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Abstract

The changes of contents in trimethylamine oxide nitrogen(TMAO-N), trimethylamine nitrogen
(TMA-N), dimethylamine nitrogen({DMA -N), nitrite nitrogen(nitrite—N), nitrate nitrogen(nitrate—N)
and the effect on the formation of N—nitrosamine(NA) during fermentation were investigated with
salted anchovy added different amounts of sodium nitrite, sodium nitrate and ascorbic acid, respectively.
When the sodium nitrite was added in salted anchovy, the contents of nitrite—N was decreased during
fermentation. Whereas the formation of N-nitrosodimethylamine(NDMA) was increased. Contents
of TMAO-N was decreased, while TMA-N and DMA-N were increased during fermentation in all
samples. Addition of ascorbic acid inhibited the formation of NDMA significantly. The formation of
NDMA was inhibited by 81.3% at the concentration of 130mM as compared with non-added the control
group. The aqueous model system was used for the evaluation of ascorbic acid(inhibitor) or thiocyanate
(promoter) on the formation of NDMA using salt-fermented anchovy added with sodium nitrite. The
optimum pH on the formation of NDMA was shown to be 3.8, and ascorbic acid inhibited the formation
of NDMA whereas thiocyanate promoted. NDMA was not detected in the salt-fermented anchovy
(control sample). However it is a possibility to form carcinogenic NDMA in stomach if both saltfer—
mented anchovy and the materials contained abundant nitrite or nitrate were took in.
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Table 1. Abbreviation and concentrations of food ad-
ditives used

Additives
Sample  Sodium s Nirate  ASCOTPIC
codes chloride g)  (mg/kg) acid
0o Mok mgke) )
Control 20 - - -
2-1 20 100 - -
2-2 20 200 - -
2-3 20 400 - -
2-4 20 80 - -
2-5 20 1,600 - -
3-1 20 - 100 -
3-2 20 - 500 -
3-3 20 - 1,000 -
3-4 20 - 2,000 -
A-1 20 800 - 13
A-2 20 800 - 26
A-3 20 300 - 65
A-4 20 800 - 130
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Table 2. Chemical composition, pH and salinity of raw

anchovy
Moisture ;g‘tl;‘; Chmm‘ée Ash - Salinity
[v)
(g/100g) (@/100g) (g/100g) (g/100g) (%)
725 148 7.2 36 73 03

Table 3. Effect of nitrite, nitrate and ascorbic acid on
contents of TMAO-N and TMA-N in salted
anchovy during its fermentation

(mg/100g)

N Fermentation days
Sample codes 0 10 30 50 70 110
Control TMAO-N 88 73 68 51 44 32
TMA-N 34 62 83 104 124 147
2-1 TMAO-N 87 74 69 53 46 34
TMA-N 33 61 81 100 11.7 143
2-2 TMAO-N 86 74 10 54 47 35
TMA-N 33 59 76 95 11.2 140
2-3 TMAO-N 86 75 171 55 49 36
TMA-N 34 57 178 92 111 135
2-4 TMAO-N 87 75 172 57 50 38
TMA-N 33 56 75 86 109 127
2-5 TMAO-N 87 175 172 58 51 39
TMA-N 34 53 72 80 102 113
3-1 TMAO-N 89 72 65 53 42 31
TMA-N 34 61 82 104 123 146
3-2 TMAO-N 83 72 63 51 40 32
TMA-N 34 62 82 106 128 148
3-3 TMAO-N 86 73 65 52 41 30
TMA-N 33 64 83 107 126 143
3-4 TMAO-N 86 73 6.7 51 42 31
TMA-N 35 64 82 104 122 142
A-1 TMAO-N 86 7.7 174 58 52 38
TMA-N 34 54 173 84 107 125
A-2 TMAO-N 85 80 75 58 52 41
TMA-N 34 52 172 83 104 123
A-3 TMAO-N 85 81 76 60 54 43
TMA-N 34 50 70 80 102 120
A-4 TMAO-N 86 82 78 62 55 45
TMA-N 34 48 68 79 100 1138

YRefer to comment in Table 1

2 TMAS 71 X7 =3 o0, 3 oblAId Y ¥
=7 £24E FREEE oS =3 e, 1 olfrE
oAl st o] FY A FY F4& A7) 7] WEeletx
FA = AAFAHINTFG-1~3-4) Tt F
7} patterne] &9} n]5slg on o} 22 HALAY
7FHA-1~A-4)8 FEATAE 2-99 vl F74
&7} =3}

KIE S(21)-& TMAO % TMAH 49 3= Wist=
Az A e A E Jebdd e st w, A5
F(9) 0] 7} F TMAOA &7} 743 TMAA
A7) Zr)sksoha 819).2.n) | Takahashi(22)& 2.3 ¢
£ AUdAZYE A TMA"AE <F 598 Z71ak 9

o)

&

&9 §Eke] FA3H AstEE

L

o TMAOA AL <k 90%v ZAastgciy B a3ty
B A Aste}l u)53 7ot

DMAZI2-2|

Hx| A 44 % DMAA 29| W3he Table 49 2
HzTe FF AF 1L8mgkegol A= Aol $4 1104
Foll= oF 349 2 F7hsl o, opAAF A A 7T (2-1
~2-5)& FF L7 2 F7tste] obdlabd A7F2 DMA
Al tha A= iek. AR HH3-1~3-4)= 3
T 320 & F7hste] 29} oA A A bS] F2
&2 Zrhstgon, ofaz 2 MARIHA-1~A4)
£ 37t 571 €55 DMAY A o] A=
oA A H7177} th 2Tl uls DMAR &9 F71 &
%7} =7 o]fi= DMA7E b4 Ak 3} uh-8-3t+] NDMA
o] Aol Bdstg At obdatde] TMAOS 23l &
A A7 Aot ARRA} Qe A2 B et

