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Wilailuk Khrueanet 2014: Biochemical Evaluation of Dietary Quality in Relation to Growth Rate,
Muscle Quality and Sexual Maturation of Freshwater Mussel Chamberlainia hainesiana (Lea,
1856). Doctor of Philosophy (Zoology), Major Field: Zoology, Department of Zoology.

Thesis Advisor: Associate Professor Uthaiwan Kovitvadhi, Ph.D. 99 pages.

The activities of enzymes from digestive gland including stomach from freshwater mussel
Chamberlainia hainesiana revealed the suitable optimal conditions at pH 6 40°C for amylase activity, pH 5
50°C for protease activity, and pH 8 50°C for lipase activity. No alkaline protease activities were detected.
These conditions are suitable for future study on in vitro digestibility of feeds and feedstuffs. In vitro
digestibility of 5 commercial diets and 21 feedstuffs from algae, plants and animals revealed that broken rice
and soybean meal had the highest carbohydrate and protein digestibilities, respectively. The activity of trypsin-

like enzyme has been found in oocytes of females, with optimal condition at pH 6 40°C.

Artificial diets were formulated based on in vitro digestibility screening of feedstuffs, prepared at 35%,
40% and 45% protein levels, and algae. There were no differences in the in vitro digestibility values between
them. Changes in specific activities of amylase and lipase were dependent on time of treatment (P < 0.01),
while that of protease specific activity was dependent on the interaction between time of treatment and feed
quality (P < 0.01). The muscle qualities of freshwater mussels were similar between treatments at the end of

experiment with 3 months period (P > 0.05). Growth was found to decrease due to maturation.

There were three stages of eggs observed; immature oocyte I, immature oocyte Il and maturing oocyte
I from the female gonad of mussels fed freely with natural plankton in the pond. After that, maturing oocyte I
was moved to outer demibranch for the mature oocyte development. Trypsin-like specific activity was
correlated with the number of maturing oocyte I (r = 0.812, P <0.01). RNA levels were inversely correlated
with the number of maturing oocyte I (+ =-0.326, P < 0.05) and immature oocyte I (r =-0.519, P < 0.01).
Protein levels were inversely correlated with the number of immature oocyte I (r =-0.533, P < 0.01) and
immature oocyte II (»=-0.517, P < 0.01). RNA/protein ratio was inversely correlated with specific activity of
trypsin-like enzyme (r = —0.339, P < 0.01) indicating a positive relationship between trypsin-like specific

activity and protein level.

Water temperature had relationships with productions of immature oocyte I and maturing oocyte I.
The pH (r =-0.766, P < 0.01) was generally inversely correlated with the production of immature oocyte 1.
Alkalinity (= 0.683, P < 0.05), nitrate (r =—0.676, P < 0.01) and free CO, (»=-0.736, P < 0.01) were
correlated with the production of immature oocyte II. Conductivity (» =—0.799, P<0.01), and dissolved oxygen

(r=-0.867, P <0.01) were inversely correlated with the production of maturing oocyte I.
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Kingdom Animalia
Phylum Mollusca
Class Bivalvia
Order Unionoida
Family Unionidae
Subfamily Gonideinae
Genus Chamberlainia
Species Chamberlainia hainesiana
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H. desowitzi horse serum 96.60 89.64 NYITIU LAzAY (2542)

H. desowitzi Oreochromis 85.32 84.28 QNeITIU LAZATA (2543)
niloticus

H. myersiana Cyprinus carpio 93.77 93.77 Kovitvadhi et al. (2002)

C. hainesiana C. carpio 96.24 96.24 Polwong et al. (2003)
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4 @ 4 a
Lﬁ@@ﬂﬁﬂﬂmq 0-60 31 IHunasnaeuiynay 4 viia (Chlorella sp., K. incurvata, Navicula sp.
S 0 { 4 2
uag Coccomyxa sp.) wWuems 1/1ﬂﬁ’mmmmazmmgamﬁﬂmaagﬂwaﬂmuﬁumﬂ 0.13 £
a a I a a o w [
0.01 118z 0.16 £ 0.01 WANAT L‘]JL! 1.41 £0.16 11a% 0.98 £ 0.05 UAAINAT AUAIAD ﬁ'ﬁ)ﬁi']ﬂ'lﬁ
1 1 1 @ 4 1
5@9]@']8%}@8'613 8.00 = 0.2 G]’E]NWGlu‘H'Nﬁ@,ﬂW@EJ@WQ 60-120 U Glﬁ'mmmwmﬂmuﬁmmaz
a A ~ 9 J A & a 1 ~ dy Y .
FUA HJ'E]L‘].I%EJ'UW]EJ'Uﬂ'lii“]fl!Wﬁ\?ﬂGl@uW%ﬂﬁ 4 YU NWUNGNHDYNLDYINIY K. incurvata
WAL Inanga laslin1ue1MasANNGURTBNING 3.46 £ 0.04 LZ 1.94 + 0.04 HadWAT
o v Ao 9 [ 3’; 2K 9 dﬂl 1A
MUARNY VONITINITIDAANIYIDYAS 65.00 + 8.32 Waﬂi]’lﬂuui]ﬂﬂ’lﬂgﬂﬂﬂﬂllﬂlﬁﬂﬂiuﬂﬂﬂu
Tus1901g 120-360 1 Tag 1850011115910 5550A 1egnreeliony 160 Tu wuNTNg
@ o 1 < A ) 3 Y b, '
NAUTIDIYITANE ﬁuyim Lﬁ'ﬁ]ﬂiﬂ 360 'JuW'LI'NQﬂ’I’TE]fJ?Ju'IWHﬂLﬂaEJ TN ﬂ’)'liJgQ Iag
v L X y A o Y Y Ao )
AITUNIN INUVHUTIN mmmﬁiwmaaﬁuwuﬂﬂ HAZNOAITINITIDANIYDITDYAL 100
(Kovitvadhi et al., 2006)
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4.1 ﬂﬁ' Tu'laasa (carbohydrase)

o { [y} ana LA o 4
mnthnlumsaaesiuse lnalagaanwouTuTunsanlsa lavaanilsq las
I'4 a I'4 < ] I'4 <3 a
usaalsa uazwoausanlsd laend llarwisasdaas Tu'lawsailu 2 dszinn A woa
UFANTSIAT (polysaccharidase) Lo 10a INUFAAITIAT (oligosaccharidase) WOALFANTIATII

