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Safety Effects against Nitrite and Nitrosamine as well as Anti-mutagenic
Potentials of Kale and Angelica keiskei Vegetable Juices

Jong-Dai Kiml, Ok-Hwan Leel, Jong Seok Leel, Hye-Youn Jungz,
Bohkyung Kim? and Kun-Young Park®

!Department of Food Science and Biotechnology, Kangwon National University
“)Department of Food Science and Nutrition, Pusan National University

ABSTRACT

Vegetables contain high levels of nitrate, which can be converted to nitrite for reaction with secondary

amines to form nitrosamines. In this study, we evaluated safety effects against nitrite and nitrosamine as well as
anti-mutagenic activities of vegetable juices. To do this, the contents of nitrate, nitrite, and nitrosamines were determined
in vegetable juices. The safety effects against nitrite and nitrosamine formation were also investigated under simulated
human gastric conditions. The contents of nitrate and nitrite in common and organic kale and Angelica keiskei juices
were 931~2,052 mg/kg and 13 ~82 mg/kg, respectively. However, seven kinds of nitrosamines were not detected
in the vegetables juices. The nitrate content decreased when vegetable juices were digested under simulated human
gastric conditions. Nitrosamine (N-nitrosodimethylamine) formation under simulated human gastric conditions was in-
hibited by addition of vegetable juices. In addition, vegetable juices, especially organically cultivated juices, showed
anti-mutagenic effects in a Salmonella assay system. These results suggest that organically cultivated vegetable juices

are a promising health-promoting source.
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23} Aol obdAtsd P HERARD A Aol mA|
E gl U@ A7 Basth B Aol e §71% 2
oube AT} ANZ FZaho] AALe] ofhalel W U ER

AFH Ao a8t F AN
W3} 2 N-nitrosodimethyl—-
A aE AR B ALF

St

ammeS(NDMA) A4
o] gEdde] ans dolruzt

Ao AR f7ls 2 Ak A AR AY
HlE o A ?01 sto] Abgalginh AL AMxeE 52 F
2 33 A tF SRTE A AL Fol 557I(NJE-
2004R, NUC Co., Daegu, Korea)2 n}aj3lo] A glof] A&
st mhlE 252 4°C, 9,000 rpmell A 3087 94
w2 gt D& G5 NS 4°CollA Bste] Ao 2183}

ok,
Aot 2 MEE

D-Biotin, L-histidine - HCl(monohydrate), D-glucose-
6-phosphate(mono sodium salt), NADP(sodium salt)&
Sigma-Aldrich Co.(St. Louis, MO, USA)ol| A 943} <
1, Bacto nutrient broth(dehydrated)$} Bitek agart
Difco Laboratories(Detroit, MI, USA)Z%-5 G433t}
A EAH 0] Y2l N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG)< Aldrich Chemical Co.(Milwaukee, WI, USA)
oA Tt TRl FolA AT

Fls HAEQ UMY =H

A (nitrate) F=F: A4 =2 spectrophoto-
metric method® 43}t WA A& 5 g0l =74 45
mLE Yol vwasta 60E3F 95~100°ColA FH3lod
15% Ky(Fe(CN)s) 1 mLS}F 2 M ZnSOs 2 mLE #H7Feh b
o akgleh. o ¥l sample €9 2 mLol EFAHHLSO, ¢
HsPO,=1:1) 15 mL¢} 0.12% 2,6-dimethylphenol-ace-
tic acid 2 mLE #7158} 324 nmolA] EF =2 =439
o(21).

ol A4 (nitrite) A FF: o} A4 aromatic amine <]

Ao AARE F49) azo SHEHEOl g H4 gy
& At 3, vhald Mg 10 gol B Ak

0.5 N NaOH €9 5 mL¢} 10% ZnSOs &< 5 mLE 7}3}
I &2 100 mL7F FA 3 F o] AE Toyo paper No.5C
(Advantec MFS Inc., Dublin, CA, USA)Z o} ¥}alo] of 1}
o 10 mLol 0.5% sulfanilamide €< 0.5 mL<¢} 6 N HCI
LA 0.2 mLE 713k & Ao A 1587F #x]&}t}7} spec—
trophotometer& ©]-&3to 3% 540 nmelA ZF=F&
Abgste] vl A ket givh(22).