A 9 ofEMY ™Al

#3}

%4 F A4 9 opd At 49] Wt Table 59
o Az A4ad 2 opdadd AL Wt o
S A2, o g A/ (2-1~2-5)€ ohdatd A&
7t &4 F Aastiod, dAdAsHTG-1~3-4)=
AR Lo} 2dE v oAb A s S
At 53] oPd AR A b= 54 1099 obAbdA
©] ©]71-> NDMA7} &
A 1092 FA3A F71E A B0l Sle A=
Bsi ek, obdAtd A el A opd At A &t 2
48hs 8918 obdAtgde] ol zh g5t NAE 44

Table 4. Effect of nitrite, nitrate and ascorbic acid on
contents of DMA-N in salted anchovy during

its fermentation (mg/kg)

Sample Fermentation days

codes” 0 10 30 50 70 110
Control 118 185 239 280 315 399
2-1 118 136 159 171 191 214
2-2 119 132 157 160 181 206
2-3 116 130 153 157 175 197
2-4 116 130 150 152 167 193
2-5 118 126 145 150 162 189
3-1 118 191 211 264 291 365
3-2 115 185 211 255 261 363
3-3 116 184 164 242 271 358
3-4 110 172 204 240 263 364
A-1 110 128 132 142 154 173
A-2 111 114 128 132 142 150
A-3 112 113 123 129 135 141
A-4 111 114 118 122 130 132

YRefer to comment in Table 1
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Table 5. Effect of nitrite, nitrate and ascorbic acid on
contents of nitrite-N and nitrate—N in salted
anchovy during its fermentation

(mg/kg)

Fermentation days
0 10 30 50 70 110
Control NOs-N 1.2 13 14 14 11 1.1
NO.-N 09 0.8 1.0 12 0.9 0.8
2-1 NOs3-N 11 1.1 13 1.0 1.2 15
NO.-N 905 649 618 597 552 520
2-2 NO3-N 11 1.3 13 12 1.3 1.2
NO.-N 1655 111.8 1102 1073 1035 1032
2-3 NOs-N 12 1.2 13 1.2 1.2 13
NO:-N 3644 2394 2406 2352 2283 2342
2-4 NOs-N 13 15 14 16 12 1.0
NO;-N 7355 5008 4955 4904 491.2 4851
2-5 NOs-N 12 14 15 12 14 16
NO;-N 1374.2 1060.9 1063.7 1045.7 1036.1 1008.7
3-1 NOs-N %4 946 933 928 900 829
NO:-N 1.0 59 71 111 170 233
3-2 NOs-N 4924 4908 4725 4707 4700 456.1
NO:-N 11 84 121 183 268 378
3-3 NO3-N 9512 9493 9282 9235 9151 8925
NO;-N 12 130 182 283 367 539
3-4 NO3-N 1907.3 189%.0 1781.2 1776.5 1776.0 1760.8
NO,-N 14 205 232 263 456 9H8
A-1 NOs-N 10 1.2 11 09 09 0.8
NO;-N 7294 2685 350.7 2134 2125 2644
A-2 NOs-N 08 0.5 07 0.8 0.8 06
NO:-N 7257 1904 2069 2013 2022 2073
A-3 NOs-N 05 0.3 0.3 0.3 05 0.3
NO;-N 7272 1233 1329 1305 1293 1312
A-4 NOs-N 05 0.3 0.3 0.3 04 0.3
NO,-N 7234 574 533 548 538 555

YRefer to comment in Table 1
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Fig. 1. GC-TEA chromatograms for fermented anchovy.
a. NDMA standard 540ng/ml
b. Fermented anchovy
c. “b” after UV light irradiation for 3.5hr
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Fig. 2. GC-TEA chromatogram of NDMA and its nitra—
mine for fermented anchovy.
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Fig. 3. Mass spectra of NDMA distilled from salt-fer—
mented anchovy.
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Fig. 4. Influence of nitrate and nitrite on NDMA forma-
tion during the fermentation of salted anchovy.
180
180
™ Control ~ AS-1 AS-2 AS-3 AS-4
& 120 - — —B— —b— —e— —-—J
2
< L
s 80
o
=
5 60
]
[
g 30
0 1 1 1 1 1
0 10 30 50 70 90 110

Fermentation days

Fig. 5. Influence of ascorbic acid on NDMA formation
during the fermentation of salted anchovy.
Control: Ascorbic acid was not added.

As-1' 13mM/kg of ascorbic acid was added.
As-2: 26mM/kg of ascorbic acid was added.
AS-3: 66mM/kg of ascorbic acid was added.
AS-4: 130mM/kg of ascorbic acid was added.
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Fig. 6. Effect of pH on the formation of NDMA in salt-
fermented anchovy.
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Fig. 7. Effect of addition of ascorbic acid on the forma-
tion of NDMA in salt-fermented anchovy.
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Fig. 8. Effect of addition of thiocyanate on the formation
of NDMA in salt-fermented anchovy.
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