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Thasanee Nonwachai 2012: Effects of Dissolved Oxygen, Ammonia and pH Levels on Feed Intake,
Growth, Survival, Non-Specific Immune Characteristic of Pacific White Shrimp (Litopenaeus vannamei)
and Challenged with Vibrio harveyi. Doctor of Philosophy (Fisheries Science), Major Field:

Fisheries Science, Department of Fishery Biology. Thesis Advisor: Associate Professor

Chalor Limsuwan, Ph.D. 129 pages.

A study on the effects of dissolved oxygen (DO), ammonia (NH,) and pH levels on feed intake, growth,
survival and immune response of Pacific white shrimp (Lifopenaeus vannamei) was conducted under laboratory
conditions. For feed intake study, 10 shrimp (6-8 g) were reared in 100-liter aquaria (salinity 25 parts per thousand, 29+1
OC), 30 shrimp (6-8 g) were reared in 500-liter tanks for growth, survival and immune parameter study. Shrimp were fed
a commercial feed four times daily for the period of 60 days. Two experiments were studied, first experiment was
conducted at three DO levels of above 4 mg/l (treatment 1), 2-4 mg/1 (treatment 2), and less than 2 mg/1 (treatment 3)
with three replicates/treatment. Results showed that shrimp in the treatment 3 had the highest leftover feed after 30
minutes of feeding at 73.31+3.65% which was statistically significantly different (p<0.05) from treatment 1
(2.60+3.31%) and 2 (13.2245.67%). After 60 days, the shrimp in treatment 1 had an average body weight (28.16 +2.77
2) which was significantly higher (p<0.05) than those of treatment 2 (25.01£1.81 g) and treatment 3 (25.90 +2.51 g).
Survival rate of shrimp reared in treatment 1 and 2 range from 92.22-81.11% which was significantly higher (p<0.05)
than treatment 3 (56.67%). The immune parameters including total hemocyte count, percentage phagocytosis,
bactericidal activity, phenoloxidase activity, superoxide dismutase activity from treatment 1 and 2 were significantly
higher (p<0.05) than treatment 3. Shrimp in treatment 1 and 2 had bactericidal activity at the serum dilution of 1:8 while
shrimp in treatment 3 had it at the dilution of 1:4. Shrimp in treatment 1 had the highest survival rate at 53.33+0.58 %
after experimental challenge with Vibrio harveyi but not significantly different (p>0.05) from the shrimp in treatment 2.
The second experiment was carried out at three DO levels (above 4, 2-4 and less than 2 mg/l) and total ammonia
maintained at 3 mg/1 at pH levels of 7.5 and 8.5 respectively with three replicates/treatment. Shrimp with DO less than 2
mg/l at pH 8.5 had highest leftover feed after 30 minutes of feeding (73.38+1.90%) with no statistically significant
difference of DO less than 2 mg/1 at pH 7.5 (73.09+1.44%) but significantly different from the treatment reared in DO 2-
4 mg/l and higher than 4 mg/1 at both pH levels 7.5 and 8.5. Shrimp in treatment that contained DO above 4 mg/1 at pH
7.5 had highest average body weight (25.3440.80 g) with no statistically significant difference from the treatment with
DO above 4 mg/l at pH 8.5 (25.07+0.82 g) but significantly different from other treatments. Shrimp reared in treatment
with DO above 4 mg/l at pH 7.5 had highest survival rate at 93.33+3.33% with no statistically significant difference of
DO above 4 mg/l at pH 8.5 but significantly higher (p<0.05) than treatment that was in DO 2-4 and less than 2 mg/1 at
both pH levels 7.5 and 8.5 respectively and showed the survival rate from 78.89 to 50.00%. The immune parameters
including total hemocyte count, percentage phagocytosis, bactericidal activity, phenoloxidase activity, superoxide
dismutase activity were significantly higher (P<0.05) in treatment with DO above 4 and 2-4 mg/1 at both pH levels 7.5
and 8.5 than treatment with DO less than 2 mg/1 at both pH levels 7.5 and 8.5. Shrimp of treatment that DO less than 2
mg/1 at both pH levels had bactericidal activity at the serum dilution of 1:4 while shrimp in other treatments had the
dilution of 1:8. Shrimp in treatment that DO more than 4 mg/1 at both pH levels 7.5 and 8.5 had the highest survival rate
(43.33+0.58%) after experimental challenge with V. harveyi with no significantly different (p>0.05) from the shrimp of
treatment that DO 2-4 mg/1 at both pH levels 7.5 and 8.5 (40.00:1.00 and 36.67+0.58%) but significantly higher
(p<0.05) than treatment with DO less than 2 mg/I at both pH levels 7.5 and 8.5. This study indicated that dissolved
oxygen had more effects on feed intake, growth, survival and immune response of Litopenaeus vannamei than ammonia
and pH levels of 7.5-8.5.
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) Qq
Y Y

