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The Quality of Commercial Salted and Fermented Anchovy
Engraulis japonicas Sauces Produced in Korea
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We investigated the quality of 12 commercial salted and fermented anchovy Engraulis japonicas sauces by measur-
ing their chemical compositions, bacteria concentrations, and biogenic amine contents. The sauces had a moisture
content of 67.13-69.83% (mean: 68.17%), salinity of 20.00-25.84% (mean: 22.29%), pH of 5.14-6.28 (mean: 5.63),
volatile basic nitrogen content of 119.12-273.37 mg/100 g (mean: 199.19 mg/100 g), total nitrogen content of 0.82-
1.50% (mean: 1.30%) and amino nitrogen content of 550.17-1,086.62 mg/100 g (mean: 774.99 mg/100 g). The vi-
able cell counts ranged from not detected to 1.6x10° CFU/mL, and the number of biogenic amine-forming bacteria
was very low or undetectable. The tested samples contained 372.32-2,111,61 mg/kg (mean 813.48 mg/kg) histamine,
29.62-144.29 mg/kg (mean 98.14 mg/kg) cadaverine, 87.89-530.84 mg/kg (mean 329.91 mg/kg) tryptamine, 20.89-
127.17 mg/kg (mean 60.49 mg/kg) putrescine, and 13.08-109.91 mg/kg (mean 57.74 mg/kg) tyramine. Whereas no
spermidine or spermine was detected in any sample. These results strongly suggest the necessary of monitoring the
biogenic amine contents of commercial salted and fermented anchovy sauces carefully to ensure consumer health.
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o}yl(biogenic amines)©|t}. Ho] @AY ofy] 2 Thal 25 3
gk AlFo] RafsiAL A g ol A f-elotr]eAte] nl &
e RS B2 ofu| Y| B A0 O3 UjslE W AlE
9] ou|l=7] o] vhg-of oJsf B/ El= AEAF AA3HHEo|
TH(Wendakoon and Sakaguchi, 1992). B}o] A4 o}yl-S- 4]
WollA 2l 7Hd o2 AQddEd s 2hgstal dehxd 9
YF Y Aol S vAY, ok A Alol= g H o
=, W2, FEYY], 78, AL B wAAE, o3 HH 52
sk 4= Itk (Lovenberg, 1973; Joosten and Olieman, 1986;
Taylor, 1986; Shalaby, 1996; Hungerford, 2010). %-&]ute}of|
A WEOIR, AgolR, B2, A% Ei A 5 the A7
St A0S, B2, AEA] 5)9] 3| AR FeF2 200 mg/kg ©]
St= AA =] JIATHMEDS, 2018), M-S ZRE AP A
0] A= 3| AEHIE 23t vlo] @AY ofylof T3t 7]
= 9 42 A= o] QlA| Yt whebA 7 = AR A
T EAHA 0] F2 HIEE QR 7| 2AEE Al FSH] sk
|3keh4, n|Esha] 9 ofehA ffa 24Ql vio] @AY o}yl

]

sake BA3hol,
ME U

M2 2 Al

Aol ARERE 12F9] Al A AAL- 20179 68 A S
ZRE et 24 tfntkE, mufAlg d A A SollA
Fufstar 9l BAKZA 7] 1), CAHZ 7] 9FAF), CAHASE A
), GAHAE 591, HAHGH =4, EAHAE 419h 59 A
F& sl WALl HykshH A Ao ARE-SESITE Bio-
genic amine 353591 cadaverine, histamine (97%), putres-
cine, spermidine (98%), spermine (97%), tryptamine (98%),
tyramine (99%)} Y EF=4 2 AR5+ 1,7-diaminohep-
tane (I.S.) 2 F=A] AJ9F dansyl chloridet= Sigma-Aldrich
(Switzerland) A&, acetonitrile> HPLCHS AME-31% 0.1,
ether 52 S AloF& ARS8

