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‘We investigated the changes in protein and free amino acid compositions of the muscles, and
amino acid compoéition of the muscle proteins during postmortem storage of dorsal white and
lateral dark muscles of yellowtail, Seriola quinqueradita, which were kept at 2°C. We present an
extensive discussion on the relationship between the changes of freshness and those of protein
compositions in the white and the dark muscle of the red-fleshed fish by analyzing polyacryl-
amide gel electrophoretograms of NaDodSO,-solubilized sarcoplasmic and myofibrillar proteins
extracted from the both muscles.

By assessing K-value, total volatile basic nitrogen and pH value as a criterion of freshness,
we found that the dark muscle undergoes a more rapid decrease in its freshness compared to
that of the white muscle.

The contents of the sarcoplasmic and the myofibrillar protein were decreased with postmortem
aging of the muscles while those of the residual intracellular protein were increased, and these
changes were somewhat faster in the dark muscle than in the white muscle.

From the analysis of the electrophoretograms and their densitograms, we found that the
sarcoplasmic proteins of the white and the dark muscle were respectively composed of 16 and
12 components. The sarcoplasmic protein of the white muscle lapsed for 10 days showed an in-
crease of 18,000 and 41,000 dalton components, and a gradual decrease of 23,000 and 23,500
dalton components, whereas the sarcoplasmic protein of the dark muscle lapsed for 9 days
showed a decrease of 49,000 dalton component, an appearence of a newly formed component of
47,000 dalton, and a disappearance of 26,000 dalton component. The electrophoretograms of the
myofibrillar proteins showed that the white and the dark muscle were composed of 17 and 16

components, respectively.
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Depending on the lapsed time of postmortem under the controlled condition, the myofibrillar
proteins of the white muscle showed an increase of 40,000 dalton component, a gradual decrea-
se of 37,500 dalton component, an appearance of a newly forming component of 32,000 dalton
and a disappearance of 26,000 dalton component. On the other hand, the myofibrillar proteins
of the dark muscle showed an increase of 58,000 and 64,000 dalton bands, a disappearance of
light chain-2 protein and an appearance of a newly forming protein of 32,000 dalton. These
changes on the electrophoretic patterns in the dark muscle were more rapid than those in the
white muscle.

In almost all of the cases, we observed that the changes in the sarcoplasmic protein were
faster than those in the myofibrillar protein.

The analysis of amino acid of the both muscle proteins showed that the white muscle was
rich in glutamic acid, aspartic acid, leucine, arginine, lysine, etc. but was poor in proline and
tryptophan. No significant difference was found in the amino acid composition of protein of
both the white and the dark muscles.

The sample of white muscle lapsed for 10 days shows a remarkable decrease in glutamic and
aspartic acids, while that of the dark muscle lapsed for 9 days shows an appreciable decrease in
alanine, glycine and arginine. The free amino acid compositions of the white and the dark
muscles are respectively characterized with 63% of histidine and 67% of taurine with respect to
the total free amino acids of the yellowtail at-death, respectively.

The white muscle lapsed for 10 days showed an increase of histidine, valine and taurine,
and a slight decrease of alanine, leucine and glycine. The dark muscle Iapsed for 9 days show-
ed an increase of taurine, phenylalanine and glycine, and a decrease of histidine, alanine

and serine.
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Minced muscle

Homogenize for 3 min with 1.5 vol.

of 0.1M NaHCO; 1
Extract with 8 vol. of 0.58M NaCl, | Repeat
twice

0.01M NaHCOQ; by gently stir-
ring for 4 hr.

Centrifuge at 5,000x g for 20 min

Supernatant

Dilute with 16 vol. of cold water
Centrifuge at 5,000 xg for 30 min

Supernatant

Precipitate with 209 TCA

Precipitate

Extract overnight)
with 0.1N NaOH|
by stirring i Repeat

Centrifuge at 5, 000) twice
xg for 10 min

|

soln, Supernatant Residue
Cel%trllfuge at 6,000xg for (Residual intracellular protein) (Stroma)
min
Precipitate Precipitate

(Sarcoplasmic protein)

Wash 3times with ether
Selve in 0. 1N NaOH soln.