{ 1 a I'4 ] Cal
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A é g’/ [ = [ (% = [ [ a a =1
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3 ' J [ 9/::::'::
Placopecten magellanicus  Gmelin - wuaueu lotneavhes luaaaulaanies 6.5
APANFOINUNIANYIVOY Khrueanet e al. (2009) nuoz luaananannaondose1nis
TAAUNTLNIZOINTVBY C. hainesiana AuduoRalfnson1daluanziiey 6 gavail 40
parwadod Tuunezil Arcckijseree ef al. (2002, 2004, 2006) HAITHAINTTY LAZAN LA
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. (- 1A " a A
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. 1 1 o o ' a da! ~ =1
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193NAA1 (Stark and Walker, 1983) Uan1AHEINUINNINTTUVOUDU I9ies Tuaa Nana
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NN Tueazs1999n1a (Wong and Cheung, 2001)
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] < a a a
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(exopeptidase) (Kay, 1998) Reid and Rauchert (1972) wuilusaeaainisasinaulaaly
Aa A = ° ' = a
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~ 1 A Aan 9 A1 A = Y = A
WY 5 L!a%W‘U'J’]LﬂﬂTJ;]ﬂﬁf]’lu@ﬂ“l/lﬂ’lwmslf 7.5 1 B UAYINUNTANYIUDI Khrueanet (2009) N
1 a { @ 1 ] o v 3w
Wu TUsAeaNnanavnAoNgase11TIINNLNTZINIZDINISVN C. hainesiana ANANIEVE

a aan Y~ = a =
Lﬂﬂﬂgﬂﬁﬂﬂﬂﬂﬁluﬁﬂnzwm% 5 QUWYU 50 DIAUGAUTYE
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1 =< a " a 9 1 a a
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Y 9
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Tun3U%u (T/C ratio) dasvazinganmsnsaay I ruRenuAduny Ia Rungruangsak-

Torrissen et al. (2006) L8 Rungruangsak-Torrissen and Fosseidengen (2007)
43 wamosauas lanla (esterase and lipase)
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oamotsdiduen lainauisogeswusziommos lulvdunivuraanid
Y o"dy ] I o 1o
Taseaie lugudeueu laitutseon lailu 2 Uszandsuuusumzuas lusume (specific
U [ P 1 1 {
and nonspecific) autou laai lanladailuoulaineglungulalasiaa (hydrolases) iftosh
WzaNAeN3HUsZN 7.0-8.8 H0AAREINUNSANEIY0Y Khrueanet et al. (2009) N1
1 { @ 1 ] o v 3w a a
Nlanlananaanaondose1mssIWAUNTEINIZOINITVON C. hainesiana HIANITBIINAUY
an Y ~ A ~ 2 A A A X
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o 4 1 o [ = = J
Wuszommesszriiensa lvduluanasnundwesealulwana lasndme lsa vinns
a Ia { ' o P o
AATIERNINTTULEZ ANz M auaeMINNUYeueY lHiNanaInnTzmIzo111s 1as
o 3 2 A 3 v & o 1 a 4 =
a1 ldvesrosmuiaa H. bialams ANANT WUNNINTITNVOURY laliagiad waz lanlall

AP (Areekijseree et al., 2002, 2004, 2006)
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a Aa o do
5. ﬂ]iﬁﬂy1ﬂ§$ﬁﬂﬁﬂ1wﬂ]id@Elﬂ']ﬁ']‘jsllﬂ\‘]ﬁﬂjufluﬁaﬂﬂﬂﬂaﬂﬁ

a a ] E @
Uszansnmmseaosluriaoanaany (in vitro digestibility) 1152 Towiaomsna@on

1]
v A

a Y 2 v & A Y I =K a A J 1
@]Qﬂﬂﬂi%iﬂﬂ"ﬁlﬁﬂﬂﬁ@? Luﬁlﬂﬂ1ﬂllﬁﬂ\11‘ﬂl‘ﬂuﬂ\1ﬂ§$ﬁVI‘ﬁﬂWW"’U@QL@ullcﬁllEJ@EJ@"I‘VH?G]@ﬂﬁ
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gouINYAVUARSTURA Humaianae 57059 tazdsevdan lsae
5.1 Uszansnmmsdoslisau (protein digestibility)

Uszansnmmsdesllsauanisaldihuieguaineisdmsudnuying
A Aa o ¢ A = o LAY = Y 1 .

igan Tavesdad thosnnlianuduiusnugauaimldsaulueinislaun reactive
sulphydryl group, disulphide bond 8% D-aspartic acid (Rungruangsak-Torrissen et al., 2002)

v 3 ' < A a ' a { A a
dn1i 1wy dan Taena lulidse@nsammsdesTdsaulaa Tasdarnuiiossiitsed@nsamn
[ = 1 a A [ 4 a A o w d' a dy =
mygosTisauganindarnuisuazdad uazlarinuny awdiay iesandarnuiiol

o lanigos TsAuludSinanganin Gswed, 2536)
5.2 Uszansmmmsdesns 1u'laiase (carbohydrate digestibility)

a A (] I'4 tg % a =Y

dsz@niammsgosnilulamsaiuny stia Ysua vazanugnventls an

a A A a A (] o Y 1 a A dy a dal A
Aunwtlszansmwmsdesas 1u'lamsa laanilarnunyuazile uazdainuiio 1iod91n

a ~ CAl 4 a2 ~ 1 4 { a I
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o %’d I v A A = Aa A 1 4 1
Asnad, 2536) veemuindailudainuny Hisz@nsainaisdesns lulawsauinnii
Uszansnnn15o0o1UsAU (Areekijseree er al., 2006) MsUsziuilszansnmnsdos

o o ] I v R Y1 Aa
ﬂ’liT’UU]Jal@iﬁ@1ﬁ8ﬂ1iﬂﬂﬂﬂl@\1@$1nmﬁlﬂuﬂﬁﬂ i]\?’ﬁ’lll’liﬂGlﬂfﬂWﬂfﬂﬂiill"ll’f]\iﬂgvlﬂlaﬁGlUﬂ'li