OletetdEE4

TR 105TAA AR H(AOAC, 1995), A1 &
2 MohrH(AOAC, 1995), F4 4 $FF-2 semi-micro Kjel-
dahI'}(AOAC, 1995), o} =24 gHF-2 Formol 2] 4 #(Ko-
hara, 1982), 3|94 G712 4 $FF2S Conway unitS ARE-5H=
u]=FEFAFH (Ministry of Social Welfare of Japan, 1960) % pH
+ pH meter (UB-10, Denver Instrument Co., Gottingen, Ger-
many)2 5731t}

Mz 5%

A= AFA(JC 801, Color Technosystem Co., Ltd., To-
kyo, Japan)= =7%J3}o] Hunter color systemeof 2J3+ L 7

%), a (A E), b (A=) D AE g(EHE) = e
t}, oo AFR-3F & Wuho] LZES 91.985, a 4H-2 0.051, b Zt
©.3.1020]4ck.

AulA|l+4>= standard methods for the examination of
water and wastewater (APHA, 1984)2] ®Hof w2} stan-
dard plate count agar (Difco, USA)E A5l 35+0.5T
ofl A 4847t HliF & B/ A=tz Atslgit) vhol 24|
Y opdl A4 wt= Hiol Al obule] HA|Ql o] At
< 2% 2%7} 2 Hrksto] 423t w4 [ryptone (0.5%),
yeast extract (0.5%), sodium chloride (0.5%), glucose (0.1%),
tween 80 (0.05%), MgSO,-7H,0 (0.02%), CaCO, (0.01%),
MnSO,-4H,0 (0.005%), FeSO,-7H,0 (0.004%), bromocre-
sol purple (0.006%), amino acid (2%) and agar (2%)]& A}
#5101 35+0.5COIA 48417 Wi} & wed B8 mi
22 A4=5hrhZaman et al, 2011). AT HgF =
A2 93] Qo = 108] 3|45 AR | mLE AxBSu7)
(3M Petrifilm™ EC, 3M Health Care, USA)ol| 53}z, vl oF
(35 1.0ToIA 24 £2410) F AR 2L B A2 5 29
of 7|25 FAT A, i+t FE Heh T T 7122 3
33 Ae 242 Algstol it 5 AbE ST

HIO|2KH ot =3

Hpo] @AY ofql gk 5782 AlFa Aol A AAIgH o &
slo] AASFATHMEDS, 2018). AJ& 1.0 mLe] 0.1 N HCl-&
7¥sto] 50 mLE 7-§-5tof AlF-EH g ARg-SGITh A= 1.0

S Algdel #2 # 100 pg/mLe| WiEEE(1,7-di-
aminoheptane) 100 uLE 7}5}3L ESFEHARGEFE-8-91 0.5 mL
2} 1% dansyl chloride acetone 828 0.8 mLE- 7}5}0] &3t
3450 S0l 1N7E SEAS slolt. SEAS BEl
off 1l Al g-g-oof 10% proline-&<Y4 0.5 mL ¥ ether 5 mL< 7}
sko] 1087 skl A5 Foke] A4 w53 H aceto-
nitrile | mLE 7}8}0] &0]3l 0.45 pmZ oJ3}stk Z1-& HPLC
system (YL 9100, YoungLin Instrument Co., Ltd., Korea) > =
33] EAJsto] 11 Htghe = el on], 4 2712 Table
13} 2k

= R
5, Y%, pH, VBN (volatile basic nitrogen), & 24~ gheF 4
obul1eAb 4 ) Table 20] LeR ek, 8- 67.13-



69.83% (Ht 68.17%), B+ 20.00-25.84% (H122.29%),
pH: 5.14-6.28 (B4 5.63), VBN 119.12-273.37 mg/100
g (B4 199.19 mg/100 g), & A4 g2 0.82-1.50% (Bt
1.30%) % ofn]iAbg A 4 FHg2 550.17-1,086.62 mg/100 g
(B+t 774.99 mg/100 g) =F 22 2=t
AAEAEEEE BE AFA(70% olshols e Algol vt

SSHEOL, TRALTFA7IE(68% °I3h)

° Q.

