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Summary

Mackerel-bushi was manufactured as an ingredient of instant soup, and
taste compounds in each processing step and stability of products during

storage were measured. The results are as follows.

1. General compositions of mackerel-bushi were 8.1% for moisture, 77.9%
for crude protein, 7.8% for crude lipid, and 5.4% for crude ash. pH and
total acidity were 5.67 and 22.2ml.

2. Nucleotide-related compounds of mackerel-bushi were 65.3mg/100g for
IMP, 456.7mg/100g for inosine, trace for ADP on dry basis. Seventeen
amino acids were isolated and identified. The contents of major four
amino acids were 467.6mg/100g for lysine, 465.4mg/100g for taurine,
234.1mg/100g for phenyalanine, and 160.5mg/100g for alanine, and their
amount was 74.4% of total free amino acids., The contents of isoleucine,
aspartic acid, tyrosine, and leucine were small and, that of glycine

was traced.

3. Citric and lactic acids were 95% of total nonvolatile organic acids, and
malonic, oxalic, and a -ketoglutaric acids were small. TMAO and TMA
were 11.9mg/100g and 13.5mg/100g on dry basis and betaine was
93.1mg /100g. The major minerals were Ca, Na, K and Mg.

4. The addition of oxygen absorber in packing prevented lipid rancidity
and discolorization of mackerel-bushi, thereby increased the stability of

products during storage.
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2ol B¥Y ZraQd SEYIUES, Y44 208 So] g REH
£ A o] o] AA3}E HFol AW AT PYYAH =R A A | 0
o gzl nHEskE Q¥ Ul Fulstd AP Toujg AU 2L olnf
e VLA E Y82 8% 4Y E= 224 2ng, F2A2A8y e
TUA 2rEEe) E & YHY 2ug2A 485 3 Qo

TUAZOEY HEHA Ro2E JldFe], 1Fo], FojgSe) HAR(HEH)
€ § 7 UeH, o] F /ity olg 82 ¢ /2B AE Q¥ A% 2373
F FANE $49 FUE /L e AFE22A BF 4593 HYrE i
AL HI A RAFe Erlo] dAMNE LHAREY AFE o) 1 W4
T gas chromatography o % ¥471&9] B2 7t e BAle] gy B
A77HA AP m e ARt} (Chuyendt Kato, 1983).

HEHI BE (1959 72 R A uydRe Figdn Y45 = IMP= 7}
2QEA AzxF KB L FIA & 30%7 203 391, Konosust Ha-
shimoto (1959)& 72 Q B-Ale] £ 3h1}e] Fuj ¥l folu)xate] & o4
A58 | dF FAHYG FAFNE A9 #}rt Yo histidineH & A 7}
Ao 3. Konosu § (1960)& IMP, histidine 12] 2 histidine ] )¢ o}
PetE A2 2o t3PAY FF IMPE 7120 HAle] EkA R u)&
T %t AR ojulxeite) AS dEOSE A9 gho] QUG T sgen ofn
43 IMP7E &% o ZARe 5 AFE histidineo) 9 9] obu)x ko] ol
et B33t Koizumi® Nonaka (1960)= 7} 9 BA| Ezxolsl & Abel
3Rl 59 4 3}(Shirata) @4l thale] E39H ¥ 22 H HALE E3o o
= AF AZF 359 Y29 Yoz MR RA T8 M2 porphyrin®
°] FAHAY EE &9 NHYHEFo) porphyrin®ol Lo zA dojur}
i SR, Koizumi (1962)& o] o fr2jolneate FA2 o 7184 A8
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¥ol Faste] 7t ¥ A9 Huge] ol AT gL ula} HES IMPY

Fde FHGD gk $¥ Oishi § (1959abc)e 71222 %AJ9) Za3 +r
Hohule it FFhes AY BV FHsn £2L Y= Axs AT A

THF, 99, 282 UYL °f TEY THE Y 8y So|zkm 3t ot

Tsuyukist Abe (1980)& 7F2Q¥A] AZ F $7)4 $FL 34 QR §7)
o] RBKEZ 4, Z2RY 4 o A Z713ie FANES} 72 B Ao
579 A%E oY Aok B (1976) T3ETH 2 phenol 5, aldehy-
dedt R 2% f7lde]l AFED F&, WEZ A58 /ARQRA 4z g
Y718 Fidtn g@oz fI9Fo] o] Faolu il F714 So] =r}
gotm s

T8 7122 RAl9 #7149 Ro] th3to Nishibori (1965 a, b), Nishiborish Ok-
amoto (1971)& WA NA #AE phenold ¥ FEH7 7)o =08 q
¥& ¥ A3 T, Nonaka § (1968)& 712 QB Ae) /4R e WA}
2 B7IMo2 Ao olF WA carbonyle 2,4-dinitrophenylhydrazine(2,4-
DNPH)Z HEAIAH GC2MA £4 31, Imai § (1982)e oL} R Al (M) &
FAGRE) F71989) GC HY AL AT T A|gA}olo] 7 #7149 %9
peaks ¥& FAME BAT D 2™ Chuyen®} Kato (1983)= FANEZS
of #frso) 2l phenolfiF A.ZH) 4 phenolFs FAES) Fol4Rol Bojal
it 3183 phenolf& 4t e] At Y}

LFo (1919 oJ /ol gF) 59%)= A (45%), A (62%), =) (11%)
% tEol $ue AT YR E 4 F2 o]Fe) BHUE FoY &
A HFALoIT (FHFATAAEY, 1992). 28U 3Se)= U4 gygy oF
ololM A fAato]l 1P, o) YF NEAS/ M2, Yo BRon Ax x|
FYF WEol AN HejzA qF Ansrlols B BAHo Y3, £ o
5 BT BojAe AL AU oA ol fWolA e Mg wa g
ol 1FolE AEHOE o] &3y] Y AF2E nFo] 2P Y 2B
g 7hE2D (F &, 1979), YERINEY 7HEF7)¢ (F 198]), JEZETS 5
5o AT Az U FAGHA (F 1985 223 1F0|Ho|AY T

e



23 R FALHYC B F 5 (1989)9) AFE Be B} Qoy BARY
ZUE YA ol go] BEdE F 5 (19819 nFo] RYELm Az
BE AFHEs} 2= Agolnt.

2 AN HA2AE YEEZ® 2089 Ax U o|F GYY NG o f
& YA OF £NE 4 AT BT BEHOS o8] HE Yoz TTol
& YR23t] AP FAsh go| Y4 FRA A won, LauE A
7156 R0 FH $93) YRZ 0)4Y & U= ATOIRAE Az Az
FRF AP Aste AYF EAA] qe) HE SFUo



