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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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(sodium Dehydroacetate), 4~Z%14Hsorbic acid), $F2] gF4t
(benzoic acid), T2FEA|QFAgRH = (methyl p-hydroxybenzoate),
dh2}5A| F2] g 4kel € (ethyl p-hydroxybenzoate), I-2H5A]
o2l gkaksL 2 9 (propyl p-hydroxybenzoate), SFEF5A]<H
gFsto] A~ 3 2 F (isopropyl p-hydroxybenzoate), }2FS-A]<t
2 gksko] AK€l (isobutyl p-hydroxybenzoate), I}2}5-A1<F
2] 8EAHRE (butyl p-hydroxybenzoate), 3 23]
acid)®] AAFY FHEFSE AT
o|& T3t AT HEAS FHAR] S st
ZHAL 7|9 s 74] FomME A Tt
AdE d1E e fref BER T F&
b& AAlStaLA} Bk 2 ”4 Tk AEe AxrlEH A
‘Ff‘ﬁoﬂ 712 B2 A HERS HEE oplE
= oel 71 AR, B EAIE sAs] ¢l
% 2] BAe 7| 2A8E Algetaat stk

~Hpropionic

ol

r};

SR L Ay

Y
A=

B ATl ARE A ERe SRR Ak A=
£ (Pinus densiflora), &7\ X (Berchemia berchemiaefolia),
- (Phyllostachys bambusoides), A < (Boehmeria
nivea), Yz (Zanthoxylum schinifolium), 7+<(Diospyros
kaki), B2 UYF (Quercus dentata), % (Artemisia princeps
Pamp), ZANVFY(Pinus koraiensis), % % (Pueraria lobata
Willd), L (Nelumbo nucifera), =% N (Sasa borealis(Hak)
Makino), Q52| (Hemerocallis filva), 773 Z(Chrysanthemum
zawadskii), B2+ (Colocasia esculenta) 5 15% 2171 2.2
QM T 67 Aol A AFH G F FASHA Aot (534
ZEH7], SED(G), 247194}, Korea) 20T Has}o]
ALE-3}1 T (Table 1).

HERO RFEFLS ZH7t &=Hlkeldl SA, Sigma,
USA), ¢t2lgkik(o] 3} BA, Sigma, Germany), H|8lo]| =2 %
2k(©] 5} DHA, Wako, Japan), 234 o2 gkabku € (o] &b
POBM, TCI-GR, Japan), J}2+-3-A]<H2] g2kl E€l(©]3} POBE,
TCL-GR), ohe}-2 ]2k 8F4H 22 3 (o] 3} POBP, TCI-GR),
ge}SA| kA gato] A 2 F (0] 3} POBIP, TCI-GR), &}
S 41914 8 3¥0] 2381 (0] 3} POBIB, TCLGR), 5}eH-4]ct
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2] gk el (0] 3} POBB, TCI- GR),
T2k B4
acid(Sigma) < A3

X 2 9] 22K Wako)©| ™

9t WEEFEZZE crotonic

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

Hodqe) EERS & Y HA|
*ﬁ% H(14) HEE AP Fote] 43 @ A=
] 100mLe] S/TE 7} }IL z 4 % % 15% —’"F/“

mLel| 7|5 gt] TRt o UH« 10mL9] ic
E% %ﬂET o 5 045 um syringe filter 2
] == oﬂ 100

7]l ¥ NaCl 10g, 14k
£ 7hste] oH 2 50mL 4 o
=8 g 9, B ESES
AHgto] 25 Al e 57]Buchi R-201, Buchi,
Swiss) & ©]-&3l] T &, oMl ES e = 597t
& ARE *}%ﬂﬁiﬂn

