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Study on the Content of NOs of Leaf in Chinese Cabbage,
Cabbage and Lettuce as Affected by Leaf Age

Sohn Sang-Mok** - Kim Yang-Ho

Lab of Environmental Agriculture, Coll of Agriculture, Dan Kook University,
330-714 Cheon An, Rep. of Korea

ABSTRACT

Under the visual judgement of consumers, to reduce nitrate intake through vegetables,
this experimentation analyzed the content of nitrate, in heading leaf vegetables such as
chinese cabbage(Brassica campestris L. ssp. perkinensis (Lour.) Rupr), cabbage(Brassica
oleracea L. var. capitata) and lettuce(Lactuca sativa L.) by the leaf number. And the
result is summarized as follows.

In the nitrate content change by the leaf number, the nitrate content is increased as it
goes by from inner leaf to outer leaf and the nitrate content in leaf midrib is higher than
that in leaf blade. In case of chinese cabbage, the nitrate content in the leaf midrib from
the most inner leaf to the most outer leaf changed 40~3,177ppm and in the leaf blade it
changed 40~2,887ppm. But the nitrate content in the leaf blade of cabbage from the most
inner leaf to the most outer leaf changed 83~2,297ppm and in the leaf blade it changed 25
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~765ppm. In case of lettuce, the nitrate content change of the leaf midrib by the leaf
position was 419~4,349ppm, and in the leaf blade it changed 260~2894ppm. It was
concluded that the outer leaf of chinese cabbage, cabbage and lettuce should be removed
to keep the lower nitrate intake by population before it is consumed.

1. F

Sevetl s i 1 AFGANOy) FFol EAIHI AIRAE AL 1993d %0l F=A
4y FAgAH o] FAO/WHOS 94<¢ 43383 ADI(Acceptable Daily Intake), 219mg
(anonym, 1993)¢ 1.7-3.4¥iuk ZFgche Aol &(1995) o8iH Bu=a Feejrt, @
e 4dd AAFAHAZF] AANAM THF B olfrE FAET ALY o] B2 o
7 ik vk, MH7RlE dd ANGHAZE dFES ALE T AHstn Ao

10 4 27 Ax 2¥FE 161.4kg(ZIAFA FAGAA, 199) 2= AA 1990 H3
#5909 NOs &3 AAZFT MLE 3 A/ I-BUA=E AT J&S FLEH,
dd AFFHAFE Fol7] AdME 27t Hgdte = AAG FRT ALY st A
&8 3% NO; AFHAFE EoF & "art Ao

azig @AY F2 4T gle AR QL[ NOy 3 d7s iidsd 9574
# 25 € grozwt UrojA d7EH US ¥, A8 Aol Sl wet o JAHF
o] AYA HERd g ATE ATFE Fuolr}t, matx LuApt 44 A Bgos
NOs ¥ & I AAT F AT £ A 3= FRE ofd Agsol YA ¥,

A 2 d7e AREI e WE, $NF, FEFE dBes 39, 2HRTL A
Bt NO3 7k tg=E2 JHHo e FHE T2} o] Nz o dHE €9 & U=ES
7] 93 99 HAo) AFH EgxFozRE AZHdA met 9o A7t o Aol A<lst
o A¥el W& NO; &% 3t dAE 7oA A

I. wgest

Yudoz H4sh 4F 4Fel BRTel g NOTE Aol 4N 74¢ Fo A= A
gsn 234 5%t F45) ALTAYL WEUEUAE A e AH 4HE 3
B%E FHE S 29 Fuz Az WP AT FF NEW ol 23oI4 F
58 e PAIA Tl Befog Rulslo] T el &of EASE S. ephidermidesthc
4ge) $F02 NOJE 98 # AlA Ao42n) WY2aIA aminedt Agsho] Borg
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29l nrnitrosoamine (&4, 1983 ; =% =&, 1995 ; Bruning-Fann and Kaneene, 1993 ;
CancerNet, 1998 ; Ganggolli et al, 1994 ; Kaneene, 1993 ; Kiibler and Hiippe, 1985 : Miwa
and Miwa, 1995 ; van Maanen et al, 1998 ; Westin, 1990)2 343l