AR Qg

LA g

D d¥A=

&4 315°], Scomber japonicus (A% 14-165cm, MF 22-42g, A1
23-37cmE FAFT ¢HYE 2A ALQEFAN FUsA HE} & A 8o
2 Ag3tH T

2) nFIRA Az L A%

B 25019 v, WHe AAY ¥ BTASM 1083 A%, tray oA
FEE AART FAYNM 0T, 847 FA R ALo|A 154 AF & 33
BHEE SR Yol 8-10%7 HES HUATh 0§ ¥H712 S0mesh AE 27|
= 4% ¥ PET/Al - foil/ CPP (12tm/9m/70 m, 13 x 19cm, Ato}dSn]HA}
W) A3 YF Foiuo] 100g8 WSS TR AEE R %A Y EHA
E(BREENR) C, 247 Ue) 42§ Behigo] o) F4AA A 4
W R BG0)E ¢ WRE 4ANY + AT BALA(Fine TecM)E
ZRE7We] BRIR g BALA BULRAE O = Son), AF] FF
Hi= slice Hee A} AZHF Yo Hopr] LRGHKY RE Ze P
Moz ¥Hae 25:3Ce 42 Al T AFAYAREZ AHS ST

2. A3AH

1) Y98y B4 9% pH 9 $E2HA =27
FES ArtddzyY, 2AWL SoxhletEZW, ZUWMAL semi-micro-
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Kjeldahly, 3|&& 34338, 95+& Mohrd, pHE A8 o 10v]e] 233}
T FRTE 7tstd FAREF pH meter (59 model DP-215M)2 2331g]
o FEE4YL Uy conway unit (87mm id)E AlREE PP S REAY
T, 19802 =34}

2) HEAHEGIIAL, olvixdAe BA 9 HAyAxe =3

ALY F71E2E conway unit § AHE3HE UIFEY (BREALE, 1960)
o2 AFsA, olvlxxW A& Spiessh Chamber (1951)9) FQWol wa}l w) A
Festh AAPAEE pHE 23 F 0IN $ARUMEFL402 pH 700 Y7}
A HYA 228 miFE AE 12 YYD AE 28 4% 18 235 A A
4 AHAs pH 830 ¥ w7tx] 229 $AJIEFL Y] mi$z Jeuy o]
AE 153 28 ¥t HRNEE AT (BAGHBIZRH, 1985).

3) d28le A

% 5 (196009 el we} jon exchange chomatographyE Al A4 &%
o & Ad ERE AR 10g& 239 HPAs A vHET F2FS 20mle
Ztete] & mntg ohg 1083 WAFE ogFHste oo4g 50mlz &gt o] of
10mlE 10% G EFO2 pH 45-472 28 thg 04N 2A g2 (pH
46) 10mlg 7}&te Amberlite CG-50 (Sigma®¥, 100-200 mesh) columne] F¢
3taL oojA 80mle) 02N X4 ¢3doz MAFHNAY. oe& £xd Fy
histamine& 02N 94t4 9 8mi2 $2A7)2 $a4L 15N B EFLA0
2 pH 82 x33q] I0miZ &%t LIN SAUES 5mic] B9 Qe Alg B
diazo Al 2ml& 7}3t3 1¥e] Z#F 10m2 HE$ column €29 2mle 7}
3t AP EEX S5E¥F ¥BFE7 (Shimadzu UV-140-02)2 510nmel A &
BEE S, EFL Y AFHN 2R histamineF & A3},
BEE8Y9 FFJML Figl 3 o}
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Fig. 1. Histamine concentration vs. optical density at 510nm,

4) B 3HE G (Peroxide value), 7+EZXdZt(Carbonyl value), TBAZ
9 &4
HABE S AOAC (1975)%0] me} FA AdEFAI] A&H 01-1ge
# 3t acetic acid : chloroform ( 3 : 2 )EEL Y 35ml, ¥£3} R9=7a] £
Iml& A&3 713t &A wAfsn 4L og 42 g2 1080 BAF F5F
7 30mlE 7tetx 1% HEE AL xAkez 00IN NaS03 §d4o2 HA sy
I Ao A g



7F28d e Henick § (1954)8) Pol wet A& 30-50mge TAAZE8}
230 #3x: 43% TCA/enzene$ | 5ml, 0.05% 24-DNPH/benzene £ 9
(24- dinitrophenyl hydrazine) 5Sml§ 7}3ted 60T 25z olA 30837 w34
AF A2oAN PYPAZG. o7)o 4% KOH/EOHE A 10miE 718txm B4o e
€2 S0mi2 ¢ 9F 108 ¥ Hu{FFHP 430mmoAM FIFEE 2431}

TBAGE A8 2g& #3to Tarladgis 5 (1960)8) $Z712%9 22 530nm
Ax FBEE A

5 ArlgEe B4

(1) ANBEEZY FH

F 3 (19809 $¥L ¢ A H4BAEBIL AP = S
(1984)2& olg-4¢<] pHel 2o} % Z3o| ek 744 d%o] gz w1
¢ v ok & pHZE 658 B4 ZolME R E Alzto] FojHx 6510 o
Z2 %A hypoxanthine (Hx), IMP, inosines] £also] "ol o]%4le)
pPHE 652, 12231 2x& 40THTY R4S viR 8 Alzte] Aojx ATP £2
AlRkel o2 H2l3 peak7t HAA SHol 40T/ Foix stk B AYPJAE
At ZL AGolYoy olFAY pHE 69 281 ZILE 45CYU w7} o2
B ACE #AT FAEE SHY Fol o] 2Pz AT & Alg 10g9]
10% JHF248 4 25mlE 7hste] 1582 738 A 942 A434L =
o3 JAE Ze Wyo 23 o EAsY 2e 4L 50 N KOHL& Ao
A pH 69 2 23 A3 b FRFgagdoz 100m2 dof 5Co
A 30%3T A F AXE millipore filter (0.45 /m)2 o3}, Table 19) Az
dlX HPLCZ #A3tglon, QU@ ARAEFE chromatograme Fig. 29} g
o}.