= T10

sh Zkst

AAH5E O A
TR

= AEe 7] AlFo R ERIE . e ARSI
23 B2 774(23% ol3hE 238l AlRE 370 AlFEolH,

Table 1. Instrument condition for HPLC analysis of biogenic

amine in commercial salted and fermented anchovy Engraulis ja-

ponicus sauces

Parameter Conditions
Detector uv
S
Column Temp 40°C

Flow rate 1 mLU/min

Run time 35 min

Gradient elution (min) ACN' (%)

0 55
15 65
25 80
35 90
Wavelength

254 nm

45
35
20
10

H,0 (%)

'ACN, Acetonitrile. HPLC, High performance liquid chromatog-

raphy.

F497 669

AT 7]2(25% ©lhE 2k AR U] AlES
B2 SR1 | Glr}. ofn] A A A Fhef2 SAd 4 712(600
mg/100 g o]/ 2] 2xof FAR et Alm= 170 Al&olw v
A A&z 7|22 ol ARket Al o2 SRIE it & A o
2 7] AEE AL YA A2 455 9 =4k
FAEFEEE £ (1% oS 25l o etk
TA712(1.2% odyE A-8-5Hd 271 AlsFo] 7]l F47tet
Ao 2 SRIE It A 2 & A4 o] =2 Al o]
A A S tha A UEheT o] Axbe 729 At
ZIH(Cho etal., 1999; Jang et al., 2004)2} F-AFSIL, Ao u}
o} & A oo 7|EA Ko R o] 2 g 7] AR
A0z HA Ao Agg H7Fste] BASFAAY A
WA O] 53} 5ol YN E o FEnt.

1270 Al HAHA 5 AEFE5A, AP AEESE 35
T4 9 At A 7| A Frol| Fobet AlE-2 Al 22
sh] U 2] 97 A|lE-2 st o] 49| 7] uidshA Y 23}
stol 7)ol FEHEA] eroteh A 71 A oHf{ A
£ W5k 583k 2|39 shuto|m gFn] Yl Rufj F o] WA
O] B2 phetAtE 2 SHE-E| L Qlrt. = AR of| AR 12F Al
I H 2N A 0] FJHRA] 7] R ATFS 119.12-273.37 mg/100 g (
Bt 199.19 mg/100 g) 9= Aol whet 1 A7 84w
2 2tol7t QU ot Hat 2 7]E At Hale) vl asto] A
9] H]g=3t o2 0 2 SOl E Q=1 (Oh, 1999; Jang et al., 2004;
Kim et al., 2011), Aol wh2 z}ol= AR 9] Ak e, <4
712 9 27, HA Q] 34 9l 2per A2l Qg S A7)
29 &4 5ol YRl R upotE Ty AR 07 A|HE|IL Q=
BAHAL of 2] 7] ol A AABEAL Q= 71 B A0l vlE
ghAlEo] o Wol -5 Tl =L Q1= Aotk AlE2) #3t
E QoA = 7R Aoldt 7|2 E S YT e

Table 2. The contents of moisture, salinity, pH, VBN, total nitrogen and amino nitrogen in commercial salted and fermented anchovy En-

