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Changes in Composition of Fish Meat by Thermal Processing at
High Temperatures

Kwang-Soo Oh and Jeong-Gyun Kim

Department of Fisheries Processing, National Tong-Yeong Fisheries Technical College

Abstract

The mackerel meat was packed in square No 3B can, and thermally processed at 121.1C to reach
Fo values of 5, 10 and 15. On heating at 121.1C, pH and volatile basic nitrogen content increased
markedly, and histamine was detected at concentrations of 3.98 mg/100g in raw meat, 10.45 mg/100g
in Fo 5 sample, 7.54 mg/100g in Fo 15 sample, respectively. Total free amino acid content of mackerel
meat decreased with increasing Fo values. Little changes were observed in free amino acid composition,
but histidine decreased significantly during heat treatment. Degradation of inosine monophosphate
was proceeded during preparation and thermal processing of samples, and trimethylamine oxide cha-
nged to trimethylamine almost equivalently. In changes of lipid components, peroxide and carbonyl
values were increased markedly during heat treatment. When the sample was heated at the Fo values
of 5 or higher, content of non-polar lipid(NL) was increased while that of polar lipid(PL) was decreased,
and percentages of polyenes such as 22 : 6 decreased with increasing Fo values. The decomposition
of polyunsaturated fatty acids in PL were much greater than those in total lipid and NL.
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Axo)l £ 50, Scomber Japomcus,
ojAjaboll A Flste] HHE whE £ HF
Hatol oz A4, FAssI) o)
3B¥#(Square No 3B can)oll FH3k
Abgstel 3% 35mmHg® o]F g3ttt 7hdA
2l 43 Z7)4 9 E2E(Toyo Kagaki Sangyo Co.)
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ARrA B2 Aol whap 23 3k9d, pHa AlEl| <
10wheke] 5 7}ste] FAH342)7# pH meter(Fisher
630) 28 =k} obn] i A(NH,-N) e Solye
of wha} wl ¥ AEsld 1w, $EAd 7] A (VBN) -2 v
FPayWoz ZHsjoict

3| ~ebnl sheke i) wh®ol ohe} o] 2w E Y

A e A8 10gS HA s
FAEARE xASe] Litd
& (Ultropac 11, LKB Biochrom, Ltd.)
#& obp| Al AHEEAA (LKB-41500) 24 ¥4}
o} dargel B de "R upyol wel HPLC(Wa-
ters, HPLC/ALC-244) 4 E-Asl¢]a, Atslee|wgo}
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2l (TMAO) % Egvdolul(TMA)S Hashimoto%}t
Okaichie] wb®, E=zaolell e Satoet Fukuyama2]
@ welelS Konosu®h Kaisai®] wPH"Wel) ulz}
n] A A 2falolcl

TBAgL nhitst=gt R Ft22Eddel &3

BB x

TBAZHS  Tarladgis 59 #", Iabsheghe
AOACH"™, 7F= 1R d gt Henick 52f wpy ™ol ma}
ZAshodch
dHE o Mz =Y

AW s FE T wh el el HEA FEAS
ZAF F 430 nmellA FHEE FAsiglew, dxe
A A A (HAEES, ND-1001 DP) & AH8-3ted A%
e Lg(H%), agt(AA%), bal(34x) 9 AEZ
(A=}, 2HE)S FAskdn
Aol 22l 3 XjAMzYe 24
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Fiel st v % S 24WE 7
6}0%} AR A A AR Rl 7

o nygog x]u]-/\]-uﬂ Hol| ~H| 22 24 | 5}o3 GLC(Shi-
madzu GC-7AG) 24 FAslgdct 7tdxe] = Ixk
Z3px|ubate) AlstRe] s Takiguchio] W™
whz} 16 1 0of] tHEH 2015 % 22 1 62] v &(2015+22:
6/16 1 0) 24 E A8}t

NPASe 7 gEwE 35Y Age A 7

Table 1. Changes in chemical composition, pH, NH,-
N, volatile basic nitrogen (VBN) and histamine of mac-
kerel meat at various Fo value level

Raw Boiling® Fo5® Fo10 Fo 15

Moisture(g/100g) 717 708 702 694 690
Crude protein(g/100g) 21.1 218 221 218 224
Crude lipid{g/100g) 4.5 44 45 48 45

Crude ash(g/100g) 1.6 1.7 15 15 14
pH 600 6.07 615 627 630
NH,-N(mg/100g) 336 286 274 260 246
VBN (mg/100g) 231 299 408 462 50.8
Histamine(mg/100g) 398 562 1045 827 754
98T, 30 min