Table 1. Conditions for HPLC analysis of nucleotides and their related

compounds

Instrument : Waters Associates HPLC system (Detector Model- 486)
Column : z-Bondapak C;g ( 300 cm X 39 mm ID.)

Eluent : 1% triethylamine phosphoric acid (pH 6.9)

Flow rate ! 2 ml/min

Chart speed : 0.25 cm/min

Detector : UV 254 nm

Sample load : 10 &£

Temp. : 45 C

(2) FreEfotv it A

Ale 5g& A3 1% H32 384 294 0miE 713t #AS A7 98 &2
A 100miz 3 F |4 ¥ (4,000rpm, 15min) 3+

2 FollA dAFE F3ld Dowex 2 x 8 (Cl -form, 100-200 mesh) $X 2y
of FHAIA HIAUAE HATRL 2 YL Ho} B2H 50mlz g o 2
30mlE #3te Amberlite IR-120 X123 (H'form, 100-200mesh)o] J2HA]1A
€ 150ml M&3% & 2N NHOH €902 £&AA oF Z¢¥Zsta, pH
22 citrate buffer #9422 25ml2 39 Spackman § (1958)9] ¥Wyo| wa} 1
Zolu) At 21F ¥4 A (Hitachi model 835)2 A F3}e ).



Fig. 2. High performance liquid chromatograms of nucleotides and their
related compounds of standard mixture.
1.Hx(hypoxanthine), 2IMP, 3 HxR(inosine), 4.AMP
5.ADP, 6.ATP

_/0_



Q) EFEA /713 AP

Mirocha & (1961)¢} ¥Wiol wa} A& 30-50g& 75% o &g £ 100 ml
B niEEF dystd 434 Zow FHAE 23] WE 233d e
FE AL F3 0TAN ALEEE F 224 10mI= Qo)

°l ¥ 50ml& #H3te] Amberlite IRA-410 (Fluka, CO* form, 20-50mesh)
columno| A 15N & 42E58 10mlE 1-2 m/min £E2 &) §7)42 &
F3ha FRYol FAE Qoid wWAkA] A} FEF o ©)E Amberite IR-120
(Fluka, H' form, 20-50 mesh) columnelA 1-2mi/min $E£2 &3 oju|xAlg
2, AANZ F 239 B2 AHd9 Fatn gUsEdnstd 9Age =
& HlAlA el Bl A 24A1 b5t Az e

JEAZ {714 A8 E Sasson 5 (1976)9) wro] wal 14% BF3~Methanol
€ 3mlE 7hete] 65T o)A 1083 §F/HHS T chloroforme.2 22 713he
%3t methyl esters} 3ttt §7)4& Table 29 TP GC2 43}
Rew, FEFR714k9) chromatograme Fig. 33 -t}

Table 2. Conditions for GC analysis of nonvolatile organjc acids

Instrument : Hewlett Packard 5890 A - series II

Column : Fused silica capillary column - FFAP (polyethylene
glycol-TPA phase, 25m x 0.2 mm x 0.3 /o )

Column Temp. : 105°C(2min)-200C(5C/min)-230C (10°C /min)

Injector Temp. : 250C

Detector Temp. : 280°C, FID

Carrier gas : Nitrogen (30ml/min)

Chart speed : 0.5 cm/min

_//_
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Fig. 3. Gas Chromatograms of methyl esters of nonvolatile organic acid
mixture of standard.
1. Lactic acid 2. Oxalic acid 3. Malonic acid
4. Fumalic acid 5. Succinic acid 6. Itaconic acid
7. Malic acid 8. a -ketoglutaric acid
9. Citric acid 10. Pyroglutamic acid
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(4) Trimethylamine oxide(TMAO) ¥ Trimethylamine(TMA)2] & 2

EYrAF Al 10 g& AY3 homogenizerd] ¥ I 20% Mg sjo} A EA
€ 40mlE 7l 1583 W32 F 0] 10% AHsolAEA §o 40ml
g 713t B71sh #e ez FEF o BEEA 10ml2 o fARE
(4,000rpm)et AT 454 80mlg Hdle Elzur|o] Y3 £33 ode 7%
¥ A" HhstelNEALS AATNAL o =g 43 urEBsid Agdsie}
AMEAE @33 AAND ZFAeHsle B4 25miz 3 AL AlggYoz
&3len trimethylamine oxide (TMAO) ¥ trimethylamine (TMA)S] A g
Dyer (1945)el 712§ & #thK % (1953), Hashimoto$} Okaichi (1957)¢)
ol asict.

(5) Betaine®] A%

TMAO ¥ TMASY 7% ¢ o] J2RL zAF & Konosu®t Kasai
(19%61)¢] ¥ =&t FFeA & A8 10mlE Dowex 50W x 12( H' form,
200-400 mesh) X ZHA & 1-2ml9) £x2 FH/A7) 2 IN G484 30mle 2
€ £5% &7 betained FEFAZAT 0F 4 20mlE ¥HAI F gA
Amberite IRA-400 (OH | form, 100-200 mesh) X288 E3A1A prolined
AASAS. o] o Smlg 1583 YA R4 WztAlzl F ammonium reineckate
8 Smi& shstn 243 B¢ WFm) $X F FYARAZ o3, 70% oA
€22 25mlz 3o 525nmo M FFEE =X, ArEQ).

