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Pathological studies on exfoliation and recovery in oxidative stress-induced

abalone, Haliotis discus hannai.

Bo-Seong Kim

Department of Aquatic life medicine-Graduate School,

Pukyong National University
Abstract

Various degree of histological degeneration in the adductor muscle was found in
seemingly healthy of cultured abalone, haliotis discus hannai , although the other
organs and tissues were quite normal. Any histological ‘evidence for infection of the
biological agents was not detected by Giemsa and H & E stains. The frequency of this
muscular lesion increased with high temperature. Growth rates increased with the
increase of water temperature. Based on these findings, it was hypothesized that
muscular degeneration possibly was the result of oxidative stress related with high
growth rate. Cultured abalone was artificially applied by infection of carbon
tetrachloride for oxidative stress occurrence. From this experiment, similar kind of

muscular lesion was obviously induced. Severe swelling of muscle fibers was induced
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at 12h and 24h postinjection. On the other hand, to investigate the effect of the
muscular lesion on abalone’s behavior characteristics, recovery time from application
of oxytetracycline used as an exfoliating agent was checked. 3 experimental groups
with negative control, positive control and treatment groups were divided. Individuals
from all groups were sampled in 0, 12, 24, 72 and 120 hour after the injection. All
individuals were treated during 20 second with diluted oxytetracycline just before
each sampling times and were measured about recovery time. There were significant
difference in recovery time between treatment group and others. With the increase in
severity of lesion, the recovery time was lengthened. After 72hrs, recovery time
decreased with decrease in severity of swelling of muscle fiber. From these results, it
is suggested that the muscular degeneration in seemingly healthy cultured abalone is
able to be related to a kind of oxidative stress. These muscular lesions can have a
negative effect on the behavioral characteristic and can be related to increase

secondary infection or mortality:
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ASHE, 2013).
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Kim et al, 2013). s}X|2t O|&
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AR dEEC| Y7t 40~60%
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Mol AN X[DEAZIFEH 2~3
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|CH7™ . 2000; Dang et al, 2012).
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M(Park et al, 2013; Park et al,
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|

(Cardinaud et al, 2014), herpes virus Z+&Z(Corbeil et al, 2012)

=X(Shin et al, 2011), S5% =50 0
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= GTF0ME =3 AA2l 712N Bigol oo 8l Jdgs nESY| A% AN I

S(2014)0| A4t HZ=Zel 72N #HES 2M4olis W

= JhMOoIM oiLts MstAERAY 25 GHI AR HoZ LELE AS

B & YUCHones et al, 1997). 0|24t HS D|R0| MM LiELIE 7| T
HE0| HEO| IEAO| M2 MspAE Ao HHOR FHE oo ojHMHCR

MIIAEY A SEHIEAIOI CCly(Carbon tetrachloride)

i
gl

Cly= 2R oz EHHADIE| Y trichloromethyl free radical(CCl3)2 &/dsl1,0|
0| X|&Q| ItitztE T A|SHCH(Henry et al, 1986). X|&to| dtizl= free radical?| &4
of o5 Ato|223 uritelE, YO|StO|E, 4-HNE so| CiYet 2252 ddst
(Sachdev and Kelvin, 2008), O|S< A4 LjO| THEHZE DNA, QIX|Znp Z+2 CHfst

PN |

E2E "/dstCH(Requena et al, 1977; Lilu et al, 2011). O|2

Aot ZEsto] g E

oI5 DNAS| izt & oMol =X Hatz MzZo| T ZuE z=2istA &t

(Ferraris et al, 2002). 2t DSHFESFOHAM = MSIAEY A FEURFZ BIHSHH A

o[l RA2B{(Cho et al, 2014), = FFOA HA| MAEYAE FESHI] S AE
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2ol &= 614 £ 034 on, 27Ol THx 413 £ 024 m, HF 2646 + 423 g9
Melde z=Fo| XFME(Haliotis discus hanna) 150012|E TSI oHE S0t
X8t &, Oh, 12h, 24h, 72h, 120hQ| A|HO|A{ 100|% MZ2Ist7| Q8] MHES
A AI5LG]  Negative Control(NC) & 500t2|, Positive. Ccontrol(PC) = 500t2|,
Treatment(T) =& 50012|2 E&5SIQUCH NCHE %o &= 561 + 035 m, ZE9|
Tt 377 £ 025 n, M5 2484 + 452 gO 2 2ESI¥UCn PCHE a9l &=