"Fo value was calculated by Ball's general method

T 2Ae 270 sl WEw g bk

st el Axed =
n]),—jg Ak FurAd oA 4 =)
= Table 13 gtk Hagel el FEYFLE TL7%
o-l T, FO%}O] :,qxl_/;:_g_ ‘/‘T\"ET"]"%*% oFzba 7}
]“f-“} oT‘f 69.0%93 o=

3 o %7} e AZEs] Aol 47Re
opa e gk AR AR AEE o
Zobshdon), 2AN W el wRe Al Wbl
gialh.

pH2 W3 rhdAe] A7t AARE pHr) A4
shoda AR(98C) oM el A& A el AR Bl 227}
A2 (121.1C) Al 5 Zo] A5Eo] it} Fbddr|d
skl Walw o4 stdae) Hxsp AAPE WA
Zobele Adkoigled, oje A ALY F
7be medstH et AlES hrE de 954
Awo fole ez} gloky Eroh oo iare A
Agell wis) Ttd YAl g ko] Agor, ® 7t
AAY Hert ALFE P2 stk o AXEF
Z9 felotniAbfrt stdAE F o Selee A
259w, o] AFEAE EaEH oA opnmA Az
astednt . A} s aeinl gk YA 550] 3.98
mg/100g olglont, AlgzA 2 rtdAe F Z7ishe
Fo 5 |89 7% 1045 mg/100gel] =aleittz) 74 A
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Table 2. Changes in composition of free amino acids
and related compounds of mackerel meat at various

Table 3. Changes in contents (mg/100g) of nucleotides
and other bases of mackerel meat at various Fo values

Fo value level (mg/100g) level

Raw Fo5 Folb Raw Boiling Fo5 Fol0 Folb
Phosphoserine 2.16 113 1.72 ATP trace — - - -
Taurine 95.63 73.13 74.96 ADP 9151 80.00 7583 7202 6583
Phosphoethanolamine 248 1.65 1.55 AMP 3372 3896 44.03 46.77 47.67
Urea 14.77 11.03 9.99 IMP 14121 11151 10213 9813 97.53
Aspartic acid 0.82 0.52 0.70 Inosine 8055 87.97 8459 8207 8253
Hydroxyproline 4.28 5.40 tr Hypoxanthine 3099 5341 6268 6350 6321
Threonine 14.68 9.62 9.28 TMAO 3822 2694 2604 2046 18.26
Serine 15.00 8.64 9.23 TMA 243 1104 1199 1301 14.83
Glutamic acid 24.48 15.20 14.53 Total creatinine  420.15 406.74 381.30 37743 366.71
Proline 10.82 5.98 6.50 Betaine 3952 35.06 3360 33.05 319
Glycine 11.64 7.87 7.97
Alanine 34.43 21.68 23.51
%-ar.mmbuwm acid 093 036 060 Table 4. Changes in TBA, peroxide and carbonyl values

aline 19.24 11.03 11.31 :

Methionine 10.03 §.42 6.78 of mackerel meat at various Fo value level
DL-allocysthathionine 0.82 0.44 0.99 Raw Boiling Fo5 Fol0 Fol5
Isoleucine 10.19 7.16 7.70 oA T U
Leucine 95 89 15.08 1519 (1336\ gglluim) 0431 0592 0723 0664 0622
Tyrosine 1326 895 952 peroxide value 1872 3896 4062 4330 4636
Phenylalanine 13.28 8.66 8.93 (meq/kg)
y-aminobutyric acid tr 0.51 0.52 Carbonyl value  27.08 44.27 6027 6062 63.29
Ethanolamine 2.60 1.64 1.75 (meq/kg)
Ammonia 6.14 6.47 19.54
DL-allohydroxylysine 0.14 0.16 tr
Ornithine 372 270 248 shepo] Wsle ab&ael Al Eol wlsl 1211C QA A
Lysine 3617 2648 2193 gao] waiEo) zlony, Fogel /1245 IMP 3
Listidine PIAT 4820 4B App o) gaw wie, AMP Y slEzu o 4
Carnosine — — - e Frhshsict
Arginine 14.60 11.03 10.32 A s Fo astEgvdern) ke 38.22 mg/100
Total 92647  724.23 70230

—: not detected

ol ul2 g EE vl Fo 5 287} 3eke] 72423
mg/100g, Fo 15 A& 702.30 mg/100ge & 7}ad 2]
Aol wlaf FFastgdch 72 opmi il zAj o) Wish=
BB olulxAbEe] FtdAie] Aol mla) Aot
5 AlZ2} Fo 15 A1 Atelollt 3sl2elg Al olstad
kel 7} ek e W] A8 A Al upe kY2
a7t 7 Aed, TE S, Hughes §7% o182
100T o) Aol A 7t Ml sl S wf sl mejde] | A5HA
A2, o) F2 wholu)mubge] slalaty, hed
59 224 Aol otk y Bk vl gl §HH,
otmjole] gteye A&7} 6.14 mg/100g, Fo 15 A&+
1954 mg/100g2. 2 dxe] F F5IFE o & vk