o o =~ Y a ' & a 9 Yy A A
HIA (24:|:1 ag 261 ENﬁWD’ﬁLG]SEJ?f) fNﬂl.!’é]1W151uLlﬁa$Nﬂiuﬂin1mu®Elﬂ’ﬂfN‘VlLaEN‘ﬂ

Y
a o

4
Qﬂ!’l"iﬂ“ﬁ 30+1, 3241 Hae 34+1 ’E'J\i‘f”f%“]fﬁl“?)’ﬂﬁuﬂﬂﬂWﬂﬁ@mﬁﬂMﬂl@ﬁuWﬁﬂﬁﬁNﬁ@lﬂﬂﬂﬂﬂ!

U

v Y ] Y 4 9
pondlauiiazateiinaie Taoiloguugiveniigeiulsuiasendiauazaieilezanas

9

= o

udsiinah ldasiulszinanais q 1wu erivadagisuas Tanemin
E4 9 9

= I a =2 v Ao 1 1 Y =< ] A 9
mmnuﬂuwm;mmmmmu 1/]\11!6\1%8611’38!,3Qiﬁilﬂ']ﬁﬂﬂ“]fﬂllﬁ&ﬂ'lﬁlw\ﬁﬂi%‘fl"lﬂ"’ll’f)x‘lﬁWﬁW‘HHﬂ
Y

E4 v
UBNIINHYUHYUNGY
11 Y3 o = A a < . . o A 4
d5emelais nazezir lduen TuielugUnduiy (un-ionized ammonia) HAn@INLINTU

(Boyd, 1982)

9 4

{ a 1 ¢ =2 U
a1sdsznou lulasnuniduisaenaldun vonTudlonaz lu'lasi dawnaues
g} 1 1 a o § 1
astsznonluTlasnulnhdiulvgnanasdunsd $aunnnnssUIumMIsosaaIsue ey
A A J A A v a = 2A a a2 d 4
911 MHd0 unanAUNA1Y IANNNTIINGR Az @150 UN3 00U 9 Taegaunsd ua,
1 ~ 1 1 g’ d'd a S A o a Qy G
UavsuonTudivosnuguranil luanzidieongnunuaiGesiman luas lWdwuaiise
{ I J o w a
(nitrifying bacteria) 3zttasunen T Tl u lulasiuas luasnaudrdu (vae taznsias,

2547)
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v Y
wonTuilailumsilsznen ulasnuiduiivaeduwazdaiiihou q enduuwasd
A AA Aq Y A d J A Y
aouipuazuuaienlduouTuiaduems Taounasiaouiirez 14 lulasouluglves

