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Studies on the Processing of Mackerel-bushi

1. Changes in Taste Compounds During Processing
Shin hyo Ko*, Hee ung Im*, Yong gu Ko¥*, Jin hwan Ha*¥*.

ABSTRACT

Mackerel-bushi was manufactured as a natural flavoring substance and in each processing
step the taste compounds including nucleotides and their related copmounds, free amino
acids, non-volatile organic acids, trimethylamine oxide, trimethylamine and betaine were
determined.

IMP and inosine were abundant in Mackerel-bushi which marked 465. 3mg/100g and 465.7
mg/100¢ on dry basis while ADP was trace in content. 17 species of free amino acids
were isolated and identified from the extracts of raw material and its products. The abun-
dant amino acids in the extracts were lysine, taurine, phenylalanine and alanine, and
those were consisted of 65.8~80.7% of the total free amino acids while isoleucine, aspartic
acid, tyrosine and leucine were poor, and glycine was trace in content.

Citric and lactic acids were 95% of total nonvolatile organic acids, and malonic, oxalic
and a-ketoglutaric acids were poor. The content of TMAO and TMA in the extract of
Mackerel-bushi were 11.9m9/1009 and 13.5m9/100¢ on dry basis and that of betaine was
93.1m9/1009. The major minerals were Ca, Na, K, and Mg.
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o} AP L& 2R o] Eexd 713t Pgo] I}
2 33 v} Qlck & pH7Y 6.58 0 A Fol 4]
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Table 1. Conditions for HPLC analysis of nucleotides and their related compounds

Instrument : Waters Associates HPLC system (Detector Model-486)
Column :@ p-Bondapak C,,(30.0 cX3.92za I. D.)

Eluent : 1% triethylamine phosphoric acid (pH 6.9)

Flow rate : 2 m¢/min

Chart speed : 0.25 em/min

Detector : UV 254 nm

Sample load : 10 p¢#
Temp. : 45T
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(2) wejolojciiel B

AR 598 A 1% 24t 4 80afF
7dstn FAE A o B2 100mE ¥ F
4122 (4,000rpm, 15min) 3t}

a2 oA AAFE sl Dowex 2X8 (CI°
form, 100-200 mesh) $# 2] F34AA A2
Pare AT /20 L Rol F2H 502 3}
dek. o 3 30mE s Amberlite IR-120
#xz+% (H° form, 100-200 mesh) el &FZA1A
E 150mf M 33 & 2N NH,OH 8= &%
XA o|& ZYx&3sl3, pH 2.2 citrate buffer
folloz 25mF 3o} Spackman 5 (1958) &
wpio] wel T&olnliit AE-E4A (Hitachi
model 835) 2 Azt

(3) ENWd ®olue ™

Mirocha ¥ (1961) &} whgel wet A& 30-50
g& 75% olske £ 100mE 3417 mEuluwd
¥ st ARG RO AARz 23] HbE F

3 22 A3dE Y39 40CE AR
24 100m2 3ch

o] & 50mfE 3o Amberlite IRA-410
(Fluka, CO,* form, 20-50 mesh) columnel
4} 1.5N skt 54 100mE 1-2 nf/min %
=2 #8414 423 el dA7 9
o)A w7 ZksE3 okd ©]& Amberlite IR-
120 (Fluka, H® form, 20-50 mesh) columnsl]
A 1-2mf/min £%2 &8} olvlxAke 3 AA
A & A B2 AN g AMEEHD
Tale) 24kskl AT A A o Ejell A 24X12HE<E
Az

AzxA)7 §7]4F AN &F Sasson F (1976) 9
wploll el 14% BF,-Methanol §-<4 3a& 713}
o 65Cell 4] 1027t #3713l chloroform 2. &
22 719Fs% 5l methyl esters} et £7
Ak2 Table 29 ¥A2ZA GCE 2432
o), ¥%§7]4ke chromatogram Fig. 13 2
c}.

Table 2. Conditions for GC analysis of nonvolatile organic acids

Instrument : Hewlett Packard 5890 A -series 1

Column :
X 0.2mm X 0. 3pum)

Column Temp.

Injector Temp. : 250C

Detector Temp. : 280C, FID

Carrier gas : Nitrogen (30mf/min)

Chart speed : 0.5 cm/min

Fused silica capillary column - FFAP (polyethylene glycol-TPA phase, 25m

: 105¢C (2 min) -~ 200°C (5C/min) - 230 (10°C/min)
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Fig. 1. Gas chromatograms of methyl esters of standard nonvolatile organic acid mixture.