]
Aaa a

~ I 1 A =1 a a 1 4 a
Mowdumuasgiu mefFowisudsednsainnsdesnii lulamsaludalisinyil

AEIAUNTOA19AU 1A (Areekijseree ef al., 2006)
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6. RAUMNVBITA I

4
6.1 AUNNYBINA IO
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Feeds and feedstuffs Moisture % on dry weight basis

% Protein Carbohydrate Lipid Fiber Ash

Commercial feeds

Formulation 1 6.61 51.70 33.99 6.15 0.96 7.20
Formulation 2 8.13 39.09 47.72 5.04 0.65 7.50
Formulation 3 7.31 19.63 64.66 0.40 1.09 14.22
Formulation 4 6.40 28.51 50.96 1.02 0.91 18.60
Formulation 5 7.57 15.53 72.96 0.49 2.20 8.82

Animal sources

Blood meal 5.98 90.39 7.14 0.43 0.36 1.68
Fish meal 7.01 45.74 24.37 3.87 0.75 25.27
Meat and bone meal 4.60 40.06 16.36 8.53 0.21 34.84

Plant sources

Broken rice 10.31 6.53 90.14 1.23 0.54 1.20
Corn 10.91 7.42 84.19 4.53 2.59 1.27
Coconut meal 6.82 38.53 42.42 5.18 6.79 7.08
Corn gluten meal 7.51 52.07 42.23 3.08 0.52 2.10
Palm seed meal 9.06 14.01 70.58 5.97 4.73 4.71
Peanut meal 6.82 38.53 42.42 5.18 6.79 7.08
Rice bran 9.83 11.59 59.67 15.07 5.73 7.94
Soybean meal 9.96 39.52 45.59 3.47 4.15 7.27
Steam broken rice 10.44 6.81 90.34 1.32 0.17 1.36
Tapioca chip 9.24 2.75 90.47 0.50 1.58 4.70
Wheat gluten 8.27 83.66 15.00 0.65 nd 0.69
Wheat bran 10.05 14.02 70.95 3.30 7.12 4.61
Wheat flour 12.06 11.14 87.42 0.38 0.34 0.72

Algae sources

Chlorella sp.* - 35.60 37.32 34.67 - -
Kirchneriella incurvata’ - 23.57 21.64 34.00 - -
Spirulina sp. meal 8.74 46.14 39.05 0.23 0.42 14.16

nunenyin * %’agjamﬂ Supannapong et al. (2008)
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Chamberlainia hainesiana N3 115AULANA1NY 3 52A

Experimental diets Moisture % on dry weight basis

(% Protein)

% Protein  Carbohydrate  Lipid  Fiber Ash
35 6.63 36.12 54.70 6.94 1.07 1.17
40 7.10 39.54 51.12 6.62 0.95 1.77
45 6.85 45.66 43.42 6.59 1.87 2.46




42

5. MsnageugAseIMsfikIumsiadenanmsanelszdnimmmsdesluriasanaassn

NAQURE C. hainesiana 01 3 U 8 aoulutioalfiidns
5.1 MINIYAVIAUDY C. hainesiana

v Y H ] Y
C. hainesiana Mavalunngasorms lununsaie Sosaziiuiuvesnnuen
den ANUFI HAZANUNUIUEN C. hainesiana TUNNEANINABDL LA UeETITud ATy
4 z = A = o % v o A 9 1 o
(P > 0.05) Tagdngazvoatiniiniaanaulion)ssumeunuininaIsuauAauINNITNA
A 9 A A A dﬂg S d'dy
a9 luNNYANIITNAGDI (MNN 8A) FosazvoInNeAeNANBIUNMGIgalugATIEe

o

Y ' A = A a9
mammwﬁﬂ‘lumauw 2 UBINITNAAN !,Lazumqﬂuqmmmiﬁm%gﬂTﬂmuiaﬂaz 35
A A A 9 A A ,é’ Y
iag 45 “lumauﬂ 3 UDANITNAADY (NN 8B) 3@ﬂa%ﬂl@ﬁﬂ'ﬂiquMﬂWq@q@iuﬂ‘fﬂﬂlaﬂﬂﬂ’Jﬂ
1 A A:al' 9 o a3 a9 A A
BRNEREGL uaz‘nLammaqmmmsmﬁ%gﬂiﬂmuiaﬂaz 40 Glulﬂ’f)l‘l“ﬂ 3UINITNANDY LAy
A A a4 v o d A v A A
anurveulasnimgaganiaesnlegasoisasezlllsauiosas 35 luwhoun 3 ves

o
NINADDY (NINN 9B)
d
5.2 MIUAAIDDNUBAUDY LI D011

nINTsUTUNIZY002 Tuaan C. hainesiana mgagalupeui 1 Tasmmizroy
v 9 ]
MAgameE I Ieaa (P <0.05) taznanssusunizveses lumalisidmaslunnyanisnaaes
4 9o a o = - o Y
Worngiaeuh 2 wazioud 3 veamsmes (MNH 10) Aanssusumzved lanladiadluyn
A A L A 2 A A A A A A A
gan1anaaod Ao 1 (P <0.05) tazisuimgaunlunoun 2 uazimoun 3 Tasnnoun 2
uaz@oud 3 nanssusumizved lanlalunngansnaass lilinnuuananuneana P >
A a o a a ~ A dy Y o
0.05) (MwA 11) Nanssudunizves lilsaeaiiagangaluresinaesdisgaserisdusagy
TsAudosas 35 Fumnannnygaminaaeduedeleddynana (P < 0.05) (M 12)
] @ o J J ) a ' a a
saz lunuanuduiusszninmsudasoonvesou ladniauyiaaenisasaan Tnve

1oy (P> 0.05)

a 4 v Ao 1T A 4 1 A 9 dy )

minasziitfadeninadenanisuvuoaou l41 nuNszeznaInly lunsaeell

aNTwanenINITUI MMz luad uaz lanla (P < 0.01) vyuNNINTTUIUNIZVD
[} [ o

v Y
Tisaeationnamnnljdunusszninszeznauezgasesi 149aes (P <0.01) (1319

715)



