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> FRRVEE (Firmness) 2E8REXE

A (Soft flesh) R Y iHZEREZRIRZIE

Introduction

EHIKERE

= K

STERZRIER,

&, RBSEINLTART

>\, E2XINIDERES, KPEFERIRNFIES [y
NRZAIR, AmBFERER40%EA,

> ALt

, IBGES. FEFRHFNEHTBERINA

B SV BRIHS R,
> NETIUMGER, FHNEESEESHERTFINESS

AR

R
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Muscle texture
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Muscle texture

> AILERRY

> FAEmiE ( Sensory evaluation)

ot A LA 283 151

A=

Juiciness, Dryness, and Firmness.

> NEEIE (Instrumental techniques)

7z

PAFIZ MY EmlRE.

. Mouthfeel, Chewiness,

- Puncture,

Compression, Shear and Tensile techniques

y R 7S
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> RAEmiF > (ERE

> LR BEfERMEZ > L 15, EEIT.
ARG AJEelE

> R B2 BEIE > R WETSEASE
K. B& —

IR A T 7 VR HE 08 22 KR B I B RSB P Bl Al
WO T HAT N, R KRR EJIAR AR

KrEZER=7BIPAXBLCIR



Muscle texture

N
Al

27

A

ARHEA
B RIS AT /gL,

] HIRR

She

=,

X

MYE®  (pre-rigor, rigor and post-rigor states)

e BB AR stz 55!

I %J’EE/{J@ F/ﬂ'%ikﬂﬁo Post-mortem

softening of fish flesh occurs after storage on ice for several days. (Ando et
al., 1991; Hatae et al., 1985; Sigurgisladottir et al., 2001).

> BEERT, KEEFHER, EEEKRLUUTHIEE,
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Muscle texture

B S RAY)

= BEE

EsEHYTT AT IERY

#FLAYEE

AT

R, XESHEURRBXRNENZENL, SiEpHAIFEE.

(Kiessling et

al., 2004).
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Muscle texture

B == &K REEINERIEZE  (Extrinsic factors)

81E, FEFY. BERA. BN
FAEEARRNNMAZ ERALHINEENER, XEHTN
45 TEAYAE] (Fauconneau et al., 1995; Bugeon

RREEYZE
et al., 2003) ,
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Muscle texture

> EYIFFIENTERN. WEMNR RN RS IR A—E.
> ERMIEERSIGRT, NRFENERER. SH5HK.

sih. pHAKSEZRELWREG, B2, 8aRTHE

o, GHARABEESNERTY, X5FH. FRMNE

ARIBICHZRY 1 BAZAYRILL.

> ZRINRBESINRERKEENENS R F2EREAR
EEX,

ozl
1|
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Muscle texture

by

> K FEA R EREE SR TRUEINM ’E, 55
IAMLERES A RMIENN, ME ISR NARZEAEERA

=, SEAREFEAR,

> FAEEZETMR, ESMRAEX.

B Johnston FRHE— MBI SHIERKERRSI A FEE
ERFIZF LIRS,
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biochemistry of fish myotomes
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EREF It TEE

@isy Organisation, structure and biochemistry

e K%

> of fish myotomes

> 1SBIVELRN: FFeghrk, RBRSHINLER (Myoglobin)
REMBERRR, BE5ERARBXNE=AVIMKRELN,

> RAVERNL: tRiERK, BRI RBEERDHIAERD (80-
95%) . AL (Muscle fibre) SEMELTERAR
¥4 (Myofibrils)
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EREF It TEE

aesy Organisation, structure and biochemistry

e K%

> of fish myotomes

JESRINHFATIN, BT

0|

> RS ERERYRAFOIE AN A 4
HBEE 7RI,

> EESPHIAN T ZE, KSR EMIZNeHIETL (Helical
pattren) , FREEIXTHIZMIMEM.

> WerE@iERE (Short tendons) FERAHESHR
(Myocommatal sheets) BRJEE (Collagenous sockets) .

> INSRIAARES MR (ECM) S8, HRIREH. 3k
RIFEEEHNERREEK.

