C7HA] 28 § 53t frAlekal thA] 20°C/min . =
S8k 230°C7HA] 523k lth FHT 2= 220°C, A

22 1.0 mL/min, 72} 7}

= A5 ol&35te £48 A tHTable 2).
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Table 1. Instrumental conditions of sorbic acid and benzoic acid

Column Capcellpak MF C8
(4.6 mmXx150 mm, 5 um)
Detector PDA (217 nm, scan 200~600 nm)

Mobile phase A: 0.025% TBA-OH (0.1% phosphoric
acid)
B: Acetonitrile

<QGradient condition>

Time (min.) A (%) B (%)
0.0 75 25
2.5 75 25
7.0 65 35
12.0 60 40
15.0 70 30
Flow rate 1.0 mL/min
Injection volume 10 pL
Column temp. 40°C
Hel AF §8 AR WELA A, B, o)
AAsle] z}74o] Wl E'] A method validationd 2 A8k
it
Validation @& 2= AAA AUA AHI % inter—
day, intra-day 1\“41 agE S48k 174
23 A9 fo nEn g w40 a4 Ange o
wagle,
At 9 o

HZEg IZ20E™

A EFTAAA A Als A BHY FH2A05)E

£-3}o] HPLC-PDA® sorbic acid, benzoic acidZ 4]
A3} 217 nm(PDA scan range 200~600 nm) 3+l A

JZi

-

¢

Table 2. Instrumental condition of propionic acid

AE%% 3, GC-FIDZ
5+ A3} propionic acid+=
7.5%3; I A HFig. 1, 2)

retention time®] 4.9%, 6.4%-°lA %
0]-8-3}¢] propionic acidE F4] 3l
5.2%, crotonic acid(IS)=

it

2 AlE T ATFEEY =
QHA &2} 7k7} 0.3~100 pg/mL, &3] &4te)
g/mL W2 BAsglon M4 A3t R=0.
5 It AR FIA s F HESA S}
0.05~1.30 pg/mL, 0.15~3.80 pg/mL, 2]
A9} A A= 0.03~1.22 pg/mL, 0.10~3.54
FAI 5 AATH(Table 3).
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A e A2 & % 37100.5, 1.0, 5.0 ng/
= MAstel Al Ald(intra-day)& 543 2
~6.6%, AT 84.0~107.6%2 S1H
e A9 HEFA ve] AR & 5= 30
(5, 20, 100 pg/mL, n=3)° W3k A3}= AL == 0.5~6.8
%, JEEE 96.4~123.9%= A E A tHTable 4). E3t,
A7F Alg(inter-day) w4 23 Ad %=+ 0.1~5.3%, &
L& 86.5~107.6%= FRI=Aon, Z2uL-qke] A9 3
ZA e M2 & 5= 37005, 20, 100 pg/mL, n=3)°l
et A3b= U=+ 0.7~9.2%, 8=+ 94.8~123.4%
= I AHTable 5).
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Column

Oven temp.

Injector temp. 220°C
Split ratio 10:1
Detector temp. 230°C

Flow rate and carrier gas 1.0 mL/min, N,

HP-INNOWAX polyethylene glycol (30.0 m X320 pmX0.25 um)
100°C — 10°C/min — 150°C (5 min) — 20°C/min — 230°C (run time: 14 min)

Table 3. Result of linearity, LOD, and LOQ

Sample type Analytes Range (ng/mL) (Rz) LOD (pg/mL) LOQ (pg/mL)

Sorbic acid 0.3~100 0.9994 0.07 0.21

Liquid Benzoic acid 0.3~100 0.9975 0.10 0.30
Propionic acid 5~100 0.9978 1.30 3.80

Sorbic acid 0.3~100 0.9993 0.08 0.25

Powder Benzoic acid 0.3~100 0.9964 0.05 0.15
Propionic acid 5~100 0.9998 0.20 0.72

Sorbic acid 0.3~100 0.9996 0.05 0.15

Oil Benzoic acid 0.3~100 0.9985 0.03 0.10
Propionic acid 5~100 0.9981 1.22 3.54
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Fig. 1. Chromatogram and spectrum of sorbic acid and benzoic acid with HPLC-PDA
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Fig. 2. Chromatogram of propionic acid standard with GC-FID.
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Table 4. Accuracy and precision of intra-day

Conc. (ug/mL, n=3, intra-day)

Sample type Analytes Precision, accuracy 05 10 50
. . Precision (%) 4.2 1.6 1.0
o LR Accuracy (%) 89.5 107.6 95.1

Liquid —
Benzoic acid Precision (%) 6.6 1.4 1.0
Accuracy (%) 90.9 106.7 99.8
. . Precision (%) 6.0 1.2 1.0
Sorbic acid Accuracy (%) 102.0 103.8 99.9