562 + 0.34 an, Zt&O| CH= 379 £ 0.26 m, M|E 2443 + 444 g2 EF51F O

XISt
2. Carbon tetrachloride(CCla)9| =& AR G FA}

ojld] A&o =2 Carbon tetrachloride(CCls, Samchun, Korea)E Olive oill0f| 3|Ad510]
5% 10 %, 20%°| sEZ ™E J{HZT 0.15mle| F2Z visceral injection2 A A|Bt

—
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Z1f, 2ot HAPZE LOjLEX] oM JHE FEith =X YalstH el B30 10%2| &

t 10%2] 5=

O|'

Z=O|AM LPERRICE OR2tM = A= ofe[ddel 208 #2
0.15mlo| ¥o =z MHZ FIAMSHA EZIYRSM, CCla O |4 MOZ visceral injectionS

2 Al

rot

F 2= Treatment &£, CCla o] S|MAioZ AZSH Olive oil(Olive oil, Junsei,
Japan)0f CH%t HLSES &S| 8 STl Olive oil BHZ visceral injectiont
Positive control &, =29| HE@ PBSE visceral injection2 A A|SH Negative control
o2 HHSIRACL T &, PC &, NC &2 visceral injection 2 385 x 165 X 12.0 cm
o A2|S0l +E=lH 22 Oh, 6h, 12h, 1d, 3d, 5d2| A[Zre| Zutof| 2t S5

FELS

Oxytetracycline(220i0[4l, - JYH, Korea) M| o = =XYoot oz #d

JOl‘
rk

RALF.

3. Oxytetracycline 2| s= ZH &l

o2t
Ral
I

Oxytetracycline?| s+ Z 5(2013)°| =22 #1510 o5 1 L= 20 g9

Oxytetracycline@ &7kst0f 20 g/Lo| S E 2 BHE0{ HASHACE NC 2, PC 2, T 2

mjo

Z+2t visceral injection & 2|50 $HE|= A|™EE 0, 12, 24, 72, 120 A|ZH0]

0z

E2510 20 g/Lo| sk 9| Oxytetracycline 0| 20X7F AX|A|ZI = == 2H
NAEE o = H2le2 FE5t, Ad5S i2de XMULE F5tA Hi gt EX|A]
+EZ $7 T NYCE HAS 92 HUS WK MX T =AU SHA

ct.
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2t AjZHO| W2 NC 2, PC 2, T 2 27 100f2|9] MEg 3|=A|7tS ¥ &
MF S Dj2S X7Hsta 24A|7F Bouin's solutionOff 1™ A|Zl = H{E(transverse or

cross-sectional plane)@ 2 A5t ¢, 228 S0

i
o
rn
I
A
=
E
N
i
>
Yal
o

7t0l SO metE REu F, T dAL S0 ZRE BES 244 32 M1
oAt M 07Yo| A= E T 70%0|AM 100%7tHK| =Xt s=2| O L3 Z =8N
Of E35tRALCt Xylenee 2 FHISH0] metEl XIotA[7|4, matEHE FFA|A =ojet
= rotaryd microtome(Reichert-Jung 820, Leica)Z AIE5}0 4~5um F7H|Q| HIHE
AO| ofgfjet &2 Hematoxylin & Eosin @M, Giemsa EAH, Alcian blue-PAS & AH,
Masson trichrome @MS MA|5H0 Zshsi0| A (Olympus DX50, Japan)S 2 AASIH
Lt 44 = 0|88 CIXI2 7t 2KOlympus DP72, Japan)2 & H3} ULt

5. MAH0|IZS 59

—

-

ZRBE FAL

2t NC &, PC &, T & 60t2|2] ME9O| Adductor muscle 2 AF S 1 mE A|
A5 2.5% glutaraldehyde0 4°C, over night 11783510, 0.1M phosphatic buffer(pH
7.2)0 2028 MKkt $=A|SHSHCE 4°COlA 1% Osmium tetroxide solutionOf] 2A|Zt =
1™t 0.1IM phosphate buffer(pH 7.2)0 M| Xj2f| 2028 Mgt &= 50%0| A 100%
MR =XtsE OFMEMAM E5tRACE OtME :© Epon 2Y=0|A ZO0{5t0] Epong

st2 1 | Y=t holderd] 0| ovenLOlA @ Z=BHA|ZACE 700um F7HQ| F=xut
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HHES 1% toluidine blue THEAMBI0] TP HQE MY, Agstn xUPEsI] &
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|.
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Ct(Figure 3).

bof 72h0f| 8%
C}. 8hX|2 H

.