MAFF(1992), Miwa(1995), WHO(19%5) ¥ #+1(1983) §& Nz € 2gu Fozgr 1
o A3 FS ¥ S deod £ Udvkn B3 Rz, A 51993 M SAHA
2% Fole] methemoglobin® 85 UATHE ¢ H&xAloA blue baby AL B<
Fob7t B e $f¢ Bo] NOs &4 7IEx9 Tl o4 298ppme] §3F& Ueion, o
£ 21315y 29 9L o] vhg F9 v =3 LA NO; £"o 97 ez By
dub7b ok, &3 Z2(1993)01 <3t HWgel AF 1Kg? 0.56gS F4% 2 1255 3571
methemoglobin B¥ZF o2 HAlslgTi B HYch.

Bradley$(1940)2 7}%ol NOzol 93 F%& dod £ e 3L 5x HEF
10,400ppmoldd o Az HEE dod & Qvtn Bi sfen, #HF(1%68)2 Y&
A 7t TS EQUR sPed o &9 ZAIEE ¢ 11,300ppm/dry weight
o]4+e] NO; #&& 713 italian ryegrasss} 17,800ppm/dry weight °©]’3¢] NO; &g 7hzl
244 dEolgi St §5(1989)°1 ojstd AA thule] o3 AuiEo] NO3 7t 522
44 italian ryegrass® WFA T A3 HY HPZF o] methemoglobin®] F=7t Hx
22.5% % JEtdtha st

(1979 FFAETH Q) BAF FAAETH ol el BT AFAA ofAlZ 1
HAETY HE F HALE HAT Aol 284 &L AHEEN BiF NO; o] 8% 3
[ g on, BE d&e] el NO; &3 1520ppmeld, w=<1¢9 2% 6-TppmA
= e ole 4ol NO 7t ez Fieo Je Ak, F uF, F 58 tFe
2 AAs7] dgielet ddrt. Van Maanen(1996)o] &5t TAMATYU ¥d59 AF4 &
amine ¥Fo] ¥ AL 445 3Tl 28 A A gz LHAA mig e
NO; & %3, %2 nnitrosamine®] #3%-& Yeblivia B st

#41(1983)2 NOs AA %Y AGLBES M2 FA4ABAZE vk B3 sdxm, g2
o] ¢ MURY Yol o7 AtdEo] 2T RS vt W(1998)2 #d L&) A
Al g9 35 JF 10937 dA2e 869, Az BBA T, =9 FS AT 10
S Fah= 80.1%, ke HFole L, ALl A APEELS B AL AT 10
oHg 50.2%, fEAvEE @A A8 33.2%, 9A% 19.8%01F 1 T, AARAYTF
(WHO)S Bxel 93t ¢t 2L A48 9 FH8E3 44 FAE 73 gtz 3§
gdov 1 42, v o|%izk 8 o9l 1M F AFo Q] MLE Hol HE R 1A
dE] AY LSS JEUAY TAEH viEASH, AAE] AFEE o)Xl 2, 34
o 9 SHEL FARET ZotA v 3, Haenszel(1976)01 <J31R 3toto] AF o
Belol di3iA NO; A3 HFa ¢ 2 98 Eunsden e wF, F 59 3ol
Be AR AT 2 HER fgde] HAFt Y.
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o A= 9

1. SANZ

Mg 629 dBFTAECIA Addgn e wlF, FlF, FEFE 19989 245 4¥71
A 7P, dHEE RS, HUge 1HeR 3o JAEE |3 E wiAr oAS ¢
Al 53 dAeg TR A4z FFE AT