Dialyze against 0.5M NaCl.
0.01M phosphate buffer,
pH 7.0

Samlpes for electrophoretic analysis

(Myofibrillar protein)

Solve in 1.0M NaCl . 0.01M phosphate buffer, pH 7.0
Dialyze against 0.5M NaCl- 0.01M phosphate buffer, pH 7.0

Samples for electrophoretic analysis

Fig. 1. Procedure for analyzing protein composition of yellowtail muscles.
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Minced muscle

Precipltate

Precip'tate

Precipitate

Precipitate

Precipitate

Homogenize for 2 min with 3 vol. of ethyl alcohol
Centrifuge at 4,000Xg for 10 min

Homogenize for 2 min with 3vol. of 75% ethyl alcohol
Centrifuge at 4,000Xg for 10 min

Wash with 5 vol. of acetone
Centrifuge at 4,000Xg for 10min
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} twice
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Extract with 5vol. of acetone —twice
Extract with 5vol. of hot benzene
Extract with 5vol. of hot ethanol — twice
Centrifuge at 4,000Xg for 10 min

Homogenize with 3 vol. of ethyl ether for 2 min
Extract for 3 hr in Soxhlet flask
Centrifuge at 4,000Xg for 10 min

} twice

Dry in vacuum desiccator containing P,O; desiccant

Protein sample for amino acid composition

Fig. 2. Procedure for preparing the proteins freed from fat and non protein nitrogenous compounds
in analysis of amino acid composition on muscle proteins of yellowtail.
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Table 1. Proximate composition of the white and the dark muscle of yellowtail

(Unit: %

Muscle Days of post-mortem lapse Moisture Crude protein(Protein-N) Crude fat  Ash

at-death 74.1 21.1(3.2) 1.5 1.3
White

11 days 73.8 21.5(2.9) 1.1 1.4

at-death 72.0 20.5(2.9) 6.6 1.2
Dark

10 days 71.9 21.3(2.6) 6.3 .3
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Fig. 3. Postmortem Changes in indices of

freshness (K-value, total volatile basic
nitrogen (TVB-N) and pH) of yellow-
tail white muscle.
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Table 2. Change in protein composition of the white and the dark muscle”of yellowtail
by freshness during post-mortem lapse.

Days of post- Conditions in freshness

Protein-N(mg-N/g~muscle)

Muscles mort(ecgyl)apse T(Xg;%lg K-value Sarcoplasmic Myofibrillar inE:iiec{ileat Stroma

at-death 5.70 13.20  10.07(31.7) 18.47(58.1)  2.94( 9.2) 0.32(L.0)

White 2 days 15.48 3109  9.95(31.3) 17.98(36.6)  3.57(11.2)  0.30(0.9)
10 days 19.63 36.82  8.43(28.1) 17.04(56.0)  4.13(13.7)  0.38(1.3)

11 days 24.63 56.46  8.63(29.5) 15.79(53.9)  4.34(14.8) 0.53(1.8)

at-death 10.16 2720 7.08(24.5) 12.72(44.0)  8.42(29.0) 0.67(2.3)

Dark 2 days 13.80 76.39 9.40(382.5) 5.56(19.2) 13.22(45.7) 0.75(2.6)

9 days 22.27 80.01 7.90(28.0) 2.29( 8.40) 16.40(60.2) 0.67(2.5)

10 days 35.52 80.00 6.70(25.6) 1.58( 6.0) 17.29(66.0) 0.63(2.4)

Numericals in parentheses represent percentage distribution to protein-N in the muscles.
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Fig. 5. Electrophoretograms and densitograms
of NaDodSQ, -solubilized sarcoplasmic
proteins from at-death and postmortem
yellowtail white muscle lapsed at 2°C.

Numbers described under the electro-
phoretograms are represented the lapsed
days of postmortem muscle and capital
letter ¢ is indicated the cross-linked
hemoglobin used as a molecular weight
marker protein.

