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Distribution of Nitrate Content in Vegetables for Kimchi Raw Material and Changes
of Nitrate Content by Salting of Chinese Cabbage
and by Cooking Process of Kimchi
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Abstracts

This study aims to find out the devices to minimize the amount of nitrate ingested
from kimchi, the main way of vegetable intake for Koreans, and the basic data to
deliver to calculate the total daily intake for Korean, investigating the year-round
changes of nitrate content in vegetables for Kimchi raw material, and changes of
nitrate content by salting of chinese cabbage, and stewed kimchi through the use of
different cooking methods. The results obtained were summarized as follows:

The nitrate content of raw vegetable material for Kimchi making were distributed
over between 205-6655mg/kg f.w. in chinese cabbage, 480-3970mg/kg f.w. in chinese

DR AFe @3 dgR 19958 digrd Ty Ao o8 +3EAS
2) Corresponding author: Sang Mok Sohn

Laboratory of Environmental Agriculture

Division of Plant Resources

College of Agriculture, Dan Kook University

330-714 Cheon An, Republic of Korea

Tel: +82-417-550-3633, Fax: 553-1618

E-mail: dkusohn@choilian.net



Korean Journal of Organic Agriculture 6(December 1997) Copyright 1997 Korean Society of Organic Agriculture

radish, 157-5820mg/kg f.w. in lettuce and 29-520mg/kg f.w. in cucumber respectively.
Therefore it was strongly adviced to introduce the nitrate limit value of vegetables in
Korea if the nitrate content in Kimchi should be reduced to meet the nitrate
ADI(Acceptable Daily Intake, 219mg/60kg b.w.) of FAO/WHO, because the nitrate
content in Kimchi reflects the the nitrate content in vegetables. In order to keep the
low nitrate content in Kimchi, it was adviced to remove the outer leaf which contains
2-3 times higher nitrate content compare to the inner leaf at the time of preparation,
i.e. chinese cabbage, before the soaking treatment in salt solution for Kimchi making
process.

The dehydration: by soaking treatment in salt solution occurred at 0.9%~4.7% in
leaf midrib and more than 13% ~24% in leaf blade. The nitrate content after soaking
in salt solution was increased 107%~123% compared with before soaking, increasing
rates of nitrate content in the outer and inner leaf midrib were higher than those in
leaf blade. The increase of nitrate content in salt solution after soaking due to the
dehydration of chinese cabbage by soaking treatment.

The Kimchi stew(Kimchi JJige) was processed with and without animal oil, but the
amount of nitrate in kimchi stew did not decrease both treatments, but it increased
after the processing since the water in Kimchi stew has got low by boiling.

Key words: nitrate, vegetable, Kimchi, salting, cooking, chinese cabbage, radish,
lettuce, cucumber, nitrate limit value
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SR8 —H FHRHANO:)ENE WHOS A4ty dIAHFAS &% ADI (Acceptable
Daily Intake) 219mg/60kg b.w.B2th 177¥] WX 3379y Ba, dY NOs A9
90.6-%B.1%E MAE T3 AFIdE Ha(E, 1995)7F €A T AW NO; &, 3
471X 4 4dY4AFF Tl did FHol nxHm ok AU BE Folste g
NOsA#H7E BAFE o718 & ¥oy, 2F02 wdEE 8% o929 NOs o +73¢&
dog ANPUEHI o]F 15-25%7F HEM(NO; )2 FUHo ff Buje ZAAd =7
3ol Al NO; 7} aminef ¢ Z%3te ¢4& {2de 715 E-Q nitrosoamined A&
T 9171 W& eolti(Anon, 1985 EU, 1993; ##f, 1983; 3} kil 1996; WHO, 1995). &
F$(1983)% NO:s A HZFH A7 1093EZF A ARERY FAE 459 NOs A3
Fo] ST E Yo A% ALEo] FUhEte A ABHAAE veddan Badge
W, A7 4o QA o] B dEAY A Al Eo] ¢ 2~8ulE ESE A
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Aottt EF Gillig WZEE 140 7oA NOs A deAane #A47 nas
I 3T reviewH o] W (EWG, 1997), H 2o+ Ward 5(1996)9] B oA NO;
G e) FaBAZ AHHD Qo
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NO; &3 E coli AXE o] &8 FAEMH(E 7, 197 o] &3t EMaqct A&
A ANEE 10gd HFHA B F 234FFSF 100mE Wol 1AHEe awstg ot
o #%A] No. 5% 1/2 filter paper2 o #3tA}. o] F AR(FEFH 02mE FHFhS formate
buffer&4& 718 F dHF2 E coli suspension® FU3ted 37ToA &8 sg ot}
20% F 2ml9] nitrite test reagent & 7§ ¥ UV-spectrophotometer (MILTON ROY,
Model: SPECTRONIC 601)& o} 83l 540mmolA &As et 4AAAF &5 2 =g
F AXAAY AAE FFL HEAY A vPANAR ANEE AT F £33 01m
g FHsld A E coli X AJFAENYoZ BN,