=\

[ 9 v
uonTuiionaz luasn (Patrick, 1977) wow Tudieiwuegluid 2 suuuy Taun ueuTudle
v I a . . . bR 13 A 1w (oy A Ay @
uAnA N udOU (ionize ammonia; NH, ) 9 liitlunivasdaiiiwazuen Tudlon lunandd
I a . . . t g a 4 qgj J { [
1111800 (un-ionize ammonia; NH,) Fuilunisasdad o Tutenaesgivznlaounay i
[ 492} IBY 1A a 1 T A I 1 v d A A
NAUMAURENUMNIRSLAZ QUK YN AT NUNAMNRFITaIHanaMsuand uuuey Tutien
] v I Aa ' a A A~ @ 1 A A 1
Tuuandniludeouuinningumgil (Boyd, 1989) Av ol rgdaidiuvewon Tuiedn |
v I a 4?} o 9 I A 1w e’g} A 421 ~ = g} d? o
uandutludeauIz g M lnanuiluiydeda Bininuuy msnuen Tt luthgayuogi
YY o 1 N yyy ' 9 Y a ~ A A A o q 9
Tansvuoeuon Tuile latosas neldinamsazauuey Tuiisludoauazitiowe i1l
~ A A 4 = ' o 7 = o q ¥ 9 a
forvoudoanuTuazinagomsinuveseu 14l wen Tutszildmsldesngauves
i’ | £ J_ o A ! 2 Y !
1H10IB0ITY TAgaznNaIemIBnIasANNAINIT0 IUNMTVUAI0DNEIIY NI DDULDLAL
A 43’ Y 19y g’dd ~ a A o I A A dgl 1 Y
Ao 15a Idd1e uadnihilifranas wen Tudlsudoouszlionndunmuuniu dawald

9
a =

IS a 1w (3/ A IS a ~ Y
mmu,ﬂuwymﬁmma@m Lll’E']Qﬂ!ﬁﬂm:,f\‘iGUL!ﬂ’JHJL‘]JL!‘W‘HGU’E]Qllﬂhimuﬂﬂzqwnllblﬂ@’JEJ

U

4 1 I~ a < ] A Ao
(Boyd, 1982) tazillamiiteyanas aAnuilunsveson Tudionizanas seauuen Tudisnm

TieTadnegszning 0.1-0.4 Haansusoans uanieglugie 0.4-2.0 Haansuseans vzl
v U

Jd o o o A A ) o dy 4 A 19 1
TAIUINY Iﬂﬂﬂ’)klﬂizwﬂll,@llIllluEJ‘i/]‘]Jﬂ'é)ﬂﬂEl’(?f'l‘ﬁ‘i‘]Jﬂ'lﬁmENfNﬂ')iiJﬂ'lu@ﬂﬂ')'l 0.1

(% )

Haaniumeans (Brock and Main, 1994)

o 3 2L a ~ a =4 o
lulasidluasisznonlulasnugluuviiaiannmsiasounidandiag
Q/ A tﬂy ' ] Aa A [ 1 1 Y I
uazRuauINulegndesaats Tasuuaiiisenodeod luszrineymanznouliitlusig
A 1 (] o I 9 [ a a A A o o
2113 NYA4 9 TasnszuIumsessaalssuiludesedelSuasendaundisane §115
[l 1 Y a A dgl 9 4 4 o Y1
AszUIUMIgoaaene lnamMsmuTuveImMEasuau laoen lyauazi limiioranas
[ = o Y a ~A & o T v o 9 Aa o ] = a
msdosaate TUsauim linareu Tutleguiusuniteaedaitazdiusnaainainiiosndau
[ < a Aaana [ 4
ieaneonaziuuaiiEelunqu nitifying bacteria no1malRnsenae 1u1d lu lasiuag luasn
an 1% .. . & & =
(M1FNF, 2548) NTZUIUMT IUATTATY (nitrification) Fuilunszurumsulsanmuey Tuiie
I 4 o o o a d A A
Tt Tulasiuag lumsnawd iy Tasmsihauvesgaunsd (3nen, 2526; tiuwu, 2528;
& dy = 9 o .. . £
Alexander, 1961) $NTZUIUNTUILINYIVDINVNILUIUNIT amminization FUYUNTSUIUMS

a A d

A = o A o .
fmsdszneuTisAuazamedi Ao anaauns dessaaetluaslsznon luTnsUNIA amino

U Q

=

1 ~ < . a . . =
compound @14 ¢ tag luNgaaziiluely (amine) HazNIAOU 11 (amino acid) DANTEUIUNT

d! dl d' 9) @ A . . d! = 1 d‘ . . .
UUINNYIVDINUAD NTSUVIUNTT ammonification FUNANDIUDIVIN amminization
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a { 2 3 s o
msszaeunineiiursonsassil Iuazasuiluiluuen Tuils upaneasauaznadau

a ~ a dy £ & a
(NN, 2526) ﬂ"lil!‘]_lﬁﬁﬂTWLL@llTMu ﬂ%glﬂﬂﬂlujﬂﬂ enzymatic oxidation FUTUNINTTUVDY