YEZ A (N-nitrosamine) &% 4: A 59 52
Hotchkiss 5(23)9] WHS 7N%3 Sung 5(24)2] o
2 537 Sl et &5 & 25 g9 A ¥
3ol YHEEFEZE 1.0 mLe N-nitrosodipropylamine
(NDPA, 1.54 ng/kg)s 7Fstol 571 AZA A S7
E°] 150 mL7} 2 wj7}#] &3 oS dichloromethane
(DCM, 60 mLx3)0.x o]PA|A WxaE ©FA|7]AL
Kuderna-Danish &X|o|A AAL7tA22 1 mL7HA] 533}
o] GC(Model 6890N, Agilent Technologies, Wilming—
ton, DE, USA)-TEA(thermal energy analyzer; Model
510, Thermo Electron Co., Beverly Hills, CA, USA)Z
YUEZA S #4390tk GC-TEAS] 292 Ultra 25%
phenyl methyl siloxane 2% 43 Z-el(Model Agilent
19091B-102)& AH&38F313l, oven <X+ 80~250°C
(10°C/min) & 3R o, He 7129 542 0.6 mL/min,
injection port =%+ 260°C, pyrolizer %% 550°C, in—
terface &%+ 200°C, ¢4#E 2 15.74 psiZ 3F5ith. 47
GC-TEAY] %7 3ol A 79 E+E A (N-nitrosodime-
thylamine, NDMA; N-nitrosodiethylamine, NDEA; N-
nitrosodipropylamine, NDPA; N-nitrosodibutylamine,
NDBA; N-nitrosopiperidine, NPIP; N-nitrosopyrroli—-
dine, NPYR; N—nitrosomorpholine NMOR)9] #3g] of &
£ Algslar, NDMAS 42 GC-TEAS] chromato-
gramol] 4] U'] 2 X ZHretention time)o] ZFEFeo
NDMA$} &3 peakQl A oI F-E co-injectionoZ 21

OfzlME S LIEEAIDI H3 2AM
: Q1F9] ML United States Phamacopeia
o A Akt W °ﬂ w2} NaCl 2.0 g3} pepsin 3.2 g& &7
4= 500 mLoll %<9 3 7.0 mL2] HCI(30%)< 713+ the
SHFEA4 1,000 mLE 959 1 N HCIZ pHE 1.22 %
Ak oH25).
AF&3} Al® AlZ: 25 go] A8 ¥ A 40 mLE
7F 3N HCI= pHl 255 = Z7skgieh. 37°Cell A 2411k
5ot FAAIZ & YE ZAI(N-nitrosamine) 418 A&
AHE-3LSA T
Ak, oAby B JER A 3 3 "6’3 AL, ofA
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I Salmonella Typhimurium LT-2 histidine % %2
T Salmonella Typhimurium TA100& A g A}-83}
A}, o] = E1r9 histidine operonol A EAHo|H
AoR EdAWe] B8 By g o2 HE317] 9l Al
X9 lipopolysaccharide(LPS)7} HFEHo =z £ad
deep rough(rfa) =], DNA excision repair system
o 3+ gene codinge] FEH o7 Aol uvrB deletion
Eodo] 18] 3 ampicillinell sl WAlS 7F4+= plasmid
pKM101& 7MA= #Fo|tt. Salmonella Typhimurium
TA100< histidine 342l 3 HA enzymeS codings}
= his G gened] EAWO|E oA wide type —#C
(leucine)o] —G88~ (proline)o.& x|3= o] gt} 8=
Salmonella Typhimurium TA100& & ©o]E G-C pair
= 9] 3}r}oll A base-pair substitutionS do7)+= SdH
o] 2AE& A& Al 2%tk 1E|al o]E AP AT
A2 frozen permanent’} FH = S WL} vf Ag =
histidine 874, deep rough(rfa) = Ho], uvrB &<
o], R factor 59 33 4-& Maron¥} Ames(26)2] ¥
o= gelsto] AEatgit.

