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Effect of Drying Conditions on Biogenic Amine
Production and Lipid Oxidation in Semi-dried
Pacific Saury Cololabis saira, Guamegi

Kil-Bo Shim, Chi-Won Lim, So-Jeong Lee, Hye-Youn Jung,
Hye-Jin Shim and Ho-Dong Yoon*

Food Safety Research Division, National Fisheries Research & Development Institute, Busan 619-705, Korea

This study reviewed the effect of the drying conditions on the production of biogenic amines and lipid oxidation in
semi-dried Pacific saury Cololabis saira or Guamegi. The moisture content of the Guamegi ranged from 32.71%£2.37
to 45.9£2.60 g/100 g. The respective ranges of the acid value (AV) and peroxide value (POV) were 1.39£0.40 to
15.79£0.47 mg KOH/g and 76.14+2.19 to 282.84 +2.34 meg/kg on drying for 3 days. The AV and POV increased
for up to 3 days of drying and the values differed according to the amount of sunlight and temperature. However, lipid
oxidation was reduced in Guamegi manufactured using a cold-air drying method. The fatty acid composition and the
biogenic amine content in Guamegi during drying did not differ significantly with the drying method or drying date.
The main saturated, monoene and polyene fatty acids were palmitic acid, eicosenoic & erucic acids, and eicosapen-
taenoic & docosahexaenoic acids, respectively. At 16.67 to 71.89 mg/kg, the histamine content was higher than that
of other biogenic amines and it increased significantly during drying. In conclusion, this study showed that the pack-
aging and drying conditions of Guamegi products need to be improved to inhibit lipid oxidation and biogenic amine

formation.
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Table 1. The profile of sample which was drying semi-dried Pacific saury, C. saira Gaumegi with drying time and drying method

Manufacturer Drying date Drying method Sampling location Sample No.
A 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
B 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
C 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
D 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
E 1 day, 2 day, 3 day Artificial drying using pan and heater Guryongpo, Pohang City 20
F 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
G 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
H 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
| 1 day, 2 day, 3 day Sun drying Guryongpo, Pohang City 20
J 1 day, 2 day, 3 day Cold air drying Guryongpo, Pohang City 20
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Fig. 1. The changes of moisture content in semi-dried Pacific
saury C. saira Guamegi, during drying.
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Fig. 2. The changes of crude lipid content in semi-dried Pacific
saury C. saira Guamegi, during drying.
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Table 2. The comparison of fatty acid composition in semi-dried Pacific saury C. saira Guamegi, during drying

) Sun drying Artificial drying Cold-air drying

Fatty acid (wt%)

