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<Abstract>

1. Nitrate and nitrite may contribute via nitrosation to the human exposure to
N-nitroso compounds, especially nitrosamines, which are suspected to be human
carcinogens.

None of the animal species tested has been able to resist the carcinogenic action
of nitrosamines, and it is, therefore, generally believed that man is also at risk,
although no direct evidence of carcinogenic action has been demonstrated.

2. Since certain foods contain traces of nitrosamines, one should take the several
points into consideration in evaluating the risk.

In this review, the levels of nitrosamines in food may be sufficiently high to war-
rant concern. '

3. Nitrites, which can appear in the because of natural occurrence or deliberate
addition, can react under the acidic conditions of the normal stomach with secondary
amines to form nitrosamine. But, food is not the only source of nitrosamines or
nitrosatable amines that we are exposed to. Various other sources are: Cigaretts
and tabacco, certain drugs, cosmetics, etc.

4, Among the foods examined, nitrate-nitrite treated meat products cooked bacon,
and salted and dried fish are the main contributors of nitrosamines in our diet. The
major nitrosamines detected in these foods are DMN, DEN, NPYR, and NPIP, all of
which are potent carcinogens. Especially, at temperatures of 175°C, it has been rep-
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orted finding 10ppb of nitrosopyrrolidine in fried bacon.

5. Consequently, in order to minimize human exposure to these chemicals, It is

obviously essential to develop the alternative sources of nitrite in cured meat prod-

ucts. Thus the emphasis should be placed upon the most effective use of nitrite in

curing with the use of acceptable inhibitors of nitrosation such as ascorbic acid or

a-tocopherol.
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21.IN'O2 7__-»' N203+H20 ........................... (1)

R\ _RA\N_N=
R;/NH+N203 R;/N N=0+HNO, ---(2)

rate=k, [Ri;R;NH] [NHO,JZ «vevereenenn(3)
rate=K, [total amine) [nitriteJ? ......... (4)
where K, and K, are the respective rate
contants.

Fig. 1. Reaction of nitrosation and Equation
of reaction rate
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bacon & nitrosamine -2 ¥Ff-3tx] ¢.2u NPYR
3z} DMN(dimethylnitrosamine)o] =13 & frying
HH T B Frlsl= 2 22 ¥o) Nitrosamine
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= (pathway B) A o)}, proline ¢ nitrosation
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Fig. 2, Pathways of formation of N-nitorsop-
yrrolidine.

Fig. 3. Dependence of DMN formation on pH,
Standard reaction mintures containing
Me,NH HCL(0.02M), NaNO, (0.1M),
NaCl(0.05M) and various buffers were
reacted for 3 h at 25°C,
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Table 1. Effects of temperature on the forma-
tion of DMN from dimethylamine hy-
drochlochloride and sodium nitrite

Temperature °C DMN formed ppm

50 0.2
60 0.4
70 0.75
80 1.55
90 3.0
100 8.3

Each solution contained 40 millimole each of
dimethylamine hydrochloride and sodium ni-
trite and was heated under reflux for 15min.
The solutions were buffered at pH 6.5, Source:
Ender n al., 1967

Table 2, Effect of storage on the formation
of DMN from dimethylamine hydroc-
hloride and sodium nitrite

No. of days stored DMN formed
at 4°C ppm
2 1.6

6.2
18 13.5
30 25
52 42
76 68.5
104 88
128 110
157 133.5

The concentration of each reactant was 40 mM,
pH 6.3. Source: ender et al., 1967.
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A FA4L wElel v HRAM ¥ BERRE
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Table 3, Permitted limit of nitrite contents in
several countries

country product ppm
Norway sausage and bacom 5
Korea sausage and bacom 70
Japan sausa and bacom 70
U.S.S.R. sausage and bacom 100
West Germany dry ham 150

other meat products 100
U.S.A. sausage 156

bacon 120
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dium tyrobutyricum species (butyric acid ba-
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gL, A, F4
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W &, wine §

, e, gk, 4
°‘] 2 el A

BHS =

amine, diethylamine, pyrrolidine,

amine & dimethylamine, trimethy-
piperidire,
morpholine, N-methylbenzylamine, N-methyl-
aniline & o] =& nitrite 8] FFEETo EaM:{EH:
Fell 4] nitrosation o] T AEsIel. 7] e} N-nitroso