6 F71Ee A

AR YPe 2 AR o 5g& FH3 600TAA 3AHA F FA (1+1)g &
I0ml& 713t FE4AA ¢A3) FLHTAAG. o] ATEL G4 (1+3)8
1I0mlZ xolz B2ZA 100ml2 HE3td YAFBFFEA (Perkin Elmer-2380 )
2 Table 39] ¥4z ZEFEH v, AFsgurt

_/3__



Table 3. Conditions for analysis of minerals with atomic absorption

spectrophotometer

Element Cd Cu Pb Zn Mn Na K Ca Mg

Wave length (nm) 2288 324.8 283.3 213.9 279.5 589.0 766.5 422.7 285.2
Lamp current(mA) 4 15 10 15 20 8 12 15 15

Slit width (mm) 07 07 07 07 02 07 02 07 02
Air flow rate (I/min) 40
Acetylene flow rate (1/min) 15

N Az &3
Mz= 42A (Tokyo Tenshoku Co.model TC-1)& A}£3te] A|ge] Ajzo]
Wet LEH(E ), agi(HA%E), bgt (B )L XA s c)

_/4__



L EOIRA AzF HEAR wa

D 94, 9%, pH, 9497134, 3287, ojuxds @
Qe
DFOIRA AXF YWAE, AE, pH, obvlxd, HEAA7IAL, AxY

W3t Table 49 2Tk 48 ¥FE YOI/ 763%QA=Y RSojRA AEL
3elel FRAY A 81%2 Pa W¥, ZURAL 17.1%04 779%2,
A 24%ANHN 78%2, ZHFL 17%ANA 54%2 F7} 91 45 T8 4
AlE 20%0M AEFEL 24%2 3 27} Q).

fEol9 pHE 58002y AFMEe 572 4% wolym, AT Ygo
134mlol A A E 222mi2 27t Sk £ 5 (1987 nSojP¥ULsex Azz
aRa G F (1988) RP@stA R Ao Ao B ATAN gL HAIE

HustgA ol FHA| FA4YEF $714, phenolF So| AE Fdo] F5 3
F A7) WEoln, ol HEo) JHE AMAI L ME Au)(MK)T ==
¥ FUE B EUstRe R A YR JEgL uAGD YUY nSEolR
Alell RN E o]H e HEEC] 9BL 713 ozt PzEn).

HEA71ALE dEoA 185mg/100geI YT A4, FA AYL ANE %
¢ A3 F7hE AEL 806mg/100go] HYEY, o= A%, FANEYZE K4
¥, TMAOS o] ¥#s]o] NH; TMA, DMAS S $%4 6977 44 57 o
TLE FHEY. 2L YROJNN WEF 71Fo2 46mg/l00g °|Qor}
AgABEANE 57mg/100g 22 % F7hetY sl oAl Baste AEe 33
€ 52mg/100ge2 & W37t Utk 15 #Fe Arnold®t Brown (1978)0] ¥
T# H2aERle FEWAH 100mg/100g Bk WA AL otk & (1982)

_/5_



T HA4%olF XYY histamine #FE AP 2Folst Foyy
histamine #%& FZY AXAF, AZLE, ARV @AY
10-20mg/100ge) HHAZ & ¥/t URHL B3 TEA ol F2Y A=A 2
A Y H7) ¥ {9 histidine decarboxylaset:= ¥#413} =i, histamine
B4 PAELS A9 AMEHI] dEolztn Ffrh oinixAAE K87}
96.4mg/100gol R o AF&A] 246mg/100g2 2 ofF ol AT/ AT
F A F7t"o] AFNMY FFA}e 103.7mg/100go) AT A QL RA] Az F
E e FAE B F Aded o FRE KR F (1988 A o
A S Pe] FaEr] QEeletn FAH

Table 4. Changes in proximate composition, salinity, volatile basic
nitrogen(VBN), histamine, NH;-N and total acidity during
processing of mackerel-bushi

(%)

Fresh Boiled Ist smoked Mackerel-bushi
mackerel mackerel mackerel  (Final product)

Moisture 76.3 70.4 204 8.1
Crude protein 17.1 222 66.7 779
Crude lipid 24 52 7.2 7.8
Crude ash 1.7 15 44 54
Salinity 20 1.7 22 24
pH 5.79 573 562 5.67
VBN(mg/100g) 185 298 412 80.6
Histamine(mg/100g)* 4.6 5.7 5.6 52
NHz-N(mg/100g)* 964 246 68.5 103.7
Tatal acidity(ml) 134 12.8 189 222

*. dry basis

_/6_



2) YAJAEEH

5o FA AzF YAAAENY) ¥R E HPLCZ BAY Fay: Table 5
S 2o Y948 1% Z¢ IMP7} 944.4mg/100g2 2 7} W inosineo)
560.8mg/100g, hypoxanthinee] 5218mg/100ge2 3%ao] WO} AMP =
148mg/100ge &3 FHAc. nFRA Az FHFF IMP= A& AR
614.7mg/100mge.2 ¢} 35%7t #HAsch IMPE 9ol 433 AAY How
Hol (FH, 1969) deoll 9% RHudes A5AFoze] fAo) IMPZe A
o F UdolEtn Az En. EEFA ®EF (1B 712 HA Az QoA
A4 FA9 IMP#Fol Agsis T FFo) Bolr) FA FAME ok g
4 IMP7E &g B3 8% Konosu 5 (19600 7pAQ 34
9 ot& IMP8t frejotulicite] FEsE A A4 2ge] otz FHPx
F (1960)c 2 9AEF Fo AEss IMPFL ZAde} njusld @A) A
ARt @A A otu|xAtge) A o) FAE EEY tio] om
T4& ¥ot3 #%th Kuninaka 5 (1960) 5 -monophosphates] Au|AL 5
-GMP> 5-IMP> 5-XMP9] <o=2 #33ln o|E 5-mono nucleotides$t
L-mono sodium glutamatest= A4A I Aot By g on, Jonesst
Murrary (1960)% o}%e] glojA Am|gEe) 743 7 GMPEZL 23 u)y
o3 ATPY AMP: ¥#4%7} e 2 24552 Aa U4 nucleotide=
 IMPgte] tiide] dotx &ttt A FENA inosine® hypoxanthine & IMP &
AgA Bol HEHJEY Komata (1964 A9 AWARE EAsA
omission testE& & Z3 inosine®} hypoxanthineo] 2% tto] Qtlm 397,
Kuninaka (1967)& inosine® A# tto] gitt: 3Qon, Fraser 5 (1968)&
IMP ¥%e°] @&+ 223 hypoxanthine §3o] H 242 glo] Fvix B
¥ ®h Aok 22y Kassensarn 5 (1963)2 hypoxanthined £%8to] t}m ¢l
o 25 oj5-Alel= IMPS} hypoxanthine §3o] M HABVAE AN 60% FE
HEZ olEo] 0% nFoJR Al EEF mo] ojd UL ¥ Hojgm &
AEd.

