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Abstract

To examine the levels of preservatives that occur naturally in food, wild plants used as commercial teas, rice cakes,
or spices were studied according to the method of the Korean Food Code and analyzed with a gas chromatograph
and HPLC. The levels of the natural preservatives (sodium dehydroacetate, sorbic acid, benzoic acid, methyl
p-hydroxybenzoate, ethyl p-hydroxybenzoate, isopropyl p-hydroxybenzoate, propyl p-hydroxybenzoate, isobutyl
p-hydroxybenzoate, butyl p-hydroxybenzoate, and propionic acid) in 21 cases were investigated against 15 kinds
of wild plants. Six of 15 kinds of wild plants, such as pine needles, bamboo leaf, kudzu leaf, ramie leaf, mugwort,
and nut pine leaf, were confirmed to have had sorbic acid, benzoic acid, and propionic acid. 8.201-21.839 mg/kg
of benzoic acid was detected in the bamboo leaf, ramie leaf, pine needles, mugwort, kudzu leaf, and nut pine
leaf. The sorbic acid contents of the bamboo leaf and the kudzu leaf were 5.630-24.995 mg/kg, respectively. The
propionic acid content of the ramie leaf was 61.324-62.726 mg/kg. Nine kinds of wild plants, such as the Korean
berchimia leaf, taro leaf, sasa borealis, lotus leaf, kuansh, chrysanthemum zawadskii, oak tree leaf, Chinese pepper
leaf, and persimmon leaf, were not detected at the levels of the natural preservatives.
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ook gl AEFEAY FolA o8 HEE sz
u, o] Fgk i Al tigk AFEA] 2 Folu
AR o] &= A Aol == Ark11-13).
= W Ee Auaart o FHA
T 5 3o d2FY AFAHor ¥ Fo FAE
S o]-gxo] A= 2
¥ T BEGES ol 3los gl &9, WS, uhvky
o, BAY, Az 5 15F° diste] dlsio] =224t
(sodium Dehydroacetate), 2~Z114Hsorbic acid), SH &4k
(benzoic acid), TE}5A]9H &Rt (methyl p-hydroxybenzoate),
g}2}-2-A]oka] gkakol el (ethyl p-hydroxybenzoate), SHeh-S-A]
QF21gFASE 2 I (propyl p-hydroxybenzoate), IHEh-5-A]<F2
gf4ko] A3 2 F (isopropyl p-hydroxybenzoate), 24541 <t
2] gkako] 2Kl (isobutyl p-hydroxybenzoate), IF2}5-A]<k
2] &2 E (butyl p-hydroxybenzoate), 3 23] propionic
acid)®] HAFY FHHFS AT
o] & Bato] AFFA HEA Y FAH AR SHE A 4s
2HA}L 7|9 A S kA oA E AR dtt

al
B S FrE e AAFY BERY st &
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A=

2 AT AR A EFe FERIGAA stk e
£-%(Pinus densiflora), &7\ X (Berchemia berchemiaefolia),
U5 (Phyllostachys bambusoides), %A 9 (Boehmeria
nivea), ~+Z A (Zanthoxylum schinifolium), 7+<(Diospyros
kaki), B2 UF-<(Quercus dentata), % (Artemisia princeps
Pamp), AV (Pinus koraiensis), 2 % (Pueraria lobata
Willd), L (Nelumbo nucifera), =% N (Sasa borealis(Hak)
Makino), Q52| (Hemerocallis filva), 73 Z(Chrysanthemum
zawadskii), B2 (Colocasia esculenta) 5 15% 2171 0.2
A T 67 Altol A AHH G 5 FE A Aol (F3H4
F5471, SED(G), 2147194}, Korea) -20Co] KAz}
X123+ T} (Table 1),