B Lo AEY AEE HES ABFHE A9 T3 2719 AL Hgen Avie 7
Ae E DI Zoh

Table 1. Average size and weight of heading leaf vegetables used for experiment

Chinese cabbage* Cabbage** Lettucet**
n=12 n=12 n=12

Diameter (cm) 19 20 15
Leaf lengh (cm) 29 21 26
Leaf width (cm) 17 24 23
Leaf number(ea) 52 46 2
Total Weight(g) 1919 1138 506
Weight of midrib(g) 55 17 6

Weight of blade(g) 26 37 23

*Chinese cabbage(Brassica campestris L. ssp. perkinensis (Lour.) Rupr)
*+Cabbage(Brassica oleracea L. var. capitata)
*++Lettuce(Lactuca sativa L.}

2. AU

NO; &% & 519N A% E. coli AX ARFLEAY L o] g3lo] BT}, A4
AR g9 FE, Ao ERE ulF, duiF, 4FE NO7E JAHY e Axs
of A¥ P MEA(E, 1993; &, 1995)0] AAFHEF apel gRpAES o] &t Al 24
5 10g2 HHste 200ml HAE&A0] Y2, 33 FFHFE 100ml 7HF 200pme) &5
2 1A 3gAZE, o] AL NO. 59 1/2 filter paper2 o3 3l¥th, d<f 0.2mlg A9
ol Hsted 0.8mle formate bufferg 7Fsts 37T & 3L7le Y242 ZZe] APA A
JHAo g AANAE T YHAEHE BEF NOs & NO; #4717 948 E. coli®
cell€ Iml ¥3 2087 248 g,

ololl nitrite test reagent (NEDC+Sulfanilamide)& 7}ste] AHxidoz @Az UV
spectrophotometer(MILTON ROY Model : SPECTRONIC 601)E ©]€-3t9 374 540nmell A
ZA43 .
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V. 2% 9 2%

1. G9il NOs B et

w3, ulE, FEFe F9lel @ NOs % Wshe (2¥ D, <(a¥ 2, (ad DA ¢
T e vie}l Zo] At FMEFE F, o Z7PUF €45 NO3 g3l 571814, o1& 4
AEAE wF F=, alol ZF r=0.789",r=0.659"%1, PuFE FE, <G4l
r=0.626", r=0.615" fot. FFFE F=, HAo] 42 r=0.984", r=0.902"9 < JIH
AE Bk & Uidelr 2oz Z+E NO; g3 $718e Jehidit, olRe 9%
ol WEFRT NO; #3o] Bk £712(1993), Sohn(1994)¢l o3 Big uieh dx&sct,

NO; &#o] n5E A422 EFE(EF 2, 1993 ; Sohn, 1934) W% $5< 3¢ 21919
A B dieh go] AU F A5AMXE 40-1,113ppm FE=E B3, All~159LS 250~
1,393ppmB =% 3, A21~25%7t19) NO3 &3 563~1,786ppmA 2, A31~HBH7HA < 1,228~
2,929ppmA = A, A5~H Q71X E 1,298~3,17Tppme] NO; &34 Jelld, w3 559
HUAFE HAG7tAe NOs &3 HA 40ppmT-E H33,177ppme Yehd wjF: FS
ANE T HAA e 1 Aol 79.4¥4 HUT

W3 dAe 4$ NO; §32 AlS5A7MAE 4097ppmeldn, #A11~1592 #Fe 73~
630ppmol 2, A21~2587tA19] NO3 ¥FL 119~965ppmel ek, A31~3592 159~1,696ppmel
NO; HAHE 2]ch. Al~4597HA = 459~3,48lppm 7HAIKAch, A46~H 2 A7txel NOs &%
& 522~2,88Tppm7tA Atk & A9 49 NO; I A %L 40-3,48lppme 2 wiF A9 2
A e HAA HoX Aol 8§7.0M2AM AT FAFF /M Fd.