HPLC-PDA ¥ GC-FID &4

Histo] =224t A=A kgt 2 T R, gl
Al e ~H 270 Fd 9 AFEAHe flst]
HPLC(High Performance Liquid Chromatography, Shiseido,
Japan)E AE-5tal ZF HERS] HFES ekl Fo]
°F 1000 ppm= ZA|3F] 10, 20, 30, 50, 100 ppm .= 3|4
g & X (Calibration curve)S 913t EFY o2 ALE-3FS]
o} Al BAS 98 A8-S CAPCELL PAK C8(Shiseido,
SG80 5um 4.6 mm I.D.x150 mm)2S. 2 3}1L A|& FUHF
10uLZ 3l A R5373d=7|(PDA ACELLA, UV
Detector, 217 nm) 2 =33t} ©] 542 0.1% TBA-OH
(Sigma-aldrich)&-2] 7} Acetonitrile(Fisher Scientific, USA)S-
AHE-SFI AL Table 29 22 2oz 4319,

Z 23] 24k 22 capillary column(HP-FFAP 0.50 um
x25m, 320um)°] F2E 7]A|ZAZvlE 2 I (Agiliant
6890, USA)E ©|&3al3 a1 A2 ol 7]



A study of the levels of natural preservatives 531

(FID) 2%=5 250C= 3t ZH 2%+ 60TCoA 12 F4]
AlZL F 200C7HA] 3 10CR SA1A 12 Bt fAlst
3 59 20T 2 240 C7HA] 5-2A1ZH Carrier gase= 245

AH&-8F] 1 mL/min© & 33T

Table 2. Analytical condition for preservatives by HPLC-PDA
Shiseido HPLC system
Shiseido ACCELA photo diode array
Wavelength 217 nm
Column  Shiseido CAPCELL PAK Cs SG80 5um 4.6 mm 1.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} GCFIDS| #4343 HEd AAdFg 2
Z7E GC/MSD(Agilent 6890N/5975 MSD, USA) & &<l
st ”71 A BERS 5 9 FA o w2t A2
bl Al 2 GOMSDY| Fste] BAetg T BA xR
He caplllary column(HP-FFAP 0.25 umx30 m, 250 um),
?:Hl =230Co|a, AY L2E 0TAAA 18 E<t
- % %% 20CTE $A171 3 240TAA 1083 7+
AE7] £=E 280CE 331 th Carrier gastE I E(1.0
Hog HX

H r-i": ‘lN ﬂl_u

mL/min), splitless mode, solvent delay time<>

S

LC/MS/MS &4

HPLC-PDAZ #91d HAAF EHEEE LC/MS/MS
(Quattro premier, Waters, USA)E ©]|&3}o] HA135} T}
LC/MS/MS £ 2712 Table 3 & Table 49l A|A| 3153 2™
et oz HAER EAste EEsE HF I

FSEITRE

HPLC-PDA ﬁ/&@jﬂr ﬁzoﬂg,] Aoz HE o%o}x]
Aol ZHAE o] gate] ohehol 4 ozRE AAFY
HERY FEE AN

HER (mg/kg)=AH &4 &5 (mg/L)<d & FHmL)/

Al 25 (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 19333 > 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
pHydroxybenzoate POBB : Butyl p-Hydroxybenzoate
"MRM : Mutiple Reaction Monitoring

ICV : Collision Voltage

“CE : Collision Energy

zayeaky o YRrES
GC-FIDZ #2J3lo] A&
ol g3l Alg F Tz
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PA x PSis 250 1
XX ——x ——

PS x PAis SA CR

PS ; EFESA 3 L2240 3T Fo] E HE
PA ; APE T ZEul2Alol 33 ko] EE HA
PSis ; BFESA T UREEZA) 9T o] Ei WA
PAis ; AE8 § rEFEd 93 gol Be HY
SA 5 BA9 A e
R ; EFH(= A o] Fml)/ T A& F (L)
Zn 9 1
Zote0y ¥ HzM

1| (=1
9% HER EFHo| gk HPLC-PDA A ZrtE 17
< B8 A3 7H7F DHA, SA, BA, POBM, POBE, POBIP,
POBP, POBIB, POBBS] +A|A|7F2 3.443, 4.002, 4.967,
5.472, 7.105, 8.657, 9.013, 10.735, 10.997% | thFig. 1).
HFde 9 s=H9+= 2 10.00~100.00 mg/kge] H

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
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AE Az, A2 S B8l ey
Aol R® ZHe 0.990~0.9999] AlF 4
(Table 5).