Al

S
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EREF It TEE

aesy Organisation, structure and biochemistry

e K%

> of fish myotomes

> REHRIFEBNMNT o BRIENINTRIINEP, toh, —
INEXNRIEMBESENTAER (NIEEE) 8RN
2+ (AEEW)

> IAFHRREZENERR, ERVERIREERD,

> RIEASHARaESEEEEANEREKRENSE,

> EilEET, RI=EIERCS VERIZRISHEE X,
MBI 3 (Sato et al., 1991) ,

iy
—_
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i _ i BiEEF LTS
aesy Organisation, structure and biochemistry

e K%

> of fish myotomes

> 8 PMRIEDFIIB =1 oSS0, S ZIREED
BB Cly-X-YRIEEFFIXE, X=1ZIEE—itc
FER— N RERI=42hE, 1TEX. yREHRBNAE Y
REMRIER GHE: Proiline (X) FOHydroxyproline (Y)
e Ny EeE | R S i ST ET
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EREF It TEE

aesy Organisation, structure and biochemistry

e K%

> of fish myotomes

> MRREEEER (LOX) REmRIRERRZIAMATS

HNE—ERRREER, TRIREFRELIAZK.
SPAREIRIRERRIZZEL (Crosslink) : ABERRTIAIRAY
SERAAIARRY. FJ0.1M NaOHZENA] LUSEI = &N
NE PRI A E- A AERARTRRRRIFESH |, #7is
EEBDHIA BT A BIRRIR 22 AA5EFN & 2 Rl IR R AZERRY
KREREHSF. (Lietal, 2005),

>

. |

—

A
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» Fig. 22.2 Scanning electron micrographs (SEM) of myotomes
In Atlantic salmon. (A) A post-rigor sample. The arrows show
two examples of the connective tissue sockets into which the
muscle fibres tendons insert at the myosepta. (B) Structure of
the cold-smoked salmon product. The arrowheads show spaces
between the muscle fibres due to shrinkage during the salting
and smoking process.

» Note the large accumulation of adipocytes containing fat at the
position of the myosepta (arrows). From Li et al. (2005).
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B L FE
aosy Organisation, structure and blochemlstry

e K%

> of fish myotomes

> EXRPEFENRTF, DT1I%HRIRERS FE %}S'ZEJZ?«%E’J
ACHRIERE. XSHREREEIEZ 7 EFRRIXIEE,
NF1IFERN T KER D 2HENRIREH 2 FEMAHI3ZER
(McCormick, 1999),

uw

> EEEAAT, BESHANEARRAERAEER I i
ERIRERAMNES, NSRS FRATE RSFATHIAEEE

79I RAAIAZER.
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BEiEF LTS

aesy Organisation, structure and biochemistry

e K%

> of fish myotomes

> IR RS ER I EFA = H & FUEE KIS,

> IERRIETFEISIARYBERR4HRE (Adipocytes) , BERDZHRE
FENDHTIRALFE, EXEFETIHLE
(Myosepta ) ,

> B ZRIERAAFAEEENREENEZRE (White
banding pattern) , {FRIFEMHEERIINL., TISEPISE:
I ERYRERm AR A E NN I FRPEUEEEIRK  (Dress-out

losses )

AlK]
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.. Cellular and molecular mechanisms™ 7%
&, of muscle growth

> NAERBERZZSHRME (multi-nucleated syncitium.)

FHRE—MoAHER, HEKKSTIRIFE D (tEE
BOANERIEZARE (Myogenic progenitor cells, MPCs) B¥{K,

» MPCstIA KR T IR SN DR FIREIBIERZ A

T, BllFESTMESABNER, REEIKATFRIEEH
H@o

> MPCsIEiZEAAINEEBENRIN T, —BEIEHE
DTo, EllMaEmMmEL—: BARGTAEZH
ERAE, BEKERBHRINLAFAERRIRE, FSRIEDNANZT
HHER.
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s, Cellular and molecular mechanisms™

&Y of muscle growth

B 7£/\ES (Seale and Rudnicki, 2000) FIBES& (Hollway et
al., 2007) BNAA4HREH, BCWEIERETF7 (Pax7) AN
EEFIMPCSINSHIEZER 5 FIRIC,

B EATGFENENMET, $EEI10TMRNAGIEK,

JEREA: PaxTEEEGWNZRMEIR (Paralogues) J?im

AT FATEPaXTEEEZAIMPCsHZRIX (Gottenspare et al.,

2006)
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s« Cellular and molecular mechanism
&, ¥ of muscle growth

> PURMEEEEF (MRFs) 22— HIUFMyoDEHZHBKHY
{RFZE (myf5, myoD, myogenin and MRF4) , AR
15 RS FOR P o R SR RO A+

> MRFsEEEINREREERNEREREF, 817Kk
R REFE R MRTRIXE . EANXiEFRiEii-12hes5ta
1,

> BEFE "Bk mRE ERARERE, MRFEREARE
REERRD TR, (BTERaNE RN AR EEF L H—FF
JRERYERIRRTURIFIAR IO BE.
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o Cellular and molecular mechanism
&Y of muscle growth

> IS RS REXN TUESIRIEEHBEEER T2

HERAESH . KA50%NESEFBENEREBHELFF

BNEZRBIFYIFTAE.