Powder —
Benzoic acid Precision (%) 2.2 2.0 0.5
Accuracy (%) 93.9 100.5 100.0
. . Precision (%) 3.9 1.6 0.8
ol Sorbic acid Accuracy (%) 84.0 102.8 100.0

i

Benzoic acid Precision (%) 2.0 2.0 0.9
Accuracy (%) 94.8 102.6 100.0

Sample type

Analytes

Precision, accuracy

Conc. (ug/mL, n=3, intra-day)

5 20 100

Liquid Propionic acid ll:rce:lﬁ;?; EZ;‘B 1232 9é§ 10(1) 2
Ry o0 1070 59 100
0il Propionic acid grcecii:;(ér; EZ/A(B 122 g 9231 10? 421

Table 5. Accuracy and precision of inter-day

Conc. (ug/mL, n=3, inter-day)

Sample type Analytes Precision, accuracy 03 0 50
. . Precision (%) 4.2 1.6 1.0
o Sorbic acid Accuracy (%) 89.5 107.6 95.1

Liquid —
Benzoic acid Precision (%) 2.90 2.13 0.1
Accuracy (%) 86.5 106.8 100.0
. . Precision (%) 53 2.9 0.9
Sorbic acid Accuracy (%) 89.6 105.2 100.0

Powder —
Benzoic acid Precision (%) 4.1 1.6 0.5
Accuracy (%) 92.7 103.6 100.0
Sorbic acid Precision (%) 3.7 2.99 0.1
" Accuracy (%) 88.5 105.8 100.0

oi

Benzoic acid Precision (%) 1.9 1.9 0.9
Accuracy (%) 94.7 102.5 99.9

Conc. (pug/mL, n=3, inter-day)

Sample type Analytes Precision, accuracy 5 20 100

. . . Precision (%) 2.1 0.7 23

Liquid Propionic acid Accuracy (%) 123.4 96.7 101.8

L . Precision (%) 2.6 1.2 0.8

Powder Propionic acid Accuracy (%) 107.0 99.9 100.4

. . . Precision (%) 6.8 7.2 9.2

oil Propionic acid Accuracy (%) 117.3 94.8 100.1
G2 A, EE, oA AP AR FE=de HUlska TFES BT £ AR 4G 27HA sl 22N
°]& 33 ¥HE FA45td Jﬂﬂ%koi 3Ee AESSTh 94.8~95.2%, SFAAF 95.5~97.5%, T =23]24F 90.2~
MA A7 A 27HA] FIEol A L#‘ﬂ*& 97.0~97.6%, 91 8%«] EL IFES B oY A5 AS 27HA
QHA &t 97.5~98.6%, 23|24t 88.7~92.4%9] %2 3 22914 96.3~98.1%, 2134t 94.8~98.9%,
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Table 6. Results of recovery Z2I2AF 90.2~93.4%°] H& 3)FES Blvh E=g <l
Sample Analytes Fortified Recovery+ THETELS o] &3 I5E A PAAM R 98.3%°] 3F&
type conc. (pg/mL) RSD (%) S WATHTable 6).
Sorbic acid 21.5 - 20 97.6+4.0
82.4 — 80 97.0+£2.6
U2 Aat
Liquid B . d 20.7 97.545.6 — - - - -
1qut €nzoic act 81.1 08.642.2 2 ATeM s AEe A AAR AR A B
- 209 88.7+1.9 (15)& #4835l 3714 BE2<Q sorbic acid, benzoic acid
Propionic acid 80.6 92.4£3.5 2 propionic acid& LC-MS/MS$} GC-MSZ o] &3] A
Sorbic acid 21.5 95.2+5.1 g A AdE A BAHE o] &8t F14<
82.4 94.8+4.8 AAE <13} t}. Sorbic acid¥ benzoic acide] LC-MS
Powder Benzoic acid é?z gggjg /MS 4 228 ofgfel 2ot 4 n)i= HPLC(Shiseido
20'9 90'2 1'5 Nanospace SI 2 HPLC System, Shiseido, Tokyo, Japan),
Propionic acid 20.6 91,8408 API 5000(AB Sciex Co., Framingham, MA, USA)& A&
_. 715 96,3423 3l 3L, sorbic acid®] A% HPLC 27L& o544 A7} 10
Sorbic acid 82.4 98.1£1.6 mM ammonium acetateE ¥3+3F 10% acetonitrile, B&
oil Benzoic acid 20.7 94.843.9 10 mM ammonium acetateS X3 90% acetonitriles
enzoie ac 81.1 98.9+1.5 AHg-3te] gradientE AR wAISESITH 4] 2Rl C18
Propionic acid 20.9 90.‘2‘10.6 (2.0x150 mm, 5 ym) FYZo] 5 plolil, Y =+
. 4+0. . -
80.6 PAEOS 4o, §%€ 0.2 mi/mine® $A5TH MRM 238