Solid line, at-death muscle; dashed
and dotted line, muscle lapsed for 10
days; dotted line, muscle lapsed for 11
days.
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Fig. 6. Electrophoretograms and densitograms
of NaDodSO,-solubilized sarcoplasmic
proteins from at-death and postmortem
yellowtail dark muscle lapsed at 2°C.
Numbers described under the electropho-
retograms are represented the lapsed
days of postmortem muscle and capital
letter ¢ is indicated the cross-linked
hemoglobin used as a molecular weight
marker protein.

Solid line, at-death muscle; dashed
and dotted line, muscle lapsed for 9
days; dotted line, muscle lapsed for 10
days.
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Table 3. Subunit distribution on the electrophoretograms of:NaDodSO,-solubilized sarco-
plasmic protein from the white and the dark muscle of at-death yellowtail

Estimated molecular weight

Subunit No. Mobility Distribution in sarcoplasmic protein
(x107%) White muscle Dark muscle

1 0.098 108 -+ +
2 0.111 92 - +
3 0.131 66 + +
4 0.153 64 + -
i 0.199 58 + +

5 0.226 55 + —
~ 0.270 49 + +
8 0.312 45 + +
9 0.344 41 + —
10 0.397 37 + +
11 0. 470 31 + +
12 0.510 28,5 + +
13 0.546 26 + +-
14 0.596 23.5 =+ -
15 0.628 22 + —_
16 0.711 18 + -
17 0.746 16.5 - +
18 0.815 14 - +
19 0.893 11.8 -

+: Subunit appeared on the electrophoretogram.

—: Subunit did not appear on the electrophoretogram.
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Fig. 7. Electrophoretograms and densitograms of
NaDodSO,~solubilized myofibrillar pro-
teins from at-death and postmortem

yellowtail white muscle lapsed at 2°C.
Numbers described under the electro-
phoretograms are represented the lapsed
days of postmortem muscle. Solid line,
at-death muscle; dashed and dotted line,
muscle lapsed for 10 days! dotted line,

muscle lapsed for 11 days.

Abbreviations: MHC, myosin heavy
chain; TM, tropomyosin; TN-T, trop~
onin T; TN-I, troponin I; LC;, myosin
light chain-1; LC,, myosin light chain-
2; LC; myosin light chain-3.

Bl & fEeEstA BRayel =
o5t 37,500, troponin-T of
28,500, troponin-~] & ¥t TR 21,000 ®
light chain-3 o} EE3s 474k 16,5008 £ 5K
8¢ & 4 Agh 2z WEAd s oA m
AW fefeshs BmAHA = TR 73,000, 4F
& 66,000, ZrFix 32,000 % troponin-Cel] ¥
3 4y it 18,500 & 5 glgieh

M&Ae) ZEHk RN Kid =& BIERE
EBIEHE K subunit o} $MES HAKBESAA &

Ok
>

45 40,000,
mEste HTR

208 Actin

-
tn
T

[=]
¥

Absorbance at 550nm

05

10 Q8 06 04 (112 2
Relative mobrity
Fig. 8. Electrophoretograms and densitograms
of NaDodSQ,-solubilized myofibrillar
proteins from at-death and postmortem
yellowtail dark muscle lapsed at 2°C.
Numbers described under the electro-
phoretograms are represented the lapsed
days of postmortem muscle. Solid line,
at-death muscle; dashed and dotted line,
muscle lapsed for 9 days; dotted line,
muscle lapsed for 10 days.

Abbreviations are same as in Fig. 7.

Frete] 2=l (Fig. 8), HWAREAS o= WHEEskx 9ul
ST 5 64,000 2} 58,000 8] AL GE IR
PREZL WK Bhstdon, FEEY light chain-2 o
HEsSs oTHE 17,5009 Rad AEUEOE
band 7} Falsled o} Fak IHEHE WK WES

#Hata e 293 4F & 32,0006 st band
S 2ol HiEshech.
Bl #RzEE vl fo mHREHEB = HBAP

o] #4istnl cathepsin Jo] FERe % LT #
BY & glon, oo Sk BEREERAMN H
FERERA st 2oe TS L3k
BRBMEEAES BRRE w& BRKBIT
A viERd BBEE ke mAmel WilAEe
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Table 4. Subunit distribution on electrophoretograms of NaDodSO,-solubilized myofibri-
llar protein from the white and the dark muscle of at-death yellowtail