(A)
A A A
wou 1 oU 2 ou 3
0.00
o
& ol
& 100 | L
=
aog
Z -2.00 -
> — a b
aﬂg : a ‘ a
2 -3.00 -
(=
s
2 -400 - "
e
@
Elad
-5.00 -
(B)
e |67 a
pove] r.__ 1
2
oy
(-D
g a
acqg a - 2
'GE 2 4
U§ b b
: il
ag 0 ! -
A A A
wou 1 Wwou 2 Wwou 3

d‘ Y d' A t%l ao' v W 1Y = a
MNN 8 TDYAZNNVUUDIUINUNAD (NTN) (A) wazanueaon (tFUUANT) (B) VDN

o w

[] algae
f:] protein 35
M protein 40

B protein 45

[] algae
[-] protein 35
[ protein 40

B protein 45

Y 1 ] v
‘H@Elﬂ?’ﬂ‘lﬂ%@ Chamberlainia hainesiana ﬂ’JWiJLLG]ﬂG]NE]EJNidJuEJﬁWﬂﬂJ (P <0.05)

HEAAIAEAIDNHINANU

43



44

(A)

Zs 4 a a a [] algae

=2 ] ]

(o -

& 3 [7] protein 35

. d

@

§ b [ protein 40

avg 2 —
S e B protein 45
"= 1 _ . C

)

G

pve)
ag 0

Ao 1 1fou2 1Aou3

= (B)

£ 4 [] algae

&

= a

=

S 3 4 @[] protein 35

4 .

s » in 40
= sl e [M protein
@ e
'“g M protein 45
= 1

3

G

2 0
e

hou 1 1RO 2 Ao 3

d' Y A A t%l Aa A A A A
NINN 9 mﬂasmwmummmmqq (Uaatung) (A) LLaZﬂ'N?JWlHGU@QHJﬁEIﬂ (Uaatung) (B)
¥ 1 1 (%3 o U
VOINDENUVNIA Chamberlainia hainesiana mmuﬁﬂmmmqﬁuﬂmﬂﬂg (P<0.05)
HAAIAIEAIBAYT NN Y



Amylase specific acitivity

45

80 [] algae
a
60 - [] protein 35
b b [ protein 40
40 b
B protein 45
20
0 T
A A A
DU 1 AU 2 IAOU3

A
10U

d' a o -1 . -1 3 A
MNN 10 ﬂi]ﬂiﬁlﬁ]'llW'lgeU'E]\iﬂganmﬁ (umol maltose h mg protein ) UBINDYNIVUIIA

Lipase specific activity

v Y
Chamberlainia hainesiana WAg491001M15 4 g3 (dvsreda 1sAuiosas 35, 40

o

< A ' = o v Y
uag 45) Wuszezna 3 wou ANUUANANDINUUYITIAY (P < 0.05) LLAAINIY

AONHINANNU
120 - [] algae
100 - [] protein 35
80 T M protein 40
e T
60 e o B protein 45
40 - . o
20 a 'tlz b a ::
D= §
A A A
10U 1 U2 AU 3
A
{o[aN k]

/WA 11 Aanssusumzves lawla (increase in absorbance at 440 nm h’' mg protein_l) VDIV 0Y

P ~ da} 1
MUV Chamberlainia hainesiana MagA1801M13 4 g3 (wreaa 11l5auios
d 1 1 S o o %
az 35, 40 uaz 45) 1fusze a1 3 1AoU ANULANA1EETTIERTY (P < 0.05)

HEAAIAEAIDNHINAIN



Protease specific activity

—_
(V)]

—
[\

A
U 1

46

a [] algae
[C] protein 35
[ protein 40

B protein 45

b b N

2 i S ]
A A
U 2 AU 3

A
au

MNA 12 Nanssusumzveslysaon (increase in absorbance at 440 nm h' mg protein-l) RGN

v ! 2 ]
NOUMUYNIA Chamberlainia hainesiana ﬁlﬁﬂﬂﬁ%ﬂmﬁ”ﬁ 4 gas (a1vs1eaa

9

I~ 1 1 Y [
TilsAudesas 35, 40 uaz 45) Wuszeznal 3 Heu ANULANAIIBE1TITaEN o

(P < 0.05) LAAIRIIAIDNHINANINU

A 1 A HAq v & ? A
M919N 5 HAVDITZILIAUAYY (1, 2 UL 3 IADU) llagf]’]ﬁ’]ﬁﬂclslﬂaﬂ\iﬁ’ﬂﬂﬂ'lﬂu'ﬁ]ﬂ

' o < Aa = 1 o
Chamberlainia hainesiana (61131989 uazqmmmﬁﬁmﬂgﬂmTﬂiﬂuxgmﬂmmu

3 53a1) apnanssuvete luaa lanla wazTisfeoa anaeudeso1IssIngy

NITIWIEDINITUDY
Enzyme specific gaToInIg i$EJ$L’JﬁTﬁL§EJ\1 gATDINIT x 5583136117'}1?;’8@
activity
F P F P F P
amylase 0.497 0.698 15.490 0.004 0.146 0.232
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Fatty acid (%) Protein

Algae Protein 35  Protein40  Protein 45

14:0 1.95 1.76 1.94 1.73
15:0 0.55 0.56 0.61 0.60
16:0 29.60 28.93 29.33 27.60
16:1 4.00 4.45 4.09 4.20
17:0 2.95 2.99 2.87 3.00
18:0 6.45 6.75 7.03 6.73
18:1n9 8.10 8.30 9.29 7.87
18:2n6 5.80 5.80 5.90 5.63
18:3n3 9.80 9.56 9.24 8.90
18:4n3 2.25 2.25 2.20 2.23
20:1n9 6.80 6.70 6.73 8.73
20:2n6 1.30 1.30 1.11 1.43
20:4n6 3.00 3.05 2.89 3.23
20:5n3 4.70 4.55 4.34 4.57
21:5n3 1.50 1.43 1.59 1.70
22:4n3 0.55 0.59 0.43 0.60
22:4n6 2.65 2.50 2.41 2.53
22:5n3 1.75 1.70 1.60 1.80
22:6n3 2.75 2.88 2.64 2.93
Fatty acid (%) 96.45 96.04 96.24 96.03
Total Saturated fatty acid (%) 41.50 40.99 41.79 39.67

Total monounsaturated fatty acid (%) 18.90 19.45 20.10 19.87
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NIAYIAIYDINNG 4 q@lﬁ

