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Factors Attributing to the Formation of N-Nitrosamines in Instant Food
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ABSTRACT - N-nitrosamines can be produced in the process of heating, processing, storage and packaging.
Migration specifications for N-nitrosamines exist only for rubber baby bottle nipples, which are regulated by the Min-
istry of Food and Drug Safety (MFDS). There is no regulation for other food contact substances (FCS) and studies on
N-nitrosamines migration from FCS are rather limited. A pilot study showed an increase in N-nitrosamines contents
when cooking instant noodles. Thus, the migration from the packaging was suspected and it was necessary to monitor
the migration of N-nitrosamines from food packaging materials and to examine the change in N-nitrosamines contents
when cooking instant foods. Three N-nitrosamines, NDMA (N-nitrosodimethtlamine), NDEA (N-nitrosodiethy-
lamine), NDBA (N-nitrosodibutylamine), were analyzed in migration test solutions from plastics such as polyethyl-
ene, polypropylene and polystyrene, papers and aluminium containers. In all test solutions, N-nitrosamines were
detected less than method quantitation limits (MQLs). Food samples were also investigated to ensure that there is no
effect from food contact substances when cooking instant foods. In retort sauces such as curry, black soybean sauce
and tomato sauce, NDMA concentration was ranged from 0.54 to 3.81 pg/kg, but there were no significant differences
between unheated and heated samples. However, the NDMA contents were significantly increased in most of the
instant noodle samples tested when cooked (p < 0.05). No effects from the food contact substances or cooking water
was observed. Only when the seasoning powder and noodles were cooked together was NDMA detected. Individual
components (noodle, seasoning powder or dried vegetable) or other combinations such as noodles and dried vegeta-
bles did not generate N-nitrosamines. Therefore, it is speculated that NDMA may be formed from the precursors in
noodles and seasoning powders when they are solubilized in a medium of water.
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Table 1. GC-PCI-MS/MS condition for three N-nitrosamines

analysis
Column Guard: DB-5ms (5 m x 0.53 mm L.D., 0.25 pum df)
Main: DB-wax (60 m x 0.25 mm L.D., 0.5 pum df)
Flow rate He (Helium), 2.0 mL/min
Inlet temp. 250°C

Inject volume 2 pL

50°C (1 min) — 20°C/min —
Oven 120°C (0 min) — 5°C/min —
170°C (10 min) — 25°C/min — 240°C (5 min)

Transfer line

240°C
temperature
Source 150°C
temperature

Reagent gas  NH, (Ammonia) (Flow rate: 2.0 mL/min)

Collision gas  Ar (Argon) (cell pressure: 60 Pa)
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Table 2. Method detection limit (MDL) and method quantitation
limit (MQL) of three N-nitrosamines in each food simulants and
food matrices (Unit: pg/kg sample)

Simulant NDMA NDEA NDBA
MDL 0.03 0.04 0.05
Water
MQL 0.11 0.14 0.17
MDL 0.05 0.03 0.03
4% Acetic acid
MQL 0.15 0.09 0.11
MDL 0.06 0.02 0.07
n-Heptane
MQL 0.20 0.08 0.22
Food Matrix NDMA NDEA NDBA
Fatless liquid MDL 0.10 0.10 0.10
(Apple juice)  MQL 0.30 0.30 0.30
Fatless solid MDL 0.12 0.10 0.15
(Rice soup) MQL 0.35 0.30 0.46
Fatrich solid MDL 0.12 0.10 0.19
(Beef) MQL 0.38 0.30 0.60
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Table 3. Occurrences of three N-nitrosamines in udon and steamed rice which can be cooked with their packaging materials (Unit: pg/kg
sample)

Me;tecrisal% of Co?giiéled Company Cooking water Sample type NDMA NDEA NDBA
- Uncooked ND?¥ ND ND
PP? coated Udon A HPLC water Cooked with FCS ND ND ND
papers HPLC water Cooked without FCS ND ND ND
Tap water Cooked with FCS ND ND ND
- Uncooked Trace” ND ND
Aluminium Udon A - Cooked with FCS Trace ND ND
- Cooked without FCS Trace ND ND
- Uncooked ND ND ND
. - Cooked with FCS-boil ND ND ND
PPnliZfek;‘i‘“g Cookedrice B - Cooked without FCS-boil ND ND ND
- Cooked with FCS-microwave ND ND ND
- Cooked without FCS-microwave ND ND ND

Y FCS: Food contact substance
2 PP: polypropylene

»ND: Not detected

Y Trace: < MQL

Table 4. Occurrences of three N-nitrosamines in sauces which can be cooked with their retort pouches (Unit: pg/kg sample)