m A3 9 3%
1. YX B2 A9 NOs/ &2 B

F2UL AU NOsAHAFY oF 906~95.1%F MAE T AIFsm(E, 1995,
19952, A4ste Mihe BE HFEo| A9 Hyolnz X ZA8Y NO; &FF 3
o] A NO:EF &€& ZA3E 4% A7} € & ddzm g3A Yo,
1994). oldl ZAAE F2 o ALHE F8 ZARY AL wF T, A9 HA4Y
dF BEXE dobstr] 98 19959 6€F-E 1996 4¥71x o 27049 widk 1dzF g%
FEAE AFE F2 A4sEU AN AEE FASY A2 NOs#§FFHE £33
o AAe F2 AR AMA NO;EF EX &= H19 2
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Tabel 1. The year-round distribution of nitrate content in vegetables
as major Kimchi raw materials*

Nitrate content

Vegetables as major Kimchi (mg NOs/kg fresh Magnification

raw materials

weight)
Chinese cabbage (Brassica campestris L.) 205 - 6655 325
Chinese Radish (Raphanus raphanistrodes L.) 480 - 3970 8.3
Lettuce (Lactuca sativa L.) 157 - 5820 371
Cucumber (Cucumis sativus L.) 29 - 520 17.9

* total 960 samples for 4 vegetables and for every 2 months sampling interval.

Table 2. The distribution of nitrate content in vegetables by different
author and organization

Nitrate content

Vegetables, author & organization (mg NOs/kg fresh weight)

Chinese cabbage (Brassica campestris L.)

Frommberger(1985) 62-2500

Korea FDA=*(1997) 59-5053

CACPK*%(1994-1997) 1100-6955
Chinese Radish (Raphanus raphanistrodes L.)

Claus(1983) 300-4960

Marschner(1985) 261-2300

Kampe(1984) , 20-2610

Korea FDA=*(1997) 312-3290
Lettuce (Lactuca sativa L.)

Korea FDA*(1997) 20-4813

CACPK=*%(1994-1997) 849-5200

Cucumber (Cucumis sativus L.)
Marschner(1985) 20-300

* FDA(Food Drug Administration)
*« CACPK(Citizens’'s Alliance for Consumer Protection of Korea)

Az 2A8Q wiF, T, AF, 2018 NOs §¥Fel MAER A Aolzt YN @
Zolidt. wiFe AHS$ dF NOs &% X & 205-6655ppm, FF-& 480-3970ppm, 43
£ 157-5820ppm, 2.0+ 29-520ppmo 2 Zk A9 HAX diu] HAX] NOs gFol z
Zt 324, 8uf, 37w, 2080y H7| WEolch, wiF, T, AF, 0|9 o] 22 NO; &
BEXE B204 & & U vt Zo] Aubert(1982), £MAEAE ATe AW B
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21 (1994-1997), Claus(1983), Marschner(1985), Kampe(1984) ¥ B HEZE A ZolAdLn
(1997) 8l BR& *k1(1996)9] Rt diZl YA 3E HolAoh

E(19942)°1 93t X9 NO: §F2 GAFY 2AFE ZARE dte 741 2437~
5871ppm, ZAF & ZAZZ = ZA 618~722ppm 2.2 BuHO AT B zA} F
I AXY FQ EAFQ wfF, B AFE, 20]9 NOs §FHe HAx 9 HUA 3o &
Z} 32.59H(205-6655ppm), 8.38H(480-3970ppm), 37.1¥R(157-58290ppm), 17.9¥H (29-520ppm)
Y Aot lso 2 A NO; 3 HAAXA ZASE ofd NO; % ZAs
NEE A3t 7 AHE3 =] we Aoz H$ gz B¢ Aok g 71X
o] NOs&#He £°17] daiMde FAERgE 2AEY A4 NOsFZE &9 Yrlok
 AAE AL NO; &FL FHANFE AE3te AN AT H A H Ay
€ zH3c FJAHZUoAA AxAuFo] FIEFE 43 F/Megn A 9
A A FHANF A Go] TS FEIL gloen sfA NOs§FFE AN 2
Aidg AFYd 9% $FFENHEY 7ho] BAA HE(indicator) BEE AL § Lol
BEadut ti(&# 2, 1993;; Sohn, 1996; Schn, 1997).

