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Abstract In this study, the daily intake of preservatives in the Korean population was estimated, using data from national
health and nutrition studies regarding the concentration of preservatives in each type of food, food intake by sex, age
group, and weight. The level of safety of these preservatives was evaluated via comparisons with the acceptable daily
intake (ADI) data established by the Joint FAO/WHO expert committee on food additives (JECFA). The Estimated daily
intake (EDI) of sorbic acid is 495.85 pg/kg-bw, benzoic acid is 215.34 pg/kg-bw and parahydroxybenzoate is 5.01 pg/
kg-bw per day each. Their percentages in relation to ADI are 2, 4.3, and 0.1%, respectively. The comparatively high-
consuming groups were taking sorbic acid 1,012.06 pug/kg-bw, benzoic acid 229.56 pg/kg-bw, and parahydroxybenzoate
11.58 pg/kg-bw per day, and their intake levels as a percentage of ADI were 4.1, 4.6, 0.1%, all within safe levels. Males
were found to have taken more benzoic acid than women, whereas we detected no sighificant differences in the intakes
of sorbic acid and parahydroxybenzoate between males and females. The EDI of sorbic acid, benzoic acid, and
parahydroxybenzoate were lower than the ADI in all age groups studied.
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W EREAA(27), 20079 BES B ASPEAA|28) & i 54
AFH7HE AAC disk b HUPL o]R oA AL Q. S5
Hrkel A4S AFRFEO] AHEE AEL Ak 4T Ko
e ANARS BFPAAE Aol AT WA B4
olH, o]52 $J&l US FDA(Food and Drug Administration)<}
FASEB(Federation of American Societies for Experimental Biol-
ogy)= AH|AE] 90 percentile(90™)7 3] 90%2] AFAHHS
7B AFAL AERVRE RS 7P v e R A
Ak Yrh9).

HERE MR Q9o R Q9 Fe] Fale} WA sl
=t g AHE(30), =R, AT, TSI,
HEgxit 5 AF, foF, sEEe] mAE LH9e d
=l 2 AR (31). 2y 2RIk SolAlde] 9
Fd 7 7 G E7] (pseudo-allergy)s Ao 5 A I(4-6),

e &
er
1

RN E B AN T, A2, v, SR
s dod F dom(7), FSAIH ] e glEgA|
At o", a2 NEA g Aar)sel oY
= 713 569 B2 Arelr FHSIsH AHEe w8 B
EE9 HAA7E A7l FAF HEE 71 g de FeE B
A=

uehy B ApeE nER ARG g AREAL A
£ ol8s 2F F ARERIETT 22(28) AERIAHE, QP
7, FSAIRP SN 2B FE HERE FFAY 7 dPEEL
2 AR, s, Y, A8, 49 dFAHe0M RES
JAF=HHH TS A=eh 8 o2 Joint FAO/WHO Expert
Committee on Food AdditivesJECFA)IA AAIBIL e U3
841 % FF(acceptable daily intake; ADI)32)3F Bl - HESI] R
5 AFHHY A ARE HrERTh

HE 2
AEdd { MEY

Ao AH F AEHE AF R o) AR qh
=R1e] AFH7HE dLHATF H7E AIAEGHERSy el w8
itk BER FS 45 93 AlEs AFHvE 34
(33)°] BHEE ARSIl wiet i AEfrde s, 2007
| 39 2 Mg, A7IAYG] ek, dEviE Selx A
AR Fdsto] HERS] BAEH 2 AeES AR ol
Edz AFFYE 7AE A8ste] AR 5 A6t Al
e A=e ddem wshy, ke Sl FYsislen, o

FUAFS HUE FA7E T FAAF AR AN
TUAT. 1 T IS AJA PN SHFE AR AERe
A|ZFZARIA ARE dl7F Fo] 2005-200600 % FEAZ RN
AE A& 7Y Al FaEih AEe 7 BER AR AF
R wet 2=RIE 70955, FAFF 405E, TS
A FF 258F 52 TUst A&t

Aok

Heun, aqes, smeaaagedsns weete
Sigma Co.(St. Louis, MO, USA)9} Tokyo Kasei Kogyo Co.
(Tokyo, Japan) A|&& A3t AlE Aol ARE-gt Hsh
EF(sodium chloride), 5234 k(tartaric acid), 57+ 22t Jun-
sei(Koyto, Japan), Acros(Pittsburgh, PA, USA), J&T Baker (Phil-
lipsburg, NJ, USA) A& ARSIt HPLC 415 $1$ ol&
Foll= ol EYEH(acetonitrile)?} $14H(phosphoric acid) HPLC