HEGO FFES 7bzt LhenHlake]dl SA, Sigma,
USA), ¢H28k2ko]3} BA, Sigma, Germany), H&Fo| =2 %
H°] 3t DHA, Wako, Japan), J2H-5-A] k4] ik (o] s}
POBM, TCI-GR, Japan), 3-2F5-A|QF2 &Rk € (0]} POBE,
TCI-GR), 5}2}-%-A] o+2] k4132 2 (0] 5} POBP, TCI-GR),
ggpgA ek gto] A 2 F (o] &} POBIP, TCI-GR), d}2t
S A2 gFato] B8 (0] 3} POBIB, TCI-GR), J2H5A ¢t

A218 A|43 (2014)

218kALEE] (o] 8} POBB, TCI- GR), = &3] -&4KWako)©]| ¥
2322kl EAE 9% YHREFEZEE crotonic
acid(Sigma)2 AF8-3}51 T}

Table 1. The collected region of the wild plants

Region Sl\;i)ﬁp(fé Wild plants

Korean Berchimia leaf, Pine needles, Nut pine leaf,

Cheonan 9 Lotus leaf, Chrysanthemum zawadskii, Kuansh, Oak tree
leaf, Chinese pepper leaf, Taro leaf

Gongju 1 Kudzu leaf

Seosan 2 Mugwort, Kudzu leaf

Nonsan 2 Bamboo leaf, Pine needles

Geumsan 2 Korean Berchimia leaf, Sasa borealis

Seocheon 5 Persimmon leaf, Bamboo leaf, Ramie leaf(2), Mugwort

oF 25 goll 100mLe] S/ 7ot 2 4
N 10mL, NaCl 80g & H2|&5A] gt &S 713k
$%7] AH&-%F7(Buchi K-355, Buchi, Swiss)ell 912
SHAS T 7] £ 1% FABUEESY 20
mLof] 7| =5 stod SHStaL FL v 10mLe] £
T= 5573 5 045 um syringe filter=
A8 AlRE ARSI o] S/ 100
Rl Zuj7]o] ¥ NaCl 10 g, Q1A

1 of JH|Z 50mL & o

7 23] FE3 =2 A, FFEES
AHgBte] & A AL 79 ES7](Buchi R-201, Buchi,
Swiss) & ©]-&sle] FF5e §, oMl ES Tete] HE vt
10mL7} =5 3H3th o] & £4 8 Al 52 AMS-3slth

HPLC-PDA % GC-FID £4

digto] =224k, 2RI ek gt 8l
AlFA gt ~H 279 A B RS ok
HPLC(High Performance Liquid Chromatography, Shiseido,
Japan)& AME-3tal 7} HERC] RFES vehEd] Fo
oF 1000 ppm< ZA|8te] 10, 20, 30, 50, 100 ppm & 3]A
3k & 1% (Calibration curve)= $J3F EFo o7 A5
th A8 XS 98 A8 S CAPCELL PAK C8(Shiseido,
SG80 5um 4.6 mm I.D.x150 mm) o2 3}il A8 FYHFe
10uL® 3t 287334 =7](PDA ACELLA, UV
Detector, 217 nm) 2 7 &3} t} ©] 5742 0.1% TBA-OH
(Sigma-aldrich)-&-4 ¥} Acetonitrile(Fisher Scientific, USA)<
AHE-3F91 3L Table 29 22 1oz FA35H9

Z 23 4F 22 capillary column(HP-FFAP 0.50 um
x25m, 320um)°] ZE 7)H 22 nlE 17 3 (Agiliant
6890, USA)E ©] &3l 1 ¥ 2L Eo| 3t =7]
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(FID) =2 250CE 3t 23 =& 60TolA 1
AL Z200C7HA] B 10CE 52A1A 18 59 #4131
3 5 20T 240 C7HA 5-2A1F T Carrier gase= HA&E
A28l 1 mL/minS. & 3} T}

Table 2. Analytical condition for preservatives by HPLC-PDA
Shiseido HPLC system
Shiseido ACCELA photo diode array
Wavelength 217 nm
Column  Shiseido CAPCELL PAK Cg SG80 5um 4.6 mm L.D.x150 mm
A solution : 0.1% TBA-OH (0.1% Phosphoric acid) solution