-/7-



Table 5. Changes in nucleotides and their related compounds during
processing of mackerel-bushi
{ mg/100g , dry basis )

Fresh Boiled 1st smoked Mackerel-bushi
mackerel mackerel mackerel (Final product)
ATP 156.1 - - -
ADP 162.9 198.8 534 trace
AMP 148 249 249 355
IMP 9444 614.7 576.0 465.3
Inosine 560.8 436.2 420.3 456.7
Hypoxanthine  521.8 571.0 4845 347.0

3) Frotvix=qlel g w3

Y8 2T Ax FHFFY ABelAH ZF 1759 felvicito] AZ, ¥
A HALen I AL Table 6o Yet A7 o). Y48 nFoldlA o] &
€ A& lysine, taurine ¥ phenylalanine )i t}& 92 methionine, alanine,
glutamic acid 22 1 cystine ©]1 2™ isoleucine, glycine, aspartic acid, leucine
< ¥Feol AU 53] FFo] @ opnxity] AfoluxAld] Y H LS
B lysineo] 27.2%, taurinee] 17.7% 2] i phenylalanine®] 14.3%Z el o
24 olF 3F otvlxAte] AA R oluliite] 592%E AR AT FAEEY
Ay Fgotueide FFol o A d2x godz LA Qo fe
obv|xAte FAEA th2:, Lee (1968) R F F (1972)L FAFE FFo
O R FFY opvlxcito]l FHEoluxAte HuhE AAdE AL Bum
AT LFAFA AEF FHYovit $FE Y8 150l 3203.1mg/100g
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v Bty A&AEE 14180mg/100ge 2 A #AAdPgey F3 FRZF 2
SFol Y Frstd AMFAZX AFo F$HFLS 1782.4mg/100gol AT AEAl R
o] FREotuixit o] A AL RS dEH ¥ ALy Fozo FAo
2 WY ez AZEH. AF AXF dFEQ otvixite] 4FF A2
ov g8 ITojdA ¥Feo] WY lysine, taurine, phenylalanine °¢] o %
glutamic acid$} alanine 5°] ¥|2A Z&E&o] Eskt}. Randal? Bratzler (1970)
€ SR L 7tEAY A& W §¥ SH7, olvjxA 4, ninhydrin 34383
o] F713ty EFAAYE 3 olF Aol dUY M F3I lysined FI
EF2 aldehydest W3t 2 FFo]l API A £ AYPAME A
FolAe lysine 3L AR o AAl g H&EL YrnFT 9 B«
Aot AZ2FAHAF] ABAAE lysine, taurine 281 phenylalanine®] ¥ 3fo|
Eol AFotu ity 65-TI%E A3t O ¥Fo2 njFo] o]F 3F oln|
Xibo] aFolRA] ste] zx3le 7]y ez AZtEt. Konosu F(1960)& 7}
22 FA19] frEjopn|cite] HulAHAE HEINY fFEolvcdl @502E A9
gto] UAA|RF IMPeF F&ESE ot A EFA7E Iga AT

4) EIEA FI7IARLF

AFAFAl AzxFT BEHLA /7148 @3 ¥dE GC2A AR AAys
Table 73 2o €& 1Fo}8 #714 ZAHL lactic acid’t AEF s1Fo=
30845 mg/100ge 224 AA #714ke] 8I.0%E A AP L L2 citric acid
7} 2475 mg/100g, succinic acid’} 40.0 mg/100g, malic acid 394 mg/100g,
pyroglutaric acid?} 359 mg/100gej$lxr 1 9o oxalic acid, malonic acid,
fumaric acid, itaconic acid%—°]. nF ZEHAY.
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Table 6. Changes acid

of mackerel-bushi

in free amino contents during processing

(mg/100g, dry basis)

Amino Fresh Boiled Ist smoked Mackerel-bushi
acid mackerel mackerel mackerel (Final product)
Lys 8719 (27.2) 471.2 (33.2) 621.4 (40.3) 4676 (26.2)
His 66.8 (2.1) 172 (1.2) 189 (1.2) 356 (2.0)
Arg 878 (27) 351 (25) 44 (29) 362 (2.0)
Tau 566.6 (17.7) 3383 (239) 2743 (17.8) 4654 (26.1)
Asp 237 (07 78 (06) 5.1 (03) 132 (0.8)
Thr 44 (14 1277 (0.9) 103 (0.7) 236 (13)
Ser 713 (2.2) 174 (1.2) 165 (1.1) 465 (26)
Glu 1391 (44) 469 (33) 395 (25) 89 @7
Gly 326 (1.0) 7.0 (0.5) 73 (0.5 trace
Ala 2127 (6.6) 794 (56) 600 (3.9) 160.5 (9.0)
Cys 1316 (4.1) 41.8 (3.0) 380 (25) 772 (4.3)
Val 81.4 (25) 90 (0.6) 102 (0.7) 199 (1.1
Met 2202 (7.2) 382 (27 438 (2.8) 72.1 (4.1)
Ile 383 (1.2) 84 (06) 86 (0.5 150 (0.9)
Leu 225 (0.7 14 (0.1) 1.3 (O.D 18 (0.1
Tyr 438 (1.4) 132 (09 139 (09 98 (0.6)
Phe 458.0 (14.3) 2317 (163) 2892 (18.7) 234.1 (13.1)
NH; 814 (26) 413 (29) 396 (26) 200 (1.1
Total 3,203.1(100.0) 1,418.0(100.0) 1,542.3(100.0) 1,782.4(100.0)

() % to total amino acid
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Table 7. Changes in nonvolatile organic acid contents during processing
of mackerel-bushi

( mg/100g, dry basis)

Organic Raw Boiled 1st Smoked Mackerel-bushi
acids mackerel mackerel mackerel (Final product)