Table 1. Analysis condition of HPLC

Instruments Nanospace SI-2 (Shiseido, Tokyo, Japan)
CAPCELL PAK MF C8 (4.6 mmx 150 mm,
5 pm) (Shiseido)

Temperature 40

Column

Detector UV 235nm, PDA 235nm
Mobil phase 0.1% Phosphoric acid: 60% Acetonitril=90:10
Flow rate 1.0 mL/min

Injection Volumn 20 pL

|02 7}7} J&T Baker®} Matsunoen chemicals(Osaka, Japan) A
F& AHERiT

HES &8 24
HEF SRS AFTA A 7. dAERe BRESE AEHGY)
AE F AFHREEAE A 1Y BREREQRS)E FaLste] &
A8tk AEE AlEsle] oF 50gS AYs] ol HASMEFR
80 g, 15% F44F 15mL, 374 100mLE 7}13lt) o8 &7/
7] (Vapodest 10; Gerhardt, Konigsberg, Germany)S ©]-&3}<]
20-30%7F 7 S00mLE w2 F 045um WEYA FHE 9]
&3te] AR AE A FEH O sl Table 13 722 =730
A} HPLCE #4315t

AZRIA A2 BE, 2RI D4 AR 2 A
2t 2 O AFE Ao 2A RS A At 2~E
= IS A ek 3Rk 0 A ko] BAE T

A

ETRE)

ol

HES AUYFHMFY M5 H oMY HIL

HER] AAFYAT A2 HFdEAH <8 Al
AlEL FERle] 7R AUAHF B2 ARG 25)0] ¥
Holl w2t JYsiiet. nEge] wuge, Y, AR ddF
A # H(estimated daily intake; EDI 2% ¥ REE H 3
FHCL) 2005 HRIATY - GFEARGFTE(G0)0] 2 A
o 3, A5 AAFF, IS v F 20053 AT - Y
FARARZARRE (7)) AE, AFE W AT OweE W
o] A=t

EDI= C, xF, /ow

A HAAH90)E ZARAE AA| 2] A9 oohe] AEMHTS 7}

2 AFAAe] HEE FHFoZ SN

T3k ol o] )3} 7ro] JECFACIAM A8l Y& dL4F s
| ZHADN(32) AW AHF 25 mgkgbwiday, A& 5mg/
kg-bw/day, TEFSAI9HA)EAEE 10 mg/kg-bw/day?}t Blasle] A
2 S 2Eslal o]F EfE 7t HERY dd F4 4
F7Fe] S Hrskh

A= (%)=(1 L LA F =F/ADD)x100

Mol NE F 35870(50.5%)014 AENILRIE HEHY RESR
T 7P B2 AEFES BATh AF T 53] AXALS] 95%
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Table 2. Concentration of sorbic acid in foods and estimated daily intake

No. of Food intake Estlma’[se(()ir Siacll;/c;gtake of
Food category No. of detected Mean conc. (g/day) (ug/kg-bw/day)
samples samples (mg/kg)
(%) Ayerage 901 Average 90
intake intake