AP B Ao F2 0] 83519 preincubation
testi= phosphate buffer €94(0.5 mL), 3}5% ajdd
F(1~2x10" cells/mL) 0.1 mL, 34 % A1 &(50 uL, 100
pL)e} =AW ol %‘Q’%@(MNNG 50 pL)% ice bathel| &
71 cap tubedl] YL 7PH A vortexdF & 37°Coll A 3083
o u] wjkalAT. 45°C9 top agar 2 mLAS 7 tubeol
F 11 3%7F vortexd}e] minimal glucose agar plateo] =
Dalal 37°Cell Al 48A1%F v kel & B EAwo] AE
Alstitt. g gl ARgE AlEet Edde] fEEd
9] Fi= o H]2 ¥ (dose response E EAAH)S 5]
AAsAT. Aol oA &3] A X (inhibition rate):
ofg] 2o o3 ALkelAth26).
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Inhibition rate (%)=[(a=b)/(a-c)]*<100

ar EdAdoldel o FEE EFAEAW| 5
(MNNG, control)

b: AlRE A=
(MNNG+ samples)

c EAWOIYN A ETF §lE A9 AAdEASAR |
9] 4*(spontaneous)

o] HAEAW

S 24
) 72 AR2RE 4 A8 A9se] fo48 A
A7) $18te] EAHEA(ANOVA)S 3t & /X0.05 &
oA Duncan's multiple range test® AA|3} o 1 2
B Y EEAAe BASG 2E B4 E4L Sta-
tistic Analysis System(v8.2, SAS Institute Inc.,
NC, USA) BAZZa3& o] &3ttt

Cary,

o] kA 1209

Axde A2AN) 944 170

Mol gtelA Agtoz NOsS w3t 3§

A A8 A4S “natural”’ @ “unnatural” 39 0]

Ak AAAA T FEE Ax, IY T AEAA EA4)
[e]

S ANAOR 4B P A5 Aas FRWE hw
43} we] Avtz EAG mebd AT A I
S 21 A el ko7 AATAE} HAe MY Aol 1A
8 Akl BAA o8 HSH, ARe] EE FF,
29, e MSE, e%, 9, 2, &4 Ei ofd)
S ANAYA WS 48, Y A et G
ol7} ATHET). ALe) S F7)wel duks Aol ws)
ot w2 A9 %P%L% HLE‘r‘ii—Etﬂ, 71 0l 27E
w 7] Al o) date} vlatel Kok W f71E AL
A skEFo] 4,523 ppm, IHbs AL o] 1,575 ppml =
Ui 2pol & Wolu AY el = v Aol vla] 253
Arbed Aste] AeE vehdan 19979 E = frleg L

2 AR AsolA ERR A Fhere] AR ol n
Qi FAleha @ehee). ® Yo A% dukEd )%
|d5e] Akl =k 1,851.6 mg/kg, 2,052.3 mg/kg o
2 2 Afo]7h tehbA = gkth(Table 1. A14%9] 424
e s B s 7% AdRe) A0 FFL ke
3 931.5 mgo2 duts AdxdA HEH kgd 1,556.2
mgl W3} QA GFol @S WkrhTable 1.
A2Fe) oA FF FH: DL Frhol A oA
Qo FUH T ol vhA] Aol A obNF} wrE
sho] werE Al YEZAMS FH5HE
tH29). VE2AY 4 w3EE
o 5wl ATl vesh] el obd
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Table 1. Contents of nitrate, nitrite, and N-nitrosamine in com-
mon and organic vegetable juices

Samples Nitrate Nitrite N-Nitrosall)nine
(mg/kg)  (mg/kg) (NA)

Common kale 1,851.6+342.1 28.6+3.3 ND?

Organic kale 2,052.3+102.5 22.9+3.3 ND

Common A. keiskei
Organic A. keiskei

1,556.2446.0  81.9+4.5 ND
931.5+85.2° 13.3£3.3 ND

*Signiﬁcant differences were compared with common samples
at P<0.05.

DThe following seven N-nitrosamines were investigated in this
study: N-nitrosodimethylamine, N-nitrosodiethylamine, N-ni-
trosodipropylamine, N-nitrosodibutylamine, N-nitrosopiperidine,
N-nitrosopyrrolidine, N-nitrosomorpholine.