Material of FCS" Contained food Company Sample type NDMA NDEA NDBA
) . Uncooked 0.54 +0.33° ND? ND
PE‘;pzizl;;%mg Black soy bean sauce C Cooked with FCS 0.84 +£0.20* ND ND
Cooked without FCS 1.27 £ 0.45° ND ND
Uncooked 3.81+0.97* ND ND
Curry D Cooked with FCS 298 +0.19° ND ND
Cooked without FCS 2.92+0.17° ND ND
) Uncooked 1.65 +0.13° ND ND
PP4;$;Z];;%mg Black soy bean sauce D Cooked with FCS 1.46 +0.02* ND ND
Cooked without FCS 1.41+£0.13* ND ND
Uncooked 0.71 £ 0.16 ND Trace”
Tomato sauce E Cooked with FCS 0.84 +0.11* ND Trace
Cooked without FCS 1.31+0.11° ND Trace

Values are shown as means + standard deviations of 3 replicates.

Means in the same food sample with different superscripts are significantly different (p < 0.05).
" FCS: Food contact substance

Y PE: polyethylene

Y'ND: Not detected

YPP: polypropylene

% Trace: < MQL

22 A AlEek 23 AR 2% AR e fo] ARE WAL B AFel] wimel YERAR gkl v
vk Aolzk gloitt. et APdE 2] A AlRME 2 AFRT w7 Aed JoE S APl
747k 3.8140.97 pg/kg, 1.65+0.13 ugkgdl FF& B 42 2] vlo|oAY ol AvE Ay} AFas
m ZE] A3} Folr] fo)Hl 2elS HolA| efgkthTable & W= #GolA Hle] A ofnle] ARs|ES Bl

4. p2E BT G B, g9, 92, 24 W] B SN 2L S2us Heke] we % A,



Factors Attributing to the Formation of N-Nitrosamines in Instant Food |19

Table 5. Occurrences of three N-nitrosamines in instant noodles (Ramyun) which can be cooked with their packaging materials (Unit: pig/

kg sample)

Megecrisaﬂ of Co;lotzi(;led Company  Cooking water Sample type NDMA NDEA NDBA

- Uncooked ND? ND ND

HPLC water Cooked with FCS Trace” ND ND

¢ HPLC water Cooked without FCS Trace ND ND

Tap water Cooked with FCS Trace ND ND

- Uncooked ND ND ND

PE? coated  Instant noodles b HPLC water Cooked with FCS 0.39+0.17* ND ND

papers (Ramyun) HPLC water Cooked without FCS 0.39+0.19° ND ND

Tap water Cooked with FCS 0.55 +0.09* ND ND

- Uncooked ND ND ND

HPLC water Cooked with FCS Trace ND ND

F HPLC water Cooked without FCS Trace ND ND

Tap water Cooked with FCS Trace ND ND

- Uncooked ND ND ND

HPLC water Cooked with FCS 0.62+0.16" ND ND

¢ HPLC water Cooked without FCS 0.78 £0.14° ND ND

Tap water Cooked with FCS Trace ND ND

- Uncooked ND ND ND

psd Instant noodles . HPLC water Cooked with FCS 0.85+0.18" ND ND

(Ramyun) HPLC water Cooked without FCS 0.93 +0.04° ND ND

Tap water Cooked with FCS 0.68 + 0.14* ND ND

- Uncooked ND ND ND

HPLC water Cooked with FCS 0.87+0.22° ND ND

¢ HPLC water Cooked without FCS 0.82 £0.26° ND ND

Tap water Cooked with FCS 0.57+0.21* ND ND

Values are shown as means + standard deviations of 3 replicates.

Means in the same food sample with different superscripts are significantly different (p < 0.05).

Y FCS: Food contact substance
Y PE: polyethylene

»ND: Not detected

Y Trace: < MQL

% PS: polystyrene
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T AE5XME= EF trace~0.93 pg/kg
4 AATKTable 5). 22} RE
A2 HPLCE 22 ZT3 AlR9) &
712 A 93t HPLCE B2 %83 A8, 7] A= +%