Instrument

Detector

Mobile phase
B solution : Acetonitrile
Time (min) A (%) B (%)
0.0 75 25
Gradient 25 75 25
condition 70 65 35
12.0 60 40
150 70 30
Flow rate 1.0 mI/min
Injection 10uL
volume

GC/MSD &4

HPLC-PDAS} GC-FID9] #4437 HEH HAF &
Z8E GC/MSD(Agilent 6890N/5975 MSD, USA) & &<l
stk 7] AA el HERe] 5 9 GA uet A
H A|2E GOMSDY| 4 3ste] BEAslgn Bz ow
A2 capillary column(HP-FFAP 0.25 umx30 m, 250 um),
AT LE==230T0 2L, A 255 60TAA 137 B2t
S T B 20TE 54171 T 24004 1087 448}
HAZE7] £E= 280 CE 33Tt Carrier gasw d-F(1.0
ml/min), splitless mode, solvent delay time-> 3% 2.2 #-A]

LC/MS/MS &4

HPLC-PDAZ 3IH HAF EEZE LC/MS/MS
(Quattro premier, Waters, USA)E ©|-&3lo] #2443} t}.
LOMS/MS 2412712 Table 3 2 Table 4] #] 4|31 <1
PR Ui o g HAER A5t HERES FHF 9

St

Hyey

HPLCPDA 443} #Fojo] o 58 dojzl
AR SHAE ol &ste] ool AeRiE A
HERY FEs AtatAth

HEER (mg/kg)=A8 &4 &X(mg/L)<d & FHmL)/
Al 257 Al(g)

Table 3. Analytical condition for preservatives by LC/MS/MS

Instrument ~ Waters ACQUITY Ultra Performance LC Quattro Premier XE

Column ACQUITY UPLC BEH Cjs 1.7 um, 2.1x100 mm
A solution : 25 mM Ammonium acetate (pH 5.0) in 20% MeOH

Mobile phase
B solution : Acetonitrile
Time (min) A (%) B (%) Curve

Initial 75 25 -
Gradient 30 65 35 6
condition 35 60 m 6
40 75 25 1
50 75 25 1

Flow rate 0.35 mL/min

Injection volume 10uL

Tonization mode : ESI negative Desolvation temperature : 500°C

Capillary voltage : 3.0V Desolvation gas flow : 150 Ljhr
MS condition

Source temperature : 150°C  Collision gas flow : 0.14 mL/min
Cone gas flow : 500C

Table 4. Qualitative analytical condition for preservatives by

LCMS/MS

Preservatives” MRM” v’ CE
DHA 167.26 > 083.27 20 2
SA 111.13 > 067.40 20 12

BA 121.19 > 077.31 20 16
POBM 15125 > 092.31 30 24
POBE 165.25 > 137.07 25 18
POBIP 179.26 > 137.11 30 20
POBP 179.26 > 092.37 30 28
POBIB 193.32 > 092.24 35 30
POBB 193.33 > 092.37 35 32

"DHA : Sodium Dehydroacetate, SA : Sorbic acid, BA : Benzoic acid, POBM :
Methyl p-Hydroxybenzoate, POBE : Ethyl p-Hydroxybenzoate, POBIP : Isopropyl
p-Hydroxybenzoate, POBP : Propyl p-Hydroxybenzoate, POBIB : Isobutyl
p-Hydroxybenzoate, POBB : Butyl p-Hydroxybenzoate

"MRM : Mutiple Reaction Monitoring

¢V : Collision Voltage

“CE : Collision Energy

Tt o WREEER
GC-FIDE wAste] A& HAUA2 7P a1 off 9] 4=
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PA X PSis 250 1
- E%__go}!o c —_— T % —— x —
(mglkg) = SEE] FEmghe) * o pa " xR
PS ; EFEN T Z2H] 93 Fo| T WE
PA ; Adgd F Z2e 53 o] Bt WA
PSis ; EFEY T YLEFEEY 9T ¥o| E= HA
PAls  A89 2 UREFEYY 713 o] EE Y
SA ; AA9 iH%l_%E(f) ]
R ; FFNR=HAE FA FmL)/ HF AE8Ae FmL)
Zn 9 1
I2otlETOl U M