1 day 2 day 3 day 1 day 2 day 3 day 1 day 2 day 3 day
C14:.0 7.04+0.31 7.15+0.32 7.37+0.39 7.37 7.40 8.00 7.21 6.96 6.94
C15:0 0.70+0.01 0.70+0.03 0.68+0.06 0.83 0.79 0.83 0.66 0.64 0.64
C16:0 12.19+0.20 12.10£0.17 12.40+0.72 11.71 12.44 12.58 11.20 12.03 11.86
C17:0 0.36+0.03 0.35+0.02 0.37+0.03 0.40 0.42 0.40 0.36 0.37 0.33
C18:0 1.88+0.19 1.80+0.08 1.91£0.17 1.64 1.96 1.88 1.69 1.89 2.01
C20:2 018+0.16 0.19+0.15 0.22+0.09 0.30 0.30 0.30 0.27 0.27 0.27
YSaturates 22.35+0.42 22.29+0.52 22.95+1.23 22.25 23.31 23.99 21.39 22.15 22.05
C16:1 0.10+0.21 0.05+0.12 0.02+0.05 - - - - - -
C16:1n7 1.12+1.22 0.08+0.12 0.49+0.89 ND ND ND 0.55 0.24 0.27
C16:1n5 1.24+1.14 2.47+0.33 2.04+0.87 2.92 213 2.19 1.99 2.44 2.58
C17:1 0.07+0.10 0.06+0.09 - - - - - 0.14 -
C18:1n11 0.28+0.26 - 0.15+0.21 0.50 ND ND ND 0.41 ND
C18:1n9 4.36+0.31 4.70+£0.16 458+0.35 3.83 4.35 455 4.53 4.30 4.85
C18:1n7 0.91+0.03 0.96+0.06 0.95+0.04 0.78 0.82 0.79 0.84 0.98 1.02
C20:1n9 13.71£0.52 13.92+0.50 14.53+0.83 13.41 12.88 14.87 15.12 14.92 14.98
C20:1n7 4.16+0.15 4.38+0.11 4.24+0.41 3.85 3.91 3.62 4.06 3.84 3.74
C20:1n5 - - 0.02+0.06 - - - - 0.23 -
C22:1n11 22.71+0.30 23.330.87 23.61+1.12 23.28 22.28 24.30 23.51 22.76 22.11
C22:1n9 1.15£0.10 1.22+0.07 1.1320.16 1.23 1.18 1.08 1.1 1.09 1.05
YMonoenes 49.81+0.34 51.16+1.71 51.74+1.91 49.79 47.54 51.40 51.70 51.35 50.60
C16:2n4 0.32+0.04 0.33+0.03 0.33+0.06 0.36 0.40 0.38 0.30 0.29 0.28
C18:2n6 1.51+0.02 1.50+0.03 1.46+0.06 157 1.59 1.61 1.52 1.46 1.49
C18:3n3 1.27+0.08 1.23+0.06 1.17+0.09 1.58 1.58 1.53 1.16 1.14 1.14
C18:4n3 4.69+0.39 4.55+0.46 4.32+0.49 5.79 5.75 5.44 4.40 416 4.00
C20:3n3 0.06+0.12 0.03+0.08 - - - - 0.18 - 0.24
C20:4n3 1.06+0.06 0.98+0.05 0.92+0.10 1.19 117 1.02 0.95 0.89 0.99
C20:5n3(EPA) 5.56+0.27 5.53+0.67 5.11+0.77 5.57 5.60 4.69 5.29 5.05 518
C22:5n3(DPA) 0.88+0.18 0.90+0.16 0.84+0.15 0.82 0.92 ND 1.09 0.93 1.09
C22:6n3 (DHA) 12.49+0.65 11.50+1.20 11.17+1.55 11.07 12.14 9.94 12.01 12.59 12.95
YPolyenes 27.84+0.69 26.55+1.95 25.31+2.85 27.96 29.15 24.61 26.91 26.50 27.35
n-3 26.01+0.67 24.76+1.98 23.53+2.90 26.03 27.16 22.61 25.08 24.75 25.58
n-6 1.51+0.02 1.58+0.03 1.46+0.06 1.57 1.59 1.61 1.52 1.46 1.49
n-3/n-6 17.18+0.59 16.56+1.58 16.19+2.17 16.53 17.09 14.02 16.49 16.97 17.22
UFA/SFA 3.48+0.08 3.49+0.10 3.37+0.22 3.49 3.29 3.17 3.68 3.52 3.53
MUFA/SFA 2.23+0.03 2.30+0.08 2.26+0.09 2.24 2.04 2.14 242 2.32 2.29
PUFA/SFA 1.25+0.05 1.19+0.11 1.11£0.17 1.26 1.25 1.03 1.26 1.20 1.24
Total 100 100 100 100 100 100 100 100 100
g & Az, A7 d 'z ARgStE s E, ¥ HUEME
Azx7] So&2 Ax 9 F4 Ju7|E AXYHE 95t QlubA E O AOAC(1995)HH o] whet 2222 105°C oA A
W R AP eutete] ARARE ALgT RI7H 729, 2 AL Soxhlet 3240 2 217 Z45}3ic).
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Table 3. The content of DHA and EPA (mg/mL FAME) in
semi-dried Pacific saury C. saira Guamegi, during drying

Drying method Drying day DHA EPA

1 day 1.09+1.31 2.31+3.02
Sun drying 2 day 1.15+£0.15 2.39+0.30

3 day 1.08+0.21 2.37+0.41

1 day 217 1.09
Artificial drying 2 day 2.56 1.18

3 day 1.83 0.87

1 day 2.67 1.18
Cold-air drying 2 day 2.84 1.14

3 day 2.82 1.13

" Different superscripts within a same column are significantly
different by Duncan's multiple range at P<0.05.
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Fig. 3. The changes of acid value in semi-dried Pacific saury
C. saira Guamegi, during drying.
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Fig. 4. The changes of peroxide value in semi-dried Pacific
saury C. saira Guamegi, during drying.
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Fig. 5. The changes of TBARS value in semi-dried Pacific
saury C. saira Guamegi, during drying.
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Table 4. The changes of biogenic amine content on semi-dried Pacific saury C. saira Guamegi, during drying