> MyogeninfIMRFAEERHF R IEBE—HEI, fmyoDHY
=/ paraloguesti==iE B (Macqueen and Johnston, 2006;

Maqueen et al., 2007),
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smyoG

sMRF4

smyf5

smyoD1c

smyoD1b

smyoD1a

L
100bp

| 11 Yaop 11l e -]
L e .
540 bp 100bp 125bp
I 198 bp 11 84 bp 111
I E -
504 bp 94bp 110bp
| 11 11
338 b
I 7 i ——
450 bp 76 bp 194 bp
1 274 b I 201p 111
L - " —
513 bp 79 bp 227 bp

I 348 bp [l 201bp 111
e .
513 bp 79 bp 239 bp

139 bp& 303 bp I
llllllllllllllllll

516 bp 79 bp 236 bp

exon intron
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Cellular and molecular mechanismi§™= 7=
of muscle growth

The structure of all known myoD family member genes in
Atlantic salmon: the master transcription factors controlling
muscle development and growth. Each gene is represented by
three exons (black boxes) and two introns (lines). The known
sizes of exons and introns are shown. Introns with a double line
are of unknown size (but in each case greater than 1 kb). All the
Intron-exon boundaries are experimentally supported. From
Macqueen et al. (2007).

KEZER=7FEIPAN B CHR




%’ré—ﬁﬁ?&iﬁ:ﬁ%

s Cellular and molecular mechanism
&, ¥ of muscle growth

> KIGFRSREEEEERFEGIZSTIYAE, LR
B A ERHIENHRISGREY.

> WA/ NS e asm e ~H A EERISEE
(NS NMIRTFR (0-15 um) AFE.

> MA4ESEREZE (Mosaic pattern) 28R 7 AT 4E3RMEAN
ERNELERZBK.

> BEsERINAERERNAERE, XESIA
HAEREI—MFRIERERISEN (Johnston et al., 2000a),

7

liml
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s« Cellular and molecular mechanism
&, ¥ of muscle growth

> —BIRHEABEES, KAFEaNRFgEEENS
BETE, BRFEXRFAFEE, MERRVRETIRIALEIEG S
RZE, MBI ERA AT 4L E.

> HHELZ T, KIS EARLLB AR ER TR P A4 EE
EIEZEl, FEEKBEGX, XEE TEEaEREr
HIMNE.

> ST RFHEEEAEMYSRERPAVEE M, Hagen
EMN— RN FREZXS MO AL B 8 AR A<
177 79EB124> BRYRAS (Hagen et al., 2006),

L [Tl
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= Cellular and molecular mechanisms™ ==

&Y of muscle growth

B HagenZFE /&I, WEMELVIEEBTEMSMAZE], SN TEE
ERIAF4EEE (at 0.55 FL) 524.5%,

B BNEBENGEATEERET SIRFITERE, HZRER
ERNFEMHAHEREAIRIIN, SAFGFERRE 2k,
Dmaxe]ixZl£979200um,

B EEESR, RIPINEFERFEEIREZAMKEN40%0 G
(Weatherly et al., 1988) ,

B AP FESE, F—5EERSKTEEE PRI ELNEN
DPEEEERIZI 7000 MENNRR KA TESEARHAAY50+80 000
1, EERPEEKF6EINAE, RIRNTHESEXE
500£900 0001™,
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Relationship between muscle
structural traits and texture

KrEZER=7BIPAXBLCIR



e K%
*

> KPGFERIE

A

2 Relationship between muscle
structural traits and texture

A

HANRINE

SRRRENRER, ELBEINTZHIHAR,

> RETNER: KPhFE
AREESE

il

> 1H)

FOAILIA
( Hagen et al., 2007; Atlantic halibut ) B {EfFERY]

e 3-AkgBIHIAEEY, BAERE
AR, MSTHEERERRX,
., INEEENER: FEELBIANGES
FRMBREAFE, BEUEHFENZET

A, NAHEEE

T TELIE BEZRIRER

K

(Periago et al., 2005; sea bass)F12X & (Johnston et al., 20044;