Subunit Mobility Estimated molecular weight Distribution in myofibrillar protein Estimated

No. (x107%) White muscle  Dark muscle subunit

1 0.055 200 + + Myosin heavy

2 0.072 156 + + chain

3 0.082 136 + +

4 0.096 111 - +

5 0.130 68 + +

6 0.143 66 — +

7 0.157 64 + +

8 0.199 58 + -+

9 0.243 52 + +
10 0. 301 45 + + Actin
11 0. 360 40 + -
12 0.371 39 + +
13 0. 386 37.5 + —
14 0.408 36 + + Tropomyosin
15 0.430 32 —_ +
16 0.506 28.5 + - Troponin-T
17 0.580 24 + + Light chain-1
18 0.622 21 + - Troponin-1
19 0.690 18.5 - + Troponin-C
20 0.707 17.5 + + Light chain-2
21 0.743 16.5 -+ - Light chain-3

+: Subunit appeared on the electrophoretogram.

—: Subunit did not appear on the electrophoretogram

#d4 2.

Samejima & Wolfe(1976)= 9 RTHAS
0°Cs} 40°Ceo) #RET HFE, HEMRES 30,000
dalton &} ZEEEel HMmstdctz #MEstd e,
Olson et al.(1977)& {749 BHHL 2°Cs
25° Col) Brast 258 2 30,000 dalton o] BHE
Byel fingtelz shgiet.

253, Tkeuchi et al. (1980)& E7]9] longissi-
mus H< 37°Col FEsiA HEREESHEY M
B subunit o] B3 BEKENEZ HHT BR
B ®igsl ool 30,000 dalton 3} 27,000 dal-
ton FR4yo] HElS ¥ ohizl, myosin heavy
chain 3} actin Be| H{ES 4 band 71 B
3, o] F &4 band = EEEEY £ o &
o BESy Bmstg e @Eskalth

AR #5E, YEMY HERBEEARE: AR
108~ 2d, ez m&HY DREBEESHES &
i 9H= 2y 32,000 daltono] EEsle HEEE|
A 235 HIHsld 3, myosin heavy chain 3} actin
o] band fe] = A Z8k4%4 band Eo] HHG L
®],t]$7] o] 5 band &= FEHKS @St ©E

I BEES Eing AL d8 g®EEs vy #BR
ol v T EAANE P ERE 29

BEE #Rov| B 9 el xR MK &
Bl oishe] BIgRE 8o} 2°Cel BrasiiA R
Pemgsiate] 20mg % A%kl FEE MEMRREY
ol B BEE BRole By EHE Ve
Table 59} 7=},

AiReE kel o) ¥iEA HAHAE TFER, ot~
TER, F4l, U4, &b, loldle] EEjLE
woron, 10He] Bistd EBHHEERERCE
19.6mg % Ul FREUR, l2¥ER, F4, &
A1d, del, deide] Efo R ¥ obv kel B
stgeh. A4 FEHAR HNE X =BT
ual, drd 2 ol&RALE =F o i
2= 2 Bt gk

M&mel slolde BT 0 Sig
=B, F4l, 47d, @Thd, ZEldlelgled  dist
o 9Ho] AT ERMEELRER 22.3mg% 94
L ZRER, olATER, T4l AdFed, 474,
ol &4 &HE B4 Jdood, mARWY HiEd 3
AAE BEBE#ET = M ddAde &

THUR, oh2
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Table 5. Amino acid composition of proteins prepared from the white and the dark muscle
of yellowtail by freshness during postmortem lapse at 2°C

(Unit: g/100g of muscle)