GCFID #4022 d& T2y 23k 39| ¥4
A} Y REEFEAD ] 93 WA S vwst

sto] % sl th(Fig. 1).

Molga EEE MEol gol ¥ szs
HPLC-PDAS} GC-FID9] 4o ® AL HAf BE
T A7E LC/MS/MSS GC/MSDE HA ERlE a9t
AR, 22RIA 29 2410] mass spectrumel| Al EE
N3} 2L jon fragment ¥ IES Fldd 4= 9ldth
AFNE B3l & AR BER FFE Table 67}
It dEA s "ol A Fe] B AREHAE A
B 15 2105 AYste] £43 23} 1059 HER

m\l

1>

400/
350

300/

11188 Propionic acid
13.977 Crotonic acid

zsui
zao-f
1505
100

501

6 & 10 12 14 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/il?;) 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 10.06 ~ 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

AR F T2 24 A2RIAE QEA RS EolE 4= 99
o1}, 1 5+¢] DHA, POBM, POBE, POBIP, POBP, POBIB,
POBBZ =4Z&= UETh

Z2ujeqke] g 15% 2179 AEF 5 BAIY 279
ARk golE a1, B33 ~62.726 mg/kg] XS HT)
S HF 6202510991 mg/kg O = 2H1 ] I THTable
6). 2BHIAS B2 2 ~24.995 mg/kgd] EFEZS eI
om, v i s P I S R B A R
15.312+13.693 mg/kg= H AT} P2 &HAke] = 4
%~21.839 mg/kg®] TEE VeI el BA|
o, £9, %, A, AT T 63 81004 1= AU
o] T RAelA 21.839 mgked] TEE 71 EAl HEE
Aok BAY] 79 b2l gRta) 2 ]2 ako] FAlol A
EHom O HEFTo] BE AEF vk =7 gl

At

=] o1
#dd
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Table 6. The detected concentration of preservatives in the wild plants

(Unit : mgfkg)
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 Boehmeria 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 Chrysanthemum zawadskii - -
Chinese pepper leaf Zanthoxylum schinifolium - -
Taro leaf Colocasia esculenta - -

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

b= tiu-9 2HGramineae) o] &3t= A== 3=,
A, T 5 THoMAlotel TEsH sl E
Hi-ol= Aol Fo| giEo] glo] gitsl, st 9l
e d & ehdo] mek oAl BaA, v)8 ggaA) 4
AEF7FE ToE e AME I eH|(15) & AR A3
- 9] 75 k2 gksko] 8.627~19.852 mg/kg O = &}
A= ATt

&9, & 299 A= 747 23 F 1A Rk kA gk
ol gRIHA=T o= MHAAZ], HHAFL, A= B
Ad Ao G2 R Aol Atsd) 59], £99
73+ o 608 mg/kge] <A EFito] AEEATk= vt
o} ol Ao M E 15.293 mgkgd] AIE AU}
(16). Lee®} Han(17)2] H.are] w2 &9l F3&50] gt
sh2hg, gebahg, A EAEe] gle AR HeA Q)
=0 A Foke] 9004 frelE k2 gkite] nlAy
B8-S 3l HEEHE Fole Ao AMRHT

2, WY, FEx FEE] A 2 ArEg
" AFE Foto] AFY A ol d5E vk e
, A Ay A Ee] HEX JEgs & F JdeE RS

gholw]x] 2FkTh(1,18-20).