AAT Bole o] o] A NO:; §F9 WolZ L e NO;F#HF F&(&7
L, 1993 <&, 1995;, 1995)0] @ ZtEe] Wt (&Y 3 E£9 34 o)) @ 2
S AEAYAAME FoE2 @8td F oni(3d == F4, 4, 4, ®a), @ FE9
AMBA A BAXEEE, 5, F8, ESU &, v5A8%) 2232 £ Y7 g2
olty, Wt PR NO:; &FE Fo17] 93 HAA BEAE A4 A4 NO; AZA
e ForEg ALAN srtdA LA dEESF JEE FEEE /135
FEANEAY AA(EEAD g HHAHAA 75 L FHAEA =)F =9, U
Y, e2Egol, 292 9 FHAFEVANA HAHT gle MaE NO3 3 L7854
o FWEYl AlF3 aFEn BEHUG gt FA 9 NOs 22 44 2Az
Ao NOs &%l wet 257 dEQdd FUY 44 2As A4 NO; &% 45
o] F1lollA &+ lE ute} o] L FEE Eol FAO/WHOZ AA 33 & AD,
219mg/60kg b.w.& X 23/ 7t A7l W&o (E, 1995,; &3 2, 19935 Sohn,
1996; Sohn, 1997). 2 «9 H3 A& A2 FF F7ld NO; &% 58 £3se
R(E, 1996) = & WHyel € 4 vz godr

FH HXY Fo3 EARQL wF NOs EFol gz aA Aojrt glemz
(Scharpf, 1991; <&, 1995;, 1995; ) NO3 &%Fo] WFgr} 2-38) 2L g2 gL AAs
I AA EAER AHEste Wye]l AAUY NOs 3 ARAINE #4248 Wi & +
Atk ArRHRAT

o)

L~

2. Hix I A&

AAE $2T 9F NOs ¥Fol A=Y NOy#FRT £& 048 THar 4
A9 2% BARY wiFol P FFN AFY NOy #3 ¥3E A0,
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¥ 3& w3y Hd HAAGA FRHEJE By Y3 HHEA(F, 1986 2 T, 198D
2 €83 15% HIFE AHE3tY 641% B AU F HY AP wiF: FAE FE
FFE 2AE Aol wF HGA Yeue FEHI @42 AR A% 254
Aot Y A EARY 4 4 FEFFE AR € WRF S5 AS 91% W9
2 948 % RN 96%~97% Eu o BT 6417 AY F A% 9 WRFS
FEFFS Y HBT 24%, 13%9 F&o] EFHY o, 91 R UFEAY Fs A
d Aol vz} 09%, 47% EFHAT. F Ao g A¥ @FE JAETGE FSAAM F
2 dojun] gL AAF vl 6.8%, TFL 185%9 %-r% ALE Yet

Table 3. Comparison of moisture content of chinese cabbage before
and Bhrs after salting in 15% salt solution.

, , Moisture content (%)
Sections of chinese cabbage ?

Before salting After salting
Outer leaf midrib 97.5° 74.1°
Outer leaf blade 95.4° 94.5°
Inner leaf midrib 98.0° 85.3°
Inner leaf blade 96.8° 92.2°

* Duncan’s multiple range test at 5% level in midrib and leaf blade respectively.

MEE AYE F 4 R9d s FB NO FE 248 ved A
CA%FSe A9 2ARY NO;@FL AY Awth WY ¥ 123% Frakgon
Q4o AS 107%, NEF2 A9 117%, WAV NO; e 2 F 110%=
gt ARHos WE 89 Auch AY F NOs $HE 123%~107% FHakgle
H A% 2 WEESeld dunt 3ol ° AT