1| 2
9% HEE R gt HPLC-PDA ZZvtE 17
S B4 Az} 717 DHA, SA, BA, POBM, POBE, POBIP,
POBP, POBIB, POBBS] A A|7H2 3.443, 4.002, 4.967,
5.472, 7.105, 8.657, 9.013, 10.735, 10.997% | thFig. 1).
AFAE 9% =M= <F 10.00~100.00 mg/kge] W

Volts

2000

DHA 3.433
BA 4.928
POBM 5.433
POBE 7.080
POBIP B8.635
POBP 9.022
POBiB 10.757
POBB 11.008

1000 |

SA  3.983

2 4 6 8 10 12 min

HPLC-PDA chromatogram

A218 A|43 (2014)

A5 Hstda, AMAE Bl AHEAE Tk 4 A
Aol R? e 0.990~0.9999] 2124 Vel

(Table 5).

GCFID EAog & ZTaueite FFdo) v ¥
Ao} PREFEL 93 WA vws)
Sto] 7 okl th(Fig. 1).

;

Hoge| EE2 AMEol 3ol U saEA
HPLC-PDA®} GC-FIDe] Ao 2 d2 HAfe] HE
8 A3= Le/MS/MS e GC/MSDE FA 3Hel& 313t
ShAlgkAL A2HIAL Z 25 2Ak0] mass spectrumol| A ET
A3} & jon fragment ¥ IES &l 4 gUTh
HFdE B3l 2 AAdfell BES S Table 67

3

400/

350

13.977 Crotonic acid

300/

11188 Propionic acid

2505
zoo-f
1505
1001
SD'E
16 min

GC-FID chromatogram

Fig. 1. The chromatograms of preservatives analysis by HPLC-PDA and GC-FID.

Table 5. The linearity of calibration curve in preservatives

Preservatives” Linearity R’ Value Concer(lrg;t/i]i);) range

DHA y = 7.39631e-006x + 0.00  0.991 1008 ~ 100.8

SA y = 1.56496e-005x + 0.00 0999 1003 ~ 1003
BA y = 7.62783¢-006x + 0.00  0.996 1005 ~ 1005
POBM y = 7.28783¢-006x + 0.00  0.990 1004 ~ 1004
POBE y = 7.84591e-006x + 0.00  0.99%4 10.06 ~ 100.6
POBIP y = 8.67497e-006x + 0.00  0.995 10.00 ~ 100.0
POBP y = 8.48042¢-006x + 0.00  0.99%4 10.00 ~ 100.0
POBIB y = 8.92473¢-006x + 0.00 0997 1006 ~ 100.6
POBB y = 9.00878-006x + 0.00 0997 1003 ~ 1003

"DHA : Sodium Dehydroacetate, SA : Sorbic acid, BA : Benzoic acid, POBM
: Methyl p-Hydroxybenzoate, POBE : Ethyl p-Hydroxybenzoate, POBIP : Isopropyl
p-Hydroxybenzoate, POBP : Propyl p-Hydroxybenzoate, POBIB : Isobutyl
p-Hydroxybenzoate, POBB : Butyl p-Hydroxybenzoate

T T2y AR QR gRES E91E 4= 99
1 5}e] DHA, POBM, POBE, POBIP, POBP, POBIB,
POBB2 £ E2 el

Zaulete] S 155 2149 AEF F ZAIY 24
Auk golE a1, B 5 ~62.726 mg/kgd] EEE KT}
71 3RS HF 62.025+0.991 mg/kg O & 2Hl €] Q1 th(Table
6). 22H S B2 % ~24.995 mg/kge] E¥E VERY
on, YuRdy HA 2404 FAHdm HT
15.312+13.693 mg/kg= H3Th <HA3FAke] = &4
%~21.839 mg/kg®] TEE VRNl oH el BA|
o, &9, &, A, AUE T 6% 87loA] FlE Ak
% BAIAONA 21.839 mgkge] TEE 71 = HET
ATk BAJ o] 79 et gsta) 2 u]2Ato] FA o 7
EE9lon 1 HAEFTo] U 2 EF H|ske] =] E91