3. Malonic acid

Itaconic acid

1. Lactic acid 2. Oxalic acid

4. Funmalic acid 5. Succinic 6.
7. Malic acid 8. a-ketoglutaric acid
9. Citric acid 10. Pyroglutamic acid

(4) Trimethylamine oxide(TMAQO) %
Trimethylamine (TMA)<& g

EgolAY A8 109& A3 homogenizer
o) H 20% ArAstolEAr 8- 40w & 7}3H
1587 23t ¥ obA 10% Atdsteld =4t
£ 4000 § 715t A79} 2 bR 25T
e 224 100/ 2 3hd YAEE (4, 000rpm)
&gtk A2 80mig Feled EAZrlel ¥
Seke] ol 713 F Aeksle Ao EA
Ao o] 22 43 wMEsle] AldEoM]
EAg 243 AlAsR IehsEsid E24 25w
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(H- form, 200-400 mesh) $x12¥ & 1-2m49) 5) =r)ale] A

252 EJA7|T IN 48 30ml S 22 S5 Adggos AE o 508 23 600CHA
2 %7 betained §-&AAch o€ o 20mZ 87 & G4 (1: 1) E ¢ 10w E 7ot 5
22270 ¥ o}A] Amberlite TRA-400 (OH” 2 o A AE A TAIZ ) o) ATEL 4
form, 100-200 mesh) FAZHE FAAA A (1:3) 84 10m = o)z 24 100m2 A
prolineg MA st} o] f 5afg 1587 3% -8}y QAE-F3=4 (Perkin Elmer 2380) 2
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Table 3. Conditions for analysis of minerals with atomic absorption spectrophotometer

Element Cd Cu Pb Zn Mn Na X Ca Mg
Wave length (nm) 228.8 324.8 283.3 213.9 279.5 589.0 766.5 422.7 285.2
Lamp current (mA) 4 15 10 15 20 8 12 15 15
Slit width (mm) 0.7 0.7 0.7 0.7 0.2 0.7 0.2 0.7 0.2
Air flow rate (¢/min) 40
Acetylene flow rate (¢/min) 15
A3 9 2% 22.2m % 37} Sk #F 5 (1987) 2 LFOIE

grem A=F 2u3 B % (1988) & 2}
meuAlg Az BY AT 2L AHE B
Tsha A ol £214) FA4EF 4714, phenol

1. WYME, s pH, HWEATIEL, 32
Ef2l, ojo|FA R Atxe] Wi

L5 R Az2F d4E, 45 pH, o F 5ol AIE Eddel F3, AFAA7] Ao,
AL, HEdA71AL, Ao Wshs Table 4 o}F A¥el HE AT AF A0 (M
o k. S+ $Fe YE7H 76.3% A 1F 5%) 5 S5 FolE Foid ERvhne A 9t
ojFA] AEL 33} A A 8. 1%= 7 A Ho) dake) vl ek TFoIF-Aldl 9l
23wk, 2chAle 17. 1% 77, 9% 2, 27 AME ol2i AEEFo] F%E 71 Rel=wk 47
HhE 2.4%014 7.8% 2, ZHEL 1.7%lA 5.4 g}
%2 F7 3iEE, 4= =3 PAE 2. 0% 712 WRojellA 18.5m9/1009 12
AFL 2.4%2 A7 37} 8o 2 A%, ¥4 HE ARe T APE M

¥8oj9] pHE 5.801224 AFAME 5.72 AE- 80.6m/1009°] Hdedl, ole A&, &
Rzt FolAR, AEE UEO] 13 4mlllA AFL AxAF §4¥, TMAO Fo| Es5e NH,,
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TMA, DMA 3¢ 3ua 47171 44 =07]od
To2 Aot d2Egle dBojelA PEF
7I1E22 4.6mg/100g ol ASGARAE
5.7mg/1009 2.2 27} 713 chr) o}A] zhasle
AFe] YL 5.2m9/1009 2.2 & ¥} glodc)
°]§ ¥82 Arnolde} Brown (1978) o] B3k
3 2glle) FE11A18<] 100m9/10092.c} Y2 A
< Felddeh. & (1982) & HYKF F=2P9
histamine ¥34& AYstd Fol9 FHojele
histamine ¥k 2% HZH ¥, ARYLE,
2 4717kell Al 10-20m9/10098 HAZ