graulis japonicus sauces

Sample No. Moisture (%) Salinity (%) pH VBN' (mg/100 g) Total nitrogen (%) NH_-N (mg/100 g)
1 68.28+0.12 22.80+0.63 5.46+0.02 236.15+4.18 1.44+0.05 1,086.62+8.21
2 67.72+0.24 23.45+0.55 5.50+0.01 245.81+6.13 1.460.09 857.035.37
3 67.6340.31 23.57+0.72 5.53+0.02 166.78+4.22 1.32+0.11 805.75+9.22
4 69.27+0.19 21.58+0.27 5.67+0.00 188.92+1.34 1.29+0.08 898.50+6.34
5 67.13£0.22 23.004£0.43 5.61+0.02 195.99+2.66 1.50£0.12 707.79+11.21
6 67.21+0.11 22.75+0.51 5.68+0.01 134.29+2.49 1.33+0.14 680.0419.64
7 68.82+0.26 21.13+0.24 5.61+0.02 214.14%3.35 1.37+0.07 652.28+6.48
8 68.9310.25 20.2440.31 5.55+0.01 273.37+5.83 1.3320.10 625.15+5.49
9 67.71+0.18 21.70+0.18 6.28+0.00 251.29+7.22 1.35£0.15 902.09+4.52
10 67.13£0.09 25.8410.54 5.97+0.01 210.71+£1.97 1.25+0.09 847.4218.36
1 69.8310.24 20.0040.62 5.14+0.03 119.1242.34 0.82+0.07 550.17+3.47
12 68.3540.33 21.3940.51 5.52+0.01 153.74+2.65 1.09+0.13 687.05+5.28

'VBN, Volatile basic nitrogen.
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o] A=, A A FO| FAFN 1FIE YolA= A
3t F i 9 o)A A A ko] ARyt 5H35 2
[k ek
BX[MHAIO| M

NAI 0] A= vk g g of| A A E= fre] ok Aty 3H
39 2k-g-of 23k Maillard ¥H5-2] 57F AH=21 melanoidin®]

A o] ZEMo] Z7151A] Elth(Lee et al., 1997; Van Boekel,
1998; Wanakhachornkrai and Lertsiri, 2003). 125 H ]2 %] 9

Table 3. Color values of commercial salted and fermented anchovy
Engraulis japonicus sauces

Sample Hunter's color values'

No. L a b AE

1 68.86 8.23 70.81 99.11
2 60.17 11.01 78.84 99.78
3 73.65 4.65 63.11 97.10
4 66.08 6.29 59.80 89.34
5 69.07 7.86 7477 102.10
6 58.83 9.07 68.67 90.87
7 73.39 3.84 64.47 97.76
8 72.51 4.42 65.34 97.70
9 38.44 25.79 93.86 104.65
10 72.92 6.01 71.44 102.26
1 66.73 8.96 75.93 101.48
12 75.15 3.82 61.83 97.39

'L, Lightness; a, Redness; b, Yellowness; AE, Color difference.

AE= S0 R e S 4= Q1S AT 2 A Fof| upet 2ol 7}
7)ol M= 2ol 5 ZAT I a/do] Lo SA3 4
V= Table 301 A|A[SFTE 125 BA| 431 2] W =(L)+= 38.44-
75.15 (Bt 66.32), T (a)= 3.82-25.79 (Ht 8.33), 2
Z(b)y= 59.80-93.86 (HaF 70.74) 2 ZAHE(AE)= 89.34-
104.65 (B+F 98.30) &2 =7 = of AlEoll whe thas 2ol 7t 9191
o} 53] ST (a)= Aol wheh 7P 2 ZpolE Hyom,
T(L)2F A (b)= AlEol wheh Zpol7t 2helw| glet. A&l
w2 A o] Zjol= AbE YR W a2 7|7 59 Ao
of ofaf WAYEH Ao & whetE; Aekgt Ale] A= A
&17] o] et 2 A g ol AREEE 12 Al EA A Q] A=}
71 A ARk o =4 S E T o= A7 Y
0] 0 2 wekElth(Cho et al., 1999; Oh, 1999).
0|dE o=
B HA ] AREA|tS, vo] A ofvl A+, thakt
o &S 2748 3= Table 40 YeRU Qe B2 A3
UdtAlto= B =4 o 1.6 % 10° CFU/mL

il

-2

N

2.5x10° CFU/mL) ®9|=2 - W2 olv, i

ot B ARl A HEEA] Qokeh. 3 Hpo] A
P At AR B ofrl Fiol WA gle] E3E01A
Aste ez Ztf 1.6 x 10" CFU/mLo| 812 o9 w4
o2 afotE|glet. UrAlwtet vhel e Al ofgl A44g
- S 2Rl A WA MA A 2T o At B
oA o] A 7hs A Hehs o] ¢ Aol
SAsHe oA 2HAHE AT At RSt
gk Abdo] A2le] Elof Az oz WA NA F0] | PE