Parameter (%) Protein

Algae Protein 35 Protein 40 Protein 45
QUNYI ¥h 19.96£0.27  20.00£0.10  20.57+0.43  20.76+0.32
(DR UFAITH)
QUNYUINIA 26.00+0.00  26.00:0.00  26.00+0.00  26.00:0.00
(DA UFAIT)
M5 Tl 0.3120.01 0.30+0.01 0.32+0.01 0.28+0.07
(ms/cm)
5uaeensau 8.68+0.15 8.43+0.21 8.37+0.13 8.33+0.09
fazanwluih
(mg/L)
N0y 7.65+0.03 7.5840.03 7.53+0.04 7.5620.02
AaNutlue 57.66+14.12  57.7547.07  63.74+11.07  55.34+6.18
(ppm CaCO,)
ANMUNTLAY 97.69+3.98  97.02+6.71  101.113+2.44  95.69+5.76
(ppm CaCO,)
Puamsveula 2.39+1.06 2.39+1.06 1.94+0.29 2.28+1.07
99N lrADATE
(ppm CO,)
Twasn 0.69+0.03 0.64+0.02 0.68+0.03 0.69+0.01
(ppm NO,-N)
T'lasv 0.89+0.01 0.83+0.01 0.86+0.01 0.79+0.01
(ppm NO,-N)
wouTwdleluTasiau 0.021£0.001  0.023+0.001  0.022+0.001  0.0210.001

(ppm NH,-N)

50
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a Y d
6. matvsauAnln ms/desunilasves RNA, protein 1ag trypsin- like enzyme lutasaa

o d v v
AUNUFVRI C. hainesiana 01g 31 5 1o uTIdslutiody
6.1 MITUAV AV C. hainesiana M IUTULOAY

v
ﬂ13!%3ﬂ(jl@lﬂ1@lﬁﬁﬂﬂ'ﬂﬂﬂ?? (FUNNT) AU (MaAT) LagUIUNUNAI (NTN)
. ) R { 1A ~ =) 1 Y Y
YO C. hainesiana ‘VILafN11&‘1Jf’)ﬂualuﬁfJ‘U‘]JlllliJﬂ'J'liJLmﬂﬂNﬂu (P > 0.05) gnLIUAIUHUN

(Haawas) NUANVUANANAU (P < 0.01) (15199 8)

{ J o o
6.2 Maulasunaaues RNA, protein 18 trypsin- like enzyme TUIsaad@uWugvoq

RN ¥ L .
C. hainesiana Magd 1oAY

Yy 9 . IA v J Ay

ANUIANTUYBI RNA 110 protein IUIKaadUWUFUDN C. hainesiana 1150111

ANUUANAIINY (P < 0.05) Y5ua RNA Tagegalu@ousuninm 2552 nazisudagosn
1 A A Y 1A =K A A A (& di’ A Y 1A

ABIUBUNBINIFIADUNNTIANIUDUADUINBIBY 2553 tazFulITnauguuleigaen

a

a A:; o [ L = A ~

NuIEU 2553 (MWA 14) MUY protein H51agalu@oungaInIgy 2552 Uguigu

2553 Az 9a1AY 2553 AMTNTUYDY RNA wuiianuduiusuuuunlsduasanunin
9y 9 ) = a ¥ o v o o

([WNVUVDA protein (- = 0.629, P < 0.01) (MWN 14) uaziaNuduiusuuuulswadunusza

YD trypsin-like enzyme (» =-0.414, P < 0.01) (fﬂW‘ﬁ 15)

9 9 . . A 1 @ =~ =
ANWUVNUUUDI RNA/protein  ratio MﬂTLL@]ﬂ@]Nﬂuiuiﬂﬂ‘ﬂ (P < 0.05) Tﬂﬂﬂ

Y '
un Tdugarnlusiaufeungatnieu 2552 Dudeutunaw 2552 uazlimdmadlugiawunsiay

'
a A

] Y ] ]
2553 ﬂuﬁmquwu 2553 LN@L{I}WQLaGUﬂiﬂQWﬂN 2553 ummugﬁuammm uazaﬂmmgﬁa

U a = @ o J o o
L"lT1thﬁ’E]uﬁQW1ﬂiJ 2553 mmﬁ’fmﬁ’umm RNA/protein ratio HaNuauWusUUULUsHNRUNY

MIFANDDNVDN trypsin-like enzyme (r =-0.339, P < 0.01) (AN 16)

9
o o

1 = o v o [ a a
trypsin-like enzyme linwunianudunusaurimin (NTN) ANUFI (UAAINAT)
v o v Y Aa a
(P> 0.05) HANANMNFNNUTHU LY THARUAUANNHUT (Hadwmas) (= -0.277, P < 0.01) uag

ANYTD (muamm) Y94 C. hainesiana (r =-0.275, P < 0.01) (@n‘iwﬁ 9)



H a a 4
319N 8 Muvsan Ialusevtlvesesn g Chamberlainia hainesiana \WAITiyo1Y

= = A tﬂy 1T Aa
31 5 meunmesluvenu

52

thmin ANVY AN AUGA

(N5W) (S UANAT) (Haawasy) (Haawag)
W.e. 52 555.33+53.17 15.24+0.77 50.58+1.65" 91.44+3.58
5.9, 52 560.41+43.19 15.3140.36 50.78+1.45" 91.44+3.58
.0, 53 569.56+50.17 15.37+0.98 51.13+1.03" 91.44+3.58
.. 53 570.33+61.88 15.40+0.73 51.43+1.78" 92.63+4.37
1.9, 53 580.89+60.95 15.63+0.70 51.59+1.78" 92.77+4.35
.8.53  592.00+£63.95 15.7140.67 52.51+1.67" 93.43+4.28
W.A. 53 599.33+66.24 15.870.70 53.70+1.84" 93.62+4.26
1.9.53 604.00+66.45 15.95+0.69 53.91+1.88" 93.8144.25
n.9. 53 608.33+66.50 16.13+0.69 54.08+1.89" 93.96+4.26
a.0.53 613.3366.64 16.23+0.68 54.26+1.92" 94.10+4.22
n.4. 53 620.0069.15 16.28+0.69 54.43+1.94" 94.27+4.17
A.n.53  659.33+100.94 16.370.69 54.59+1.98" 94.38+4.16
anuuanaegaliiedmanylunedindiifennu (P < 0.05) naaialesnysaany