2 ZHF AE e Fo3 AolE HolA| skt
‘Noodle soup’llA] AAitgo] g A, & ZF 40~260 mg/
kg dry, ‘Vegetable- noodle soup’®lA4] %2 A 150~680 mg/
kg dry, 28 ¥ 160~610 mg/kg dry?tE-e] Aitdo] A&
H Bt TP, dAkdo] gE oA e YERA}
9l e HAAZA HeEpAdA o] JEZANR S
A F ok 2 Az ARde o8 7] Bt &
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Table 6. Contents of NDMA in various combinations of noodles, seasonings, dehydrated vegetable, water (HPLC grade water) (Unit: pg/

kg sample)
Noodle cup size Small Large
Company C D F C F G
Uncooked ND? ND ND ND ND ND
Cooked without FCS" trace” 0.39+0.19 trace 0.78+0.14 0.93 £ 0.04 0.82+£0.26
Water ND ND ND ND ND ND
Boiled Water ND ND ND ND ND ND
Noodle+boiled Water ND trace trace ND ND trace
Seasoning+boiled Water ND ND ND ND ND ND
el w e w e w
ing+

vegerble.boled water ND ND Trace ND ND ND
Noodle+seasoning 046+0.19  042+0.11  0.46+0.14 Trace Trace Trace

+boiled water

Values are shown as means + standard deviations of 3 replicates.
Water used for cooking was HPLC water.

" FCS: Food contact substance

?ND: Not detected

) Trace: < MQL
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9SS RIg ATl = 1971 A F 3708 AlEel
A 242} 5, 5, 20 ug/kg®l NDMAZF HEH AT, o] 3

ATe HEpHolA e YEZAW AAagle] Eabaxy
7F5AS AAFETE Table 55 A9 EW CAF FALY 2
ol [ty e Hepd YAk AlF 7
NDMA o] 9%l zfo]& Holz A& & F Sl
ey ey} Ee2EE aF 7 8] A2 =
et A 28R g2 A8 7] oAl Aol
oumg g7l olgE UEZA XZjo| wjio]
7] oJEt} ol EAA] FAE AEHAM A
Aed g 15 Z2ER 1F] BTz
o7t Awol a7t AMeS ¢ 7 %%E} E}EW
Zeogaly} Z2EE 1F 7F Afole
23] Aol 7IAEIA T 4
Al NDMA T F7H S A

<= =
=h =
g P 242 W, ¥
— =]

SIS
19 %

WA Bold UERARIo] 23 191—3— 7Fsge]
7) W x| AT B %46}91@. BojA e
ERARIE BN A8 As
Basiel APl Me LdbsHE B 9l

>
ot
H
2
o
2t T30

A Azl AAE ol AAFAAAAFZ o] F
SPEE XdalA] il vt= FFate] deqinh iﬂ?
Z AMES £5EEF HPLCE &2 ‘a2 9 8 &
2 oA 48 Agsiinh £ A4 E% % Al
oA UEZAN 3% BF HAEEHA o} o|F HPLC
& =27 A8S et (Table 6). whehA %oﬂxm
HERAW o 7FeAdg wiAleta i, tEasze,
+AG 7|2z BOAIZAn 7| Az Hq+BEgAT0] )
S8 2FS 2Yste] UERANW AAFS 4 HlaafR

=

st}
AgE 7104 o 2 WAl a 8712 A
Astz At 28] 7178 AMgald DA AAele
EeIT AL AN @iirﬂ il wshon) 2

il
Ho
Ko}
)
R

oL
I
I Z*L

T

[o
=
X
H
Me
1
i,
:;I,
td
-

HEZAIO] 73% =|A] 2FSkTH(Table 6) Ag 7| Az

2379 v, xIMAl, G2, FAA, Zzeg) v T
< 4 Z0R o] UY] Wil ofxfet ASTtEE
NA L] UERAR Qo] HAE 7FsAE AT whebA
AGriazs iﬂf& Alge] EAo] B shaiA R 7Y
FHNA AA S HlE©] 0.31~0.64%
k=1 l 1 Hape] e 2 #3237} oY |
EE REEZAY| AT E 77t Ee

roramer zele ARe WEEAT ST 4T



Factors Attributing to the Formation of N-Nitrosamines in Instant Food 21

, ARle] A&

NAZ BUATILAGIAL BRE UER
skt W+ Razee Ao P AR 6F

o] NDMA7} trace~0.46 ng/kg> 2 71 % A THTable 6).
6% = 7] B FFol F A 3 qes HAE

2o T
P oG 1) WE2T09] 49 uTh NDMAS]
Fol Tk b YehH AR W $Usng F

Al 22]8H9S o NDMA o] Srlsie] AH7|Azm
NDMA g S7tll 4 7]olshes Aoz nil £
A= theksl zu| g7 £33 EH0|9E e /\%6301—_[’-01]