9
IS) o

Coep .%o { a
nitrifying bacteria FUtunInndosmseendau nszuiumsudlsanmaziod 2 Tuneu fe

bl

9
%

Tunoufl 1 NH, v5e NH, wzgnoond ladiilululasid
Enzymatic

2NH, +30, — 2NO, +2H,0 + 4H + WA
oxidation

A A Y v ~

SER NI ﬂﬁgﬁmmmﬂumgmumiu"lxs‘?fuﬂ' Nitrosomonas, Nitrosococcus

A 1
Tupeud 2 Tulasivzgnoend ladiiiulunsm

Enzymatic

NO, +0, e 2NO, + WY

oxidation

=

nuARGeNNe e 1aUn Nitrobacter

Y
1 o o w 1 a a 4 a
Twasnluunanilianuddgaemsaiayaulavowmnasnaouny Usuiw
= 1 dyd o a oo 1 g’ 9 1 dl 9
TugsndeeninsnuaBBIMhaIman (productivity) voaunaei1la unasiunves huasnldun
any o A A . 3 =
1NNIZUIUMS luas gy Tasunniiae Nivobacter sp. WonnIn luasnazilusigenisi
o W [ 4 @ o W
didgylunisauguaszuiumsduasiziuasvesiisuds luasndsfunuimdidylu
[l a A Y A < v v ag o v w
N3ZUIUMITosda18eToUNIIonA18 e n lumsmiludrsvaianaseuludraudaaun
v Y [
nneendnutazinnudidguinluszauauiinmsunsnFuvesoongouniniinegiviio
4 4 ]
srauiueugnfa eliumeendnuanataunounua uuaiizelungy Pseudomonas,
o 1 a -4
Moraxella, Spirillum, Thiobacillus \\0& Bacillus ilz‘l/nmiEJEJElﬁmﬁlﬁ“l’iﬁ)uﬂfj‘ﬂﬁilﬂﬂizﬂ’Jumi
= an v .. . dy a 2// Ja a 4 a o
A lua3iady (denitrification) Tasnszurumstozinamwiz luguing q 1drau Feegaanu

k4
%

{ a 9 [
FUNNOONFAUAUUY (VITUA, 2548) AIAUNIT

4NO, + 5CH,O (organic matter) + 4H° ~ —— 2N, + 5CO, + 7H,0
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a S 1 A A 9 a A a = J
ﬁ’1iﬂu1fliﬂi]$ﬂﬂfJfJEJﬁaWEJTﬂEJLL‘Uﬂ“VILiEJ‘VIGlclf’f)@ﬂ“mfﬂu%Wﬂqulﬂiﬂlﬂaﬂuﬁﬁﬂuﬂiﬂ

U

=< o

Y v Y
Tlfumsveulavenled iwaziialulasnu s lulasnuignadniivezgnildosg

b4
o A

1 4 4 o Aaaa [ 3 o - Aaan dy
Usseme dauasveu laeen lyavzinlgnserduiuaadulumsvea (HCO,) Yjisenil

wilianuiunsavesdnanad (Boyd, 1995)

Tuannzi ifieendnunuaiiSouasiaaunsolddamlanazarslsenon

@ 4 P2 I v v ad AR 9 ] 4 =

Faosoon lsaou q Wudrsudianasoulunszuaumsmaedduaz lanindga lldosnin &9

#a lidifuseouiuandlegluanngiauqanulalasnuda iadgadimieniudisimua

nalidazeglugileTasnudalid (1) lolasda lidoeou @HS) 3o ludalidseou (8%
' v

dalWdfiunsaedafiingegluglveslalasnudaluanionaluni Taviiszduaa

a o 1

Yy 9 [l 1 a a [ P Yy 9 Aa Aa o 1 A
!ﬂli]"lluflglslu%ﬁ\? 0.01-0.05 waansunoansd "laiml,i]wm"lwﬂwmmmmu 1.3 Yaaniuaoans