= Ak

&
o

&

o
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Table 6. The detected concentration of preservatives in the wild plants

(Unit : mgkg)
Name Scientific Name Propionic acid Sorbic acid Benzoic acid Others”
Persimmon leaf Diospyros kaki 2 - -
Bamboo leaf A Phyllostachys bambusoides 19.852 -
Bamboo leaf B Phyllostachys bambusoides 5.630 8.627 -
Korean Berchimia leaf A Berchemia berchemiaetolia - -
Korean Berchimia leaf B Berchemia berchemiaetolia - -
Ramie leaf A Boehmeria nivea 61.324 - 21.839 -
Ramie leaf B Bochmeria nivea 62.726 - 21.399 -
Pine needles A Pinus densiflora 15293 -
Pine needles B Pinus densiflora - -
Mugwort A Artemisia princeps Pamp - -
Mugwort B Artemisia princeps Pamp 10297 -
Kudzu leaf A Pueraria lobata Willd 24.995 - -
Kudzu leaf B Pueraria lobata Willd 8.201 -
Nut pine leaf Pinus koraiensis 9.102 -
Sasa borealis Sasa borealis(Hak) Makino - -
Lotus leaf Nelumbo nucifera - -
Kuansh Hemerocallis filva - -
Oak tree leaf Quercus dentata - -
Chrysanthemum zawadskii Chrysanthermum zawadskii - -
Chinese pepper leaf Zanthoxylum schinifolium - -
Taro leaf Colocasia esculenta - -

"DHA, POBM, POBE, POBIP, POBP, POBIB, POBB  “Not detected

b= 3 2H(Gramineae) o] &dh= 4 &= 3=,
A&, T 5 TEototd Fxat tiurdddl= Ee
Hirol& Aol Bol HirEo] slo] aitsl, &gt gl
e d & ehdo] mek oAl BaA, n)8 g 4
AFHHE ToR 9] AREHT dedls) A 23
U5 o] A k2 gkito] 8.627~19.852 mg/kg -2 &
A= ATt

&9, & Ao A= A 24 F 1dedARE /b2
ol ZRIHA=T ol MHAIZI, AMH AL, 2 &2 H
Ad Ao G2 vz Aol AtsE 59, £9
787 't 608 mg/kg®] <HAEFite] HEE AT Havt
o} ol AFAE 15293 mgkgd] ZHE ATt
(16). Lee$} Han(17)¢] H.aro] w2 £9)o] F5&0] it
S, A, AmAEAREe] e Ao R WA 9l
= B A Fok] 9004 felE klgkite] &nlay
E44E ot HEZHRE Eole oz AlRdET

23], WY, FEx FEE] g 2 A AE
g AFE Boto] 2F] A ol J5E vk e
, AEAT A Fe] HER TS F F U= A

ol=l#] 2kSrTh(1,18-20).

o)

fe *
M
rlo

do O

QP ERke] A9 “AEFHIME A 2 b FE (D)
20057 wr=d 1875\ tzhgol B AL LA
% 1890\ Leuck”} &t 2H-g-5 18t 11(21) 719 A
T5 B8l & o ket e A EAE] carboxylic
acid & AL 5 A A2 F de =4E5EA
AE7VEEH 53, R ol nAEl o AR
E2 AAEIE 5P, T AAZ A Ed8d] AAF e
2 FHEo] dE Aoz dEA rh6,8,10,21). 53], th
TFHE A=/ 59 skl Wakeke] A9 654 mg/kg]
QFalgkate] ghr] o] Qltha ERIE7| = sl o AT
B M 100 mgkglZ HEE F=E AAA A
g FExFo] glon AEFEHE FERHA} bkt Ao
2 gA Ak B A@dA = kA Ee A2kt
Z 2324k H)ste] thekdt A ERF] dolA] ElE e
W(Fig. 2), 8201~21.839 mg/kge| o2 2 EF ¥ A=
T 2 Aol & YAl 2% THTable 7). o] = 21&9
oy 79 F o FERR] Ao FghEo] 7] wEel
Ao Z AtsEM 7]|E] ti % 5] AF YA
12.5 mg/kge] ¢HAlgkitke] EAlshe o2 HuH Ak
6 AL 14323 mgkge] FEoE FHTh