“ND: not detected.
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A (28.6 mg/kg)¥} FAFEH obA4HS] RS WEFRTH(Table
. 7715 214 %(13.3 mg/kg)= duts AlA %(81.9 mg/
kg)el Hlaf w& obdAbe s YEilth(Table 1). vk
Ao AY ANAFHRUE oAb o] WAl UElR
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o] ZX ALY AAE 4= 9Ivh(32,33). 7E9] &
&3+l (NDMA, NDEA, NDPA, NDBA, NPIP, NPYR,
NMOR)& &4 oA &A% A7 B AAhFolA Y
EZANE AEHA] &9 tHTable 1). Fig. 12 GC-TEA
£ o] &35t YERANIS] F/HE AP BF peakE UE
a9l

M Ax S0t

AFZ 23} A AALe] D ofA A o] 3k W} DAL
in vivooll A T2 SEE AL A 3 93T -7l
A AR S ofHkd o2 YA = &4 nitrate re-
ductase B4E 2t Aol 28 93 ofditgd ez &
HEATED. AaF B FAFY opHLked Faf 2H&o] pH
1.2014 718 Avkar Bk uf glom 7 9] B Aol A
T Qi BlEpd C w2 pHellA 9] obdAke] A7 5 0]
1&FTHE5). b A 2AF 0] 7MY =2 pH

0. 2=3}S W
TTTTa =

I~J

Fig. 1. Chromatograms of various stand-
ard nitrosamines by GC-TEA. 1, N-nitro-
sodimethylamine; 2, N-nitrosodiethyl-
amine; 3, N-nitrosodipropylamine; 4, N-
nitrosodibutylamine; 5, N-nitrosopiperi-
dine; 6, N-nitrosopyrrolidine; 7, N-nitro-
somorpholine.
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Fig. 2. Changes of nitrate (A) and nitrite (B) content in kale
juices before and after exposure to the simulated gastric diges-
tion.
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Fig. 3. Changes of nitrate (A) and nitrite (B) content in Angelica
keiskei juices before and after exposure to the simulated gastric
digestion.
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o eldird oz AFHE Aol Yol e Aol F51

NDMAS®] B4 AA] &z} AelA] YEZANWS diaz-
oalkane .= Hgkw o] 4k, At gl 7|e} Al W9
s A o2 WS vERITH HERZA
o] 8 ATEAL ofnl o} Aol o] F oWl 13,
2w % 39 EF7F UEZAR A sy, 25 o7l
diazonium ion¥} 13 ©}1€] wkg-of] ol YE=ZAWS A
At A 2 o] YERANW A d=d= %
&gt} ofdakd2 AAg 4d ZHelA nitrous acid
(HNO2)Z #A3sl A%aA nitrous anhydride(N203), ni-
trous acidium ion(HzONO") ¥ nitrosonium ion(NO")2.
2 AzEo] 83 U EZ 43 nitrosation) &2 o] ®t}
(36). mEtA] YEZA o] A A= HA pH7L 1A
#19] pH(gastric pH) 2713} FASIE R QJ1F43} AH] o
41 100 mM<2] NaNO2¢t 200 mM dimethylamineS WH&-A]
7 NDMA A4 & AAlsS dotrndnt 775 AY A
% 10 mLE #7Ms 49 NDMA A4 oAl&°] 64.0%=
YER I, 50 mLE 7t A9 85.9%F YERST)

o] hHA 1211

Table 2. Inhibition rate (%) of NDMA (N-nitrosodimethylamine)
formation by organic juices under simulated human gastric con-
dition

Sample NDMA inhibition rate (%)
Control 0
Organic kale 10 mL 64.0
50 mL 85.9
Organic 4. keiskei 10 mL 68.9
50 mL 76.2

(Table 2, Fig. 4). 100 mM NaNO29] nitrite &2 7.1
mg/mLE 53t 7] A A2FY 45 514 ng/mL=
1384 xfol7t YE 2 {7]% AY MiFo| 23 ofwl} vt
S-S W NDMA7ZF A=A @& 3oz 45, 23
H AY AxF el A= vEd C 59 AE sE
9 ol A HEZA S A AA S A= A= e
Wk f7lE AdE ALEF 10 mLE H7HEE 49 NDMA
A AAELS 68.9%E YEFRIL 50 mLE H7FE B
76.2%% YEFYH(Table 2, Fig. 5). 100 mM NaNO:9]
nitrite FF- 7.1 mg/mLE 53 F7]E Adx AAF
o] 79 39.9 ng/mL=E 1778 o7} YER {7]F A%
AFol 22t ol WS uf NDMA7E A=A &