Ct. SpX|2H o
o

2 Al

XS 2AIStY 24hof 3f
Al

bN|
(=}

OoTC

—_
o

T

NC 0| 223 + 0.17 pm, PC 0| 2.30 + 0.16 pm, T 0| 3.31
NC £0],218 = 0.24 ym, PC #0| 2.18 + 0.17 pm, T 0| 2.95

B

—

—

—

20| CCla 9| Visceral injection
01 M

20| CCls Visceral injection

_I

—

_I

—

X

2 NZol
S

=
PN
=

Xt
055 ;o2 =HME|9ionf 12h, 24hE L} T 20| T2t

037 M Z =FEYSH 12h HC T 2o Tzt

M
(=]

2 % UCHFigure 4)

oj

(K,

= LIEFLY

3

NC
*

3

.
(s}
—

tCf 120h0f| s
|.
Ct(Figure 5).

Ct. SEX|2H

.
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A

NC 20| 245 £ 0.26 um, PC 0| 234 + 0.16 pm, T 0| 2.59
= LIEH
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—

20| CCls Q| Visceral injection
01 M

_I
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[}

Xt
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Collection @ pknu



-,

ol
or
mjn

Myoswelling 0| 0

AL} Myoswelling0| 0

A O]
T A

2= QURAUCHFigure 13. A).
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e Ne]
=T

ol=F

M E0| Visceral injection & 0hof] MEZE AlA|

e

NC =, PC o, T 9| &2
NC 0| 100%(10/10), PC 0| 100%(10/10), T 0| 90%(9/10)2 LtEt5toH,

2 NC 20| 100%, PC 20| 100%, T 70| 80%2 L}EILICH HR 3|2 A|7tS

NC #OA 112 31%, PC #0A 102 00, T #0fA 102 01==Z L|E}GCHTable

e Ne]
=T

/22
==

£ NC 20| 100%, PC #0| 90%, T #0| 30%E L}EISICH HA

XM 0| Visceral injection & 12h0f MEZ2lS AlA[&F NC 2, PC 2, T 29| g

NC 0| 90%(9/10), PC 70| 90%(9/10), T 0| 100%(10/10)Z L}EtSGCH, 3

| =
=

P

rlo

NC

tot

12t

—

TOA 112 36z, PC FO|A] 52 452, T Z0|A 162 31X LIEtRICH(Table 2).

e Ne]
=T

=
=
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i=]
—

o

i=]
—

1]

0]

F

[}

XM 0| Visceral injection & 24h0] MZ2l2 AlA[&F NC 2, PC 2, T 29| g

NC 0| 70%(7/10), PC 0| 80%(8/10), T =0| 100%(10/10)Z L|EIGSH, 3|

2 NC 0| 100%, PC. 0] 100%, T #0| 10%= LIEIGICE B 3|2 A7t

—

TOA 92 47X, PC #0| 9& 38%, T #0| 148 11x=Z L}E}GCHTable 3).

XM 0| Visceral injection & 72h0f] MEZ2lS AA[SH NC 2, PC 2, T 29| g

[}

NC 0| 80%(8/10), PC #0| 80%(8/10), T #0| 60%(6/10)2 LtEILICH, 2=

NC 0| 80%, PC 0| 100%, T 0| 70%2 LIEFSGCE 3 3|82 AlZH2 NC

rlo
prd

& 39%, PC #0| 5& 58%, T#0| 7& 51X Z LtE(GCHTable 4).

XM 20| Visceral injection & 120h0f MZ2/2 AA& NC 2, PC 2, T 22| 8t
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2|82 NC 0| 80%(8/10), PC 0| 70%(7/10), T 0| 70%(7/10)2 LtEttOH, 3|
222 NC 0| 100%, PC 0| 100%, TZ0| 100%Z LIEFLtCE. B 3= A2+

NC #0| 3& 02=, PC #0| 2& 18%, T #0| 92 03==Z L}E}SCH(Table 5).

i
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M E0| Visceral injection & 0hof| AA|SH NC &, PC &, T 0| A Adductor

muscleQ| Tjjzf AYLO|AM 80 pme| HO|THA| 2F4 72| HE

mjo
A4

ot 21 NC 2
2 244 + 0.30 pm, PC &2 238 + 1.03 pm, T2 267 + 0.23 ym @ F L}EGCE
(Table 6). 0|23t 28R HFS FO[SHA TRO0| £ HO=Z LEEFLIX|EH Kol
0jOj$t HOZ Lbetict