TampE Rame STD I Spp SampE I TIE 1a0
A a3k Name: “Sorok: acid”  Mass{es): "1 11.0/67.0 amr
Commi Annotation: =

Fitmsty, @5

B Sample Name: "5-30330 (1/300° Sample ID: = Fle ™1
Feak Name: "Sorble 3co”  Mass{es): 1110670 amw
Comment =  Annotation: =

nwensity. @s

4DSSET1.WiT

F) 75 EX) 35 41 a%5 50
Time min

e oA A\ g AP

20 75 E) 5 40 45 B
Time_min

Fig. 3. Chromatograms and mass spectrum of sorbic acid with LC-MS/MS. (A) STD 0.5 pg/mL, (B) sample.
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—I TampE Fame S0 Tppr Sample I Pl TAlsSET T Wi

Sample Name: "4-31223{1/20]" Sampie ID: =  Flie: "1405SET1.wiT
B Paak Mame: "Banznic 3cd”  Mass{es) "121.077.0 amu

Oz 04 06 OB 10 12 14 18 18 20 22 2Za 26 28 30 32 34 35 38 40 42 44 45 48 50
Tima min

oo T T T T T
02 04 06 0.8 1D

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 45 51
Time min

Fig. 4. Chromatograms and mass spectrum of benzoic acid with LC-MS/MS. (A) STD 1.0 pg/mL, (B) sample.

ESI mode(negative ion)°ll 4] sorbic acid®] precursor ion
(m/z)°] 111.0, fragment ion(m/z)- 67, DP(40), CE(12),
CXP(11), EP(10)E ©]&3to] &4t th(Fig. 3).

Benzoic acid= precursor ion(m/z)¢] 121, fragment
ion(m/z) 77°]3aL, DP(50), CE(16), CXP(13), EP(10)&
o] &3] Akl th(Fig. 4).

3}, propionic acid®] 7§ GC-MSE o|-838}e] F714
QA A4S Sl 4ol A8-® GC-MSE Agilent
5973 MSD(Agilent Co.)7} 42¥ HP6890< ©]-&3F3iTt.
FEA0] o] g% Z-& HP-Innowax(30 mx0.32 mmx0.25
umE ARSI on, F9l9 5 220 °C, 222 50°C
oM 283t fA F B 5°CE 100°C7HA] &-&3kal 287t
A3+l Carrier gas® 45 o] &€3e] 1.0 mL/mim
o= ST Z2IA2A AAAS A% A L A o]
m/z=45, 57, 745 A3t A A HFig. 5.

B71EAE 7158 98 T IAE 3685 ddekE Al
1224, MEJAY 31F 50l fdste Alme 4870
o FAR 14550 aldets AlEe 427102 38t
i 2AME AAIEHATHEig. 6).

FRE AEE M FE A Y, MEAAY, R
Z}7Zy ®-55F3}9] sorbic acid, benzoic acid % propionic
acide] A4 A3 1A Y A7 EAF 715 95 4

A3} 1227 5 sorbic acid 671 A& WSI7F 1.57~341.51
mg/kg, benzoic acide 3171 H& W7} 0.34~786.64
mg/kg, propionic acidE 2679 A&FHRo 1 HY+=
1.55~169.50 mg/kgo. 2 A=Ak /HEA4E A7)
A 7158 4R B9 F 487 F sorbic acide £4
Z, benzoic acide 147 A= HH7F 1.17~121.44 mg/kg,
propionic acid¥ 1431 A% ¥ 917} 3.56~108.58 mg/kg >
2 AEHAT. A8 AS F 4270 F sorbic acide
171 7 %(4.00 mg/kg), benzoic acide= 1571 A= W7}
0.60~41.02 mg/kg, propionic acid®= 774 A& W97t
1.58~173.23 mg/kgo = 4 A 1= AHTable 7).

TFHI AR AFES RIg 47} 80F 5 212719 Al
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TIC: PROPION 2014051406 Didatams

Sample

E

_r.._J \____,_J;_______.__.I\-Al\.—_)j \

o T 1 T T L T
Time—> 3.50 4.00 4.50 S$.00 $.50 6.00 6.50

Abundance

220000

200000

180000 740

160000

140000 450

120000

100000

50000

000D

40000

20000

‘|. 37,0‘,|H ‘I IH . il 850 o714

T T
7.ED 7.[511 8 IEICI 8.50 9.{:1] B.SCI 10.00 10!50

Scan 1230 (7.238 min): PROPION 2014051406.D\data ms

Propionic acid (PA)