FripEsie] WHER RiBEHHE =L pork belly o}
bacon <-2] proline x} hydroxyproline, #ffxz} X
%ol piperidine, w33 ¥ e sarcorsine, FH
o] pipecolic acid &, 2.9 % AFA v}
%ol E 94 N-nitroso {L&4e By H &
FE 7k oot

c}:_ﬁ ;(],

V. &&2 Nitrosamine

nitrosamine B E-& bacon, »)ebin T RIH M,
2ol =, i, BB, HEE d=lafdA il
sAglo=, BHRY ARl b BERS2
= nitrosamine -2 DMN(dimethylitrosamine),
DEN(diethylnitrosamine), NPYR(nitrosopyrr-
olidine) =+ NPIP(nitrosopiperidine)—‘é— REA A
A EREYEE 632 Jek(Table 4).

Rk 2004 7 28 ¥ "w amine o] o} 4ked 3k
f:fl8led nitrosamire & 3 A4 sk, o]-F N-nitr-
Kol ‘4‘& e BREY &
S vebdebe el wE el 2Elz o] ¥
A B ESNA S A, EEEEe
- A AR e A gl

080 FE 4] 2]

Table 4, Concentration of nitrosamines in pr-
ocessed meats, including bacon

Typical high Typical low

Nitrosa- _values* . values*
mine mol X 10%/g mol X 10°/g
ppb food ppb food
DMN 25 0.34 3 0.04
DEN 12 0.12 2 0.02
NPYR 50 0.50 5 0.05

DMN = Dimethylnitrosamine
DEN =Diethylnitrosamine
NPYR =Nitrosopyrrolidine
*The values are from the summary and com-
pilation of current data made by Seanlan
(1975):b=10°
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27 AMIE&E & 4%E N-nitroso k&
W BEE] oo HRESANA d5iv R
N BREES JeblexY o RE ol &
AR gk AEES nitrosoL&He FE W
4 dialkyl s} heterocyclic nitrosamine o] c}, o
B2 WA 44 4Bd 4 3o high re-
solution mass spectrometer &} Gas chromatog-
raph & #&T Hikd G4 EEENAE #E
¥ HES F UEE BEFTE WUE ¥ HBEAR
o] PAZEsSl o

BB A S In#FRE S W o] E(fried bacon)
o] 4 #W4A nitrosamine ¢] N-NPYR = N-DMN
ol Jba ol HHHH HEINs0, Crosby 90| #
8k fried British bacon 24ff sample Zeil4 9
A7k NPYR & 1~40mg/kg 443, 6717+ DMN
4 1~4mg/kg ¢] nitrosamine & &%},
cooked bacono] gleld NPYR 9 L= RHEKH
2, Irying JBE el MR, nitrite J8FE, ascorbate
R, TR BB, 43k REbiEe
45, lipophilic inhibitor ¢ Y, =& &
FEEell wel "elAlA ",

2} g Eol #HEE bacon £¢] nitrosamine
HEY EHN] B8 BERE Qe Muvcebel
EEANA 25 o] LA WEL FALo2 3
£ET Add™. G« EED AUl 19724
cooked bacon o ¢)l= NPYR ¢ F#y4 8o 1974
43l 19754 24ppb o} 12ppb ol ¥} w3l 29ppb
ook EEE 1972 ¢°ﬂ 67ppb, 19764E<] 17ppb
b o] ol = EEBAAY LA - o}
AVEE L] FEET, Canadao{ A ] o} ALE-S 200ppm
o] 4 150ppm 2.2 Azt F-Al o AAEHS ¢
e BB, 28ln
rbate ¢} 7--& reducing agent 1} antioxioxidant
E zro] A}£E7] o) Folr}. fried bacon el 4 N-
nitrosamine & &8-S F£A7 L HEe AEF
prkgtA G WA A7 = A sk bacon
9] JNTiB#Br nitrosation TJ#¢] inhibitor & i
fmEts Acleh, =eh4 bacons] obUAEE 156
ppm el 4 120ppm 28 ztAA 73} F4| o) 550mg
/kg sodium ascorbate & g ETFIEE P A
el b,

Sodium ascorbate 1l erytho-

9] nitrite 2

AH" AfFho A cured sausage o} EHEFHsT
3 7t5 salami, cooked bacon, nitrate-nitrite
B SR sl EER - R, FES
219 4 A% nitrosamine o] EEAHE Ol vt
ol % frdddhol HHE E£F nitrosamine - 4]
DMN, DEN, NPYR, NPIP 502 » 57} 24
ol Bt Eel o}

