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T2 =8

Collagend] A ¥} Meat Texture

1.9 8 %

2 ZAA A3} meat textures}e] A@A o3k
g M7 253E =957 AFslgen, 1%
olo] #AH A7t Al FPso] Ao}, AA=F
% 53] collagene 7t Pgal A4E 5 ¢lo|
u| B34 meat textures} A¢E o]z gfon
meat toughness®] backgroundd] 7]ej%icir 3}
Aok, 1940 ~ 1970d %] collagen©] meat9)
overall eating qualityo] 7]ogich= A7) &E
How 1970 Aol HEs) x| 7] Al#Fs =Rt ¢
A3}A] go}l oA &= meat texture} B3] col-
lagen®} oh2 AA| 22 <] Ao #slol= molec-
ular mechanism =F9|A12] AT7F HK3slth o)
A& collagene] A4S meat textureo}e]
Ag FHoz AWE izl i)

2. Collagen2] ¥4ukz EA

Collagen& 1155504 713 F53F g Ao
W mature animal®] Z Aol <ol 1/3AEE
2428, collagene] §#Fo] w2 A MW, A
F, 3&, 715 Toln dF&9] muscle F AzE
ol 2 ~ 6% AAZF}. F=2 collagenoz T
AE 2429 ZA=F & muscled] HEFE

4 = A
SMUE0|8AHTF

& AAFL 2 £F9 o3 LAHE P& AL}
= 9&g 3} Fibrile] A3} covalent cros-
slinkse]] ©]&le] <HAF3}= collagene] BjlgS
collagen matrix Ao|A ZAHL F1 meat tex-
tured] J¥FS Fot.

Muscledll== epimysium, perimysium, endomy-
sium o]t &= 37HA FHFgH oz FEEHE
collageno] Q=] epimysiumS 2z}z}e] muscle
S E A @rlo)i perimysiume =il
Z+& muscle fibreE E21 = 3393 col-
lagen networkoe]® o]Ze] A& i3t o]
marbling® ##H ). EndomysiumS z}zte] &

Perimysium

Epimysium Endomysium

{muscle sheath)

R 5 g
8, Single

\\i (] muscle fiber
N \ I Muscle
Body of muscle : ' / -

Perimysium =P
Endomysium 1 f

Transverse section

% 1. Muscle7+%2} epimysium, perimysium,
endomysium 2§ £
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AfraE 22 e AAZRF Fojoh

ubd o 8 EpimysiumS meat textured] <33F
< n XA ¥=rki B o, perimysium¥} endomy-
siume muscle2 38 E2|5 %] g0 perimysi-
um-L intramuscular A ZZ 2] oF 90% = x}#]
3ta. AA2Z 7 BHE meat textureo]| FIFL
F= 800,

Davey & Gilbert?= 7}9% meate] ZZ|7to|
collageno] 23 gL Irja H1 PO,
gAHog &xE HY u tensiono] Fr}Elal
single muscle fibres(endomysium)$} muscle
fibre bundle(perimysium) 25| A $3Z0] Aot
t}al 3}, Meate] eating propertiesE Z2A g
o] collagen quality2} £2]= collagen £3#2] =
84L& de] 94 Holgd®. AT muscle
collagen?] £ WslE F+= EAESH #HA
o gL v 8xd HiEtods FE3] ol
A 23l

3. Collagene] 2 EA
Collagen&99] 9& 718 o triple helical &

A7t Fe L=WsloA waE o 2 F0ae W
H&%(Ty) e Sk, B eke] 70 helical ¥4}

a9 3. 24| KX dEFFHY md?

denatured
muscle fibre

T+ optical rotation} Fg/4do] & &Ho] YiE
o a2y ¥AENA FE71 229 optical
rotation®} A o] 23 Eojzt}. Triple helix

cytoplasm(contractile apparatus)

endomysium

3

b, i .
sarcolemma/ N shrunken cytoplasmic

material \
/

heat domaged
sarcolemma

r e
AN
0 £
s
free cellular
fluid

shrunken

endomysium \{«

longitudinal

hri
expression of fluid Hhiinkan

from cut ends

ag 2. Fd 9% ZA ¥, endomysial 3%
A=Y

denatured
perimysium and
endomysium
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28 4. Collagen networke] €43 (Crosslink
Fod 2 $£5& vm)”