O:
8

o B¢

=

o

J —_—
p)

o™ B o

O N 0ol N AT o i wE
N

Table 4. Biogenic amines formation bacteria, viable cell and coliform bacteria in commercial salted and fermented anchovy Engraulis

Japonicus sauces

(Unit: colony)

Sample No.  HIS! PUT CAD TRY TYR SPM SPD Viable cell count (/mL)  Coliforms (/mL)
1 ND? 1 ND ND 1 ND ND 3.4x10? ND
2 1 6 10 1 16 ND ND 3.3x10? ND
3 ND 1 ND ND ND ND ND 6.5%x10" ND
4 ND 8 ND 1 4 ND ND 3.2x10? ND
5 1 1 ND 7 ND ND ND 1.8x10? ND
6 6 ND 1 ND 2 ND ND ND ND
7 1 2 1 ND ND ND 8.0 ND
8 1 1 ND ND ND 1.1x10? ND
9 1 10 2 3 ND ND ND 1.6x10° ND
10 ND ND ND ND ND ND ND 9.0 ND
1 ND ND ND ND 1 ND ND ND ND
12 ND ND ND ND ND ND ND 5.0 ND

HIS, Histamine; PUT, Putrescine; CAD, Cadaverine; TRY, Tryptamine; TYR, Tyramine; SPM, Spermine; SPD, Spermidine. 2ND, Not

detected.
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40} wto] oAY ofql A 4ol Wit 712 AT A ¢
o g B3 S glout AlRlo] AR 1250 A AR
HACCP7| 20| Q]3| Al A 2] 5t A &3} AF-8}A] 92 A &-2]
UubAl et hol 2 A ofrl AAFO] Afol7t A ghrhs
Aol A dste deoll oot vAdE AP 7hs/dE =t ekl
ok whebA 3 A2 B A AR EAfehs v e 54 9 o)
oA B0 mxjolx o] Bk 1A o] n|AE AF W3] Tl vk

ofl Fofsl= MBS olafsht] Egol B Ao2 ke,

HO| A OF2l SfE

B A9 H}Olixﬂ opdl 3hdE 5743t A= Table 5
of b SlTh. 71 B A &] Aol A o]
erine, histamine, putrescine, spermidine, spermine, tryptamine
4 tyramine 5 752 oS thAlo 2 AeFSFITHCho et al.,
2006; Moon et al., 2010; Kim et al., 2011). 12552] A H A
N Al of] ZA|5}= histamine $HEF-2 372.32-2,111.61 mg/kg (B
+ 813.48 mg/kg), tryptamine -2 87.89-530.84 mg/kg (
Hat 329.91 mg/kg), putrescine TR 20.89-127.17 mg/kg (
B4t 60.49 mg/kg), cadaverine ?é}%k?_ 29.62-144.29 mg/kg (
H+98.14 mg/kg), tyramine T2 13.08-109.91 mg/kg (5
o+ 57.74 mglkg)?l Aoz BAEQItt. I8y spermidine™}
spermine> M= Al &ol| A HEEA] QT 125 A 4519
histamine 5=+ Al&20] wjet o 5.78) Z}ol& YR =4
B0} AU o] 5 % o] A 7|E U Seliet v
A2l AHE ] 71291 200 mgkgS RE A R4 27515
on, 7|E A A et | weh Bt ke 25 =AU ALY &
ARst 4220 2 ol & I tH(Cho et al., 2006; Moon et al., 2010;

A<E5 cadav-

=497} 671

Kim et al., 2011). Tryptamine-> A &0 whe} 2|t 61l 0]4+2]
Apol & UEhw 7]& dAA ol Hlsf 1.94H, 2.21) = 2,74}
=7 YeRS TR Cho et al., 2006; Moon et al., 2010; Kim et al.,