= o vy Aa [ < @ A
%11Wawﬂwmmﬂmmi%mﬂuemwmuazﬂzmﬂiumqﬂ (quNsg, 2535)

ay v

5. szuugiguNUIsAve NI Uy

Q

9 < @ o'gl A 1A @ v o [ 1 =
fN“ll'l'Jl!'Ju‘lHUllIHJuﬁ@]']u’lﬂhlﬂﬂﬂﬁgﬂﬂﬁuﬁﬁﬂ ﬂ@@giuﬂq&l arthropod Iguy

agy o 1o . . I AY o AA 1o A
Quﬂuﬂmmﬂmmmw (non-specific immune response)LﬂuizﬁJUQMﬂMﬂuﬂiJlﬂl,!,G]ﬂulm

E4

Y [

(Bachére et al., 2000) Tagaz lifimsaovaussuarmsas a5z endi weuaUen (antibody)
A a a . B a A = A
#3001y IuInayau (immnoglobulin) (AIM3 LAzANY, 2543 9) 1H10INNTSVUNYUIBUIADA
Y I a . . . 9 o T A
o3 uTlusVUIA (open circulatory system) (Soderhill et al., 1996) Jsznoualeriale uoauaon

Y k4 Y
waziuraes tden1ntialeeg Ivarn ldluueuden a1niuee Inaliidesdrun1e 9 vos
1 [ < 1 { o 1
5198 o3z lumsadiadiaiden (58031 hematopoietic  tissue WUAR MM UIA U UUVDS
Aa 1 dy A A Y a Y v =
NTMIZ01T tag Iauuuay wusgiuga o meluiiemomeiy tazusnalnanuusuasa
2 ' @ 3 ¢ 2 3
ndeaniussmmsvou () Tulasu (N) lalasou 1) damles (S) nazaetles (Cu) 1ilu
s Ao o ' s o Yo A Y aad a J a Y A v A
paA1lszneundingy Tasussimaotles Mlwrindeavesndidiney linindeaniiseniagh
[ 4 ! [ . .
A lumsuana)asuna Ao hemocyanin (Ratcliffe et al, 1985) laedillszanas 60-95
/3 J9 o oA o . L~ 4 o 9
osisua luinaeaiianua (Djangmah, 1970) FI9zUMIasuUYaINUINE VUIAVDIAIN
11A2995NTAONATIUVDIAING (Chen and Cheng, 1993) Addinalnmsilesiuauosninds

A A Y a 3 A 3 s 2y o A
wilanlasunseaungnnelinalsn Tasanean] ugudnaamsaouaueIN NN UN
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o o a a I I oy { 4 1 ]
any Lﬂﬂﬁ]'lﬂﬂﬂﬂﬁﬁ?ﬁl'ﬂ\ilcﬁaaL?Jﬂla’f)ﬂ m!ﬁ@ﬂ meﬁmﬁamﬂ@] Glmnmﬂ (Soderhill and

. =& 1 I A
Cerenius, 1992) mmmmumaamﬂu 2 ﬂaulﬂ o
5.1 ﬂahlﬂmi‘ﬂ6QﬁuﬁlL!L@ﬂﬂﬁliﬂiﬁﬁ%}NmﬂuﬂﬂmﬂﬁNmfl (external defence mechanism)

[ I
ﬁﬁﬁiﬂﬂﬁ%ﬁlﬂlﬁﬂwuﬂﬂ (exoskeleton structure) 1WUAISNIN chitin 1AL chitosan
a 4 4 1 U s o 1
TagusnatiioenisldInssaselnaquinisonit ulaen szliwaanimdnlumsadees
A . A & o Y > o ~
1N (mucopolysaccharide Y139 mucous) waznasasdudansiiauvesen la Tusiea
I 9 9 [ 1