Atlantic salmon)H

B ERZES.
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1R A=A E

AN

> MREIMEGEHR, 155 RRIRE
BESINRIEIRK T
AEKPEFE, IR (umoles g FHIRT) FEIAMEMR
H=E EI’J,L,\.:.E T£6+317|8] (Li et al., 2005; Johnston et al.,
2006) ; EBEZ, FENAAFALLHEFNZH12
pmolesglEI’J_Lﬁriﬂ JREH (Hagen et al., 2007) , {BE,
YRS S N ERNXA N YIFIR P EERESE
FAAEEZEHRE RERIXRE.

o N
lnr
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2 Relationship between muscle S
&Y structural traits and texture

B AFER, RET —MHERREEEENES RN PR

FERYR LML IEN R (Pyridinoline, PYD)AZEA#.,

B AP FEEPRIPYDIRES BTG NERE HiE

B2 EFEIERX, 2alfERE 7 #rr1=RH~mRaaeEE
X HY25%F016%.

B AT EEE, RIRZERE R AR RIS
%EIL%EEL%H%O

KEZER=7FEIPAN B CHR



s, Relationship between muscle
@@ ¥ structural traits and texture

B APEFILEHE: RRHBRRZEREREER

2=, MAPST4E

&SRR ZYPR N A B RYIR E R

7. EEXI

BHIARREEEELN, NTIEERM

AKX, =EHREE

PHERBRMEXEAKR., FEOMEEMER, WHEBHNRE
WGRZETIERANZ], LTI EFFIA a2 r

AY.
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2= Relationship between muscle
@@ ¥ structural traits and texture

m X6, ARAERENRRIZEAE SN0 RFIAEESm
RURERERR, (BEEIREXI STl A & R mfp i
ms, tbal, SKECE&MRE, XKSIEaNINTHEER
XIAARBAERISEE R, TIPYDAZERSZNMEYN.

_IE= e WCIL= 122 NS 15 A et | apea=g =Lzt & =i a]: N =

HIERVEE. EEREESEE R RN RERS E

MARREZIERIRER, FAXLEREZEREXIEHFAR

SEFE (FEENGEERA) .
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Proteolytic enzymes and post-
mortem softening of the flesh
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B A IR

SRS

I8

m fLPAF

S EEIE (Net protein) FURREEEF
187,

S A BBERF SN IT R =1 EERIEE

JRIKRER

gt, (1) ATPIKEZ R-EBEBARESY) (the ATP-dependent

ubiquitin-proteosome complex) , (2)F5EUES
EEE 5% (calpains) (3)AESAESEIRABALNEE

I
SE
A
o
ozl
Al

(lysosomal enzymes ) (Mommsen, 2004)
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e, Proteolytic enzymes and post-

*%,¥ mortem softening of the flesh
m SEBEIEL, BEREANEEEFANERBARREREX

|117~I

R BRIFFRIERE/IMEZ.

B flan: EHEEEFIRiES (spawing-induced) AIANLIERE
IKERITRERR, Z=R-EHBEINEEEXERIRE LA, m
NEBRXKESHARE FEEX
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B EEAT, BRERINEMRIE T I5EREE / §55E

HDHIERE

Z%t (calpain/calpastatin) {E=Z]

Proteolytic enzymes and post-
mortem softening of the flesh

SINANELIIFE (tenderisation) |

m EFERH

U

BiRE

/

b, calpain/ calpastatinZZ 4t E1

RiE (Goll etal., 2003) ,
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B RS

2ie, Proteolytic enzymes and post-
&, ¥ mortem softening of the flesh

B calpain3 (p94) Flcalpainl0 EHFRE S A ESSEF 4R
REABIVEX, BEIIREIHRIERKEEERIRES
EH@NANBE B titinF{+ a1 RnebulinyZ5 7 FRIRYHY
HidiE.
B BXSEHBNGERBARFEINAREEE&RRFE
B TR, GRER: $EAETHE=ERYEEAT 8RS
MiEERBMNISERARS, MR RS EFI
e o

Hial
|
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e, Proteolytic enzymes and post-
&,¥ mortem softening of the flesh

B HRY, WERE—MESEEFE, mEadskd, F

HRERTERENREK, BEBMAETEFNE.