Biogenic amine (mg/kg)

Dryin
drgteg tryptamine efﬁ&gmﬂe tyramine  histamine  putrescine  cadaverine  spermidine  spermine  noradrenaline
1 day 15.24 - 5.39 46.71 25.43 1.36 224 14.43 1217
A 2 day 21.99 1.14 13.01 61.03 24.42 1.99 26.62 28.49 11.43
3day 34.31 3.06 14.71 63.41 53.6 2.38 22.98 125.19 15.17
1 day 25.71 1.61 6.11 58.44 13.93 2.01 19.85 93.73 12.42
B 2 day 26.11 1.51 10.51 58.11 18.22 8.57 21.87 100.56 12.96
3day 27.51 1.31 18.22 58.17 24.86 12.03 24.91 137.11 13.94
1 day 9.91 1.11 6.91 45.11 17.81 1.27 11.09 22.91 11.41
C 2 day 1.9 1.37 10.64 64.42 20.55 2.51 17.35 37.71 11.84
3day 235 15 12.86 62.22 38.52 2.53 26.52 43.45 11.76
1 day 8.11 0.87 11.09 49.09 6.12 0.63 16.1 27.03 9.76
D 2 day 9.4 0.62 12.42 54.39 6.65 2.87 17.96 55.89 10.93
3day 14.65 1.85 15.9 65.96 16.09 2.99 32.73 93.88 13.16
1 day 8.77 1.09 10.67 55.71 14.51 0.63 14.34 19.72 11.1
E 2 day 16.27 0.86 20.66 58.42 15.52 1.78 21.71 41.07 8.84
3day 19.39 1.64 25.35 63.36 41.14 2.89 22.32 65.19 10.01
1 day 13.74 1.89 18.39 36 28.54 4.32 17.86 4.3 104
F 2 day 22.19 2.89 22.24 16.67 42.24 7.07 20.47 9.65 14.62
3day 25.37 3.12 39.51 52.43 85.35 8.53 38.12 29.94 11.29
1 day 212 2.67 16.59 51.45 229 7.23 25.01 28.32 11.07
G 2 day 22.29 1.76 18.9 55.18 28.01 7.84 25.11 28.31 10.37
3 day 26.29 1.9 20.94 64.71 34.12 8.43 25.54 35.02 10.9
1 day 19.04 214 20.66 55.67 24.57 4.67 27.36 8.32 8.85
H 2 day 23.09 3.08 33.89 70.67 49.41 8.98 284 17.89 12.84
3 day 36.88 2.18 49.35 71.89 26.14 9.50 37.56 39.87 17.59
1 day 20.11 1.99 16.9 48.45 30.11 2.05 22.66 16.58 11.28
2 day 22.81 2.54 22.89 54.65 36.73 2.99 24.09 13.71 13.51
3day 23.63 444 28.54 55.79 33.12 4.67 28.14 59.71 12.31
1 day 12.04 1.23 5.55 64.08 30.72 5.59 26.87 21.14 6.05
J 2 day 19.27 1.38 17.53 55.57 31.95 8.30 34.99 34.31 8.14
3day 26.23 1.59 21.81 56.19 40.45 9.46 3427 66.02 14.32
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AAAZRAIZ] F2] | 7] 8] A7Ee] Hsh=s Az 1dol=
2.53+0.72-8.61 =0.89 mg KOH/g, 71z 2% of|:= 3.32+0.39-
13.69+0.16 mg KOH/g, AZ¢7E Fof= 5.77+0.26-15.79
+0.47 mg KOH/go|Qit}. E3F AE7] 5= o|-&sto] x4
7 B2 P 7] 9] Avb= AzdERE 7247 9.28+£0.13, 11.80
+0.18, 13.69+0.16mg KOH/go 2 A% & A&H o0z 27}
st o, YFAxRTE o] &3t 4] HH|7|Y] At X 5
0.72+0.19-1.38 +0.39 mg KOH/g 2 & Az} A 2| ZAF
Sh= ALY A sHA] AFokth(Fig. 3).