%3] Hong 3} Chan™.¢. Fik - et sloha
el W & 4E4 DMN ] S v #is
g = v, PR ob Aol A whe] LI
ghfroith ARl el vl AR Fuvh 2
TEolE A ARG Bl AR AA
o ool WE WRE F=de 49 HAolvh

Ender g} Ceh™= A%, sausage, bacon,
ham S| DMN (0.5~40-rh) ¢ BEES #RS
¢l 51, Faziosl z4 FE4™-2 DMNe| EFo4

Aol Ee] 98-8 #H4ebeoh, Sen™2 corned

17

beef, luncheon meat, smoked beef, brawn(£&

off el sx1~7]), pork, continental sausage,
salami-g m&sA S4EERS] 85l 2%% DMN
&80 10~80ppb et stgivh. Table 5= EjWplk
friirh nitrosamine o] s} gl 4% 4 d&
WA e BT Aoln,

2.3%¢] panalaks™ %2 fried bacon & A]2lgk
B RS 68U nitrite HE = sodium
salt 24 7~145mg/kg 22 chekglon, 4
nitrosamine &] FHE-L Abibsjolgdw], NPYR-&
14{@z 8 continental sausage type dll4 13~
105 pg/kg 7HA =l glieh, 24/ AL 2~35
#g/kgDMN & 4%3sl¢ o=, # 44 nitrosamine
o} FEEFS} B GE9l nitrate vt nitrite JBE A}o] o
= FHEAMGRT BE A g%

28]t salt, sodium nitrate, nitrite &} 7l
black pepper ¢} paprika ¢} =& FEFHE &F
3l dry curing powder = fyi5 kol heteroc-
yelic nitrosamine ¢} N-NPYR - N-NPIP & #
vk Aol #HRE Y

S$elvete] AR A2E HEERRd s FE
DMN o] #Hlisl= Ao sl gt POEHA
EL W A, A, 2AA, HaA Y
el 4R 59 N-nitrosarwire & T HR,
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Table 5. Reported occurrence of nitrosamines in animal foodstuffs*

Kind Country of origin Nitrosamines found Levels
Fish and fish meal
Herring fneal Norway DMN 15~100ppm
Fish meal Canada DMN 0.35~0.5ppm
Smoked herring, haddock, Norway and Iceland DMN 0.5~40 ppb
mackerel, and kippers
Meat products
Smoked sausage Norway DMN 0.8~2.4ppb
Bacon Norway DMN 0.6~1.5ppb
Smoked ham Norway DMN . 5.7ppb
Uncooked sausage Germany DEN 5ppb
Raw untreated beef Germany DMN 0.25ppm
Cooked bacon Canada Nitrosopyrrolidine 10ppb
Cheese and milk
Havarti cheese Germany Diisopropylnitrosamine and/ 5~10 ppb
Gouda cheese Germany or di-N-propylnitrosamine

*From Sen, N.P.: Nitrosamines, in Liener, L.LE., Editor: Toxic constituents of animal foodstuffs,
New York, 1974, Academic Press, Inc., pp. 156~157.

DMN o] Adxlel b wkom (2.95¢8/ke), w
S0 2 ks (1.10pg/ke), WA)A (0.8508/ke),
AR (0.76pg/kg)®] Tolgl i, DEN £ 493,
923, B33 AdA EHFLE HHHE 2, A
WA ol FAA B BHER gt #iE
3t eh. A 24 N-nitrosamine L2 3 2EF
Al FEmE Kb AAEe A ARKA HEpe
AR E BItER o9 ofAlEo e ARt
el R AP trimethylamine ¢ 422 dime-
thylamine -& 45317 & Fol =t Fstx 3+

22 B N-nitrosamine o ARER g
W = DMN B NPYR-2 A3 #HH=A
W&ekoh, DMN & #igtich E73 sHA] s 2
=, AZE AR 4 ASNE B = &
HE A ke, B 108%#d = 11.9mg/kg o)
s et