Type of muscle

Amino acid White Dark
postmortem postmortm
at-death lapse for at-death lapse for
10 days 9 days
Essential amono acid
Ileu 0.99 1.01 0.75 0.95
Leu 1.75 1.64 1.44 1.65
Lys 1.29 1.22 0.91 0.82
aromatic amino acid
Phe 0.90 0.84 0.75 0. 65
Tyr 0.78 0.68 0.59 0.51
sulfur-containing amino acid
15 Cys 0.42 0.43 0.68 0.45
Met 0.78 0.70 0.62 0.64
Thr 1.14 1.03 0.97 1.09
Trp 0.19 0.17 0.15 0.13
Val 1.16 1.53 0.90 0.83
Non-essential amino acid
Arg 1.54 1.57 1.31 1.07
Gly 1.08 0.91 1.13 0.87
Asp 2.40 1.95 1.86 1.85
Ser 1.09 1.01 0.90 0.91
His 0.84 0.71 0.51 0.53
Ala 1.32 1.27 1.18 0.87
Glu 4.14 3.51 3.11 3.23
Pro trace trace trace trace
Total 21.81 20.18 17.76 17.05
Content of Pure Protein 20.00 19.06 18.13 17.19
Recovery(%) 109.05 105. 88 97.96 99.19

BIET 2ET + 9ot

arlm AR els) BHAT MARY EeE
o obl =AM et LR, WHEAC MAW
o sl S2E R TRYR R ool A &elA
e RE Lolt BREL BAT + 49

ol 22 WYL T3 WA LA WE R
2 sl MR WA WHAY HHYA, TRE
FUpe) R At BEBL KA MRt
magel R € L PAA gedes 4
=45

AT BAWE TLEMM 5ol o]
w@E sl BER(OL 2 e PAE BE
& 45 (Table 6), WA AlfHE o ~0
wlol 4 M xRSl 9 63% & Al

kel FERdel slar Rl SRl K
E2AE O gow, o] HEX ofn U

(1957)¢] AT moeiet Aoy Bl A
= gleh

zutelE  ZEbd, B8, shelal, FElAl, £F
o] &9 JHow ggtor &, of& =
23], Al &HQl &2 JEfR FiEstg o

FRMEMERER 19.6mg % 24 10H L@
LA QoA sl zeldl, e, Wil 9 &
28 Fol Bmstgled, A, ¢td, 4L
o) &FAl, TFEH S 1 Bo| Bostis. 2=
U 2°Co A 10He] st Wilmhe ikl
=BY B AT WiEme O Sgetix=R B
of Hatel & MEe] gl

2, mARS AEs Add e el$sle] i
obn| :-FRY # 67 % & st ¥EAAE FLH
BE o] fler, o ogo R d&evla) ¢uld,

slddeid, F4l % 2¥edd JHer Be G
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Table 6. Free amino acid composition of alcohol extracts

BT EF

muscle of yellowtail by freshness during postmortem lapse at 2°C

(Unit: mg/100g of muscle)

from the white and the dark

Type of muscle

White

Dark

Free amino acid
at-death

postmortem lapse

at-death

postmortem lapse

for 10 days for 9 days
Lys 20.33 20.77 8.80 7.66
His 331.48 367.99 123.56 102. 37
Arg trace trace trace irace
Tau 32.61 45,37 541.11 597.44
Asp — — — -
Thr 13.94 16. 61 10.79 11.16
Ser 6.57 trace 8.03 2.77
Glu 6.92 5.21 4.32 2.77
Pro - - - -
Gly 15.51 12.56 8.80 9.85
Ala 44.26 36.53 64.64 53.10
Cys 1.49 trace trace trace
Val 9.29 17.68 9.23 9.20
Met 3.77 4,38 3.37 2.77
Ileu 7.01 5.12 6.56 5.78
Leu 10.61 7.69 11.13 11.48
Tyr 5.26 4.17 3.03 3.66
Phe 4.65 3.38 24.26 27.28
Total 513.70 547. 46 836.63 847.29
£ 2gw e TR OIE O el R
9 REL AR MAERY &8 BT =R & i P

94% & gEslgel.