A 5719] Zu]go|A NDMAZF H) 13.48 pug/kg, NPIP7}
ol 6.53 pg/kg, NPYRe| H] 6.48 ngkg= HAEH Akl
7 A oY W 2R @50 Aol YEREAL
T Q@ 97FsA el YA EAS Y & AFelA] W xn
Fo] zg A3} 2zt Eof] S AL A5l UERA
o] AZHA FUrt. AV W FLAEZE ] ZE
SIS WYk UEZAR ghefo] F71sk o2 & o Y
EZAN A dFA7E 72k AFrAAes Ul &
frelo] b 28 & 2ol &3 3

o] IYPHAS Aoz FHHAT webx 7t F48
el ik, obd Ak, ofdl T YEZANWI 7|9

71

& AEZE Has xg F /1ol o3 X%
et FEHAT7E o g Aow FHH
Acknowledgement

2 A= 20159 A F9

SFF b o] Ay
(13162KFDA049)Z 3 =l o

olel ZHAL=gYIT,

ko

OF
=

2

Mad

2 AtoMe AEs 871 2% A7 2yshs 45 Y
EEA}UJA ol S7kehs AHElolA &7]-EelA e Y
ERAle] &5 A HAlsidit. 22 & F U= &
7127 3150l disl 2t AF R JE8vE A
sto] @HEESAAS JPstt 8= AFS YT 4
3}, &7]- %A= NDMA, NDEA, NDBA7} 2% A%
A wigtozRt AEE A E}EW &7 2FEANA
HEguze] &&& M JE&mi7t obd 54

Foll olgk ztol7t A=A @H@m A} 3HAth ERpEA
£ A HEZE ANsE g dAg $9

bk ztol7t gllom HEbH Al59] A= EE AR
%] 7 NDMA7F BEAZE 9|9 22 & NDMA 3
o] trace~0.93 pg/kg= HEFATH HebHS] NDMA &
o

7h 918 sheks) sl FHALe W, AT

00]}40

S % 7-$-ol%k NDMAZF AR =2
o ZEER AF 4§ BE FHLLE zalﬂ

w) Bt NDMA 3] 47 %
Alge H Zdas qq,]
Aol 7lofske Aom F

g Sl
& e X*%Lzﬂon &t 7

10.

11.

12.

13.

14.

15.

16.

AEE AT webd zebd
UEZA A72]7F NDMA
AEm 76 7]AZ%E NDMA
AR HYTh w2t 7 78

AEZF Fasiy 28] T 7Ll
= FEAT 2% o g FAHE.

71 8h=

References

. Scanlan, R.A., Issenberg, P.: N-nitrosamines in foods. CRC

Crit. Rev. Food Technol., 5, 357-402 (1975).

. Tricker A.R., Preussmann R.: Carcinogenic N-nitrosamines

in the diet: occurrence, formation, mechanisms and carcino-
genic potential. Mutat. Res., 259, 277-289 (1991).

. Tricker A.R.: N-nitroso compounds and man: sources of

exposure, endogenous formation and occurrence in body flu-
ids. Eur J Cancer Prev., 6,226-268 (1997).

. Gray J.I., Dugan L.R.: Inhibition of N-nitrosamine formation

in model food systems. J. Food Sci., 40, 981-984 (1975).

. Rostkowska K., Zwierz K., Rézanski A., Moniuszko-Jako-

niuk J., Roszczenko A.: Formation and metabolism of N-nit-
rosamines, Pol. J. Environ. Stud., 7, 321-325 (1998).

. Wolff 1.A., Wasserman A.E.: Nitrates, Nitrites, and Nitro-

samines. Science, 177, 15-19 (1972).

. Gangolli S.D., Brandt P.A. V. J. Feron, Janzowsky C., Koe-

man J.H., Speijers GJ.A., Spiegelhalder B., Walker R., Wish-
nok J.S.: Nitrate, nitrite and N-nitroso compounds. Eur. J.
Pharmacol., 292, 1-38 (1994).

Wainright T.: The chemistry of nitrosamine formation: Rele-
vance to malting and brewing. J. Inst. Brew., 92, 49-64 (1986).

. Santos M.H.S.: Biogenic amines: their importance in food.

Int. J. Food Microbiology, 29, 213-231 (1996).

Cappillas C.R., Colmenero F.J.: Biogenic amines in meat and
meat products, Crit. Rev. Food Sci. Nutr., 44, 489-499 (2004).
Bulushi LM.A., Poole S., Deeth H.C., Dykes G.A.: Biogenic
amines in fish: roles in intoxication, spoilage, and nitro-
samine formation-A Review, Crit. Rev. Food Sci. Nutr., 49,
369-377 (2009).