7R NO; AHZel Ha 500-2,000ppmTELE F5E W42 2FI(EFH 2, 1993
; Scharpf, 1991 ; Sohn, 1994) ¥ui3¢] A$+ WA $5L Al-54971X+= 89-336ppm, #l11
~159< 192~296ppm7tA At. A21~2587HA & 453~1,667ppm7HAI Ak, A31~3B5H97HA= 535
~2,297TppmelHc}. AM3G~HQA7HA = 788~2,297ppmE UEIWTE. & Pl FELS HiA
8ppmTE H 1A 2,297ppme| NOs #&FE Hio.

FA9 A% HUHY A5 25~294ppm EE UEHAR, Alll~1589 NOy H 3 &
& 121~438ppmel™, A21~259L 187~300ppmel A2, A31~BEY #FFES 233-400ppmeol
. AB~eiAE HA|AAR = 32~765ppmE  UEldT, gAle HA Bppm FEH O Hxn
765ppme} NOy HAHFE vehliich, Julide Foid AAd HAR H1X Aole FHe
A4 25.8% 449 A4 30.681 %t

FaEE &3 2(1993) 2 Scharpf(1991) Tl <&l NO3 &3] & 15E AAToE ¥
F50 ek, 359 A AI5HL 419+1,287ppm FEolAeH, A11~159L 1,263ppmr-
2322, A6~JAHFE 1,603+4,349ppmE JERAAT. HHFFE HAA(7MA S NO; g3
419~4,349ppm HH el EAsHA
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Fig 1. Nitrate content in chinese cabbage(Brassica campestris L. ssp. perkinensis (Lour.) Rupr) by leaf age

- 120 -



W, FlE, FaEe] AHE NOYHF old] #% A7

leaf age

leat midrib
5000
y =24.492 x + 251.85
‘E 4000 - .
s r=0.6266
a
= 3000
Qo
C
3 2000
o
2 1000
=
O i
0 10 20 30 40 50 60
leaf number
leaf blade

5000
‘E 4000 | y =8.1903x +148.99
8 r=0.615"
+ 3000 r
o]
§ 2000 |
e
©
= 1000
= .

0 fl 1 1
0 10 20 30 40 50 60

Fig 2. Nitrate content in cabbage(Brassica oleracea L. var. capitata) by leaf age.
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Fig 3. Nitrate content in lettuce(Lactuca sativa L.) by leaf age.

dael A4 AIS5A7AAE 260~773ppmel Az, A11~15F7HA= 836~1,443ppmel K27 A
16~A9A47AAE  862~2,8MppmeI At & FAF FAS FASHE NOy #&Fe 260~
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2,8MppmAE A}, 45 9% AN TF 2ot AFMAT M AU FoE AN
HAX et A 2ol FF 10.49 FA 11.19¢] AER,

ojg} o] AEME A FHAVF F/HEFE NO; §Fo] 7kt AL 97t S7HETE A
X9 d¥go] Futstedl BE AErE sl wel NO37F S =] Je AXe A7t A
7t A8l wEt 4% A%t M2 FHEIE iy Hv, BE AEAYAAM NOs &
NOy 2 #9stes s (Nitrate reductase)7t L8 9 UF4E 1 Z2HET Eo
A7) W&ol FH7t S7HEFE NOy 3ol F7hste 2oz AQsojzin,

2. el MAlol mE NOs M#HE X0l

2 HAM B ups} o] 22 g9 ALE HYET doE AFFE HHUe gro
WEEE A43Ae W NOs A ZFel o 58 & F o

el A4 o454 1g AT A7 N9 1gd AAY "R BH3o= 3% A &
= NOs d# %S 28t FulFe 3= 974 1g2 AT 97 AR 1g€ 3T 9
o HoHoR 418%9] o B2 NO; H3HFE RAon 4Fx 9474 128 H3E 97t
R 1ge AAT o 2ot 650%4 o B2 NO; € Agde 42947 g

getA dd 22 #Fo ZF HLE HASEA dd UG HAFE Fo7] A Wl
F, $iiF, 4 2F dRFEUE WREE d9Hez Lvdke Ao] vigA#E ¢ F
UK. A7 AAE Bop ARFUMe AAE FFHS BAN FF C FuF < wF o &
o2 AFF7I wWE ALY §F FU1FC] Ane HoA 53] wiFe F5 ARdEL 1/34
= AAG F Lvdke Aol v, 439 B¢ gFde AAsD AF Rge I
Hog MAshe Aol Y MAFE Solevl HET Aoz |,