°o| A& Hada $(1979)°] HI% wjd A ¥ 8del AU HAEY NO; ¥Fe] HF
120% F7te A 9Ase Aoz, AY Ho vs) BY F w39 NO; FFo] 37t
e AL YA AFLA g5 wiF2EE Eo] WMAAA wiFUe NO; 7t &5
AaH oz ol AoE FEHHM FE9 NOs & wiFe €54 AX 2 HXAo A
% (Beudeker et al, 1985, McNally and Hirel, 1983)5101 A& NOs o d¥7t A wx
U ez Aadd. B gRAAGE WF: Y NO; EFE Eoled o= A= &
2 wyel € & vt dddd
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Fig1. Comparison of NO3 contents in chinese cabbage with cabbage
extracts before and 6hrs after salting in 16% salt solution.
(A Chinese cabbage, I Salt solution after salting)
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Fig2. Comparison of amount of NOs in chinese cabbage with cabbage
extracts before and 6hrs after salting in 15% salt solution.
(A Chinese cabbage, W Salt solution after salting)
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w3 100gell gk M) HF wjFot 589 F NO; &% ¥ate I2edAM Be uie
2k EFE NO;#Fe dd A 69mgallA Y F wiFo S8 F T3mgolAe
o WEFEL Y F S FE0] 16mgeE Y AR 2ok 9% R WFIAAL
44 A 3lmg, 2mgelRed Ay F 42 3Bmg, dmge s I AT wWiF 100g
of Wi’k F NO; %2 F9Ez mud A=z Aoy AY dd A FEIU
ARHo w9 NO; §FS HY AR Y F JFF5AA 10%, HFFFAA
6% ZAastgou, et T8 F NO; §FS 2 A3} visted & | A Zol7}
AATh oA AYA WFZRE E5E FTEY FUF FY FFo) gL F
NO; F= a8 Aoz Azdd.

3. #Xl =B Yol mE NOs; &a Hat

AXE AAZ nEo] A AF T o3 FAFol vE HEe=2 HEHY
2 %7 2AE bsAd dE AFE AAE] A3 HA =Y Yol @& NOs#
2 HgE AT

AAANY Ar2A AT oj&3te AL AATVIE AU BHE FAXNA
A Fo NOs &#FE FA® Zde 293k 2ok 4 98 A NO; %2 AA
A Aol wjs) AXAAN Foll ZF A5t 2 £ 2ALS @ ¥4 4 #9449
NOs &% Hg AF o o7t vehal ggtn. ols ndd 4% 714 F3AM £
Zwz A3 AARNMY NOy 7t #5HA7] dEoldtn €y, &8 HAR7 F F
EA NEE HME AAANY Fdz F4E AAY NOs #Fe 7188 ¥4 @2
ANE #Y 259 A ¥sd B%E vdeblo.

W 294t AAAAN BPER2 HA 100gF FAE HAG T2 F NO;y ZFoll o
gted vy AJQY AN A wjwsted R4 Fo F NOs F2 A o)zt U
o @M A zEAAE AXdBR PAS NOs §3Fe ¥ Zada fede A
€ ¢ F AN
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Fig3. Changes in NO3 contents of kimchi stew with and without oil.
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**Compensated value by moisture content
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) g 7t S 3 AFIZAAM 1d3H(1995.6-1996.4) 2708 A2 AR
%"4?'5}@1 Ax9 Fo AR Mre NG FF EEXE F4® AH W F, Fo, BF
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205-6655ppm, - 480-3970ppm, ‘&3 157-5820ppm, £.°] 29-520ppmel}ow Z+ A4
o} #H2X iy HAR NOs &FE 2z 320, 84, 37df, 2084t HU

2) A9 NO; ##Fe AAAZA ofH NO; % FEU ZAHE ALE A=t
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D2 NOz #aFe] Rt 2-3u ¥ 5 4e AAs2 Agste Wy AW
NOs &3F& AZAZIE FEFE Te] € & A9 AANHANUS. AA NOs F3Fe €
ol7] M E AA EAR Hi9 NOs AZHez M2Ad FrholA HgdLA vzt
4dE 7 UAEE F23te EGAD A% AHAHAA 75 T4 H7H vEA=E
A AT e NOs &7 9 =90 23803 |EH A

3) AXNE Fa2 ¢ F NOy o] RS NO; #FET £ o|FE T8
A8 HAY F2F EAR wiFe] AP FAMA AFS NOs #F W3z E £4% 2
3 15% HEs 64 LAY F 238 JRFF, AFEA, WRFTF, HFAAN123%,
107%, 117%, 110%7} 42 F7HEion w3 AAHezE HY F NOs #§Fo] o
123%~107% 7} F7bstAh. 23u g3Aee A4 R AEA W NOs d¥7F €%
dog FEA FozA wWFH NO;FFE Folcde o=Ax AR Wiol €
T %liit}.

) BAAA 22 P BE NOs #3FE B4 23 7 #9d HA9 NOs 32
7‘1134711 Mol w3 AAAN Fo| EF Aediod £ BHFES T F 4 wo4E
NOs &2 Mg dF9 Zol7t AY yetuA] ot HARME Zdto HHste 7
9 1@ oF MY AFEAFHE IAHA FU
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