V. Nitrosamine?] ZEjmH:

nitrosamine®®.& 2§amine 1 dimethylamine,

dipropylamine, dibutylamine, diethylamine,
spermidine, sperimine, piperidine -%%4]% Ca-
daverin > 2 Y5 33} A 3} putrescin 3} pr-
oline o) 4§ 8} pyrrolidine -§- =] o] nitr-
0so {b3h= nitrite 34 F= fERsES AR
& nitrosamine ¥ 7} BEY A2, N-dime-
thylnitrosamine (DMN), N-nitrosopyrrolidine
(NPYR), N-nitrosodiethylnitrosamine (DFN),
N-nitrosopiperidine (NPIP) 52 2 o] {L&HE
o) kel BEY 2 WS wHeA dA &
ory, Awhel] ol tolerable Dosis + fxfieth 5~
10ug/kg ¢ BE=E A= 8o}, nitrosamine
L e 2 S 10ps/kg T RIERE
2 ffesle, fried bacond]4 7} =& GBS
»3lth.

nitrosamine BfHe) ol g A& 1960 EM &
7lo eBsjo]allA oFst o ZFolA AEERE] B
B A FRAS Jebdsl A8 o & Al 235
#whnstgl et 2 s Ender Fo], o] A Aql
s9le] BAFRE FA7L obaAALEESA AfFd] S
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Table 6. Carcinogenicity of nitrosamines organ specific effects

RI\N N=0

Compound

Target organ

R,=R; (e.g. DMN,DEN,DBN)
R;#R: (e.g. methylbenzylnitrosamine)
Cyclic (e.g. NPYR, NPIP)

Acylalkylnitrosamines
(e.g. methylnitrosourea)

R; or R; with functional groups
(—NH, —COOH, etc.)
[e.g. NSAR. n-buty- (4-hydroxybutyl)-
nitrosamine]

Mostly liver (kidney, bladder, lung)
Mostly esophagus (forestomach, lung, liver)
Liver, esophagus, nasal cavity

Central and peripheral nervous system

(lung, forestornach, pancreas)

Liver, bladder, esophagus

Adapted from Wishnok (1977).

9l amine 3¢ f‘ﬁfﬁoﬂ o3& £K3 DMN
& EmHstg ek o] TR FAESH °}€4§°E
FFE - I ﬁﬁ'ﬁqﬂ nitrosamine £ FTREM:
o9& #A 5 ST \EAR
A F7A ok 1304 F 2.8 N-nitroso {b&ye] #

BHE9m, 285 oF 80%7F BEke vebdde

| B givh, o ¥-Fo] test systemelA &
dwie] B vehis, oW ASE BipdA g
A) A (teratogenic)s]l Aol &9 5 i}, N~nitrosp
fegtel BEEL RS 23t AL BWER
-4 %3] nitrosamine o]v} FJE} {LEYEH HiE
RTE velde 49 datazd 2 deid gl
ABREHo] Tugsly] sl ol el 73404 ¢
AR e BEHES A< A4S w1 A
AAE AF7AA PHHRH datad GE3E F
ulol] ¢ g wpsi~en,

o] B8] nitrosamine & fFol S JERY
Auk & BE dAAE S BET BERE
& vebish

DMN, DEN % 714 zubgr 739 dialkylnit-
rosamine -& 7}&- -‘\3}‘33,-,4'51—711 #:8}= nitrosa-
mine 2 24 At [FHa EEE 4o, =
2= B EEE 9279 methylbenzyl nit-
rosamine 3} N-nitroso-n-butyl (4-hydroxy-but-
yl) amine & fiEe} BEbtel FE A Fu4Aal
t}19(Table 6 #3)

Table 74 4 = NPYR(nitrosopyrrolidine) 5ppb

Table 7. Relative carcinogenic risk of nitros-
amine ingestion

Relative risk/g food

Nitrosamine
High intake* Low intake*
DMN 48
DEN 14
NPYR 10

=GR RS Blcte w398 L 124 E
st DMN 5 DEN Ao Aoy el
HE2E dlastgich. ffFds NPYR &80 7+
Z %3 DEN 3} DMN ¢ JHe 2 &47=r), 4
ol 2 §rEalid BESAERES Y 2 Ao
DMN e}z v}-g¢] DEN s NPYR ¢ Jgo & gn
= geheo, |
Druckrey €-& nitrosamine o] g4 45to)

IR R elet: A AstdeH, BEFEEY
R (E)2 =1 RHES Mfdde AL e
IERLE FREY .