Lactic acid  3084.5 (89.0) 5419 (67.9) 656.8 (43.1) 11553 (58.8)

Oxalic acid 1.9 (0.1 trace 34 (0.2) 26 (0.1)
Malonic acid 16 (0.1) trace 531 (35 05 (0.0)
Fumaric acid 52 (0.1) trace 39 (03) 51 (0.3)
Succinic acid 400 (1.2) 121 (15) 153 (1.0) 252 (1.3)
Itaconic acid 109 (0.3) trace 49 (0.3) 7.7 (0.4)
Malic acid 394 (1.1 48 (0.6) 44 (03) 6.7 (0.3)
a -Ketoglutaric 0.6 (0.0 03 (0.1) 21 (0.1) 32 (02)
acid
Citric acid 2475 (7.1) 234.0 (29.3) 759.5 (49.8) 706.5 (36.0)
Pyroglutamic 359 (1.0) 50 (0.6) 204 (14 51.0 (26)
acid
Total 3,467.5(100.0) 798.1(100.0) 1,523.8(100.0) 1,963.8(100.0)

() : % to total non-volatile organic acids

3 ERLAY #7120 ¥Fe Y8 1Fo7} 34675 mg/l00golRT ASARE
7981 mg/100ge2 A5Y o dFe) frlite] AfFFoe FAY Aoz 4
Zrdo. a3y FAA A3 kst AE Az o] & EIwA |{o)Ag
€ 1963.8 mg/100ge}lt}. ©|F lactic acid7} 11553 mg/100g2.2 A M2 588%
€ AAFAL citric acid”7} 7065 mg/100g, pyroglutamic acid7} 51.0 mg/100g,
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succinic acid7} 252 mg/100g2 2 o] F7IAE AT HujygRel o= T
7198 Zez BT F F(1987), B 2 (1987), Tsuyuki®t Abe(1980)5 &
AFNE F A%AAUY o A5Y Foz f7)49 Adgo] Ay A
Al FAEEFY R F7 AFo] 2o §r)10Fo] FFES AFEo] ES

9 %e FIY Roln 1 v Yot

5 TMAO, TMA ¥ betaine®] 33 w3}

L5 FA AxF9 TMAO, TMA R betaine ¥ %Fe] Wl Fig. 49 2o},

TMAO R TMAS #%F& 48 1Fo)7} 235mg/100g, 5.8mg/100g °)g o1}
AzF TMAOE A H2dd AFAAHE 119me/100g olYov] TMAE <
Y F7hete 135mg/100g ol th TMAOE Hulg @ote 7lxs 44529
AvIdEos deiA UXT FFo] Hol mFoRAY o= I Yo Y&
o2 MZEr} betaine ¥FE Y8 TFoJolAM 133.8mg/100g °|Qor} =&
d A7 fAER FAA UL gadE AYL BA AEFNNE 93.1mg/100g
o)At} betaine® w4 F2Jo}n|icAte] alanine, lysine® THoO] TEolRA|
e x3lo] #JY Aoz YY)

6) 7129 §aF w3}

Table 8= 717 ¥ && 23 Zolth. 92 1Fol9 A$ Ca Na, Mg, K
o ¥Fe Z AEFo =2 8120.4ppm, 6710.9ppm, 3323.9ppm 28] 1 2692.8ppm
2% Ca Na Mg, KS°] A3 7713 339 9% ol4& =3}, Yangs
Lee (1982)& #4ole FuAg¥e] @ AFA Ca Na, Mg, K§ Folee
ool 27 9%g& o B3 A3, Hayashi 5 (1979)€ A& A8 %)
A ¥ Nad K o]2o] Astel 2% JEolg B3 s ¥ AYME 15
o] ¥A]%F Cac] 4077.0 ppm, Mg 11184 ppm, Na2 26495 ppm 123 Ki=
19165 ppmo.2 o}F @& o] FEHUEH ©JSE HA)9 tlo] ojuAyx o
& 713 Reld 4AEn a2z A FHL F39 Mg Na K & gasis=
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Raw Boiled 1st smoked Mackerel-bushi
mackerel mackerel  mackerel  (Final product)

Fig. 4.Changes in TMAO, TMA, and betaine during
processing of mackerel-bushi (dry basis).
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Table 8. Changes in mineral contents during processing of mackerel-
bushi (ppm, dry basis)

Cd Cu Pb Zn Mn Ca Mg Na K

Raw 038 884 415 3987 074 33239 26928 8120.4 6,710.9
mackerel

Boiled 030 762 176 3894 139 30149 19913 51977 46324
mackere]

1st 032 1043 196 2026 147 26%.1 1,0339 30085 21561
Smoked
mackerel

Mackerel 037 7.16 339 1805 134 4,077.0 1,1184 26495 19165
-bushi
(Final product)

2. RFAFA AT FAWAAY

AAY FAFE AGAol 433 F& Wolxw o]F A #AAY Buz ¥

FT R 7 4A 2499 /A48 wAoy An3e S Ta
3@ ol dojue Aoz dA U wWHA B A= A gy
A 7] 2F (stick Hel), AFo] RESE A 2 Ae) (slice ¥u)) 2
B3 FLAH (powder ¥E)S RFOIRAE 74 Aeyo] YE TAAE A}
83t XY AEF OsAY 2228 ¥IXEF HE, 0)sld sy
M AFS AGEHA ) et AEY

REOIFA AT AGFY dwYE, dx, pH, FBH YN AL, olujeAA
R AE] WE 509 ¥ AFAE Table 9o 28 1008 Fo RS Table
10o] YEtRAUT AMES) F2FFL 83-103% o WA A 1000 A3 A=
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T A e FEis tir) R Re] 10% W) e YEGAT 2w
e Ut z2edd, =AW an 2P ¥Fe B 77.0-789%,
78-80% R 53-55%9 HAR AZF AANE 2T & €is}l dUg. W £
T84 052-0559] MAZ Hx3AY. o2 v|Ro] TZNE B 2 Q )
A oelse A9 UATT AAEH ol AFuEHF WEo FY, A oF
Aggde AE A A4 & 4L @ Rez YAy

