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Abstract

We prepared low salted anchovy(Engraulis japonica) and then analyzed N-nitrosamine(NA) and its
precursors. Low salted anchovies were mixed with 4.0% salt, 0.5% lactic acid, 4.0% KCl, 6.0% sorhitol and
5.0% soybean extracts(yellow and black soybean) or herbs(applemint : M. rotundifolia (L) Huds., Lemon-
balm : Melissa officinalis, Pepermint ; M. piperrita L. and Spearmint : M. spicata L.) with ethanol{EOH).
Conventional fermented products of anchovy as a control were mixed with 20% salt(w/w) only. After
preparation, they were fermented for 110days at 20£3°C. pH, salinity and titrable acidity were showed little
changes during fermentation in all samples. VBN was gradually increased during its fermentation, DMA
and TMA in all samples were continuously increased during their fermentation, especially, they were
increased largely in samples with were added EQOH exfracts of applemint. Nitrate nitrogen decreased
slowly, while nitrite nitrogen was slightly increased during their fermentation. Only N-nitrosodime-
thylamine (NDMA) as NA, was detected in low salted anchovy which’s recoveries of N-nitrosodipropyla-
mine(NDPA) were 63.9~99.7%. The levels of NDMA were the highest in control group than other groups,
while only trace levels of NDMA in pepermint added groups was detected after 75days fermentation.
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Table 1. Formulas of ingredients for the prepai'ation of low salted anchovy
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LA =

PAE gl TsiA o188 ABA) (Engraulis -
ponica = A 98~114cm, AF 6.0~89g) & FEL
n RN FYEt] AAE R GRA AR 0§
st ek,

AANEF FEZEL B2 200 milol st 5%
ARF-L AxETE d7t g, HE FEES 71ZE
NENE(applemint : M rotundifoliz L. Huds.),
A 24 (Lemonbalm ; Melissa officinalis), HHIHE
(Pepermint ; M. piperrita L.), 23 o}R1E(Spear-
mint : M spicata L.) 9] 222 242 bg¥ Fste] 24
AlZE IHbebAEA &5 T XA d5d Bty
Sam 2 22t 5%4 FHrzrskgch

2. HAjHe| M=

A5 st} &F 20%(w/w) & 713t 2 2%
& A URTZE sion, 48 TS Table 134 2o}
HAsE HArete gdsA £ F {29
500g% Boy 20+3CT Y LadlA SA442171HA 204,
409, 604, 754, 90Y¥ 2 110 AN FE A3 st F
el WE AASH F A AREEETE

3. pH, S, AT 3l F{gAf AT (A A(Volatile ba-
sic nitrogen, VBN)2| &zt

pHE pH meter, 9%+ Mol o2 4852

(%)
Ethyl alcohol extracts
Sampl Lacti Ethyl
AP gat P kel Sabitdl ). BHA  Soybean Herb
code acid aleohol
I A) ]I B} I (o] ]] m IHE) Nf)
Co 200 - - - - - - - - - - -
CE 4.0 05 40 6.0 5.0 - - - - - - -
CA 40 05 4.0 6.0 50 0.02 - - - - - -
YS 40 05 4.0 6.0 - - 50 - - - - -
BS 4.0 05 40 6.0 - - - 50 - - - -
HA 40 0.5 4.0 6.0 - - - - 50 - - -
HL 4.0 05 4.0 6.0 - - - - - 50 - -
HP 40 05 40 6.0 - - - - - - 5.0 -
HS 40 05 40 6.0 - - - - - - - 50
A vellow soybean, B Black soybean, © Applemnint. D Lemonbalm, E) Pepermint, ") Spearmint
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4. Dimethylamine(DMA) & Trimethylamine (TMA)
o Mzt

Al 3gdl 25 ml¢] isopropanclS 7tate] FA35H
F 3087 A% v, isopropanol 24 50 mlE THE
o] o738 oo} & gas chromatography (Hewlett pac-
kard 5890 I, GC)Z ¥43tsich o|vf 22 Chro-
mosorb 103(60~80 mesh) 2 ZA % A7 2 mm, Z o]
3me] FELES 10CE FANAL FYT &=
180C, A&7] 5= 250CE 3l FID &7 & 9]
43lgem, FA7tAE 0 m/ming F5E F-AA
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5 Zitiel o oty Eao| MY
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Table 2. GC-TEA conditions for analysis of
N-nitrosamine

Conditions
GC, Hewlett-Packard Model
5890A
TEA, Thermo Electron
Corp., Madel 543
10£t X 2mm id, glass
column
10% Carbowax 20M/80~100
Chromosarb WHP
Carrier gas & Flow rate| He, 25ml/min