113.0 127.2 207.0
T

T +
miz—> 20 30 40 s0 &0 70 80 a0 100

T T T T T
120 130 140 150 160 170 180 180 200 210

bundancs Average of 9.220 to 9.223 min.: PROPION 2014051406 Didata.ms
sq.0

75000
70000
65000 =81
60000
55000
s0000
45000
40000
35000
66.0
30000
25000
20000

15000

57.0

10000 ‘

5000 ‘
J

E-D‘VU\I‘ll Aly

Crotonic acid (IS)

129.0 206.9

t
miz—= 20 30 40 s0 60 70 80 90 100

T T T T T T T T T T
120 130 140 150 160 170 180 190 200 210

Fig. 5. Chromatograms and mass spectrum of propionic acid with GC/MS. PA: propionic acid, IS: crotonic acid.

Hol 3.3%2 AEES HJoH, 7
o}A)~341.51(L = w2 &

2 59.61 mg/kg©]$
60114 HE5 0] 28.3%2] A
0.34(E A E)~786.64(L = v A5 =L mg/kg, %

ot} orA ALl A

L
9

[
THEY 51.49 mg/kgol Atk w240 ¢ 2127
T 4770 A HEH 22.2%Y AEES E;‘iglﬂ HE
)& 1.55(FH10S20%)~173.23(F % FE&+2) mg/

kg, B HET 33.20 mg/kgo2 UeEht HEe] W7t
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140
Notification

120 4 type, 122

100 4

80 -

Individual

60 1 admit type, 48

Adjunct type,
42
40 -

20 A

0 T T

Notification type Individual admit type Adjunct type

250 ~

Vegetability,

200 - 197

150 4

100 +

50 4

Microbial , 8 Animal, 7

Vegetability Microbial Animal

Fig. 6. Classification of sample and origin samples.

2 10 mg/kg? &%o] HAEH =
Ake]l A AA AE 19 6071 F 10 mg/kg ©|3t=
d AlEE 367, 50 mg/kg ©]8t7} 1471, 100 mg/kg
o]} % 500 mg/kg ©l8t7F 27+ 471, 500 mg/kg ©]/d°]
2707 Yeh 2 50 mg/keg o3 ¥ LR AEHE AL
2 YeEhgohFig. 7). 1% 591.42 mg/kgo] AEH A
g Aol Aol A4 1,300 mg/kg7HA]l HEE = oz B

Table 7. Results of preservatives in samples

250 4 --&- Not Detection
—e— Detection m98
= 200 - /
Re] ’
o 150
©
[
o
o 100+
fe)
S
>
Z 504
0
Notification  Individual admit ~Adjunct Type Total
Type Type
Sample Type
70 1 —m— More than 500 mg/Kg
---@-- Below 500 mg/Kg 2
60 1 - Below 100 mg/Kg g
5 -3~ Below 50 mg/Kg
§ 501 _«-Below 10 mg/Kg
3 404
—
o
o 30+
5
2 20 4
9
10 A 0
1
0 5
Sorbic acid Benzoic acid Propionic acid
Preservaitves

Fig. 7. Results of preservative in samples.

i)

thH(16). &3k 766.71 mg/kge] HEH TEEZ
ol A9 Huj 1,383.3 mg/kg7tA AEHE A
Ha Ju10). Z2H4ke] A4S AEFH 4749
A& F 10 mg/kg ©l8k7}F 2571, 50 mg/kg ©lst7F 13742
2 Yelh 2 50 mg/kg o8] HAEHS ¥ o, 100
mg/kg ©1317} 37, 500 mg/kg ©3tE AEHE AEE 64
o] AtH(Fig. 7).

o o]
B ATAAE T A6 A% 7154 98 2 19

Sorbic acid
(detection/total sample)

(detection/total sample)

Benzoic acid Propionic acid

(detection/total sample)

6/122
(conc. of detection:
1.57~341.51 mg/kg)

Notification type
(35 item/122 number)

31/122 26/122
(conc. of detection: (conc. of detection:

0.34~786.64 mg/kg) 1.55~169.50 mg/kg)

Individual admit type 0/48
(31 item/48 number) -

14/48 14/48
(conc. of detection: (conc. of detection:
1.17~121.44 mg/kg) 3.56~108.58 mg/kg)

Adiunct tvpe 1/42 15/42 7/42
(14 ite ril Py r}lllr;mber) (conc. of detection: (conc. of detection: (conc. of detection:
4.00 mg/kg) 0.60~41.02 mg/kg) 1.58~173.23 mg/kg)
7/212 (3.3%) 60/212 (28.3%) 47/212 (22.2%)
Total (conc. of detection: (conc. of detection: (conc. of detection:

1.57~341.51 mg/kg)

0.34~786.64 mg/kg) 1.55~173.23 mg/kg)
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