dt"=Constant

t: median induction time for tumor form-

ation

d: daily dosage of carcinogen
ola N-nitrosamine & #jfd wlelA] n L 1.40)
A 474x Halsict. DMN o] FiHE 4 gl data
% @21} DENst NPYR2 27 ngre] 2.33
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Fig. 4. Formation of Nitrosamines and Carcinogenicity

l.4o]th, o1t 22 FEE IARAS 7122
% #) DENeo] NPYRX =} o] w3 HEE %
WEY LRl Y FE dobe AL $Aste
Aolvt. DMN ol =2y HEME WESA dke
1}, DEN & gtell 7p7b8 R 2beb. of HREL A
MelAl dol ¢+ o= @ELRY AEE FEY
o, RHIHS =F(50~605FLL L) oA ow JELh
ot Al Aok b AL BASE Aol

Fig. 3-& nitrosamine 4pXAT o] #FAY BHET
EEAK, AT DNA g fEfste fx18
Aol FRRHEEY FABTRTTEES Bt ol
S

VI. Nitrosamine & M4IRF

nitrosamine 4 K-8 87 A7) & MEEFA A5

27] 4 79 4 Kamm £-2 amine o] 1} amide o}

ascorbate £} isoascorbate ® 57} frankfurter
ol A nitrite 8] DMN A R-S M4t ol 2B
ojgiont, AR E Retgleh HE FRERE
fried bacon o) 4 ascorbate E-= isoascorbate 7}
N-NPYR ¢ A& AstAl Miglstal = X354
ohm HeEeh o

Sen 53.2. = fried bacon ¢4}, ascorbate of
&k A Bal ol el ascorby.rl palmitate ¢} propyl’
gallate, piperazine hydrate 257} A3l J &
72 NPYR 9 A& Mlstvbe seEshgivt.

el Kanner(1979)8%
o] PI¥EOlA PMMLMZA L) HAES 7Hd ¥t of

S-nitroso-cysteine

Table 8, Formation of DMN in frankfurters
prepared with 1500 mgkg™! sodium
nirite with and wtihout sodium asco-
rbate and isoascorbate

: Additive Concentration  DMN formed
7 Byolth ascosbic acid F #HEE v, A (mgkg™) (ugkg™)
N . . . . Porcessing time
Aol 43+ nitrosamine o1} nitrosamide 7} (2h) (4h)
Frigol #iEe el AV, REEE =E BEE None B 1 99
FA& Biikshe ol o9 ZURAYe] sheka Hikshsl = Sodium ascorbate 550 0 7
Table g2 Fiddler 50| Nitrite(1,500mg/kg) odium ascor oo . i
2 pemdl frankfurter ] sodium ascorbate 2} N »30 10 11
sodium isoascorbate & X9 FAH 550mg/kg on'e .
i - Sodium isoascorbate 550 0
3 21098 BWMEE Bmstd DMN &g =lx] 5 500
t

93¢ WED Aol
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Table 9, Effectiveness of various compounds in blecking N-nitrosamine formation in fried bacon

(From NAS, 1982)

Concentration of \

% Inhibition of
N-nitrosamine

Compound compound in l Reference
fried bacon | Fried bacon Cook-out fat

Ascorbic acid 1,000 100 —b Greenberg(1973)
Ascortyl 1,000 5¢~&7* — Sen et al.(1976)

ralmitate £00~1,000 — 70~90 Bharucha et al.(1980)
Ascorbic acid acatal 1,0C0 62~88 90~98 Bharucha et al.(1980)
Piperazine 1,000 90~91 — Sen et al.(1976)
Propyl gallate 1,000 50~97 — Sen et al.(1976)
TBHO 500~1,0.0 55~64 Anonymous(1977)
a-Tocopherol 500 80 — Fiddler et al.(1978)

£00 85 — Margens and New-

mark(1979)

aAnalyses conducted on combined bacon and cook-out fat extracts.