Itermns

Instrument

Column

Packing material

Oven temp. 140~170°C, at 5°C/.min
Injector temp. 180°C

Pyrolizer temp., 550°C

Interface temp, 200°C

Analyzer pressire 1.9torr

Chart speed 0.5 cm/min

SN EQ YA

Fo] 150ml7t € W7k FZsiAch o FREE di-
chloromethane(DCM 60 ml) 2.2 33] &% o3 25
Tste] 40C 2] water bathollAl Kuderna-Danish 3%
& o]&3ld A mlE FH3 Np7b8 F=8A 1ml
74 %33t Gas Chromatography Thermal Ener-
gy Analyzer(GC-TEA)E 489 o, B450L
Table 2} 7},

9% NA EFEE3 THEL ANES 22 =14
A Bxsted A|29] refention time BlE E co-in-
jectionS F3e] F¢l - THIY LT, WEEFEE
2 N-nitrosodipropylamine(NDPA, 15 pg/kg)S A
g3l Fagg FIET

43 5l nE

1. pH, g I Azo| Wt

AY AR 24 FpH 95 2 Az gEhds)
E 23% AF(Table 3) 2= AFFA &4 110¢
7HR 2 W32 HelA] ekttt

pHe] A% 2 FA A 54 2094 pH 64914 110
Woll= pH 72714 AAHo =z Sz s HE b
5% 2 8 $5F A7 e $4717 Bl 60
~642 HAAY 9= 2T 191~195%, AF
AFTE 74~85%% HHA=E mFe] HES HHL
W} E74d) g T3 Wl Stk Axs ET
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tztg HelR e @it
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L2 BEed 44 11093 2098 vlis) RH glF
ML of 268) Z718le) I Z7hEe) AFE Rew I
thgo] R ERERESES] H7F2(230), AR ERS
2 A7k2m) 8 &olith £4 11094 VBN #
Fo e BIFE(1649me%) o) W Bk, 1
Thgo] HEuEZE H7HF(168.6me%) ol ATk

A 298 AY WA sHEe) B AFelN &
Aol My go mal VBN I AL ZrhsigleH,
g 8% A7 AFel 20% ArIE AFTEG
VBN &3] o] we Aee vepd v ghgl=d o
= 2 4¥e] AdeE fA Aotk

VBNL #5704} Ade) v)53 & AL B
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o] VBN 27} #4Me 28 357} 48 wzkA] 39
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Table 3. Changes in pH, salinity and acidity during the fermentation of low salted anchovy

Fermentation days

Sample code -

20 40 60 75 90 110

pH 6.4 68 72 72 7.3 72

Co Salinity (%) 195 19.2 19.2 19.1 19.2 19.2
Acidity (%) 0.8 0.9 038 08 0.3 08

pH 6.1 6.3 6.2 6.3 64 6.2

CE Salinity (%) 79 80 82 84 83 85
Acidity (%) 10 11 11 12 11 1.0

pH 6.2 6.3 6.3 6.3 6.2 6.2

CA Salinity (%) 75 74 78 8.0 81 82
Acidity (%) 11 11 11 10 1.1 12

pH 64 63 65 6.1 6.2 6.3

YS Salinity (%) 75 75 74 8.0 8.3 82
Acidity (%) 11 13 09 12 1.0 1.0

pH 6.2 6.3 6.3 6.3 6.2 6.1

BS Salinity (%) 17 74 7.6 8.0 84 82
Acidity (%) 11 11 12 12 12 12

pH 6.2 6.3 6.3 6.4 6.2 6.2

HA Salinity (%) 74 75 7.8 8.0 7.9 79
Acidity (%) 09 12 12 10 1.2 13

pH 6.1 6.3 6.2 6.2 6.3 6.1

HP Salinity (%) 75 74 75 8.0 75 7.7
Acidity (%) 11 11 11 12 11 12

pH 6.2 6.2 6.2 6.2 6.3 6.0

HL Salinity (%) 78 79 75 76 78 79
Acidity (%) 09 11 1.2 12 11 12

pH 6.1 6.2 6.2 6.1 6.1 6.2

HS Salinity (%) 74 82 82 8.2 83 8.0
Acidity (%) 1.0 11 11 12 12 1.2

ol Hg AHo)H, 0] A9 4RW JHE A
1ol E7beE 2R PAEe] ol make o) gshs
Fgo] v)RH FAey) WEo)E Baslel Yoy,

3. Dimethylamine(DMA) 2! Trimethylamine(TMA)
Q| &2k Het

DMA¢ TMAS &a3wisl= Fig. 2 2 35 zv}
DMAE 4717 & A&ENA 03y Z)si= A
< BRe g Frhze) /Mg & Zog 718}
o] &4 11099 196mg% Rew, 29N EREE
A7t A4 2099 143mgBh=E 7 =L o)
Kot LAz wEo] 89meg% 7HA TriEdch
TMAE =4 & Z7kshe 28 B85 11097 &