4.00 - -— 0.70
- 0.60
3.00 + 1L 050
< -— 0.40
é 200 -+
-— 030
100 -+ -— 0.20
-— 0.10
0.00 I I t—— I t—— I I 1 0.00
Wy 52 A WA S3 AN flﬂ Wy WA N nea an Ny AR
A
Iou
=<+%+-RNA =& protein

53

Protein

MNN 14 ANUFURUTVDT18 RNA (ug ¢) 1az1/Suat protein (mg ¢ ') v090871U11

v Y 9
9 Chamberlainia hainesiana Mavlulioau mumﬁaquﬁﬁ]mau 2552 DupoU

v v

@AY 2553 ANUUANANBENITd ATy

Yy v o {1 o
(P <0.05) LAAIAIIAIDAYITNANAY

4.00 — R —  25.00
de cde
350 -+ X d
-+ 2000
3.00 +
2.50 L 1500
<200 —+
Z
50 -+ 4+ 1000
1.00 —+
+ 5.00
0.50 -+
0.00 i I i i i I I i I i i 0.00
W8 52 A UAS3 DN ilﬂ ey NA flf] A an Ny AR
=
G

—=a& = RNA

—&— Trypsin specific acitivity

Trypsin-like specific activity

MNA 15 ANNTURUTUILTIN RNA (ng g_l) 1A trypsin-like enzyme (umol p-nitroaniline

9 H 4 1
produced h”' mg protein') Y044O8NUNIIA Chamberlainia hainesiana Naseluiie

9
au ﬂdllﬂlﬁﬂuWQﬁ%ﬂ1ﬂu 2552 ﬁuﬁauqmﬂn 2553 ANULANABYIINY

(P < 0.05) LAAIAIBAIOAYINA1INU

o (%

RN

9



10

RNA/protein ratio
(@)

Wy 52 5A WA S3 AN

=~
un Y NA

A
SLRR!

=—H— RNA/protein === Trypsin specific acitivity

25

20

15

10

Trypsin-like specific activity

54

M 16 ANUTURUTURILS 1 RNA/protein ratio (pg mg-l) 1A trypsin-like enzyme (pmol

9
p-nitroaniline produced h 1 mg proteinl) VOINOUNUWIIA Chamberlainia hainesiana

v Y Y
M luliedu AwuAABUNYATNIOU 2552 DUADUAAIAY 2553 ANULANAIIOEINT]

v o

1Y 9 v @ {1 @
HITIAY (P < 0.05) HEAIAIEAIONHITNA1NY

{ o a £ 212 £ b ' o & & d
M1 9 duilseanTandunusveuiesdu () LaaImIANNENNUTTEHIN trypsin-like

b4
o

enzyme AUYUIAYBIYOINTUYIA Chamberlainia hainesiana

LIy
HINUN

AN ANUHU AMNY
(NSW) (Haawas) (Haawas) (HUAUAT)
Trypsin-like enzyme -0.150 -0.144 0277 0275

“P<0.01
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dA o d S
7. MSaNWBAATUNUEVO C. hainesiana mafinarg 31 5 hounidasluoauluse

v d v Y 1

razANNFNWHSveIMIa  awadd U UTadudud1ag

Q

Y IA v J . . A A dy 1A ~
7.1 MIATNFAATUNUFUDN C. hainesiana mmuamaaﬂuumuiumuﬂ

A o o F A o Y 9 4
mamﬂlmmmmﬂmﬂazaimmaaﬁuwuﬁmmn@maimam@amaﬁu BRIRFRY
' N @ & a v d A =2 .
LU @ UNUGINANGUDN C. hainesiana "lmﬂuﬁzaz f19 1mmature oocyte ¥ 1mmature
[~ ] 2 o
oocyte @1315a0U0TY 2 520Ld08 (immature oocyte I 1A I1) 1A maturing oocyte 1 Hatilu
Ay 1 oa A 3 A = ) 'Y
5$EJ$VIll‘llLﬁ]iiylﬂ'0‘1Jm1ﬂ/l ™mnn 17) Tﬂfl immature oocyte I WUNINNINTDYAL 99.85 UBDINN
A Y o A A Y P A A
moUAaDANIY (M1519N10) HIFUATUFUINANRAY 40.6 +5.1 "lﬂmmm TONANNINBDISYS
. A Y P a ¥ a YA
immature oocyte II HIFUNIUAUINANIRAY 103.34£17.0 ulJJTﬂilllﬁi nunaeaNIteniumou
NINHNIAN LASTSYS maturing oocyte I WULQW']%L&@MWQ?{?]ﬂ"IEJu UNIIAN LazA U TﬂEJ

A 1 ld‘ =) d' 1 % d‘
l,ﬂﬂ‘IJilﬂi"lﬂil‘W']JIlﬂlﬂlu1ﬂ1ﬁﬂlyﬂq’ﬂuﬂ1mﬁﬂm1ﬂﬂ 305.5+191.4 IlllIﬂiHJﬁi (®ITNN 11) ("N

718)

v

NN 17 adauiusInenlos ey immature oocyte I (A), immature oocyte II (B) LLag

E]

maturing oocyte I (C)
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Wy 52 IR UAS3 AN

A we e

&
Ao

Y v 2 2 o @ h 5
canﬁ 18 56ﬂazmuauwaaﬁuwu‘gmmﬁﬂizﬂz maturing OOCthI"U@QW@fJﬂ’I‘Uu'I%‘ﬂ

Y 9
Chamberlainia hainesiana /ag41u1pAY AUARDUNYAINIOY 2552 DuRDUAAIAY

2553

a Y o IA
M1319N 10 Fp8asUIULYAATD

S RIA A

v J 1

9

Y
199 lusevilvesrosn1uinde Chamberlainia

v Y
hainesiana Wellioe 1y 31 5 1@ou Midesluliodn seunudoungAINIeY 2552 D9

AAAY 2553

9 o = v d
b iaﬂazmmuwaaﬁuwug
DU
immature oocyte | immature oocyte II maturing egg
noAINIGU 99.89 0.09 0.02
UNIIAY 99.85 0.02 0.12
Huaw 99.94 0.06 0.00
NOHNIAN 99.93 0.07 0.00
NINGIAN 100.00 0.00 0.00
AU 99.88 0.10 0.02
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v d