Table 4. Changes in proximate composition,

€ 437} Qs Badwy ol B2 A
A AFNY 57] ool {99 histidine

decarboxylase 4§42} =3, histidine 44
Pl AEL A9 A7) o Eolakn slgic). o}n)
TALE Y87} 96. 4my/100g 0100} 2}
24.6m9/1009 22 o}F go) Azl A
A Fak Frhsle) A FoAY g 103. Tmg/
100g°1%del. 7R BA] A2FoE e ANG
& 7 ded o= Ae§ Kot F (1988) =
FdA el o8 Syl Fais)s] of o)}
2 &)

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 20.4 8.1
Crude protein 17.1 22.2 66.7 77.9
Crude lipid 2.4 52 7.2 7.8
Crude ash 1.7 1.5 4.4 5.4
Salinity 2.0 1.7 2.2 2.4
. pH 5.79 5.73 5.62 5.67
VBN (ay/1009) 18.5 29.8 41.2 80.6
Histamine (m9/1009) * 4.6 5.7 5.6 ‘8.2
+~N (%/1009) * 96. 4 24.6 68.5 103.7
Tatal acidity {(af) 13.4 12.8 18.9 22.2

¥ I dry basis

2. HiuHAEGe| He

2Fel ¥4 AzFE: duagAEPe] wAs
HPLCZ %43 A7 Table 59 ) U8
5ol % IMP7} 944, 4mg/1009 22 7} @
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el F dqiolElz Qs KEI KE
(1959) & 7} @ 2A] A|xo) glolA A& A o
IMP7} %&qcia 3usigdct Konosu F
(1960) & 7k e ¥-A)¢] uhe IMP s} f-2jolwlieit
o] F&3tw AR Arpzhge] Uck s
Lee (1968) & 4t Q4T ol &= IMP#
< AA oo viwsd A HAL FFAHA
A7} opltahe) A AT glo} AAFY =
E3 gl ofW FAL ol sk AlFeA
inosine® hypoxanthine . IMP £x|A] wol
7%= 9+=d] Komata (1964) = A#e] A=
+ 2439 omission test& ¥ A inosine¥
hypoxanthineo] 25 o] giclx 3lg 3,
Kuninaka (1967) += inosine2 #3 3to] gle}i
s}gd.ow, Fraser 5 (1968) & IMP ko] &
42 72}3 hypoxanthine §e}o] A L&4F o]
Fcobr B2y v} gt 22y} Kassemsarn 5
(1963) & hypoxanthine-& #9te] gle}i #3ich
5o RAell = IMP 2} hypoxanthine ¥aFe] A
A HaPAEYLS) 60% AE SH2E o]Fo] ofF
A ZFoiRAle FR/Y glo) ojd FAE ¥
Aoz Z39dq.

3. welojojiite| gtE wHa

4B 158 Az FHFY AR &F
1759 folnlite] &, 54 HI2w 2
%42 Table 6o ebd 73 zc}. Y8 LF
ojo| 4 o] g2 AL lysine, taurine I
phenylalanine $°¢}j3 ©}822 methionine,
alanine, glutamic acid 28]3L cystine °]g.2
o] jisoleucine, glycine, aspartic acid,
leucine-2 ¥gko] gk F3] AUske] W2 ofv|
Ak} Af-ejolulicAtell it wlE-& BH lysine
o] 27.2%, taurinee] 17.7% ¥
phenylalanineo] 14. 3% & Jehjo 4] o]& 3%
olpliAte] MM fielopm|ite] 59.2%F A=) 3}
Aot $4E-Ee] Ay FAolv)ik FHl
w2} 34 oh2x] Yo geiAd ey felojn
AR WAEA ch=x, Lee (1968) R #F F
(1972) & #4HE 589 F5 g 7 379
ooliite] Ffejolm)iAte] b XA 7
27t g2 ek, FNA AxF FHReo}
vl At k2 948 59171 3203. 1a9/1009 1