EME0| Visceral injection & 12h0f| MA|st NC &, PC &, T #0AM 288 K9

ke

mjo
iy
ozt
o
i

af, NC #& 230 + 0.15 pm, PC 2 234 + 012 tm, T 22 3.66
+ 035 me 2 LtELHCHTable 7). O|2{et 25872 H&2 NC &, PC 0 H|5}H0]

A O]
T A

TZ0| O &2 A2 LEfLIY, Ohdt Cizmstgls O 439t 5718 EYS

Mtz

AL},

AN

M E0| Visceral injection & 24h0f| AA|SH NC &, PC. &, T A 2889

A

B

mjo
A4

dot Z4dh NC 22 223 = 017 pm, PC. 22 230 £ 0.16 pm, T &2 331

(@]
w
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X
prd
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Ho
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O LIEfLILY, TZ2 12hit Blwsto Z0|stA Zash dets Eolr).

XM =20]| Visceral injection & 72h0f AA|$H NC 2, PC 2, T 20N 28489
XA ™ A0, NC £2 218 + 024 um, PC £2 218 + 0.17 ym, T T2 2.95
+ 055 un2 2 L}EFGCHTable 9). 0|2{3t 2849 XA OhO|A] 24h0f| A LtEIL}

= skt EUSH LIEILF= HOo=Z RHEREIC
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EME0]| Visceral injection & 120h0]| AlA|SE NC #, PC &, T 20N 224889

Jal
X
jo
A4

dot Z4dh NC &2 245 + 0.26 pm, PC &2 234 £ 016 pm, T &2 2.59

+ 0.27 ymS 2 L}E}SICHTable 10). T2l 120h0f| A mAFZF 302 YOo{LGten O 25

gd72 HE 2iak= 2 AAZM0M MelotACh 25872

HF2 NC 2 PC 2
2t TR0| ZO|oA| &2 HoR BAE|X|B 1 Aol Ohd DREZIX|Z 0|0j3t %

OS2 LIEfHC
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NC PC, T =2 25d7 A3 IE wold d8s &Al 21 NC PC Z0i|A

rr
(@)
>
I
m
'—l
N
(@)
>
=]
A
0
10
A
ro
R
o
d
N
i
m
=
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0

S T ZOME 12h0fM RelXQ S7t7F HEEYCH F= H4s5ts degs 200

120h Off CtA| Oh 1t FAteH HA2 2 LEFCFCHFigure 13).
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Figure 1. Microscopic observation of all groups with H & E stain at Oh
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),

- 16 -
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Figure 2. Microscopic observation of all groups with H & E stain at 12h
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),
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Figure 3. Microscopic observation of all groups with H & E stain at 24h
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),
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Figure 4. Microscopic observation of all groups with H & E stain at 72h
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),
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Figrue 5. Microscopic observation of all groups with H & E stain at 120h
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),

- 20 -
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Digestive tubule glan , H:Intetine (x 400),

I:'Gonad (x 40 %—_[_H____
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Figure 9. Microscopic observation of all groups with Giemsa stain at 12h
A: NC group’s Adductor muscle (x 400),
B: PC group's Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),

- 24 -
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Figure 10. Microscopic observation of all groups with Masson trichrome stain at
12h.
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),
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Figure 11. Microscopic observation of all groups with Alcian blue-PAS stain at
12h.
A: NC group's Adductor muscle (x 400),
B: PC group’s Adductor muscle (x 400),
C: T group's Adductor muscle (x 400),
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et

Figure 12. Transmission electron microscopic observation of Treatment group's

Adductor muscle. White arrow is degenerated muscle fiber, arrow head
is normal muscle fiber.
A: x10000 magnification B: x40000 magnification C: x40000 magnification
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Table 1. NC, PC, T groups’ recovery time at Oh sampling

Sample
NC group PC group T group

Number
1 4 min 07 sec 3 min 52 sec 3 min 50 sec
2 7 min 03 sec 5 min 34 sec 6 min 22 sec
3 7 min 46 sec 6 min 03 sec 6 min 44 sec
4 9 min 13 sec 6 min 15 sec 7 min 30 sec
5 9 min 59 sec 6 min 55 sec 10 min 03 sec
6 11 min 42 sec 8 min 00 sec 11 min 16 sec
7 12 min 18 sec 8 min 33 sec 14 min 10 sec
8 12 min 43 sec 16 min 00 sec 20 min 16 sec
9 16 min 00 sec 18 min 40 sec
10 24.min 26 sec 20 min 13 sec

