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The Formation of N-Nitrosamine in Commercial Cured Products

2. The Effect of Cooking Methods on N-nitrosamine Formation
in Commercial Ham and Sausages

Kye-Ran Park, Jung-Hye Shin, Soo-Jung Lee, Sang-Sun Lim and Nak-Ju Sung'
Dept. of Food and Nutrition, and The Institute of Agriculture and Fishery Development,
Gyeongsang National University, Chinju 660-701, Korea

ABSTRACT — Representive cured products such as ham and sausage produced in Korea were
purchased at retail and cooked using heating tools such as a gas range (GR), an electric range
(ER) and electric range after boiled (BE). Changes of N-nitrosamine (NA), nitrate and nitrite in
the cured meats containing<2.0 pg’kg of N-nitrosodimethylamine (NDMA) were checked and
analyzed during their cooking process. Contents of nitrate and nitrite in ham products prior to
cooking were 2.0 and 1.8 mgkg, respectively; their contents in regular hams were slightly
increased, but those of nitrate in press hams were decreased while those of nitrite were
increased during its cooking process. Their contents in sausage products were 1.8 and 0.9 mg/kg;
those of nitrate were decreased, while nitrite were slightly increased during its cooking process.
NDMA detected only NA in all the collected cured products. Changes of NDMA, regardless of
cooking methods, tend to drastically increase in all samples after their cooking; Its contents
were increased by average 6.0~70.7 times in the GR samples, by average 2.4~39.2 times in the
ER samples and by average 7.0~56.3 times in the BE samples. Virtually, the fact that all of
this nitrosamine appeared to arise by the action of precursor such as NOx was produced during

the cooking of cured products.
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Table 1. The effect of cooking methods on the contents of ni-
trate and nitrite nitrogen in regular ham products

(mg/kg)

Table 3. The effect of cooking methods on the contents of
nitrate and nitrite nitrogen in lyoner sausage pro-

ducts (mg/kg)

Cooking methods

Regular hams
CN GR ER BE

Cooking methods
CN GR ER BE

Lyoner sausages

R-1 NO;-N 1.7 29 23 2.0
NO,-N 0.3 1.5 0.6 0.7
R-2 NO;-N 20 25 2.2 24
NO,-N 0.7 1.5 09 1.0
R-3 NO;-N 1.8 22 1.9 20

NO,-N 0.5 1.0 0.6 0.8

Average NO;-N 0.8 1.4 1.2 1.2
NO,-N 0.5 3.0 1.5 1.8

CN; Uncooked GR; Gas range ER; Electric range BE; Elec-
tric range after boiled.
Each value represents the mean of 3 experiments.

Table 2. The effect of cooking methods on the contents of ni-
trate and nitrite nitrogen in press ham products

(mg/kg)

Cooking methods

Press hams

CN GR ER BE

P-1 NO;-N 3.0 3.0 2.9 29
NO,-N 0.7 2.4 23 1.9

p-2 NO;-N 2.7 29 2.7 2.8
NO,-N 1.0 2.0 14 1.6

P-3 NO;-N 2.0 2.8 2.0 2.1
NO,-N 0.5 0.7 0.6 0.6

P-4 NO;-N 1.7 2.5 2.2 2.2
NO,-N 04 1.2 1.2 0.9

P-5 NO;-N 1.6 2.7 1.6 2.4
NO,-N 1.0 1.6 0.7 1.2

P-6 NO;-N 2.0 24 1.6 1.3
NO,-N 1.2 1.6 1.1 0.6

P-7 NO;-N 1.6 2.0 0.6 1.7
NO,-N 1.0 14 1.6 1.3

P-8 NO;-N 1.9 2.9 2.0 2.1
NO,-N 0.2 0.9 0.5 0.6

P-9 NO;-N 1.5 2.4 2.0 2.2

NO,-N 0.3 1.4 0.7 0.9
P-10 NO,-N 1.7 2.5 2.0 22
NO,-N 0.1 0.8 0.3 0.5

NO,-N 2.0 14 0.8 1.0
NO,-N 0.6 3.1 18 2.1

Average

* Refer to the comment in Table 1.
Each value represents the mean of 3 experiments.
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L-1 NO;-N 1.4 34 1.6 2.6
NO,-N 0.2 0.7 0.3 0.4
L2 NO;-N 23 32 28 3.0
NO,-N 1.4 20 1.6 1.7
L3 NO;-N 2.0 2.8 22 25
NO,-N 1.2 1.9 1.3 1.4
L-4 NO;-N 1.5 24 1.7 15
NO,-N 0.5 1.6 1.0 1.2
L-5 NO;-N 25 49 1.7 39
NO,-N 1.7 29 1.9 20
L-6 NO;-N 1.2 24 1.7 1.6
NO,-N 0.7 1.5 0.8 1.2
L-7 NO;-N 15 2.0 1.3 1.7

NO,-N 0.8 1.6 1.0 1.4

Average NO;-N 1.8 1.7 0.8 1.4
NO,-N 0.9 1.6 1.3 1.6

* Refer to the comment in Table 1.
Each value represents the mean of 3 experiments.
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Table 4. The effect of cooking methods on the formation of

NDMA in regular ham products (ng/kg)
Cooking methods*
Regular hams

CN GR ER BE

R-1 <0.5 39 <0.5 2.3

R-2 <0.5 3.8 25 35

R-3 <0.5 1.3 <0.5 4.7
Average <0.5 3.0 1.2 35

* Refer to the comment in Table 1.
Each value represents the mean of 3 experiments.

Table 5. The effect of cooking methods on the formation of

NDMA in press ham products (ng/kg)
Cooking methods*
Press hams

CN GR ER BE

P-1 <0.5 20.6 202 9.5
P-2 <0.5 19.3 9.5 9.5
P-3 <0.5 112 11.7 5.1
P-4 <0.5 5.1 6.6 27.8
P-5 <0.5 40.0 34.8 28.5
P-6 <0.5 14.7 9.2 1.8
P-7 <0.5 12.6 6.8 114
P-8 <0.5 7.9 <0.5 10.5
P-9 0.8 3.9 3.9 1.2
P-10 1.9 2.7 1.2 39
Average 0.7 13.8 10.4 10.9

* Refer to the comment in Table 1.
Each value represents the mean of 3 experiments.

Table 6. The effect of cooking methods on the formation of

NDMA in lyoner ham products (Lg/kg)

Lyoner Cooking methods*

sausages CN GR ER BE
L-1 <0.5 28.5 153 258
L-2 <0.5 2.7 1.2 14
L-3 <0.5 14 1.5 <05
L-4 <0.5 106.5 41.8 74.8
L-5 1.2 62.6 52.7 57.8
L-6 1.3 54.2 31.9 542
L-7 <0.5 40.9 19.8 222

Average 0.6 424 23.5 338

* Refer to the comment in Table 1.
Each value represents the mean of 3 experiments.
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