i
=)

=]
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(Table 7).

ditH o g T2y sk W Ee] HE 9 A7
ol A= Aoz delA 9lom(8,22), Had 9shH
g o} ZAoA oF 5mgkg ©]3tE Pl B AEH o] MAF
<} 7E}‘<_>_ 213Z9] Eoﬂ/ﬂl: _LE_J,]_Q./\]-O] Q—?J% u} }}\q_(zz).
2 Agoe AUl 2524k o 62 mg/kgo]

A

z
2N A% M T B 42D 5 Ak
B ol ok A7} vl el
@ A3 T oTAT QAT 22

=2 7
5.630 2 24.995 mg/kg .2 HZH .

o r

(<))

a_‘ELF

=
B A
R

Table 7. The detected concentration of sorbic acid, benzoic acid,
and propionic acid

Preservatives  Total Dljt%ct(i)gn Mean (mg/kg) Std. Dev. Range (mg/kg)
Sorbic acid 21 2 15312 13693 5.630, 24.995
Benzoic acid 21 8 14323 5993  8201~21.839
Propionic acid 21 2 62.025 0991  61.324, 62.726

70

60 -
PlSorbicacid BBenzoicacid 3 Propionic acid

Cone imarka)
& 8

w
&

<)
15

10

1ol

BBL(A) BBL(B) RL(A) RUB)  PN[A) MW(B] KL(A) KL(B) NPL
Fig. 2. The detected preservative levels in the wild plants.

BBL(A) : Bamboo leaf A, BBL(B) : Bamboo leaf B, RL(A) : Ramie leaf A, RL(B)
: Ramie leaf B, PN(A) : Pine Needle A, MW(B) : Mugwort B, KL(A) : Kudzu leaf
A, KL(B) : Kudzu leaf B, NPL : Nut pine leaf

0

2 o
2 A7 AFHOR P Ex AFEI) Sl o
Sl AL A % Fel o] $HIAE AYAE 15

= 2149 thaled H) ‘é}olEii’;}(sodium dehydroacetate),
ﬁ\_é Hl4Hsorbic acid), 2] 8F4Hbenzoic acid), IHeF5A] Qb
2] gk kol € (methyl p-hydroxybenzoate), 3}2}-S-A] 914 gkt
o€ (ethyl p-hydroxybenzoate), I}e}5A]QH4] k4l 22
(propyl p-hydroxybenzoate), T2}5A| M4 qbo] Az 2
(isopropyl p-hydroxybenzoate), S}2}5-A] <2 gFite] A~ RLE]

A218 A|43 (2014)

(isobutyl p-hydroxybenzoate), 21541 QF2] EFAHEE (butyl
p-hydroxybenzoate), 3 2 3]|-24H(propionic acid)®| -3
= A

&9, WY, T 5 15%<] gk A s 2=
FHFE 24 A3 £, BT, AL, wAYL é&,
AR 5 6FIA LA, 22N, T2 2L
3} SEA

e [}
S iy —’F AT FA gL ke, E’/\l%’% %é’l, =,
0

Pr%ﬂr www 5630~24995mg/kg 4;41@0 =Py
Aol A 61.324~62.726 mg/kg®] HEF AT ZAF A8 &
il %‘ri—l, Z%&EH ad, °JTﬂ TAZ, AT
T 9T e HAREGEo] HEHA
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