Breads or rice cakes 53 15(28.3) 223 14.37 47.02 6.55 22.09
Dried confectioneries 5 2(40) 205.7 7.44 21.00 38.44 103.69
Candies 5 1(20) 30.3 0.92 0.00 0.63 0.00
Jams 5 4(80) 287.2 0.25 0.00 1.05 0.00
Syrups 9 5(55.6) 2473 0.00 0.00 6.42 0.00
Butters 8 1(12.5) 33.0 0.11 0.00 0.07 0.00
Cheeses 40 26(65) 700.8 0.58 0.00 9.92 0.00
Dry-stored meat 40 38(95) 4182 0.01 0.00 0.08 0.00
Bacon 6 2(33.3) 58.5 0.20 0.00 0.23 0.00
Sausage 22 17(77.3) 628.7 1.86 0.00 26.43 0.00
Meat products 16 15(93.8) 396.1 1.07 0.00 9.10 0.00
Ham 20 16(80) 7552 3.31 0.00 56.69 0.00
Processed fish product 29 25(86.2) 696.5 8.80 22.64 115.63 308.24
Margarine 20 7(35) 197.2 0.02 0.00 0.17 0.00
Fruit and vegetable beverages 9 3(33.3) 35.6 24.16 0.00 17.37 0.00
Carbonated beverages 31 1(32) 0.6 32.49 76.99 0.38 0.86
Other beverages 61 1(1.6) 0.7 8.81 0.00 0.12 0.00
Soy sauce 44 1(2.3) 1.0 7.57 18.91 0.14 0.37
Soybean paste 7 5(71.4) 615.6 8.80 27.21 96.09 307.02
Gochujang (fermented hot pepper soybean paste) 5 2(40) 274.1 6.43 18.98 29.90 90.64
Chunjang (black sauce paste) 6 3(50) 409.4 1.36 0.00 11.13 0.00
Mixed soybean paste with gochujang 12 975) 396.3 2.28 6.00 14.64 35.28
Sauces 18 1(5.6) 72 0.35 0.00 0.05 0.00
Dressing 6 3(50) 218.3 0.17 0.00 0.65 0.00
Salted and fermented seafood (feotkal) 12 1(8.3) 0.9 1.49 1.04 0.02 0.02
Sugaring pickle 24 21(87.5) 325.6 0.17 0.00 0.50 0.00
Pickle 80 58(72.5) 287.0 7.33 23.40 43.50 143.86
Wine 40 33(82.5) 58.5 0.46 0.00 0.43 0.00
Dried shellfish and fish fillet 67 54(80.6) 269.1 1.59 0.00 7.98 0.00
Canned-bottled braising 3 2(66.7) 254.8 0.19 0.00 0.98 0.00
Hamburger 6 1(16.7) 9.3 2.86 0.00 0.55 0.00

Total 709 358(50.5) 325.6 0.17 0.00 49585  1,012.06

%ADI 2.0 41

9] =& HAEFES B 1 9] AS7HE(93.8%), TEU(87.5%),
o F7FEER62%)NA E=A UEHth " HAEFS ARV
7552 mg/kg® E 7P A UEREOH, 1 T o= X=HF 700.8
mg/kg, 1F7FEE 696.5 mgkg, AR 628.7 mgkg, B 615.6
mgkg 22 =A YERT

QAT W e R 5 1659 AFoM e EatH
Haahgol| gk Axls Table 3904 AAEFATE BA48 = 44
Mol AE F 11570(26.1%)0014 FA3R7F HEENeH, 7]
ERFET 902%2 7P 2 HEES UERIY 2 9 @EE
F(64.5%), A - A A2FSE@44%)1H =4 et H2a A
2% w3t 7JEl2 BollA] 283.1 mgkgl ®E 7P =A JEton,
I tge g BRSER 1462 mgkg, - ANAFSE 137.0 mg/
kg =02 =7 Yehgt)

(=]

SERSAI A 2B F: AZATE T 659 A FolA
AP St 2B 7 el tldt Az Table 59141 A
AlBtGh 4% & 258709] AR 5 3970(15.1%)0014 THESA
At ~E Fr AEENOH, P3| AEEC] 435%= 7t
2 = YeEhg 2 oz AART} 31.6%E =A Ve
. B AEF T3 7F0] 297 mgkgl ® 71 =4 UERt
on, I gEog A2FIF 24 mgkelE B UERT

BERO| AAXMMET I oty Wit

22NN 22NN FH%, A, A9, FAHAA
of et dIFgdH= A H7E A= Table 29 Fig. 1
oA AAEATE W e HRFE T 3159 AFolA LA=RILE
o] IR dYFGHFHTFS 495.85 pghkg-bw/dayo 2 AEE A
om, ADI thH] 2%= HHE JATTOLRE H7HEATE A2R]
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Fig 1. The percentage compare to ADI of preservatives for average, sex, age, and high consumer of national population.

Akso]l AL F o] 87 (115.63 ng/kg-bw/day), B73(96.09 g/ QPgE AATEo R HIFEATK(Table 2). ZF 21 EF73
kg-bw/day), F5(56.69 ug/kg-bw/day)’t & AFH TS| 50% oS HA AHF 5 AUF T 2% 4 2F9 75 7t 2Fel EH
S 7R AR Ve
S 9F Aol &, 49 90" @HW} 7] wiiol AFeadF el

A ste] 2ZHAR WA 7)ofy

o] ZAPIA o &TFEERVE T AFel Bol EghE o] A ZolE Kol SUThFig. 1). F - 7
&) H71F 215389 Apo] Sk ADI thH] 9=} 3.0%, AR 3.0%= A wE
o|5 Holx| elth B Ao AZHIM Sk 2Eo] A3
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(3573
}\
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T =& 1,012.06 pgkg-bwidayR UEREOL ADI tH] 4.1%2
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Table 3. Concentration of benzoic acid in foods and estimated daily intake