AoR FAET o] 4Y AR F/1F AY AxFHE
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FS Beled SollAe Zol f71s Adx Ax
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238 A= AR YEET JERAT
] pHE 2.5~3.02.2 91749 pH HA} frAkSE b
219 pHE o]lth =t} o FA AF UelA
HEZA AA RS2 nitrite?} WHE = A=
t=oll o] dAE 4 ot HlERY C, a-tocopherol,
sulfur dioxide, total phenol compounds 9l &3] YE=Z
AbI] AL A TH(18,37). ©] 52 nitrosating agent
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(A) Standard curve of N-nitrosodimethylamine (NaNO,+DMA")

ADC1 B, ADC1 CHANNEL B (CHSNA\STANDO42.D)
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T T
20 25

(B) NaNO,+DMA+Organic kale (10 mL)
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(C) NaNO,+DMA+Organic kale (50 mL)

— T T
15 20 25 min

Fig. 4. GC-TEA of NDMA (N-nitrosodimethylamine) chromatograms in organic kale juice under simulated gastric condition. "DMA,

dimethylamine.

gy o] 8¥ = AldS o] &3 in vitro B W] Fa(eh

A A o]t (40). Ames A& A= Salmonella Typhimurium
EdwWo] A]7] histidine &7/ 521 S. Typhimurium

]

TA983} S. Typhimurium TA100 5& o] &3}=d], ol
EdHo| 54 S =FAZ) hS minimal glucose agar

platedl] /¥ his* 57 EAWol9 colony +F A3
Eddo] 2 gEAWol g o f5E AAHTTHMUD. YE=R
f ol 71l <Xl nief ol
Al Ames test 'WHE o] &3] AT
gEAde] a3 UE
F 2] A~5S 4°C, 9,000 rpmell
G2 AT NE 4°CoAlA] 4 gt
2,000, cellulose tubing, Sigma—-Aldrich
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Table 3. The effect of the filtered fresh juice of common and
organic kale on the mutagenicity induced by N-methyl-N'-nitro-
N-nitroso guanidine (MNNG, 0.4 pg/plate) in Salmonella Typhi-
murium TA100

Treatment Revertants/plate Inhibition (%)
Spontaneous 50 uL 114+10 -
100 pL 98420 -
MNNG (control) 50 uL 440+68 -
100 pL 881466 -
MNNG+CK" 50 uL 43868 1
100 uL 840480 5
MNNG+OK? 50 L 418+20 7
100 pL 44617 56

*Signiﬁcant differences were compared with MNNG alone con-
trol at P<0.05.
1)CK, common kale. 2)OK, organic kale.
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(A) Standard curve of N-nitrosodimethylamine (NaNO,+DMA")

ADC1 B, ADC1 CHANNEL B (CHSNA\STANDO42.D)

1674

T T
s 10

(B) NaNO,+*DMA+Organic Angelica keiskei (10 mL)
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(C) NaNO,+DMA+Organic Angelica keiskei (50 mL)
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Fig. 5. GC TEA of NDMA (N-nitrosodimethylamine) chromatograms in organic Angelica keiskei juice under simulated gastric

condition. "DMA, dimethylamine.
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Table 4. The effect of the filtered fresh juice of common and
organic Angelica keiskei on the mutagenicity induced by N-
methyl-N'-nitro-N-nitroso guanidine (MNNG, 0.4 pg/plate) in
Salmonella Typhimurium TA100

Treatment Revertants/plate Inhibition (%)
Soontan 100 pL 92.5+1
pontaneous 200 uL 94.548
100 pL 881466
MNNG (eontrol) 00 L 1,173120
100 pL 7324371 19
MNNG+ b H .
GHCAK 200 uL 531+10 60
100 pL 380+20" 64
MNNG+ ? H .
GOAK 200 uL 298+93 81

*Signiﬁcant differences were compared with MNNG alone con-
trol at P<0.05.

YCAK, common Angelica keiskei.

)OAK organic Angelica keiskei.
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