o] WAL 2aAZ & F deH A™UAE poly-
peptides¢] #2], EAZE helical Fejo] WA o]
o,

Autz o 2 gelatino 2 427 £9L2 free -
chains¥gt o}z} dimer, trimer, L&A} A
Eoz Holth. WALEE collageno] Fefo}
Sed gt tk2c}. Collagene] @¥AL fibres
o] &€ Fejol A T+ B9} fibreo] UHe]
FE5280 o3 FHEY. FHFEFS dAol9
ATE AT F A3 229 A7) flod A
4ol 1/47HA% 58t #FHex (Ts)= fi-
breo|A w3 LFE FA2te] FJeFLozk
H f=¥ AR F7t2 Toko oF 27T
o =t} 97 gRlo2A pH, 714&, §4FE
So] Tsol 93-S A9 glycosaminoglycans$}

proteoglycan¥} 22 JHAEE] F83 8219]
o). HAE fibreo] A& =34 crosslinks®] A
Ao wet FHe-doh. deo T mature colla-
gen crosslink®] =7} W& young tissuesol]A]
Yol oJ3] gelatino 2 ¥ collagen¥-& collagen
< <HA3} 3= 99 oF3t aldimine crosslinks2]
H] &9 #AHc}t. Aldimine crosslinks®] H]S-9]

© 1 aldimine bonds7} ?111]—‘5 2521 70 ~ 75

|
ool A 3= gelating FFTH.

=
€

4. Collagen2] A3HA

Collagenx o2 wuldyl o] AEuUjelA &
Ao] =] MFA FAE collagen®A=A ¥ ¥ro
2 FujEed 8 Axy Fee o3 ot
; procollagen a—chainse]] 3 5% mRNA%
4], message translation¥} proline, lysinezt7]2]
enzymatic hydroxylation®} 573 hydroxylysine
Z+7]19] glycosylation, molecule folding¥} triple
helix& 4], terminal propeptides®] proteolytic ex-
cision Folt}. g4, ¥y dAE AFAM GLY-X
-Yujd® wE5E= triple helical #x7} €t
Fibrillar collagen glycine ¢F 1/3, prolined}
hydroxyprolineo] 1/4& z}A|8}H Ex}FFe oF
300,000 Dao|t}. A|E F7to| A collagen®2}7}
quater-stagger AEZ microfibril2 ZgHEH
crosslinking®©] A]Z}E|iL microfibrils =& o
fibrils#} =35 o] 2 7d & fibrisE ¥t} Co-
valent crosslinkinge fibres7} A&3gtel wjebA,
g3 yo)zt Fell meba Al&E.

5. Muscle collagen®] &+

A7HA Hol= 25709 thE RAAte] AHES] @
—chains¢l 147}#] collagen types©] 3= AcH?.
Fibril&A] collagen types I, Il[+ intramuscular
connective tissue collagen®] @& HES A3}

] 2%9] type V collageno] 2§ o] o, ¥
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DNA
l l l l Transcription
e ww s weaw mRNA'S
al(l) a2 al(n) al(m)
Transiation Ribosomes, Amino Acids, T RNA's

OH

OH

on M C\,? OH oy

8/’ Hydroxylation Mmbly
— Oy —

HO,) OH
HO OH OH
OH
Procollagen Helix Formation
GAL *

OH OH OH OH OH OHOH OH OH

OH =
OH O OHOH OH Glycosylation

GAL - GLC

Cleavage
oL ¥

OH O OH OH OH
P 5 “OH ——>
OH
GAL - GAL C

Collagen
1% 5. Monomer collagent-2}2] 34
E}%Elz)

oz 4<%l collagens types IV, VI meat
textureol] &g ¢ BRI}, Types 17} III
o] H]&o| W meat textureo] #F AL7} o] F
AZARE Al o} EAstA] ko A AN
¥+ Z23E RoFEr). Intramuscular connective
tissueol| 4] collagen typese] ®3}9} meat tex-
turezte] |AIE HHE F fAAT fibril A<
71231 olsfe} &3] AAH oA Atk Muscle
S EFE diFEe AL 1FH ol colla-
genS $HHEla 9lom, FHLo| collagen fibrils
AA| 7} collagen types E£3ES FHF3la Uok=
Zo] Bzl Ut & collagen types #At
7} 397, u|3¢Y7 lysine aldehyde—derived
crosslinks& 743} fibrils mixturesol| Z§g
t}. Robins & Duncan-& collagen crosslinking
7482 fibrilsoll A t& collagenFiFo] 54 =