B f5RREE, EANMIBESRMAT, Calpain2 [EEEANIRA 4

JEREo- A s E BB ER

B Calpains BEfFARBER{ARRYANESE
o-3EANENEE

B JIExAAREH (dystrophin: —F4EESLLANs1EES
S8H) BREiRXIEAIFREEX Calpain2 S EEUE,

(desmin)

4T ( troponin T) #

Al

Al

Al
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Proteolytic enzymes and post- 7777 =E
mortem softening of the flesh

B REMFRRA, ERAMERERH, HRERERREISE—

REEVKIRIIRAN, L5 TR T URAFARIARIasN 2
FZEMER, BSTIRFLZOHE, FEEETIA

BIRAYMEATIE, ATRESPEENLPIAYEER (firmness)
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Environmental influences on
muscle structural traits
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B EHEINFEY, BIEER

tH
BRAR, BALUEWEARERINTHEZE, e AR

A

HI= & B TAA AR

EIEHEAES (hypertrophic growth)
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Environmental influences on
muscle structural traits
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muscle structural traits

B 2SRRI EE A R ZAIN T RIS ET KLI20%HY
TIRE, PHRETTER RIS E L WAL,
FERER, KEFRTFHNTHEZENNE, KFER
ERHGEEASC,

B BRI RN E— RV ERIAT R, A
e E =B THNE, ZITERAREE
iBRYMERARREERZ A HIBNER .

T
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Environmental influences on e
muscle structural traits

B EXFEFEEE A, Macqueen et al. BEIERR T ERTHANA
RBEAERIMNE, REIBDIEMEET EFERE (myfs

MRF4)HZRIX, TIAERTEHEFRBIFRIE(myoD,

myogenin)

B BT SEmMyoDFImyf5E

XRIRPRSEYS, ARV

ANERRBRIPax3/7ZFRIXE LGN

KrEZER=7BIPAXBLCIR

(Hammond et al., 2007) ,




B Y, EAFGFERSFWZEZIMRFRIARNISATE, BJLE
BEE A S RENTEMAERNNANREN—YTE, &

IRRZATHENNEE, FIEe/IiEFESSLE

DR H—

BAERYHLE] (Johnston, 2006) ,
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B AP FEENERER, SRR RTEZER
RZNAEHNENS— I EEEE.

B Johnston et al. &8, E1EXBNEEET, EEHAYLEER

IEERuERDEY, XA, SEANFE TTKIE

CEBRREFFTEES., mZzEEEMNE, #HTERe

H, 2N AEHNEENE AR N EARNERZS
20%, MRBR=ENHENAIRAEZEES.

B Hb 2T, BEHCEEG IR NS NES , XY EFEE
@%Mﬁﬁ%ﬁg%mEaﬁﬁim/mwmmmm
2005) ,

|IT
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Environmental influences on SRS
muscle structural traits

B Hagen et al. RIS ZFFHXAY5E HEEFITE(<6 °C) S FF
SERVALLE&EIEREER, SEURIERRI S FEFQLE

KD & =GN0,
B YRS, EEERFEENESEE, HAS
ERIREBRIRERERER/)N, BPYDIREIRBEEZM.

m FIE, PEEKDRYEDIN, PYDHRIEAAMERIREHNS
ETEXTIEIN, MEERLPIRIBRMEENNLESE (firmer)
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Heritability of muscle

structural traits




I EREF It TEE

sis, Heritability of muscle structura
@Y traits

B KFEEEEF, KTFHRAYFME (carcass traits)  ( Gjerde and
Gjerdrem, 1984) . LANSi&ESRASIEILEFIA SIS
ERFISARERISYE (Rye and Gjerde, 1996: Quillet et al.,
2007) RYANEEIEELERITE.

B JohnstonE&RIM, BXAAAEHEFNZE (fd) Eam
RNFNGEMELRARMESmA L EFEER.
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Heritability of muscle structura

@Y traits

mCPEFE, Al

m eSS
73 58173-0.85%1-0.76, IXHEE LS HLAIAER
IENN, IXPRMAFIERA IRIEEHEX

E)
1%£0=)

m iR

EF0ANF

BN A4 E

FHETER
gl

I EREF It TEE

A ENZEEEIHO0.33RYFFRIEE
71, MEREZYIF, BEEDRSEEE0.2-0.5,
HHERZEZBAEWMHBBE NRIRERX,

—EHRERAISE,

L I S S =P e 1=

(Wada et al., 2002) ,

haERHm

giiliiZE
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Heritability of muscle structural =#* 7=

@Y traits

B FEEESHRIEIL 2 22 BRREEX 5T, 1EE
INMEITX RIS AR 8.

B DAEEMHIREFR, BUFSENERANTINTFELHBE/R
G, FET/E=AK (laborious) ﬁﬁ%mﬁu;‘zﬁﬁ, B
TIRZTAVEMSERHAAERE (MPCs) ZE (BIZPax7RIF R

METARER) FONFEZENRR Y A—ERRE ES7 1550

AL B AT,

B Hx, RIFEERLIBYLEMESEERIZINEA (NIR)
WE, FEEFEEhSENRRTRERSEIEREHIANT
HEE,
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