Az 3AsHE7E] #stE AT EY, dEd 2T
£ o] &3t 2 719 Ax F iEHE7h= 58.35+1.01-
14£2.19 meg/kgolglor, A7 9 HAatsE7]el

~
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54.13+1.43 meq/kg®} H| WS AZX 5 HIk= wl-- Aok
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ol 3} H| WA 15.74-195.36% Z7}slgich AzxgE A HS Az
243} B WS 12.76-129.25% 5715F A1 0. 2 212l & Q) ch(Fig.
4).
TBARS t2- A2 9] Atufjof| 4] 2pikalzo] afjol] ofsff 22}
AR BAE 27) Atk $7] A Ao B

3% ok Webd Aol % AE7] 5 ol g e Az
2] 4] 71 2] TBARS 2 A% 1¥€9)+=6.77£0.16-14.13
0.03, A% 2Y0]= 7.05+0.08-15.38 =0.04, AZx 3o =
7.541£0.05-15.6£0.03°] it} v WYFA=xof o3t ] 7}
| 7] 9] TBARS 7S AxYd = 2.30+1.22, 3.17£0.01, 3.32
L0812, 2ol L AEY] 53 ol §to] A=A FA Tel7]
of ujstof wlj-e- w2 hFol Atk(Fig. ).
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N
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I+ Ao g

N

o|A Y Ao o] FHe A2 thge nEZ =L neg
241, A4, 22524, cytochromeg gHatal )lom, 2| H4ks}

S FHe e BSR4 S, F-2 A of] ek o
= ML ZERT} thE heme 3HEo] ARRFESXIA| 2 2483
Ao g H35}a1 QItk(Han et al., 1994; Love, 1983). T3t 14
o] B4 AL BEo| 1 heme Thjo] 714akel Alshe] 219l
o] =, 51 2] non-heme ©]-29] W& 50 AbelatAl 2
=ol= Ao UHA Qlof, FA] I|7|= A xR F o7 2l
olsto] A4S} o] R0l X Ao & ke T

2 7] Ax 5 Az g AAE 2448 i
B SR A A 9] A2 Palmitic acid(C16:0)7} 2 A
Holgl o, T E 3RO A= Eicosenoic acid(C20:1)
9} Erucic acid(C22:1), 223l A EE L3 HHAbo A =
Eicosapentaenoic acid(EPA, C20:5), Docosahexaenoic
acid(DHA, C22:6)2] 2/31]7} 7} =4 Uelyth(Table 2). 1
Ut AxdHut dz o] o AgAk 248 = F-o12] Q1 A}
o= GATHP>0.05). EFFA AR Az 1Y0] 21.39-22.71%,
A% 2Y0|= 21.85-23.31%, Az 3¥0)= 21.75-25.79% % °.
o, SAEZSA AR A2 AR 49.55-51.70% (A% 1),
47.54-54.41%(AZ 29), 49.54-54.24% (A% 3Y), I =E3E3}
A AR AZUHZ 26.91-28.80% (A% 1Y), 23.27-29.15%(
A% 29), 19.97-28.71%(A % 39)0|%ith. DHA g x] 2 &
S22 FA O FA DS TATHE TR AYALL HarEe)
220 #A Qo] 16:0, 18:1n-9, 20:5n-3 ¥ 22:6n-3 So|2}aL
wasgon, 445 H2 7] F AU 2A4E E5A
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wAko) 21-24%, S UEE A AR 38-42%, 11 % B3 SFA] R
AhE 31-33%9] e SHokal Qlrhe Haleh v fARSHSL
th(Kim et al., 1999, 1997; Oh et al., 1995). 121 n-3 A=Ak
= Aol A A=A ot SAlES Fall AdFIsteioF sh=T,
AZ 199+ 25.07-26.91%, A% 2U 0= 21.44-27.16%, A%
3o 18.05-27.08% 2 LEFF O W, n-6 A AR AxAEHE
7v7} 1.48-1.57%, 1.46-1.59%, 1.35-1.61%= e}yl T3+
SR} 1SS HARS] HIZE AR UE R 717 1.18-
1.33%(AZ 14), 1.04-1.31% (A% 2Y), 0.77-1.32%(A% 3
WE e on, o= AW o FeAEE 2] At A
Sl = i e 2 e B e ) vl DA L o e
V=g oA R 2A408]¢] 1-1.59] H ¢]o] ¢t (Chanmugan
et al., 1986).