OH OH OH OH OH

Fiber Formation
Cross-linking

Cafrar

ol met 2epdvhe $AE AT Mai
orano $'9& A= 4=%2] longissimus dorsi
muscleg AM g 27 Hwg A} type
II collagene] wul]&o] HASIA =9k, %I
crosslink’s =9} A= Zo. v FHo 242
M type III collagene] <Fo] ZradtaA
crosslinkingo] Z7}= . o]2}zo] intramus-
cular connective tissue?] collagen typesS -2
ZHoA crosslinks=et &3 o & #AES
Ho]7] wj&o] meat tenderness 22 toughness

g ¥3% F 2 At € & o @

6. Crosslink#j 34

Crosslinking-& 574 lysines E=+ hydroxylys-
ines?] lysyl oxidaseE A Atslagolylatgo
9)sle] AlZFHETE Quater-stagger 3@ &2 collagen
22}9] head-to-tailZH HEHL aldehyded} ¥
g F IA @Y. 27 $F AHELS reducihble
crosslinksE & AJsl= o|x= Schiff base double
bondsE& ztil 9loJA reductively labelled® <=
7] 2o BoJx Ao|tt. CrosslinkE HAsH=
27}4] Z83%F pathway 2+ A#| Z allysine path-
way® ©]& lysine aldehydesE 7|2 o= 3}o
aldimine crosslink2 3A3sic}. FHA 2= hyd-
roxyallysine pathway® hydroxylysine alde-
hydes2H-E] crosslinksZ AJAk3tct. Eyres'9&
lysine®} hydroxylysine aldehydes® &#A¥ *7|
aldimine crosslinks®] amadoriz $]+= ketoamine
A2 YAtk stk Reducible crossl-
inks= QMAE7} wil§- ohgEd|
osslinks= Qe¢|| ¢+l aldimine crosslinks=
Aol B0, Collagene] crosslinking-&
reducible crosslinks7} A& ¥Fg-o] 3% o] ma-
ture non-—reducible crosslink® A== AR 2
Q1 3}Ao]t}. Hydroxyallysine pathwayol|A] 1%
¥ mature non-reducible crosslink+= hydroxy-
pyridinium (HP) o]t}

Bailey?’+= intermuscular connective tissueo||

ketoamine cr-
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X reducible crosslinks®] A& Z93IYP
cooked muscle?] toughning@ W LYA] ketoamine
crosslinks9] ¥%x9}o] AAE Ho] Fth. Mus-
cle collagen crosslinkingof|Aq] HP®¥3}E 7134 F
Algtgden, HPA7|E= 2709 ketoamine cro-
sslinke] §50o 2 ghEojx|= A 2.

Lys. Hydroxylase
Lys ————  Hyl
Lys.Oxidase
LysALD Ly]AI.D
(al-9%, a2-5%, al-16°) (al-16°
+ Lya'® + Hyl
(a1-9", a2-5%) (al, 22-87, al, a2-930)
[ deH-HLNL | [ deH-HLNL |
(al-9%, a2-5%) (al-16° a1-87) (al-16°, a1-87)
(1-16% a2-87) (1-16% a2-87)
+His (a1-9", a1-930)
Amadori arrangement
deH - AH
+Hyl Ketoamine
+His
[ deH-HHMD | (a2-92) tKetoamine
or+deH -
DHLNL
? HHL [PYR]
(a1-16°X a1-87x2-92)  (al-16),xal-87
Predominant in Predominant in Predominant in
SOFT  CONNECTIVE SKIN SKELETAL TISSUES
TISSUES
(1) (1)
[LYS*> PATHWAY] [HYLA PATHWAY]

% 6. Type I collagen®] FQ crosslinking

pathway®’