Table 9. Changes in proximate composition, salinity, volatile basic nitrogen
(VBN), NHz-N, total acidity and water activity of mackerel-bushi
during storage for 50 days

Powdered Sliced Sticked
Component Product

C O =* C 0 C 0]
Moisture 8.1 84 83 9.3 9.2 94 94
Crude protein 779 779 784 781 789 77.1 77.4
Crude lipid 7.8 78 79 79 80 7.9 8.0
Crude ash 5.4 54 5.3 54 54 55 55
Salinity 24 25 5 o4 24 24 25
pH 567 5.81 58 575 579 577 578

VBN(mg/100g) 80.6 988 883 988 847 1106 1036
NHz-N(mg/100g)* 1037 1140 1199 1143 1205 1145 1206
Total acidity(ml)  22.2 228 228 232 282 B1 R3O0
Water activity 0.54 054 053 054 055 053 053

* | dry basis

** . Legend C is packing product with air and O is with oxygen absorber
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Table 10. Changes in proximate composition, salinity, volatile basic
nitrogen(VBN), NHz-N, total acidity and water activity of
mackerel-bushi during storage for 100 days

(%)

Powdered Sliced Sticked
Component

C O (C 0] C 0]
Moisture 8.8 86 101 99 103 10.2
Crude protein 777 783 775 781 770 772
Crude lipid 7.8 79 7.9 8.0 79 80
Crude ash 54 5.3 54 54 55 55
Salinity 25 24 23 24 24 25
pH 578 577 579 58) 581 5.78
VBN(mg/100g) 1200 1165 1200 1200 1200 1165
NH;-N(mg/100g)* 1237 1300 1245 1302 1247 1307
Total acidity(ml) 224 225 223 222 221 225
Water activity 052, 054 052 053 052 054

* ! dry basis

** ! Legends are the same as shown in Table 9

A%F 2z AF pHEe 4zt Frletglont 577-5819) ¥ dEE 2%
5049 AFANE G Fr1eted 228-23.1mle YEUR oY 100 Ad= T
#aste 221-225ml9) HAR Az FF A w4 Lo

HEAR| AL Fe AL Bl Z AFAA BT ZrtsdE o
T A%F 993 9 AA o] E=o] HYSE NH;, TMASH 7|9€d A
olgt AAAT (ER, 1970). olvlxAAE A& ZFJlsld AXAFo:= AEZ
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71€ 22 103.7mg/100gel ¥ R o) 10084 olE 123.7-130.7mg/100g-& YERQ =
Hoel2A AF AFF 99d Bart M43 dojum 8L A & o
TH A AFAN BR2AE EAY AFEo) NLHANAARFL B3 ojn)x
ALTFE L TEHY AYL By B (198)E B EFAE ofnx
Ao AR7IET BhLA BUYAERLD gAZ B AL ojnrAAg
EZFE7IU 448 XA ARERY wgo] © ol Yolnty] WEY Ho|a}
I B3 b Qg

LFAFAl AZF e sl2ete FFAE Fig. 54 Y. sl2gue
AzAFe AMFAA dEF 7IFo2 519mg/100g oYy A 50U
400-421mg/100g2 2 <t ZFAFAoY olF Ao wais} U, Omura 5
(1978)3 Taylor & (1979)0& 3 2AEtUL MEA319} ©jLo o] &% 9] histidine
o] Proteus morganii, Hafnia alvei R Klebsiella pneumnoniae 9+ L Huj A
@9 F4o] w2t MY histidine decarboxylases] ¢J&te] @&l w8 & who}
B4ET T P2 Amold9} Brown (1978)& &z &o] ERs= R7)ASE
&9 Agoge A 2ol PYHA Y F2 AFo| AT AAo o
dtel B4EP 30T oM AT i A% sAgT YL A9 Y1,
40C ol @ Me Proteus morganii®) %o Yojux @=vtn HYck B
(1982)= 1508t Aozl T2YY Az WV HPAYAM histamined F&
10-20mg/100gs] MH= AFLE, AF7Ie] BAC AY WHs} AYctn
I vk glok £ AF7oA A3 sAgnle) ghapo] Ae WMasix g A
€ AZAYFT AsAle] EAYATY AFELE BT ¥ 80-00CT AN A
Hi FAHA7] W&ol e histidine decarboxylase:= B8AB}E T 8 A
U APEINAEE A AAEHU dRelgtn AztEc

AE AAFe) TBAR, FustEg a2lm slelrdgte] Wl Table 113
2. TBAGtE AZF 2% Fasts oA+t Crawford F (1967)& o)z
< ¥AE AMEFAZA PAHHUY malonaldehydest HHF AEo] WAL
M2t Ayt thiobarbituric acidsbe) wrgAjo] eksA FARY wRolzgtn ¥
%k v gl HARERS A AF AX AF M4Tmegkg oAU A F7
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CONTENT, mg/ %009

N

NN ? AN b
N\E \\\ :
\F N \
o L g AWK -
Product Powered Sliced Sticked Powdered Sliced Sticked

(a) (b)

. : packed with air
2 : packed with oxygen absorber

Fig. 5. Changes in histamine contents of mackerelbushi

during (a) 50 days, (b) 100 days storage (dry basis).

& Fd A AFo] Fadd garAE EUY B2 AL A 10095
ol 40meq/kg$ “EPUATH

TR FlotRndye A AFel AU $¢ FrtekE ARE wACh Table

1Mt Fol 2FF <] TBA &, HAsHEg R slolp Yo ulFo] gars
AE B TFARAAFY AP ARE AEHoT gAY $ e
Zes gddn.
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Table 11. Changes in peroxide value (POV), carbonyl value (COV) and
TBA value of mackerel-bushi during storage

Storage Powdered Sliced Sticked

Component
days C 0 C (@] C O
0 0.70

TBA=* 50 061 051 068 064 068 053
100 058 05 041 032 031 023
0 347

POV ** 50 264 108 236 103 138 127
100 8.0 40 169 54 120 107
0 245

COVx*x 50

287 245 370 336 298 231

100 308 203 351 311 399 368

** . Legends are the same as shown in Table 9
* 0. D. at 530nm
xx meq/kg

FAFe F8 Audiez g7 JABAEAY 1004 HFFe we
Table 120 YetiAtt. A AF =5 IMP$ hypoxanthine % 7}3l3L inosine
& AxdE Fgoldoy AMPE Hl<# g Jehggith