Table 5. Changes in nucleotides and their related compounds during processing of Mackerel-

bushi
(m9/100g, dry basis)
Fresh Boiled Ist smoked Mackerel-bushi
mackerel mackerel mackerel (final product)
ATP 156.1 - - -
ADP 162.9 198.8 53.4 trace
AMP 14.8 24.9 24.9 35.5
IMP 944. 4 614.7 576.0 465.3
Inosine 560. 8 436.2 420.3 456.7
Hypoxanthine 521.8 571.0 484.5 347.0
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14. AA5A 8] FRejolul it o] A Fa
= G9id % A&, FoRo Aol 2 Y
o2 ARdct AF AP 529 ofv]
o] Ade il o U TFoldA
o] B9t lysine, taurine, phenylalanine ©]<]
o Wl g
&0l ok £ HAYolME AFoN 2 lysine §

FE Azl ot Aol HY v]E-2 YELF

LigA
U
/\

ol % glutamic acid ¢} alanine

o} vxEdch. AxFAF AR AHE lysine,
taurine 28} X phenylalanine$] §3fo] &o} 4
frelotul i abe] 65-77%F AA gt 2 Yoz
o] §0] o5 3F oluliile] TFo| R A) sie] 23}
o 71e4g Ao 2 Yzsct. Konosu 5(1960) &
7122 K219 fjolu)iAle] Yo EdE FE s
Frelololial =o 2= Ao} glo] gix|ul IMP 9}
T3 st Aeir) acy sy

Table 6. Changes in free amino acid contents during processing of Mackerel-bushi

(m3/1009, dry basis)

Amino Fresh Boiled Ist smoked Mackerel-bushi

acid mackerel mackerel mackerel (final product)
Lys 871.9  (27.2) 471.2  (33.2)  621.4 (40.3) 467.6 (26.2)
His 66.8 (2.1 172 (1.2 18.9 (1.2 %6 (20
Arg 87.8 @7  35.1 2.5) 4.4 (2.9 %2 @0
Tau 566.6 (17.7)  338.3 (23.9) 274.3 (17.8)  465.4 (26.1)
Asp 23.7 (0.7 7.8 (0.6) 51 (0.3 132 08
Thr “.4 (1LY 27 (0.9 1.3 0.7 2.6 (13
Ser 7.3 (2.2 174 (1.2 16.5  (1.1) 4.5 @96
Glu 139.1 (4.4 469  (3.3) 3.5 (2.5 8.9 @47
Gly 32.6 (1.0) 7.0 (0.5) 7.3 (0.5) trace
Ala 2127  (6.6) 79.4  (5.6) 60.0 (3.9 1605 (9.0)
Cys 131.6 (4.1 41.8 (3.0 38.0 (2.5 77.2 4.3
Val 81.4 (2.5) 9.0 (0.6) 10.2 0.7 19.9 (LD
Met 229.2 (7.2) 38.2 2.7 43.8 (2.8) 72.1 4.1
Ile 38.3 (1.2 8.4 (0.6) 8.6 (0.5) 15.0 (0.9)
Leu 22.5 (0.7 L4 (0.1 1.3 .1 1.8 (.1
Tyr 43.8 (1.4 13.2 0.9 13.9 (0.9) 9.8 (0.6)
Phe 458.0  (14.3) 2317  (16.3)  289.2 (187 9341 (13.1)
NH, 8l.4  (2.6) 41.3 (2.9 39.6  (2.6) 20,0 (L1)
Total 3.203.1 (100.0) 1,418.0 (100.0) 1,542.3 (100.0) 7 782.4 (100.0)

( ) : % to total amino acid
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GC24 ¥4% A== Table 73} Zch Y8
250)9) %714 242 lactic acid7t AEF 7
Z03 3084.5m9/1009 224 A f-71412] 89.0

£ A5l T o}&-0.2 citric acid7} 247. 5mg/
100g, succinic acid”} 40.0mg/100g, malic
acidz} 39.4mg/100g, pyroglutaric acid7} 35.9
mg/100g°11 2 9ol oxalic acid, malonic
acid, fumaric acid, itaconic acid Fo°| vl
&=t