St Hre o dabdagd 9 7le #7014
7145 ¥ake) wsle Table 33t 2t} 4irFol S e
At 5 24 o)A 4AHIMP) 141.21 mg/100g, o}l
x410]91AHADP) 9151 mg/100g, ©)X=4l 80.55 mg/100
g o}el2=Ald 1 AHAMP) 33.72 mg/100g 2 & 41%l
o] 3099 mg/100g HAEHAN L, 7tdxe] Ao wE

w3 2

-
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golla, Egjuelo}lul e 243 mg/100g &5 o) Aok
7t xje] Azt AAdel oel ssEevd e
28 ubd, Eeldd Feke F33le] Fo 156 AlgellA=
14.83 mg/100gel] @3 o g4 Atstee|sidolnle) A
o) ARAEL o 4 qlol . sld e geke)
F5g kB ot Eejveleln] te ] AR
ro] vhad ge] HY|E A Hejdivhis B glop®
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Table 5. Changes in color values and brown pigment
formation of mackerel meat at various Fo value le-
vel

Table 7. Changes in fatty acid composition (area %)
of total lipid separated from mackerel meat at various
Fo value level

Raw Boiling Fo5 Fol0 Fol5

L - 585 516 515 502
a - 13 38 3.8 4.1
b — 121 131 133 134
AE - 394 466 473 482
Brown pigment(OD) 0.09 022 038 041 047

Table 6. Changes in lipid contents(%) of mackerel meat
at various Fo value level

Raw Boiling Fob Fo 10 Fo 15
Non-polar lipid 719 73.2 74.2 78 5 81 5
Polar lipid 28.1 268 258 215 18.5

A2 oy Frlste Adgolqlch
dE o o2 AR o%9 Mx 9 ZHE
Aeke) Wi Table 59 2o} 7l xelel Yws 7
ol upe} M (Lgh) = ghaskeln, Az (agh), 4=
X '1-! AHAEZD = S7Igead dxe & A8
s AWED S-E e}

Wiz gl E} Z}Tﬂ"«]*l‘%"ﬂ ulal Fo 5 Al g Zo] wahd
zin}. et FFdoz g dulBAdzls sl e
Ax7t AALE Frbstoch

Ag mFolgell A 5535 FAubA(TL) & #3831
e wFAAWANL) 2 SF4x=2(PL) =
7bed A AHwo whE Wb Table 63 vl AAE
TLel zA-e NL 71.9%, PL 28.1%%2 o)Folx 9lgla,
7dxe] Axr) 7l "ol ael NLo) 2A4ulw FotA i
PLS] ZAdu]= ot Fo 15 A8 7Z$ NL9 x4
Bl 815%, PL& 185%¢|g)c}. o] 2 ?Hﬂl«l H3t=
dxg] F PL -%e] 43} & %—Er sso) Fel A

Aro g g ofo] NL 78-9] Ee|Fef et frefAld
Are) Ay F Fagkro golv) wio g AT

7ted a2 Ao w2 TLe TR A 244 ke
Table 73} 7}l WA|E9] TLE 20:5 2 22.6 %
Za)all 2] =AJu])7} 36.9%, 16 1 0% F& & E3}4lo]
353%, 18 1 1% F2 & wiolibo] 27.8%F #AA|stx
oladet F8& FAAARE 16:0, 1811, 2216, 18: 0,
20:5 % 16 1o]9dt) 7ted el e 2 A
Wt YA get vlws] By, 98C s AHuldde =
Aulo] W o]z} gigiort, 121.1C °*ﬂ€l°ﬂﬂ‘~‘ Fo
el EvHE4E 2206 5 EZejsliabe AM7F HA
ZAdle v, 1600 2 1800 e E3H4ke) AW
AR e g Zrbstelon) wislabe H wsbs} it
dxe] F TL Z=EEapxubibe) 22§ S A
B, QAR 100, R=e)A)8 1.00, Fo 5 A& 092,
Fo 10 A& 0.82, Fo 15 A& 07824 1Ww=B 3124t

Raw Boiling Fo5 Fol0 Folb

14:0 3.6 37 3.7 3.8 4.0
15:0 0.8 0.8 0.8 1.0 09
16 . 0 218 206 222 233 238
17:0 1.1 1.2 11 1.1 1.1
18:0 6.8 7.1 6.7 7.5 7.9
20:0 0.8 1.0 0.9 0.6 0.8
220 04 0.7 0.6 04 04
Saturates 35.3 351 360 377 389
14:1 0.1 0.2 0.2 0.2 0.3
15:1 0.1 0.1 0.1 0.2 02
161 6.5 6.1 6.7 6.6 6.0
18:1 19.5 196 198 202 209
201 1.6 2.0 2.0 15 15
Monoenes 278 280 288 287 289
18:2 3.0 2.0 19 2.1 21
18:3 3.7 3.9 3.7 3.6 33
18 :4 0.3 0.5 04 02 0.2
204 4.3 45 44 46 42
205 6.7 6.7 6.8 6.2 6.0
222 15 2.3 19 1.6 17
224 0.7 1.2 09 0.7 0.7
2205 1.7 19 16 15 15
226 15.0 13.9 136 130 125
Polyenes 369 369 352 335 322