bNot teported in study

Yl s C. kotulinum o] i3 RHEAE 7o
& Aol wFel nitrito] ozt HAldeRA
#e + dohe AL A

Watel 23 B (radappertization)& C. bot-
ulinum & FiGEHMAAAA, EEES nitrate 7}
A" A%, 475+ nitrite & °F 25ppm
7+R A A Ak o] F MERGA Fol
9l & nitrite BFFE-2 97 5ppm = vko] ¢lvhw &t
Then,

fOFEBR S AT ZFF Bugel B ni-
trosamine blocking agent X3 C. botulinum
inhibitor ¢} ¥ nitrite & REsS HHE A
o} r}, nitrosamine g A A 24 EHslE (LEHE
A] ascorbate &} erythorbate »} FHZE=l v}l
—ascorbic acid ¢} erythorbate 7} ZhRAye) 7] =
A ak B BRI ARTEe]l Rtz
7} a8 —, alpha- tocopherole]| fried bacon
polysorbate Z{L# 2} A 500ppm =Tl A A
P& o ol $ EabAolete Aol wal zlee,

2.9} sodium hypophosphite & {EEES] o}
AAUYEFH §a bacone]| HrAdE ks, #
B3 g7 lactic acid producing bacteria & #
nste JiiEsl potassium sorbate 2} nitrife o B
AMER S B sorbic acid #}2] E&#ADES

o] antibotulinal activity o) ZHEANY-E T3}
ol =t

NAS(Nat. Acad. of Sciences, 1981, 1982)9%%%
ol A= ML SIS nitrite FhEel o) 9} f4}8t
MAF REBE HRE: HEstn dch(Table 9
A1),

AF7A HREREHA L3 v o] MEE REHE
Bl W EEMEY, HEM, pH, KoEHE
(Aw), 28] =18 WG RENED HFRIs B
e a3t HRor o of ER=la 9
oletx NASZRE = stz glrl.

VI. % &

1) nitrate, N-nitroso {b&4¢] #HHE+= C. bot-
ulinum o] =3t FIEEEA S HiREIERA 24, A
B Y2t Fokel FEE FUE W AR
2] nitrate 2} nitrite = N-nitroso {L-&4, &3]
Nitrosamine & #H4EAA AfdlA =&2d HE
g vebdvbe A& AT FEel ok nitrosa-
mine & Affell slqt xFol MFEAY) WS
viebfi ol B F#E 912, nitrosamine
ol B BRES dY-Eeo] ol A Fu

e Aolwt.
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o} nitrosamine & B{Ef & &

¢ e A glo, =
A B e AQA 2

%1I“ﬂﬂL

® & Fx2 Nitrosamine of] wigl HEIR
o meld L& WAL I BHRE
ERHoF 34+,

@ &fbel vk BEFA A velvde o8k 4
2 o& BEWEY BRe Ghmel A B
Y 7k ez e $r1x source RE-e] B-AE
e LahE HRO T @ HEPEE aud
R B¢ Fx g,

® fLEBy By -
B A BohE AR A % gRd /"F
Lo, frih
o3 B,
o8] 7}« safety factor &}
o}

3) el BRSO R BASA Y IR
ol RERZA g 0}32* ?@ﬁ ARfe) E#
Ryl Be BEEEHTA 2

i

£z

L
Hiol

activity 7} A x| 5o

8] nitrosamine &l 3l B
B ES Fitkel FEY
ool Fke

5

&E
[n
32 e o k& X

amine 3} [ s}

o] nitrosamine % ;5}321&31-. 13{»}_ friimto)
nitrosamine 8} IE—g: BES BB, LEF,

g, (BHERS EE BRAERTEDERZNH
ARl o nitrosamine ¢ »&¢ B/hR &
T =HE SBESH.

4 ffrhel A TGS nitrate, nitrite 2
PEPIEE :4¥o] nitrosamine el gl A &
B3 HBiEo. 24 DMN, DEN, NPYR, NPIP &
EE7E BAENS BRYES 8%y ok 59
175°C Ll kol A InZAF§Esk bacon o] 4 NPYR o]
10ppb FE #H=glch, HFRIOR ol¥ Bty
Bel og =FF 42 RS A= I
W1 A nitrite ghBtel BT S R
7l Aol BEs.

5) nitrite o ol 3 REEE v
ok & FEMEE YAl FHoksb opla, C

WA FE

botulinum ¢] %ol o8 {HEEE W AQu,
chA gakel, BEEE A ARCA A #ifol v
A e A E C. botulinum &} PARCREOR) 3

A7 = 4y

s 2w ks WgEsAY, R

B

AEAZ e Aol A gstel, 284 ascorbic

acid & a-tocopherol 3} 7+-& nitrosamine ¥4

Aol B M#aa R imT el A nit-

rite & 743 el

WEIRE Rl ER= e,

&
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