4 2 ! ! ¥
M519i 11 vnaveuraadunusmasszeza1es lusevll veswesn w1 Chamberlainia

Q
4

hainesiana MedieNaosluLioAy sz NURDUNGATNIEU 2552 DI Aa1AY 2553

= v ¢ A '
. YNAVOAFAAAUNUFIRAY TUIZeA199 (LUm)
R
immature oocyte | immature oocyte Il maturing egg

NYAINIIU 39.8+4.3 104.48.0 190+0.00
UNIIAY 39.8+£2.7 120+0.00 305.5+£191.4
TIREHT 38.446.5 76.9+0.00 -
NHENIAY 44.8+7.1 96.3+0.00 -
NINYINY 35.9+0.8 - -
QIYERLAY! 44.9+1.8 119.112.7 220+42.4

o o & ¥ IA o o . A A o =
7.2 ANNANNUTYDINIATNEAAAUNUGVOI C. hainesiana WelenuNIlagu
1aueaNINT T trypsin-like enzyme 13118 RNA taz1/5u181 protein

a

o 1 1 o v o
msa%’mmaﬁﬁuwuﬁmmﬁﬂszﬂzmm WUNUANUTURUTOY NINTTUVOI

v J

trypsin-like enzyme U3118¢ RNA ttaz /5118 protein ﬁwu“luai”mza%’nwaa‘{ﬁuwuﬁﬂJ'eNLWﬁ
e C. hainesiana 5$MNUABUNYATINIGU 2552 D3 aIAN 2553 IIUBATAUNUFIZ 08
maturing oocyte I ﬁwu“lmﬁaqua%mﬂu UNIIAN HazAUeIsU TAaNUFuRUT VT
ATINUNINTTUVDI trypsin-like enzyme (+ = 0.812, P < 0.01) 4aZNINTIVVOA trypsin-like
enzyme AMNANRUTIUUITHNAY RNA/protein ratio (+ = -0.339, P < 0.01) (MW 18)
Fm5u1/Tna protein HANUFUWUTHUVUYsHARUAUMTa319 V5282 immature oocyte I (=

-0.533, P <0.01) 1482 immature oocyte Il (» =-0.517, P < 0.01)
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Soefaz 0.02 Seuaz .02 =
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Wo52 A WAS3 AW WA WM WA WY NA @A ng  An
A
IoU

=—H— RNA/protein === Trypsin specific acitivity

v =

H ° 7. . a3 {
MW 19 FosazuiuadauWuTinaleosLes maturing oocyte I NUMTIasuL/aaveg

q

trypsin-like enzyme (umol p-nitroaniline produced h' mg proteinl) 118y RNA/protein

v ¥ 1T Aa g’/ J
ratio (ug mg 1) VOINBINUUIA Chamberlainia hainesiana a1 1ulpAN ALA
oungAINeu 2552 HufougaIAy 2553

v

v o [ ¥
7.3 ﬂ'ﬂi]ﬁ'llWl!‘ﬁ‘lJfNﬂTiﬁ%TQL“BﬁﬁﬁUWﬂ‘ﬁﬂlﬂﬂ C. hainesiana LWﬂLﬁﬂﬂUﬂmﬂWWUW

Q

v Y v v
a o a

90’ dl [ 9 1T A S A = 9 1
AuniNa19ia lannteduiidesesaaeansil laun gavigiii guwigil
a a { %’ o I 1 a
21017 Wox USuimvondaunazaleluiii nigir il awduais Ysuim
4 Ia r'd =y 1
amsvoulasonlandasy Tuwsn Tu'lasn uazdSurawen Tudie TuTasau danuuanai

1 90’ ) 1 v
AU (P <0.05) mummnizﬁ’wwmm'luﬁmwmmnmaﬂu (P>0.05)

o J v J . o v J @
mmu%}ﬂﬂammLﬁﬁaaﬁuwu’qizﬂz immature oocyte I nanuduWusuuuusHu

a ¥ o J

mqﬁ’uqmwﬂnm (r=0.661, P<0.05) qmwgﬁmmﬁ (r=0.690, P < 0.05) 4azNANUTUNUT

U

U SHARUN VN (+ = -0.766, P < 0.01)

° J. o . v o d o

mmu%’aaazmaaﬁuwmﬁwz immature oocyte II UANUTUNUTHU UMY TAUATS
@ 3 1 =\ @ Y4
AUAMUIUAN (- = 0.683, P < 0.05) luasn (r =-0.676, P < 0.01) agUANUAUNUTUUU

wls wadunulSnamiueulaoen lsaoass (-=-0.736, P<0.01)



59

o 4 . o v 7
Tundosazvemad dUWUE 5202 maturing oocyte T HANNFUWUTHUDIATHA
v
AuNUgUUIL (- = -0.777, P < 0.01) guugieIna (- = -0.657, P < 0.05) M3 luih

(r=-0.799, P < 0.01) wazifsuaeengwunazarsluii (- =-0.867, P < 0.01) (a1319% 12)
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/ o a £ v o & 7 o ' o o o ] Y o
ﬂ131\1‘ﬁ 12 ﬁﬂﬂigﬁ‘ﬂ‘ﬁﬁ‘ﬂﬁﬂwu‘ﬁﬂlﬁ]ﬂlﬁﬂﬁﬁu (r) HEAIAANUAUNUTICUINAUNWUINY

o J o J 3
%’aaazmmumaaﬁuwu‘gmawaﬂmum%ﬂ Chamberlainia hainesiana

Parameter Oocyte stage

immature oocyte | immature oocyte I  maturing oocyte I
auvgiith 0.611% 0.309 -0.777%*
(DA ALTH)
gUNYIRINIA 0.690% 0.306 -0.657*
(DAY ALTH)
s Tnlvh 0.565 0.453 -0.799%*
(ms/cm)
BaeenFuiiazais -0.216 0.469 -0.867%*
Tk
(mg/L)
Aoy -0.716** 0.-329 0.239
anuuang -0.007 0.683* -0.410
(ppm CaCO,)
ANMUNTLAN -0.330 0.414 -0.184
(ppm CaCO,)
Ysuansueulaeen lud -0.076 -0.726%* 0.193
GLEE
(ppm CO,)
Tumsn -0.087 0.676* -0.380
(ppm NO,-N)
Tu'lasn 0.432 0.213 -0.061
(ppm NO,-N)
wouTudieluInsau 0.176 0.059 0.422
(ppm NH,-N)