NSRSl DHA 9 EPAS] A4 2A408]= A%
o, Ao whet §-2)421 Zfol= §1%lom, DHA g
22.17-3.02 mg/mL(AZ 19)), 2.05-2.84 mg/mL(A% 29)),
1.46-2.90 mg/mL(7AZ 3¥)0] o™, EPA 2 1.09-1.31
mg/mL, 0.91-1.29 mg/mL, 0.71-1.18 mg/mLo] %]t Table 3).
webA] DHA 9 EPA 2/du] 9 gk Az, Azl
wfet 90142 Kol = ¢ GITHPS0.05).

Biogenic amine gt2k i3}

TEE A oA AL FX] T 7] o Ayt AR
o] w2} biogenic amine 32 F ARSI THTable 4). A% 1Y
o] tryptamine -2 8.11-25.71 mg/kg, 2-phenylethylamine
SO (0.87-2.67 mg/kg, tyramine 3HF-S 5.39-20.66 mg/kg
histamine 32 36-64.08 mg/kg, putrescine S 6.12-
30.72 mg/kg, cadaverine 32 0.63-7.23 mg/kg, spermidine
=2 11.09-27.36 mg/kg, spermine -2 4.3-93.73 mg/
kg, noradrenaline $FF2 6.05-12.42 mg/kgo] A=E S}l A
Z 2Y9]= o5 FFol tha F7Fske] tryptamine FEF2 9.4-
26.11 mg/kg, 2-phenylethylamine $FF2 0.62-3.08 mg/kg,
tyramine $FF2 10.51-33.89 mg/kg, histamine $FeF-2 16.67-
70.67 mg/kg, putrescine $FHFS 6.65-49.41 mg/kg, cadaverine
3heF2 1.78-8.98 mg/kg, spermidine 32 17.35-34.99 mg/
kg, spermine 3}%F2 9.65-100.56 mg/kg, noradrenaline-2 §+
L 8.14-14.62 mg/kgo] AZHYT. A2 3ol Az F
A &AH 072 Z7181o] tryptamine g2 14.65-36.88 mg/kg,
2-phenylethylamine 3552 1.31-4.44 mg/kg, tyramine S}
2 12.86-49.35mg/kg, histamine 3} 52.43-71.89 mg/
kg, putrescine ¢+ 16.09-85.35 mg/kg, cadaverine ¢+
2 2.38-12.03 mg/kg, spermidine 3 22.32-38.12 mg/kg,
spermine $FF2 29.94-137.11 mg/kg, noradrenaline> $}+aF
< 10.01-17.59 mg/kgo] HAE ATk F] 2|71 o] /4=
+= biogenic amine 3> A2 AdE 2= F2F 3l 2bol= U
OLH(P<0.05), A== o] 19431 Aol qlalch
(P>0.05).

UdLA O 2 histamine 50 mg/kg ©|3}o]H 2FAT}FAL 50-
200 mg/kge =4S YEM 7HsAd o] ?1oH, 200-1000 mg/
kg 719 =42 yEhH, 1000 mg/kg o2 5402 Q)
Sho] QPSR e AOSE R E I Qlti(Shalaby 1996;
Bartholomew et al., 1987). 3}, tyramine2 100-800 mg/kg,
2-phenylethylamine-2 30 mg/kg |4+ A FA] EAS UEH =
Ao g2 &4 A 1oL, putresciney} cadaverineS & H2H-g-of
W (tyramine, histamine, tryptamine, phenyulethylamine)2] &
ok el AHA SAAEL AN H5R40l diamine
oxidase®} hydroxylmethyl transferaseS 2} #)|5}] histamine %
FE AIAA F= A2 B Qleh 7 Aol dx
S 54 A 7]o] A/d == biogenic amine ¥ 5445 7H
A= oY ARk, A7t bR A 1) 7] 9] histamine o
0] 52.43-71.89 mg/kg O & T4 =0} A% 5 histamine ¢} A v}
B s HE A7 2es Ao Akm g ear dh|7)
o #elE F4 Q5 7L FEMARER AEE A
2 FRHAE O ol &Jsto] AR, PAREARE R AR
SAFY FEUF WEFEHNA AAFLR EFE ol Al
, 58] mAEY a4 i S T
Tk T3 A A F AR 7| s A EE0] Al
O & A7}, histamine, P]4E 59| o] F71Eof Qlok 2
of| A At upet o] A 55l Sl HH|7l=
A2 4F3let biogenic amine 5 50 Ha}7F = Adwt
ol whef 2 Zpo]7t qlof, ol Ao 4= Q= e &
o= AR FA7IE0] AR E 0] EE wh7] Al #
& frEstoof gttt
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