Average 11 min 31 sec 10 min 00 sec 10 min 01 sec
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Table 2. NC, PC, T groups' recovery time at 12h sampling

Sample
NC group PC group T group
Number
1 4 min 13 sec 1 min 30 sec 11 min 56 sec
2 6 min 05 sec 1 min 58 sec 12 min 16 sec
3 6 min 20 sec 3 min 33 sec 25 min 23 sec
4 7 min 38 sec 4 min 09 sec
5 7 min 40 sec 5 min 01 sec
6 8 min 24 sec 5 min 03 sec
7 9 min 12 sec 7 min 23 sec
8 14 min 05 sec 8 min 12 sec
9 23 min 21 sec 15 min 03 sec
10 29.min 10 sec
Average 11 min 36 sec 5 min 45 sec 16 min 31 sec
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Table 3. NC, PC, T groups' recovery time at 24h sampling

Sample
NC group PC group T group

Number

1 3 min 18 sec 2 min 51 sec 14 min 11 sec

2 4 min 35 sec 2 min 52 sec

3 4 min 58 sec 3 min 54 sec

4 6 min 12 sec 4 min 56 sec

5 7 min 34 sec 7 min 17 sec

6 7 min 37 sec 7 min 18 sec

7 8 min 08 sec 9 min 53 sec

8 12 min 43 sec 17 min 26 sec

9 19 min' 54 sec 19 min 40 sec

10 23.min 00 sec 20 min 19 sec
Average 9 min 47 sec 9 min 38 sec 14 min 11 sec
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Table 4. NC, PC, T groups' recovery time at 72h sampling

Sample
NC group PC Group T group
Number
1 1 min 42 sec 0 min 38 sec 2 min 28 sec
2 2 min 00 sec 1 min 54 sec 3 min 06 sec
3 2 min 23 sec 2 min 31 sec 3 min 18 sec
4 2 min 44 sec 3 min 06 sec 5 min 20 sec
5 3 min 12 sec 4 min 05 sec 9 min 09 sec
6 4 min 20 sec 4 min 38 sec 10 min 10 sec
7 6 min 25 sec 5 min 04 sec 21 min 30 sec
8 6 min 31 sec 11 min 09 sec
9 12 min 30 sec
10 14 min 14 sec
Average 3 min 39 sec 5 min58 sec 7 min 51 sec
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Table 5. NC, PC, T groups’ recovery time at 120h sampling

Sample
NC group PC group T group
Number
1 1 min 52 sec 0 min 21 sec 2 min 40 sec
2 1 min 59 sec 0 min 43 sec 3 min 50 sec
3 2 min 05 sec 1 min 18 sec 6 min 16 sec
4 2 min 10 sec 2 min 01 sec 6 min 28 sec
5 2 min 19 sec 2 min 31 sec 6 min 42 sec
6 2 min 56 sec 2 min 31 sec 7 min 25 sec
7 3 min 08 sec 2 min 53 sec 30 min 00 sec
8 3 min 20 sec 2 min 53 sec | A
9 4 min 10 sec 3 min 36 sec H A
10 6 'min 30 sec 4 min 22 sec | A
Average 3 min 02 sec 2 min 18 sec 9 min 03 sec
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Table 6. NC, PC, T groups' muscle fiber diameter at Oh sampling

Sample
NC group PC group T group
Number
1 2.06 £ 092 pm 2.08 £ 0.82 pm 2.88 £ 0.99 pm
2 211 £ 0.71 um 275 + 1.13 um 2.37 £ 0.60 um
3 279 £ 1.02 pm 219 £ 0.73 pm 231 £ 0.64 pm
4 2.57 £ 0.94 um 245 £+ 0.84 um 277 £ 0.66 um
5 3.02 + 1.27 (m 246 £ 0.96 pm 2.89 £ 0.86 pm
6 257+ 1.10 pm 253 + 1.27 um 2.53 + 0.57 um
7 2.33 + 0.88 um 245 £ 1.07 um 275 £ 0.65 um
8 239 £ 0.75 pm 221 £ 099 pm 2.81 £ 0.65 pm
9 220 £ 0.84 um 196 + 1.20 um 2.65 + 0.65 um
10 236 £ 0.10 pm 266 £ 1.25 pm 296 £ 0.85 pm
Average 244 + 030 um 2.38 +-1.03 um 2.67 £ 0.23 um
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Table 7. NC, PC, T groups’ muscle fiber diameter at 12h sampling