Reducible crosslink+ #o|=]7] & ZZF oA
9 =& collagenFH o]} As2d mpeh FolE
t}. 2822 =A% reducible crosslink 2] %9}
mature crosslink7tol] J3A17F A@gict. #Ho} 2
< b8 23 28 FZ A hydroxyallysi-
ne pathwayo]| 2|3}t crosslink®] &AJo| w2},
Muscle collagen®] crosslinkingel] %J3ke w|x]
© 8489 #Adtoe kA Bo] gEA UA &
e, el Ao lysyl oxidase #49] W
35 Z2AA FFHoz AME AL ol
crosslink®] & Z3sh=d 98& & ze=
£}, Lysyl oxidase= T8 REAAE 273}
<=4 A3k Feldge] dod AN F2] 2]
o] intermuscular connective tissued]|A] crossl-
inkFkd 9L vA= e THE F AATH.
Lysine hydroxylation®] 42 HP$} ketoam-
ine A4 7te] H]&# aldimine® ketoamine
crosslink®] ®]&& Egsle] Frfe] ZZF A
crosslinking patternd]] %3g wnFc}®, Colla-
gen types®} ZZ|7te] lysine hydroxylation] <
Fol&= zbol7b ¢lth. Muscle collagen?] lysine
hydroxylationd|A]2] WHEL FAFEA] FgkA|TH
collagen crosslinkA§H4 o] KW 2 Q] EAo] e
S50 A HAdS A A& o g 7H= lysine alde-
hydes—derived crosslink®] B]7}9% ZHE <]n|
k= AL otk d%3} muscle collagen cros-
slink®] &= 7t A#A=rt & WA cro
sslink& A7 mature crosslinkse] Fxo||A =3k
2l W2 Yoo #AIgle] dold F ATH*.

7. 543 A Aol wE collagen]
H 3}

A3 s34 4 429 collagensT= A
o gtk gutH oz ZFAZ collager = W3l=
H12% Zed o] muscled|A] A|Eujele] why
Aol §4, 371 W] FEY life span Ayl
A Fo] §A57] W&ol & F Ut Colla-
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geny == AAE FERT ST A A w2
A FR ®. 8ol A3sa 4480 ne
wyshe @ Lol 2AEsE A1 Audes
muscle collagen®] AR # A&y AZAHY. 3}
Abzoll A B3] 1d mEke] FE°] non-reduci-
ble crosslinksE+ 5~ 7d A" FEd 0|3
o 50%Y=2 W} Horgan $2& vl5:d 2t
Z "ot 3F = dioAHE 1339 44
@274 B2 &t Crosslinks=v 459 &
70 o & ezt e A 2ok F FA4dA
o] HPZES 49} HAHT @& BFFo] o, F
9] FFZNAME & TENA B Hu.

Mature collagen crosslinke] &3 Z7l= %
Bo] A5aAd wet ¢¥F collagne FHER
fibrillar collagentjoj| 4] A &}= 2B A o5 Z3Y
%9l crosslinking®Fg-9] 7|¢1%kc}h,. dubz o g
collagendteko| mj$ =& biceps femoris Hr
soleus®} Z& musclesS collagens =7} W&
mucledj| 4] Rt} reducible, non—reducible crossl-
inks%7} =} A9 o] o8 semitendino-
sust= H|1L% collagendo] A9+ ketoamine
= HP crosslinkF& Yo}, old zge
muscle collagen'g =7} 53| t}& muscled H|iL
g o} meat textured] 7]Hgit= A& A& A7)
o ojgfgo] Aot

o]z} Eojztdl Wt muscled| A crosslink3
9] A&AHQ F7h= A¥Ho)A %t crosslinking
profileg ¥3}3F muscle?] A|¥ collagene] 3
2 F3] gEA] Ut} Fast-twitch muscle?l
gastronemius©]|A] crosslinkings 5+ £%° ¢
sted WAkR] FUTHY. Fhdz) =do] HE 10573t
SEAFZ]2L ¢ 5 Soleus muscle?] mature
crosslink s =& 3% 27 &5 34 ¥ 3
B} ztz; 58, 76% 7HAE Ak