A e o

= E—

ZAK18) =
Mg

A HFHES ADI thy] 124 4.7%, 3-6M 4.9%, 7-12A)

No.r Food ke P ke of
Food category No. of detected  Mean conc. (¢/day) (ng/kg-bw/day)
samples samples (mg/kg)
(%) Average 90 Ayerage 90
intake intake

Breads or rice cakes 53 9(17.0) 3.9 14.37 47.02 1.15 3.89
Dried confectioneries 5 1(20.0) 8.1 7.44 21.00 1.51 4.08
Candies 5 1(20.0) 10.0 0.92 0.00 0.21 0.00
Jams 5 0(40.0) 5.8 0.25 0.00 0.03 0.00
Syrups 9 1(11.1) 0.1 0.00 0.00 0.00 0.01
Butters 8 1(12.5) 40.4 0.11 0.00 0.08 0.00
Cheeses 40 9(22.5) 3.7 0.58 0.00 0.05 0.00
Margarine 20 2(10.0) 61.6 0.02 0.00 0.05 0.00
Fruit and vegetable beverages 9 4(44.4) 137.0 24.16 0.00 66.90 0.00
Carbonated beverages 31 20(64.5) 146.2 32.49 76.99 95.20 213.40
Other beverages 61 55(90.2) 283.1 8.81 0.00 47.30 0.00
Soy sauce 44 3(6.8) 8.9 7.57 18.91 1.20 3.13
Chunjang (black sauce paste) 6 1(16.7) 4.0 1.36 0.00 0.11 0.00
Sugaring pickle 8 2(25.0) 4.5 0.17 0.00 0.01 0.00
Pickle 96 6(6.3) 114 7.33 23.40 1.52 5.02
Wine 40 6(15.0) 3.1 0.46 0.00 0.02 0.00
Total 440 115(26.1) 215.34 229.56

% ADI 4.3 4.6
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33%, 13-194] 2.2%, 202941 2.0%, 30-494 1.6%, 50-644
1.2%, 644 °]F 1.0%=Z AHEEo] Bg AR A JHAFTS
obdEt Ao g HrFEth(Fig 1). Al W2 A=RIAS A3
25 ADIS MW A3 112494 134] o] dAHET B
e oL ol 111249 A1FS 53 AR Ao 4F
ol 134] o) dHT ¥ Bre Ag onlshs Zo] o ofdd
ole] AFo] 134 ol drt) Bgozn AT v HdFHFe] ¢
gk 22 Uehlie Zelth T3 A9 Z7ldl wlel ADI
H] AFPo] Foju= FAFS HPoH, o= HAdr]|el Hdr)
(132940l A 7= AEFFZe] AA71G30A o)) ol F
o Ao 2 AERIMR ] | 7HAE Zez A

7hgi}.

Q| gkat: ohalgbRe] FRlHw, A, AR, FAHAA
o] dAFHHFZFH M H7 A= Table 39} Fig. 1014
AASATE W B Hi 5 1659 AFoIA AR =
U UYFAAF LS 21534 pgkg bw/dayo 2 AEEJom,
ADI tH] 43%=2 s AFAFEoz HriE ek bR
o AHAH F FSEF(9520 pgkgbw/day), I - AAF S
F(66.90 pg/kg-bw/day), 71ERE-E.(47.3 pg/kg-bw/day)’t QF2 SR
AH Y 97%017dS AASFATHTable 3). Y(38)2] - &
o} zwdFo], 3F - FHEAE(18)2] 4% AU LF(Cordial,
regular), QAR F2 vaSEEFe} ALyt FH 71 AFI9
on, WHO AEAQ3]0) AEE o7l F7ke] Qhajakat A F o)
23 713 F T3 e EFEQ39) ol FU A 22
Aok AR B9 SEFOM HAEF AEvE =
T =4 JEh k2ERte] i SEE Bl sk I
M LA LF ol AT 7Feiel Atk

AAAFA O] AF S =Y Ha AHFE B 2F 52
229.56 pg/kg-bw/day= LFEFEO L, ADI tiH] 4.6%2] AT
2 g Zloz HrEEAtK(Table 3). 2T GA] A2R]
Aot v R 7F A EREE A HR J4FF F A
F 5 10%00A A9 90" HHAE f19] alF A EFE i
A