2011). Putrescine 4|2 ufet 2|ch 6.14] 2ol Lrehujed
Hatik2 7129 At AR T} .48 =7 H(Cho et al., 2006),
43% 20 2 A1 (Moon et al., 2010), H+t 3.38] 27 L}
EPth(Kim et al., 2011). Cadaverine> A|=of w2} Z|tf oF
4.9ul} 7= 0] 2ol 5 YEhH, 7|E Ao} H|w st et oF

54% 4522 JAY(Cho et al., 2006), 1.38] &A1 HMoon
et al., 2010), B 4.68] =2 A o7 ulolE]QrH(Kim et al.,
2011). I3} tyramine> 7] ZAitlof| v]3f 3.5u o] A] 5.78) W2
A2 ZA = A tH(Cho et al., 2006; Moon et al., 2010; Kim et
al,, 2011). & Aol A AEEA] %2 spermidine} spermine
& 7]E9 HuoM = FUsHA HEEA A HMoon et
al., 2010), spermine 3.32-8.35 mg/kg? ¥ &0 2 &
E itk 17} QIth(Kim et al., 2011).

Aol wet vpol 941 obl geo] 2 AHo| S ek of
e 95 A, a8 A7 Ta 21 2 A 7gk 59
Folol ofgt Azfela ek 2 goke Yelo] cfaHE 3
5 24o] Wastcy T, 2 AolA Be Az E
39| vo| @AY ofnl 4] AukE Hive 7|E AAe]
A} Ate} vl sh histamine FE= AR FARE =0
cadaverine} tryptamine-2 -2 ¥ oL} putrescine¥} tyramine
2232 e HEET Tl Al 12F A HAE e
2 ofsfst 423} 0| @ o 2R obl gk 4] Zal,
Al I QL= BRI N AL | 7|5 B qFA o ARkt AlEE
Ch= FAREE Al 5ol o Wol f-5 5L 3= A4 oiﬂ?l—t»l
Ak T3 7] B A2 A E o] A] ot Hha AR ¢t

Table 5. Biogenic amine contents in commercial salted and fermented anchovy Engraulis japonicus sauces

Sample Biogenic amines' (mg/kg)

No. HIS PUT CAD TRY TYR SPM SPD
1 2,111.61£71.18 69.59+7.39 126.72+12.74 453.36+31.88 66.88+2.16 ND? ND
2 871.21+42.24 41.174£6.42 129.72+14.28 162.48+16.24 52.39+3.11 ND ND
3 740.64+26.49 20.89+2.28 29.62+6.32 131.37+11.98 13.08+0.22 ND ND
4 673.23+27.11 23.25+4.46 35.56+4.89 290.98+15.72 42.81+1.60 ND ND
5 551.04+£18.92 118.66+8.11 110.93+£11.83 260.76+12.37 78.97+2.06 ND ND
6 1,160.26+45.21 29.38+4.88 88.61+£10.62 500.02+32.11 21.93+0.52 ND ND
7 817.28+54.37 51.34+3.81 109.29+8.93 530.84+29.25 74.53+4.21 ND ND
8 746.23+38.32 47.7416.69 112.39+9.71 445.07+20.07 63.94+3.98 ND ND
9 697.88+27.72 127.17+9.12 72.35+£10.87 483.131+28.34 96.88+4.82 ND ND
10 420.49+19.88 115.17+8.72 125.58+12.24 300.34+23.64 109.91+5.61 ND ND
1 372.32123.62 43.00+6.65 92.56+8.43 87.8948.27 35.50+1.88 ND ND
12 599.58+28.66 38.53+4.71 144.29+12.28 312.65+£21.65 36.08+2.35 ND ND

HIS, Histamine; PUT, Putrescine; CAD, Cadaverine; TRY, Tryptamine; TYR, Tyramine; SPM, Spermine; SPD, Spermidine. 2ND, Not

detected.
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