2 B3u4 frAEERe di 2F07)

(1

o2 A&y o oy friite] Ase FoE
SARY Ro gyzgic), v FA4] Hx 57
gt} A FE Az 239 3 AW FUIAEERR
1963. 8mg /1009 1%k °] % lactic acid7}
1155.3 mg/1009 2.2 A A <) 58. 8% F A 5hdliL
citric acid7} 706. 5m9/100g, pyroglutamic acid
7} 51.0mg/100g, succinic acid”} 25. 2m9/100¢
L& o]F R1AE A F9 Ao o= A=
7@ Reg B} ZFE 5(1987), R ZF
(1987), Tsuyuki<} Abe (1980) 5-2 A E7H &
A& o A& FOB {74 Aol
FAE AR A FAGEF /7R AFE
o] xalxle) fr)aleke] F33ld A Fel FHH

3467. 5m9/1009 °1 AL A& R 798. 1m9/1009 g ¥og Zelsix BRIy wilch

Table 7. Changes in nonvolatile organic acid contents during processing of Mackerel-bushi
(m9/1009, dry basis)

Organic - Fresh Boiled Ist smoked Mackerel-bushi
acids mackerel mackerel mackerel (final product)
Lactic acid 3,084.5 (89.0) 541.9 (67.9) 656.8 (43.1) 1,155.3 (58.8)
Oxalic acid 1.9 (0.1)  trace 3.4 (0.2 2.6 (0.1
Malonic acid 1.6 (0.1) trace 53.1 (3.9 0.5 (0.0
Fumaric acid 52 (0.1) trace 3.9 0.3 5.1 (0.3
Succinic acid 4.0 (1.2 12.1 (1.5 15.3 Q.0 25.2 (1.3
Itaconic acid 10.9 (0.3)  trace 4.9 (0.3 7.7 0.4
Malic acid 39.4 Q.1 48 (0.6) 44 0.3 6.7 (0.3
a-Ketoglutaric acid 0.6 (0.0 0.3 0.1 21 0.1 32 (0.2
Citric acid 247.5 (7.1) 234.0 (29.3) 759.5 (49.8) 706.5 (36.0)
Pyroglutamic acid 35.9 (1.0 5.0 (0.6) 20,4 (1.4 51.0 (2.6
Total 3,467.5 (100.0) 798.1 (100.0) 1,523.8 (100.0) 1,963.8 (100.0)

( ) : % to total nonvolatile organic acids
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5. TMAO, TMA % betaine2| %}z M4}

A5 R Az2PEe TMAO, TMA %
betaine k2] W= Table 83} 7}, TMAO
% TMAS] §3k& 98 259071 23.529/1009,
5.8m9/100¢9 °]dev} Mz23F TMAOE M} 7H4
ste] AMEell = 11.9a9/1009 °]glom TMAE
34 F71ate 13.5m9/1009 °lgch. TMAO=

Table 8. Changes in TMAO, TMA,
Mackerel-bushi

e Dok 713l $AHER S Yulg o s o
A AR o] Ho] LFRA9 o= &
Aol P& o2 AztPr) betaine Ppe
B 3Fejel A 133.8m9/100g o) o} xp&n] o
¥ AT FdA) ok zrsks Age vy
AE AL 93. 1mg/1009 ©1th. betaine-& 7Hw)
A frejelel 4kl alanine, lysined} tjo] 1%

¥ el zHol DAY o Azyc)

and betaine contents during processing of

(m9/1009, dry basis)

Fresh Boiled Ist smoked Mackerel-bushi

mackerel mackerel mackerel (final product)
TMAO 23.5 18.7 13.6 11.9
TMA 5.8 6.9 12.5 13.5
Betaine 133.8 104.9 101.8 93.1

6. FIIAS #T ws

Table 9= ¥7)2 ke 24P Aotk U=
LFole] Z¢ Ca, Na, Mg, Ko s=pe 77
&322 8120.4ppm, 6710.9ppm, 3323.9ppm
22X 2692.8ppm o2 Ca, Na, Mg, KSo] A
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Table 9. Changes in mineral contents during processing of Mackerel-bushi(ppm, dry basis)

Cd Cu Pb Zn Mn Ca Mg Na K
Fresh mackerel 0.38 8.8 4.15 39.87 0.74 3,323.9 2.692.8 8,120.4 6,710.9
Boiled mackerel 0.30 7.62 1.76 38.94 1.39 3,014.9 1,991.3 5,197.7 4.632.4
Ist smoked mackerel 0.32 10.43 1.96 20.26 1.47 2,695.1 1,033.9 3,008.5 2,156.1
Mackerel-bushi 0.37 7.16 3.39 18.05 1.34 4,077.0 1,118.4 2,649.5 1,916.5

(final product)
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