1009 AZE nFolFA Y BEHLAR71483 Table 133 o). AF A=z

x| BHUAYRITY FF0) 1963.8me/100g2ld] vlste BELAEL o 3}
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Table 12. Changes in nucleotides and their related compounds of mackerel-
bushi during storage for 100 days
( mg/100g , dry basis )

Powdered Sliced Sticked
Product

C 0] C (0] C O
ATP - - - - - - -
ADP - - - - - - -
AMP 355 30.1 317 382 34.6 354 372
IMP 4653 5892 5804 6132 6120 5750 544.0
Inosine 4567 2512 2753 3319 2943 3265 3123

Hypoxanthine 3470 4895 4616 4043 3870 3026 4788

Legends are the same- as shown in Table 9

ol 27.5% RAEZA ZAAoH FA AL AFEH 7] 23 R F ¥F
o] 11.2-226%7tA F7t8tdth A A FM BF lactic acid o) o] 714 7
on thdo] citric acid, pyroglutamic acid, succinic acid €22 o]E 4Fo)
3 ENUAERIINEZY 9% HEE A AT oxalic acid, malonic acid,
itaconic acid 28] i a-ketoglutaric acid $& Az HAF o A EJH= v)g A
EHAOY AY AMFAMNE FEHA Gt

TMAO ¥#& Az AF 119mg/100g o1 Ro] HAF AA3) Zasid A
10094 AlBo)ME 54-67mg/100ge UEhdo 2N o A¥lATE 7Aasig
o (Table 14). TMAXE MA3] astd 2% 100849 R M= 63-82mg
/100ge= Az AF fyFo] nHld 47-64% FFolUTt oA AHZF
TMAO7} Zasted] uld] TMAS 4ol A gl Rez ¥ o TMAO/}
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AES] 2o BAGE RoE BAY F T (1982)¢ WolS HFPZF9) zwio]
B AFA AFRE] @E Aol AT F8 Iysine ¥ TMAOE A &A%
71l AZRAR AG71%] & TMAOY Aol ulsl TMAS AAo] =x
¥pe=z2  TMAOZE Z71Zwo] 988 RHolgn &9x, Koizumist
Hashimoto (1965)% 7lti@ele] Q1oj4 TMAO7} Z¥e] #odittz: =3y
o =@ AFF TMAS} betaine} FE FH¥y A st= A go| Ut} Fiddler 5
(1972)& betaineo] ¥3=lo] TMAOS Y 37 olulg& A Wozm wue v ¢
cd & 4AYer AZF betainedt TMAO, TMA/l B5 ZHAss= A&
betaines| &3 HY4He TMAOY ¥ B DMASS AFEAZ Ry
Fel o wsty] gFolgtn Bzyct

Table 14. Changes in TMAO, TMA and betaine contents of mackerel-
bushi during storage
(mg/100g, dry basis)

Storage Powdered Sliced Sticked

Component
days C 0 C 0 C (0]
0 119
TMAO 30 94 112 107 109 104 117
100 57 67 54 6.2 63 58
0 135
TMA 50 116 111 109 112 115 98
100 87 82 69 7.2 68 63
0 931
Betaine 50 884 832 854 8.7 849 85
100 837 8.3 846 8.1 828 830

Legends are the same as shown in Table 9
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MEe] Wzte Table 159 vebd R Zo] AF 509 7AAE Mz ¥
AF 2 Zol7b YR AF 10084 By ZFe AFL PEo FHE
7t FAaste B AMEE Frtete gl

Table 15. Changes in L,a and b values of mackerel-bushi during storage

Color Storage Powdered Sliced Sticked
value days C 6] C (0] C 0]
0 56.9
L 50 567 570 548 561 531 554
100 %6 566 543 558 493 488
0 44
a 50 45 44 4.8 48 49 51
100 46 46 52 53 6.1 57
0 185
b 50 188 188 183 186 190 193
100 185 185 185 192 167 165

Legends are the same as shown in Table 9
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2 o}

A 2ugY Y BA R v g3}, s 240 gt dArA
€ Y982 3= FUA xvgY £871 531 Atk & @FIME nFolE
B2t ARA FAIs} o] AL FaAl A odn $2Aye Al 73
2RI SY F9I9 YBZ o]4Y F Av 2FO] FAE Azsd M2FHE
o Au|gEe aste AT FAAAA dstd dPse gen e A
HE 2R

1 B3oiFA AFY FEUZFL 81% 2v¥Aa, X4, =3re 7}
779%, 7.8%, 54% 2™, pHE 567 A= & 222mle) Ao}

2. TFOFA AFY HUABEEA ¥$Fe IMP/H 3EF JFoe=
65.3mg/100g, inosine®] 456.7mg/100geIN e ADP: & o] &3 3}
Ho. FEetuxAte 17F0] £, B4 HAsd $Fol ye AL
lysine, taurine 21¥]3 phenyl-alanine, alanine®z JIEF r|Eo=
467.6mg/100g, 465.4mg/100g, 234.1mg/100g, 160.5mg/100g-& e o 2 M
o] € 4F9 olulxido] F fElotulidlte] 744%E AR YL iso-
leucine, aspartic acid, tyrosine ¥ leucine& 2 o] HY: glycined

EHZFo| AU

3. BEHLAGR714 Folle= lactic acid, citric acid®) §3e] Eo} o] 2F9 &
71%ke] & EIIAHH/IAL $F 5% AEE AXHHo™ malonic
acid, oxalic acid, a-ketoglutaric acide ®|% %35 AU TMAO,
TMAE JEF 71€22 119mg/100g ¥ 13.5mg/100go 2 u)F )8t
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on betained] ¥F 93.1mg/100golUth. F71A FolAE Ca, Na K,
Mge] #3Fo] vl @i

4 AF AT FALAANS FEY 23 gaxAE ¥y AYF
8 A Ay dxo] wts FALE A AL + A
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