8. AA-goll W-E collagen?| H3}

o]A|7}A] testosteroned} - WEulA 8% &

= 9% ®sl 93 o}7]¥ muscle collagens
A uHe 4FE FFE A=IA IFEHUA
o, E523 AutEe 298 HAFPD. F
B2 mE AR 7|7t F 2AsE 22 AEA
3= collageno] 7]1&9] collageng 3]43}7| off
#ol tendernesso] 9L v, JFI} A=
& collagen@Ado] immature collageng RHE

t #2343 54 A frasth 218
A9k collagen$”d#} muscle collagen 54 (53]
crosslinking)7te] 23 #AE AMEFA FAHE
collagen®A}7} 719 fibrillar collageng- 3]4{ 3+
o agtte sz w5 ek A9E + it
o 2 1A OE A%E nEeEA A
#+3 muscle collagenzte] #A7F oz =yt
t}. A= energydFHE thgslste] ¥stE mus-
cled @ Ae] vnzd =& Ee 9T ¥, =
A2 APHoz SHF A Ex AFI=2ES
Folg B &F2oA w2 muscleF77t ot
o= Aotk B A7 448 adE 279
ste] ojA7EE al|yA] 2ole} Aoz Aoz
AFSEFEA] 9te] EA, collagens=, collagen$-
=, dHo] % ol HaHU. ol 2 4
T2 =3} musclee] #5537 5437 collagens
%4 2R Ao|7t F&& ST 0. v
& AN ojA7ESE ARIE W 3oy 4
o)7} AA|%ZA 37} ##HE tendernessZtol] negative
& AE A= A, A AHFS
g2 AR FEA collageno] E8]F 54
z}o)¢} uFEA]l x}o]= mature muscle crosslink-
ingollAl A& EF W3E AAlstA. o]
o] F7HA] o BFo|A A7FE<] W¥3}= muscle]
crosslinks'sx=2] #o]lE& ZsAY. AR
crosslinksx=9] W& olF2 A& w3zl
arld] &} aez oA AAME A 1
vz Ao]& Al7]i AMA & FE A
Yz 2el& A7l A& vug 23 AAE A
TR E A|#E ® crosslinked intermuscular
connective tissue7} At 22 vjg] dF %o
2 AREAIZ] AME gl Al aLoluA] 2o]E Al
20 A3} wE 433 934 intermuscular con-
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nective tissue crosslinks=7} v]-$- Eolzch. =
oA E 1 Ex AdYA] Aeolz ARSE H 7|2
2 =A% A 4ol wE 7t Fo A"
S| 9| A biceps femor’se] HP¥%=7} ZHth. A
Ago] E3td § A3 EA9AE crosslinks
=7t AT olgd AL 1 = A HA
Ao]l2 AHFE T8 EFAA Yo, type Il
collagen®]&o|t} collagenxE= ®3l7} Aok
quA] 4F FEd BAKNC] IFFE A5
M 3}7} muscle crosslinking profileo] 3k w]x]

£ Aoz Holn, o]Zo] i B A oz o]
:T_'-LHO]]H crosslinking®] z}o]7} H¥+=, colla-
genEA, 17|utzl BEE AuiE= A9E Ho
F= Ad dizt d9o] @ F A&A= RECh
CollagenA*®, Collagen&3a| =%, 317] AZAM
o tigt testosteroneg] F3HFQ FFE T ¢
A 9tk SomatotropinsolZ A 17]2] Axs}
ZAE A% oln] HiE g om’ collagens® W
sigle] HPS| =71 S7HE AT, MuscleF 7=
collagen$d 5ol g Rkt 3% im-
mature collagen?®] =2 AJ¥<2] collagen?]
crosslinking& 714318 4= Qi)

.9 & T

A 7+A] meat textureo]| 2] 2] collagen®} col-
lagen crosslinking®] &< e dH AGE
Z-o] Jgict. o g9l EFE meat textureZ
Hol|A] 2] muscle collagen®] v}@ & s}l &3 1
g2 X3 W3lE Y=+ mechanismg o]&) 3t
= Aozt & & Atk 53] collagen§F A&l
crosslink@ 4} <o v]A]= 4L )3 3}7]
A= B A7 B8dit. =S muscled
A fibrillar collagen types©] %A Z3{Ei
crosslinking pattern}o] #A|&= ojw3tx] BEE
Palw olafd Rie AT Al Qe
FHo SAFS s 2A 71498 Ao
t}.
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