20:5+22:6/16:0¢ 100 100 092 082 078

*remaining ratio of polyunsaturated fatty acids

AR 121.1C 98l F Hal iy glon, Baed
Fogrol Z71&43% A& o + Uk
sledxe] Hxe| wE NL9 xubar 249 wWae
Table 83} 7ch AA® NLo =42 A2 TLe 4
oo} wlstelrt. vl afe] Yol upE Wk Foghol
AAGE ek £3hate] AvlE A Zad
g, Riolike ok7h4l Z7}she #H3Folgl ot A4
ELﬂlr vl @alo] 221 62 Algatd E W3} g 2
TR EsiAkabe] 2hEEe) M3ty TLel »iste] Mook
7hd el Hxel mE PLE) Aubat 2439 WstE Ta-
ble 99} 7c}. PLe] x|ukal 2432 TLx} NLol| v]&) 22 :
6] ulgo] Y53 ol Zalatel =Anzt A A
%i} J8ha gl wba, 1811 % 161 1 5 Rcol4ke]
Au)= wlopeh 7tedAe] YR wE Al 249
Ml AR 22:6 5 Zeldlake) N7 EAEY
7‘3_Q5‘_L vhi, 25 g Ak n1 £§}_A}_¢] ZMH ‘C q1k7‘_}»yﬂ
E 7%‘5}211, FeAele] Bls) 1211C 9] Fo],
gro] ARF2 HgEo] ok AEZEIAW
29 AEFe A7) 214, AEA AR 185 Fo 5
x| & 1.81, Fo 10 A8 168 2 Fo 15 Al&7} 14824
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Table 8. Changes in fatty acid composition (area %)
of non-polar lipid separated from mackerel meat at va-
rious Fo value level

Raw Boiling Fo5

Fo10 Fo15

14:0 4.2 49 6.0 54 49
15:0 0.6 1.2 0.9 0.9 1.3
16: 0 22.5 221 228 223 223
17:0 04 0.3 0.5 04 04
18:0 6.4 40 34 4.1 46
20:0 0.2 0.2 0.4 0.3 04
22:0 0.3 04 0.3 0.3 04
Saturates 34.6 331 343 337 333
16:1 9.7 104 100 115 116
18:1 19.5 204 209 204 206
2001 14 2.3 1.8 0.9 15
Monoenes 306 331 327 328 337
18:2 1.6 2.0 1.6 1.1 15
18:3 29 35 3.0 3.0 18
18: 4 0.2 0.2 0.3 0.3 0.2
204 4.1 56 53 6.3 51
20:.5 79 7.7 79 7.7 75
22:.2 13 1.0 0.9 1.2 1.2
22 .4 14 0.8 0.5 0.7 1.3
225 14 0.8 0.8 0.9 1.2
22.6 14.0 121 127 123 121

Polyenes 348 338 330 335 329
20:5+22:6/16:0

097 090 090 090 0.88

Table 9. Changes in fatty acid composition (area %)
of polar lipid separated from mackerel meat at various
Fo value level

Raw Boiling F05 Fo10 Fo 15

14:0 12 16 1.8 1.3 14
15:0 0.3 0.1 0.1 0.2 0.2
16:0 19.0 190 194 208 228
17:0 0.8 0.8 0.4 0.5 0.2
18: 0 10.1 8.7 9.8 9.1 8.3
20:0 0.2 0.8 0.2 0.3 0.2
22:0 0.2 0.8 0.3 0.5 04
Saturates 318 318 320 327 335
16:1 2.0 3.3 45 4.8 5.1
18:1 123 146 149 154 157
2001 0.9 2.6 28 2.1 2.5
Monoenes 15.2 205 222 223 233
18:2 1.9 24 2.3 1.6 2.8
18:3 14 16 13 1.0 0.6
18:4 0.2 0.5 0.1 0.3 0.1
2014 4.5 44 39 4.3 4.5
20:5 8.4 7.3 75 73 7.0
222 1.2 1.0 0.9 0.6 1.1
224 15 1.1 09 1.0 1.2
225 1.7 1.6 1.3 1.2 11
226 322 278 276 277 268
Polyenes 530 477 458 450 452

20:5+22:6/16:0 214 185 181 168 148
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