AR NEANM AHTREE A7RH(261.0me%), o)
g A 7RE(2594 me%) B UFFEE 7R (2551
mg%) &0.2 1 ko] A AuE Atk v g1
FAAY A L& gE DMA, TMA 2 TMAQ
9 ¥ WEE 4% Zx TMAOT #xsdx
DMASt TMA® £43%4 o8] 1 &l 7t
WAF TESE 1L o]FHEE £ ¥EE Holx
2o DMAY TMAE TMAQS] ¥3) et E7H2 o)
AHATA 7 Aok FF o

A FY HE Fol TMAOE 24 TMAS
DMASY] §go] Frlsle AL o7 AT 25
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VBN (mg%)

Fermentation days

|%Co —B-CE ~&—CA —8~Y5 —#-BS -0-HA —AHP —O-HL —O—Hsl

Fig. 1. Changes in volatile basic nitrogen dur-
ing the fermentation of low salted anchovy.
Sample code refer to Table 1.

Fermentation days

l—x—Co ~B-CE ~A—CA ——Y5 ~#—BS —OHA —&—HP —O—HL -o—El

Fig. 2. Changes in dimethylamine during the
fermentation of low salted anchovy. Sample code
refer to Table 1,

58 W3RN AFY Ao A=l DMAL
TMAZS] @g0) ARATT Bse] Qupi?,

4, F4kE U ofE A Fao| Blak HE

FAE 2 AN Bae] §aEls Fig 4 2
59} 2t 4 A4y L JErE =S A
AP7olA &4 40Yo= 322~388 ug/kgl® 7}
A EkoH, 4 60Y o) FollE AR} 7Haste &4
11092(0.64~0.90 g/kg) ol 7+ gt obd Ay A
A28 FFHLE Y27 AP F S Bolx) ¢
A AT vlEe} uF Agshe Aotk

RAAFE HES 45 JAF oA A 2
FANY L AFA fHREY APe 239 B
A 2 obdAgE 4% A & 1089 AR

=

pEEEL DR

TMA [mg%}

N i .
20 40 60 7% 80 110
Fermentation days

|+Co —-CE —k—CA -#-Y5 —#—B5 -O~-HA ——HP —O-HL ——HS

Fig. 3. Changes in trimethylamine during the
fermentation of low salted of low salted anchovy.
Sample code refer to Table 1.

i

A AdAL 10~31L7ppm, oFA4d Aie BASE
oA 34ppme] HHGLoH, A AF F2] Tk 3
9 24, A9 FAFAH L AR 53 2H
A7} A= Ao = 4agch Fanst Chan™E &
2] FEA G TE AW FA A A2 (6~
40 mg/kg)-& AESIFET ol T2 A|H 28 29
TrE AN FHE Rolm, AlF 23F(63)9)
4 A 17~40mg/kge] Fargo] EAjgcta 3t
Rt 3718 HIER v Fo] & o H AYe) A}
A AEE A4d 2 oldA9Y F F95 gA o)
48 &Fely $47)7ke] A wet Aag A
29 ggo] il 298 EXA Exlste &
HELT AR AT ANdY 2ALE 949+ A
ol 93 Ao AN W Fole} Azt

O3 (px )

A A J
20 40 60 78 90 110
Fermentation days

|+Cn —#-CE —&—CA —8-Y5 ——B5 —{-HA & HP ~O—HL —¢—HS

Fig. 4. Chanege in nitrate nitrogen during the
fermentation of low salted anchovy. Sample code
refer to Table 1.
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Fermentation days
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Fie. 5. Changes in nitrite nitrogen during the
fermentation of low salted anchovy. Sample
code refer to Table 1.

5. N-nitrosamine(NA)2| &2 5|

IXA 4435 NAE N-nitrosodimethylamine
(NDMA) tto] A& =312 (Fig. 6), BFEZ ) re-
tention times & AX|315 37, NDPAY &2
63.9~99.7%¢< HATh

xTAME £4 20990 20pg/ke o1FT, £4
60Ul = 14 pg/ke, 4 0LNE 99 pg/kg 08 7}
= TEFelen &4 11099 31 pg/kg 22
ZA33 T A eE 7S $4 209904 15U 7HR]
= &7 A7) gt B BEEE H7RoA
© 49717k BAgle] R T ¥)s] NDMAS &
o] 9538 Bokon, 53] AnvE F&F AR
ANME &4 204 &4 7597 E T gl B}
St =4 90l 23 ug/kg ©] AEHR LW HA4
110% #oll= 11 pg/kg 22 oA 24tk AR F

WDMA (pa/kg)

Fermentation days

—%—Co ——CE ——CA —#-Y5 ——BS -[}-HA —&—HF —O—HL —O—HSI

Fig. 6. Changes in NDMA during the fer-
mentation of low salted anchovy. Sample code
refer to Table 1.
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