AT AAEE g9 § g AR AAENE AS 2717 AL iRgel A7 & 4
FHET NO; 43 %] 258 4 5 k. &, W] 35 =AM 945 7P 2L 4 74
7b 3geld L olwe ¥ NOs @32 2.6g01ed, M 2 €49 FAE 132g01x o= F
NOs &% 375mgs HehliRict.

FFEe s 2AHE AT H2Y FAC 1422 o|d9 F NO; §%2 bmgolRer 3
1gd A FA Mgl F NO; §F2 116mge et

FE ZAME 95 7P AL 949 FAVE 15gel ol & NO; %2 16mgelt, 7+
2 e FAE 125go2 oY F NO; #%L 286mge Uein. &, ZAY 2E ¢
AFe 33 AL 4 HeFE NOy 45FE €49 + dvxz 4zdn.

34
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Fig 4. Nitrate contents of leaf in heading leaf vegetables by leaf age.
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V. =

=9l 4 INEAHHF] FAO/WHOS dd A% ADI 219mge 1.7~3.4¥
U zdsted, ol 1 ML 2H[Fe] AA 19 H3 d=do] e Ha7t 1 AAE
FHT Arde H dEott. w2 AL FHER Aol FHEl wet 2 PHFo| of
A gEAErtE FHERA 46T &4 7HHA gde 2 NOy 2 I3 BHE 2
gt AAE F AE A s AR s,

ool wiF, gujF, FAFE oz, ¢Hd @E NOy&F st #AE 7FHstuz A
ABtEE v a2 ASE 8%t ohed 2,

1. 83, a3, FFo] geiol 08 NO; IF2 297t 718t 9 2717 8% NOs
ol FAHsETh. 5% A9 AAT/HS NOs g3 Aa@AE WF r=0.789",
r=0.659", FF r=0.626", r=0.615", F¢F r=0.984", r=0.902"2 = A4
€ Yl

2.9F F59 A% HANARAISHL 40~1,113ppmA=E BAT JRFF(AHLH~HAH)S
1,298~3,177Tppm?] NO; &3& uehdl, wiFe 544 HAAY HuA Role F59 73
T 79.490, B FF 87.0600 2R

3. i F F29 A HUIAL-59)2 89-336ppm, 7 A(A6~HHH)e 788~2,297ppm
E Uei, 94 HH 25-294ppm, &%F-4G 322~765ppmE tEhd, el F-o
AN HAX 9 HuA aole 5 A 25.84 A9 739 30.6W %

4. FEF 59 ZF HNIALSK)L 419-1,287ppm, 7L 1,603-4,349ppme et
Wz, FAae HUQ 260~773ppm, &% 862~2,894ppme e, FEFo FeE 3
AE HARS HuA Aols FF 10.49 A 11194 i ERT.

5.9%4 1g A4 ¥l HERE 1g A4S NOyAHZFL 39 7§ 3,728, w39
73S 4.18¥0, FEF9] ¢ 6.508 Bkt

6. Z8AHoZ 22 #F AAFE AHYsUA dd FAUAF AHZE So7] A e wF,
PlFE, F3F BT gFFERtE RS dg3es e Zlo| uiEEE ¢
ATt

2 % X K

095 Q979) : BF AEH A HAF AUAY opANAe FF WA B AT, B2
E53)7 1109) : 147~152.

ZIAHEH PA A -85, FAANE
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