2t 4.6%, 4.0%SZ GA7F Azt QRIERIIFE & o Hol
AFshs AL YelHthFig 1). &F - 7= ZAK18)d
AE ADI Y] G2t 15%, 92t 10%2] AFFFS Hol 2 o
TolAe} o] e w2 HFHFe] 2olE HY oL, & F5(40)
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o AFeA= o ME xpolE HolA] YT £ AolA
= g wE AFgAFY Aol 53] gAY A9 AR
Ho}h e EE ofF o8 © AFsto =y AA AEAFH ] A
ol& of7|sll oy & T(40)2] Aol ek ElA FAE
sto] HEEA] oz ebaFel A3 %] 0 mgkg bw/day
o7 JrEEo] A mE PR HHF AolE Ko
2] ¢re ROz A7 EL),

Asd HFHFS ADL U] 2t 124 11.0%, 3-64 11.7%, 7-
124 7.6%, 13-194] 6.0%, 20-294 5.7%, 30-494] 3.0%, 50-64
Al 1.5%, 6541 ©]4 0.9%=E AkEEo] RE AFe] HFHFES
QP Aoz HIIEJATHFI 1). SHEHRe] A% HAT
gk AENARe AR AHFH o] 11241914 134 o)
of B3] ADI t¥] AdF o] B} =A Yepsken, AFel 37t
9} ¥ ADI th¥] AF o] HAEATH

TS AP A 2B 7 TS A PA EF| 2B /o] F7
A, 4, A=d, 9 AFAR] ddFAEHAF kg H
7} A= Table 49t Fig. 1914 AX AT A2A4S F 65
o] 2FoA TSI A o 2B R FHl Hit dAFHA
S 501 pgkg bw/dayS 2 A= 0m, ADI thH] 0.1%=
SHHS Aoz HUIEAT FERSAI R SRAb 2~E 72
AAFAHHT Z 7-8(4.04 pgkg-bw/day)el & AHZF] 80%

I
I

o

= [+

3& ARSI tH(Table 4). Yo ZAKBS)ONA 3 S5} =
21Fo] ASAIRPA 2B R AT F2 71044 Feldr
39 AFAHO0MY AFH T =T Hat dFFERY ) A=
o =2 11.58 ugkgbw/day2 UFEFEFO L ADI thE] 0.1%E <t
A HFH FE22 7= ATKTable 4). THESAEA] gF4tol 2=
B T3 A2RIARS kRS 99k 7o) A HA
9] 7} NERYE HAY F ARALS T 359 HEFM A
990" AFHATE gl 2 AEFRI tig FREAdFFel
0.00 pg/kg-bw/day o 2 A=E| T},

Aol WE AFHZS ADI ] ZH2F 0.1%, 0.0%= 2 x}o)
7} 1 ch(Fig. 1).

AP wWE HHZe ADI tH] 27 124 0.1%, 3-64,
0.1%, 7-1241 0.1%, 13-194] 0.0%, 20-2941 0.1%, 30-494] 0.0%,
50-6441 0.0%, 644 ©1% 0.0%= AHEEo] RE o] kA
g AF TR WUHEATHEIE 1), FEESAIRPA | 28 R/
o AAFE AERAHFO SH3MRRET HwE Ho] AR

ge 4% Aot 2A JER 2w e

¢

d

ke
N
ki
Lo
m

Table 4. Concentration of esters of p-hydroxybenzoic acid in foods and estimated daily intake

Estimated daily intake of
No. of Food intake esters of
Food cat No. of detected ~ Mean conc. (g/day) p-hydroxybenzoic acid

ood category samples samples (mg/kg) (ng/kg-bw/day)
(%0) Average h Average h

intake %0 intake %0
Dry-stored meat 40 1(2.5) 0.4 0.01 0.00 0.00 0.00
Other beverages 61 6(9.8) 2.7 8.81 0.00 0.45 0.00
Soy sauce 46 20(43.5) 29.7 7.57 18.91 4.04 10.50
Mixed soybean paste with gochujang 12 1(8.3) 2.9 228 6.00 0.11 0.26
Sauces 19 6(31.6) 224 0.35 0.00 0.16 0.00
Pickle 80 5(6.3) 1.9 7.33 23.40 0.25 0.82
Total 258 39(15.1) 5.01 11.58
% ADI 0.1 0.1
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