4

¢
)

o ™

ob2gkake] A9 «AEH7E Ak @ okd FHH (1)
20057 w2 18759 Pt Agol BaA A3 LR
% 1890%d Leuck”} &t 2182 gelsili2l) 712 ¢
TE Bl = wf HA A 2 A A carboxylic
acid 5 ARy 5 A7 42 F e EE2EEA
AF7HeEd 5ol, aI ol vl g At
EE YA E7E o, e AAR AFLEd Ao
2 e de Aer dEA AUrk6,8,10.21). 53], Tt
FHE AEF T el Wzkeke] 7% 654 mg/kgl
2] gFko] gHrE o] sitka SRIH7| & siglom A9y
T A% 100 mghkgl = AEE FEE AAA A @
wo] glom AEFHERE R tdd Ao
deiA ek & A oA = h ke 22 RlLkog
IR 3| 24k Hlete] Theket A EFo el EelEe
UH(Fig. 2), 8201~21.839 mghkg®] TFo= A&7 ¥ A=
FEL 2 Aol S YERNA] SEkti(Table 7). ©]& 4]&9
ofe] 79 T o Faute] Adte] wghEo] U] Wl
Aoz AtgE 7]Ee] v B iR A5 delA
12.5 mg/kg] SFAFato] EAsle Aoz HuH Al
6N A 14323 mgkge] FEOE FAH T

a

3]

i
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(Table 7).

Qi xuvlete SaF] wa % 54N
ol BAEE AR defA 9lom8,22), EJ—Oﬂ o]shd
2olsh 294 oF Smekg oIS W@ AEH] Ahh
o 2o AEARAAE Zes)eo] 418 v} ),
B AR AM s ZA DA Za23) 24| oF 62 mg/kg©l
747‘1:"] /V\T;}

aEyate] 49 WelFu Bded 229 5 drke
A H31(22) o]Q]oll= oA 7kA] A7} m|n| gk Aol
2 A9 A3 =8 R AQeAT 22l
5.630 2 24.995 mg/kgl. 2 HZEE AT

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

Conc{marska)
& E

w
&

<)
15

10

L 1.0

RUA)  RUB)  PN(A) MW(B] KUA)  KLB) NPL

BBL(A) BBL(B)
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

o (o]
I =

2 dTE AR Uy Ee AdEHI} Slo] H
3 ] A7F AV A7 D 27 o] &A™ A= 15
217190 tisle] dlste] =2 %4HKsodium dehydroacetate),
—/?—E H1 2k(sorbic acid), ¢+ & Hbenzoic acid), FEFSAI<F
2] kAo € (methyl p-hydroxybenzoate), 3}e}-S-A] 2] gkxk
o€ (ethyl p-hydroxybenzoate), I}e}5A]Q14] g4l 22
(propyl p-hydroxybenzoate), I}eH-5A| b2 GFrto] 2z w2 g
(isopropyl p-hydroxybenzoate), 3+e}-SA] Q2] &Frko] ARl

lﬂ
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(isobutyl p-hydroxybenzoate), T}2+5-A] 2] EAHEE (butyl
ty y Y Y
p-hydroxybenzoate), 3 23] -24k(propionic acid)®] eH-3F
< A4 O}Oi‘:}

A, S 5 158l digh A/l HEs
’\}?ﬂ' Ay £, g, 2, BASY, &,
];\1 o}/ﬂak/\]— ﬁ:é‘ﬂ’d’, J.E:qg‘)\].g
o} 01‘4' QRAIERARE OIS, BAIS, &9, %
9, ApEelof| A 8201 ~21.839 mg/kg, 2 EHIARS: T}
T3 219 ollA 5.630~24.995 mg/kg, 4&«4340 A
oA 61.
]:lo le]

>>J

=

324~62.726 mg/kgo] AZHUTh 2AF A&
i, B, ZE%EH A, £
Abxzol 7 ]-o]

UO{

Ta '?_ E}—, —.7el‘/]'—r

o, Az, T 9T M= AAREG o] A=A
i tens
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