Gough T.A., Webb K.S., Coleman R.F.: Estimate of the vola-
tile nitrosamine content of UK food. Nature, 272, 161-163
(1978).

Scanlan, R.A., Barbour, J.F., Hotchkiss, J.H., Libbey, L.M.:
N-nitrosodimethylamine in beer. Food Cosmet. Toxicol., 18,
27-29 (1980).

Yamamoto M., Iwata R., Ishiwata H., Yamada T., Tanimura
A.: Determination of volatile nitrosamine levels in foods and
estimation of their daily intake in Japan. Food Chem. Toxi-
col., 22, 61-64 (1984).

Mavelle, T., Bouchikhi, B., Debry, G.: The occurrence of vol-
atile N-nitrosamines in French foodstuffs. Food Chem., 42,
321-338 (1991).

Mitacek E.J., Brunnemann K.D., Suttajit M., Martin N.,
Limsila T., Ohshima H., Caplan L.S.: Exposure to N-nitroso
compounds in a population of high liver cancer regions in



122 Bokyung Suh and Hoonjeong Kwon

17.

18.

19.

20.

21.

22.

23.

24.

Thailand: Volatile nitrosamine (VNA) levels in Thai food.
Food Chem. Toxicol., 37,297-305 (1998).

Yurchenko S., Mélder U.: The occurrence of volatile N-nit-
rosamines in Estonian meat products. Food Chem., 100,
1713-1721 (2007).

Jo, C.H., Park, HR., Kim, D.S., Lee, K.H., Kim, M.H.: Expo-
sure assessment of N-nitrosamines in foods. Food Sci. Bio-
technol., 5, 541-548 (2010).

Park J.E., Seo J.E., Lee J.Y.,, Kwon H.J.: Distribution of
Seven N-nitrosamines in food. Toxicol. Res., 31,279-288 (2015).
Li L, Wang P., Xu X., Zhou G.: Influence of various cooking
methods on the concentrations of volatile N-nitrosamines
and biogenic amines in dry-cured sausages. J. Food Sci., 77,
560-565 (2012).

Korea Agro-Fisheries and Food Trade Corporation: Food
industry and issues outlook part 4. (2016).

Pensabene J.W., Fiddler W., Gates R.A.: Nitrosamine forma-
tion and penetration in hams processed in elastic rubber net-
tings: N-nitrosodibutylamine and N-Nitrosodibenzylamine. J.
Agric. Food Chem., 43, 1919-1922 (1995).

Sen N.P., Kushwaha S.C., Seaman S.W., Clarkson S.G.: Nit-
rosamines in baby bottle nipples and pacifiers: Occurence,
migration, and effect of infant formulas and fruit juices on in
vitro formation of nitrosamines under simulated gastric con-
ditions. J. Agric. Food Chem., 33, 428-433 (1985).
Hotchkiss J.H., Vecchio A.J.: Analysis of direct contact
paper and paperboard food packaging for N-nitrosomorpho-
line and Morpholine. J. Food Sci., 48, 240-242 (1983).

25.

26.

27.

28.

29.

30.

31.

32.

33.

Seo J.E.: Method development for determining seven N-nit-
rosamines and its application to agricultural food products.
Master’s Dissertation, Seoul National University Graduate
(2016).

Korea Food and Drug Administration: Standards and specifi-
cations for food utensils, containers and packages. 2014-27
(2014).

Korea Food and Drug Administration: Guidelines on migra-
tion test from containers and packages (2013).

Seo J.E., Park J.E., Lee J.Y., Kwon H.J.: Determination of
seven N-nitrosamines in agricultural food matrices using
GC-PCI-MS/MS. Food Anal. Methods, 9, 1595-1605 (2016).
Park J.E., Seo J.E. Lee J.Y., Kwon H.J.: Distribution of seven
N-nitrosamines in food. Toxicol. Res., 31, 279-288 (2015).
Bai X., Byun B.Y., Mah J.H.: Formation and destruction of
biogenic amines in Chunjang (a black soybean paste) and
Jajang (a black soybean sauce). Food Chem., 141, 1026-1031
(2013).

Garcia-mata M., Bosch-bosch N., Perez-rodriguez M.L.:
Effect of cooking on nitrate in dehydrated soups. Int. J. Food
Sci. Technol., 30, 45-48 (1995).

Tricker A.R., Siddiqi M., Preussmann R.: Occurrence of vol-
atile N-nitrosamines in dried chillies. Cancer Lett., 38, 271-273
(1988).

Gough T.A., Goodhead K.: Occurrence of volatile nitro-
samines in spice premixes. J. Sci. Food Agri., 26, 1473-1478
(1975).