Sample
NC group PC group T group
Number
1 247 £+ 0.88 um 2.29 + 0.88 um 374 £ 147 um
2 223 £ 0.82 pm 236 £ 1.05 pm 373 + 1.23 um
3 2.05 + 0.65 um 233 £ 093 pm 425 + 1.51 pm
4 210 £ 0.85 um 240 £ 1.10 um 374 £ 1.79 um
5 219 £ 0.83-pm 248 £ 1.16 pm 3.63 + 119 um
6 236+ 1.04 um 242 + 0.97 um 295 + 0.78 um
7 2.27 + 0.89 um 223 £ 0.94 um 393 £ 1.36 um
8 247 + 1.06 um 248 + 0.87 um 3.71 £ 1.07 um
9 242 + 1.06 um 230 £ 0.98 um 3.68 + 1.06 pm
10 242 £ 099 pm 211 + 0.85 pm 323 + 1.65 um
Average 230 £ 015 um 234 +£:0.12 um 3.66 + 0.35 pm
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Table 8. NC, PC, T groups’ muscle fiber diameter at 24h sampling

Sample
NC group PC group T group
Number
1 216 + 0.80 um 238 + 1.02 um 3.20 + 0.89 um
2 233 £ 095 pm 232 £ 0.88 pm 3.02 + 1.06 um
3 218 £+ 0.93 um 2.07 £ 0.75 um 3.05 £ 1.09 um
4 215 £+ 0.87 um 2.55 + 0.98 um 320 £ 1.27 um
5 191 £ 0.82 um 242 + 0.84 um 349 £ 1.21 um
6 246+ 112 pm 216 + 0.82 um 415 + 1.83 pm
7 2.26 £ 0.86 pm 240 + 0.81 pum 310 £ 1.12 pm
8 245 + 1.07 um 246 £+ 0.85 um 366 £ 1.58 um
9 236 £ 091 pm 215 + 090 um 3.36 £ 1.09 um
10 2.07 + 0.82 um 214 + 0.84 um 290 + 1.04 um
Average 223 + 017 um 2.30- £:0.16 um 331 £ 0.37 um
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Table 9. NC, PC, T groups’ muscle fiber diameter at 72h sampling

Sample
NC group PC group T group
Number
1 272 + 1.16 pum 1.86 + 0.69 um 336 + 1.37 um
2 225 £ 0.89 pm 212 £ 0.81 pm 324 £ 1.16 pm
3 2.03 + 0.86 um 246 = 0.79 um 341 £ 147 um
4 2.36 = 1.02 um 227 + 0.83 um 352 £ 1.75 um
5 228 £ 1.01-pm 237 £ 0.89 pm 338 + 1.51 um
6 211+ 093 pm 215 £ 0.79 pm 250 £ 0.93 pm
7 2.06 £ 0.82 pm 2.18 £ 0.82 pm 273 £ 093 pm
8 2.01 £ 0.81 um 2.04 £ 0.78 um 2.74 + 0.88 um
9 190 £ 0.73 um 215 £ 0.81 um 2.89 + 1.15 um
10 2.05 = 0.80 um 224 + 091 um 175 £ 0.56 um
Average 218 + 024 um 2.18 +:0.17 um 2.95 £+ 0.55 um
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Table 10. NC, PC, T groups’ muscle fiber diameter at 120h sampling

Sample
NC & PC & Ta
Number
1 247 £+ 0.98 um 2.62 + 1.30 um 2.52 + 0.97 um
2 279 £ 1.03 pm 233 £ 0.85 pm 283 £ 133 pm
3 2.63 £ 1.01 um 2.30 £ 0.85 um 307 £ 1.14 um
4 244 + 0.79 um 2.37 £ 0.87 um 2.28 + 0.84 um
5 2.61 £ 1.15um 219 £+ 0.78 um 244 + 0.82 um
6 1.86 £ 0.69 um 2.60 = 0.99 um 244 + 0.84 um
7 2.37 £ 0.84 um 219 £ 0.75 um 2.53 + 0.82 um
8 2.53 + 098 um 218 + 0.60 um A
9 222 + 0.85 um 224 £ 0.67 um T A}
10 262 £ 0.86 pum 241 + 0.83 um A
Average 245 £+ 0.26 um 2.34 +£-0.16 um 2.59 £+ 0.27 um
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Figure 13. Analysis of-muscle diameter trend of abalone which rely on time.
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