"P<0.05,  P<0.01
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1. paanyayve ey 143idoee1¥13910 C. hainesiana 01¢ 14 1o
o 4
1.1 auanyuzvouou lxioz luad

9 [
gUnvvveses luaaiinuedaes luaa wunaasionssugegaiiies 6 Hnia

q

~

a S o a { o A =
oz luaaueaasfonssuiiiey 7 uazuoan laves luaduaasnanssuniies 8 Wednun
nanssuveses lumaluanzulasunilasgumngi 20-80 oeruwaidod wues lumedudaag

NINITNGIGANYUNYI 40 AN

a =) d' 49! v [ 1 1 a o a

nanssuvedey lwaaimsiasundasiunuiedenie (¥u Hden13AueInls

o a a [ 1
(152N, 2536) 520233 YAL e (Thongprajukaew ef al., 2010) LAZANULANANTL I

' ] { ) [ a
IWF (Areckijseree et al., 2004) 8814 15N Az AmIzaNd S UANEININITTUVEIEY 1N
v & o A . A A a = = A
1aa S$8ZANANIBVOI C. hainesiana AOWOY 6 QUM 40 DIFUTATIT nFoUMoUAVTAIN
) d’ 1T A o 1 =) % d' a v 1
FiadunuNTanyuzsufeInues luaanwuluimiaes luealunosunasg Myrilus
chilensis) FIAAININTTUTUNIZGIFAIUFNNOY 6-7 LAZgUNYN 30-40 DI UFAITOA
(Fernandez et al., 2001) LGﬁmﬁﬂaﬁuﬁm%“aazllmaaﬁwu“luﬂ“ Scylla serrata (Pavasovic et al.,
[ gi d’ o Y (] = [] = o @

2004) aarueg lwaanvanulaalusisiitor 6-7 10 C hainesiana virvvglivnumdinguag

I J o 1 4 o o A o o
Hueulmivanlunsgesarsermsdszanas lulaasa dmsvannzimuneaudvsy

v ?:’ a 4 1 Aa o {
Anwies luaaludadiiyiiadu vy uedaes luaaihaulaanfitey 4.5-5 1u Redfish
Y
(Sebastes entella) (Munilla-Moran and Saborido-Rey, 1996) Hansaey lumaluvesnuiine
(H. bialatus) W11 1daN 0% 7 gungil 40 03siwaiBoe (Supannapong ef al., 2008) LLAZIDA
4 [ o { a

alavog luaaludaina (Betta splendens) raul@aniiey 8 guwngil 50 perusaIGHod

(Thongprajukaew et al., 2010)
@ o a
12 auansuzvovou lai TisAwd
a o a a 7 1A Y
W“]Jﬂ%ﬂiillﬁ]’l!,W'lgg\if,j@m@\‘]ll@ﬁﬂjﬂiﬁ!,’f]ffcl,u C. hainesiana MUY BURAYINU

v H 1 1
NOIMUUIIA H.  bialatus MNUBAATUIAalUATZINIZDIMITTINADNEDD1HT 1ASLAA

a o A A A 4 a = Aa A ] Y A
NINTINTUMIZGIganiiey 5 (U519ANNE, 2548) Tilsaeaaziillsz@nsmnmsedoslaa e
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3001910 UNI 125 19 azocasein W UFVAINTNG azocasein Wi ¥ FUaaINIUNIEE NSV
a a a % I a a .
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% I i o A a { o ] ) X o {
Harrd, 1993) 01l uaungnvirldnanssuveslisaeanialdnoudied Fedr 1sduaasniil
o [ a [ a o Y v Aa o a 9
aNuIumizae llsawaudazsiia 91wz I ausaaslatananssusuwizved ldsaea la
v X
Faruyy
dyd 1 = [ o’% a d' [
msnaassillinnuuanalgninmsan ludadiisiaou wu Tularaneny
(Helicophagus leptorhynchus) MU TU5ALAILLAAININTTNTUNIZGIgANNOYT 9 NNIZBY
a a o 3',, =K A 9 4 a I d @ o [ v
mM3syan Ia aaiudede laaweanm lad Isaeailweu lsivdnd mSumsdesaisons
= @ a a dal @ 4 ~ .
szt Tlsaulunnszaumans yvoslawiiall @UnmMuA, 2550) vazh Simpson  (2000)
] P2 Aa ) a o ' ~
s1e91u7mean lailUsaedvesar Taena ludasianssusumzgalusaedies 8-10
yuztodallsAodInNnIziNizo1MIsHaaInINgsus Uz g lug oy 2-4
1 . 1 Fal A A o o 9 I
@1 Castillo-Yanez er al. (2004) 51891u730u lyiigos Tilsaunanaaindr ldvesaransau

'
Yo

Sardinops sagax caerulae HEPININTTNTUNIZ A INNOY 10 azudAININTTUTUNIE IAAT

[

P2 A { o ] P X J a 3
e 3 upaa lav llsaeanananar ldanvealariia 0. niloticus Fuilutlarpuisnglu
[ = o (% A Qd’ 1 a o d’d
uriad TsAugad s uNYEe Ui yiaz 9N aUADNISHAAININTTUTUNIZNNID Y
a = ~ 4 a o 9 ]
8 UHAN 50 DIFIFATYE (Bezerra ef al., 2005) yizioan lau lsawaaind1 lduazauy
9
gouv09la192 190111 aNIDUAAININTTUT UM IANIAN1IZNIATDY 2-3 LAz a1 IZILUaAN
PF 12 @IUeaa 1UsALannIZNIZoIMITUNFNHUIZAUADMITUAAININTTUIUNIL
. ] =S % = a dy a A
1seuna 1-2 (Natalia er al, 2004) 1¥WaeInUNSANEI NI IAUIND 3 ¥UA AD Sebastes
mentella, Sparus aurata WO Scophthalmus maximus wuldsaealunseimizovisueaag
nanssusumizNiey 2 uazuaasnanssuiumiz ldgeifioy 9.5-10 (Munilla-Moran and
Saborido-Rey, 1996) fitoyNnnzauaomsuaasnnisusumizuesllsawalune Pleoticus

muelleri ¥A1 1523190 7.5-8 (Gimenez et al., 2001)
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