ERMEENER T 22.27mg % o FEY 2°C
9H i@ MAWHS Hlkolr B HE ¥4,
BNgEsel MRgoln xRS W 67 % 5 AR sgl
ER$-2lo] # 70 % o] sl xF Mmatgded, ©f
Fo] s &E Xz gubyl, Addeid, F4 2 &4
299 JEe =« L Wl =Bk Hh B
B A s A%t dglth

2= $]9] 6% Mgelv] RSl MRS 2°C 9H
K\ MmMERS 2t rxme & 95 % 24
st mAne # 91%q lsld HF #instg
T},

M& vk depgel] mfRe] REE R Bifs) W&
fEB ol R BREY] MBS 2 Elsdl, g
ghul, zEjal, 2oy & Bimstgl 2,
szl wl, gebd, Ad, TFE®M £ 28dH B
Zatgcl. mAK-S AN Rl Siligotn] =
B®my B ARY a9 Hsld o2 BIEE AY &
ny BEQ.

34

sl o) WA FHAS AN meRE 2°CHd R
st T BEEEML RIFHIE BOEY SR &
e B R Eete =R #RE ffisiaen,
BREEARS SERBEROHY Helde BEXE
HES S8t Ry $lsted NaDodSO, 1L

g th&, polyacrylamided WHRIKEIESE HiK
Bt e 24 HREBAAES BESEY Fam 2

& REEHK B MBS #atslgch

K—zts} MgimEss ¥ pHitez HElS
=, MEW-Z FHEA st HE#Lr) 2.

¥k BESMY o HEEEAES HERE
HEHEE Bdste Bl MRABREEAES Y
oz fmstg e, ojzigt #ibe WEAL st
o MiAEe] 4 B Holgdrh

Sodium dodecyl sulfate {3t B &S polyvacryl
amide 2 WEKEECZ WL R, THEAY B
FHEHELS 16EES, 292 naRY BRER
BEHES 128 lares #msld gded, Fi 10
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Heal ¥y ¥igwe BEHEES EhaE 41,000 dal-
ton ¥} 18,000 dalton &) Fi4re] 238 #mslax
26,000 dalton =} 23,500 dalton 3 23,000 dalton
g & RO R Bdsksith. meane BEEER
B HEs] golAlE 49,000 dalton &) gi4yr& WA
I 47,000 dalton &) pArE 2ol HEEELH,
26,000 dalton ¢ H4re Hslslch

BEBHERAY BREEIER e, ¥
MRS GREBMEEHEE 178 &, 282 4l
8 BEMERNES 16 ooz BEsld g
st

Hat 108 ] HEA BEREESEBAdE
40,000 dalton &} g4ye] K& mstsd 2, 37,500 dalton
o) BAE Wi WAt e, 32,000 dalton 8] %

2 AR B mAwe] BEGEREEH
& Fi% 98 7] 28 58,000 dalton 3} 64,000 daltong}
Bae 2 #Es sBmstdod, 17,5009 light
chain-2 HEEL Higstd s, 32,000 dalton & g
e AR Heldd .

ol - WRWKENGY] B BRERSHC BHE
BERP Mot 23ton, BEBEEHE
Bibe] sl MANE] YHlMe sl 2
t},

f’ﬁ 19 BEHEE HEEE ovl mBE AT &

R BT wbelo) ¥ilBW REHE TRER, oh&
%E@ FAL @rld, bl e o Bl o
B ovkska, =zhulsh EuEskE o fte] AHgled,

AR el E ¥lsgy FHeldieh. 273 10H

l ‘“é,&é} HilAd e TLEm ol2EE
| B3] gidslgon, 90 HBTE MAW
fil‘ﬂﬂ% g, FeEl4l, czEla ¢rldde]l BRES
Boetd et
UBEelEl RS MMGE O BR, ART Wl
o) ARl = 8 2E] wle] ik RS #7 63

% &, el MAASdE ehalo] Rilol] x
Mol % 67 % % AAste sEE 2o 2Rz
2°CelA 10Ho] HBRAE, Wil Axe sl£E
w1, xRl ehgsle] mimstglen, gEhd, 4l o
Fral BT 2% Bstdch e @EAA 9Ho

PO Mol A BheE, sigaeid, FEAE
syl o™, slAEw, geld, A2 %L Hosl
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