(protease inhibitor) Ner3 19 InFene 13a1d uenanilluvagiiniaennstu (molting) 1o

Aa a Yy o w a a A o 9 [ A
ianIa Aunzannsodsanindsdausnarimesn linwdeutuaswiaensenl
5.2 ﬂallﬂmiﬂmﬁummmﬂu5'Nmﬂ (internal defence mechanism)

A4 4 A A R v ¥ a
Lmﬂﬁﬂllﬂaﬂﬂaﬂuﬁiﬁ)ﬂfﬂﬂﬂiiﬂﬁ'lﬂ']iﬂl"lnﬁi']\iﬂ']ﬂvlﬂ fl\?ﬂgllﬂ']iﬁﬂﬂﬁu@\i

malusiene 2 521w Ao
a Y] 1 ] 4 o 4
5.2.1 'izuuguéjuﬂuﬁmﬁm%aa (cellular defence mechanism) N1TNNIUVBDILLEAR
: A o 2 A & Y 1 sd A A~
!.llma@ﬂGlUﬂWﬁﬂWa'lfJﬁQ!LﬂﬂﬂﬂaﬂiJﬁiEJLG]S’t’Jﬂ@IiﬂﬁTNWiﬂHﬂ’fZ‘fiNﬂWﬂ LSFaalNAlanaNny

o W J I3 a . .
UNUINTIALY 18un wradiaden (hemocyte) 3 ¥UA Ao hyaline cell, semi-granular 9 large
1 2 1

granular (Martin and Graves, 1985; Hose et al., 1987) nsga1e0gnn liailege nelunseue

v 2 )
1a99 Ao 1d0d (lymphoid organ) N&1MLHB¥219 hepatopancreas taze J81zdU 9

=] A @ A 1 I 1 [ 9 A A a
L%aammaaﬂmmmmm%uumaaﬂnJu 3 nauuran Iﬂﬂol‘]fﬂ”liﬂﬁﬁﬂllﬂﬂ

ER o A ! a s a
ﬂﬁ?l&ﬁﬂlﬂﬁl%amﬂuﬁﬁﬂ ﬂf’]l,"“])'ﬁall§81ﬁu uaglaanunsya (granular hemocyte) (NINTT LAY

A, 2543 9)

1) hyaline cell H3o hyaline hemocyte (hyalinocyte) Wusadifiadeanivinag

9

S A [ a ng 9 A [ A ~
aNNga sUs1uY naw WASeU ‘]JNﬂi\‘l’E]ﬁ]W‘]JﬂEﬂEJg‘ﬂﬂi&”ﬁ’Jﬂ NIDNTSIUNIITYY U

U

a 1 1 <
tundvavinalvgegasinatuyad §luInaewnie (mitochondria) smooth endoplasmic

reticulum (SER) 1@¢ rough endoplasmic reticulum (RER) Hoo Wy cytoplasmic granules Tu
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a [l 1 { A 4
YTinalosnvse linuaenas liny  microvilli ¥3omwinien (pseudopodium) NAILsAA
I Y s A g % A~
upvessaaiiduiugudnaly 6483 lulaswas (unsaifidluradnay) wislinnw
{ %

A 2.5-3.6 lulaswas o1 6.8-13.9 lulaswas Aunsdinduwad;lSvioginszaie)
a 9 A A 9 [ o w A A A
(MM wazany, 2543 n) vihthertesnumsnvadeudantasy Taenszurumsnaunu

(phagocytosis) (S6derhéll and Smith, 1986)

2) semi-granular cell kL) semi-granular hemocyte (semi-granulocyte) ﬁgﬂi'N

I T A a = 1 A 4 Y ~

Wugillunieginszare dundeasgasinanrioven waawy SER 1ag RER 1awin i
. I o D} 2 s & A Y gy A1 A

cytoplasmic granules YU1ALAN LASVTUIUUDY WHuadninziuand1ae lautuves

J A 9y A J Y a a s . ey y 3 Y
150@ (cell process) ¥IDUNUNYNADUUNNIN UVTIUHNIHEAADIINWY microvilli 1aantlos vina
. [

vouradinunng 4.2-6.8 lulaswas uaze1n 9.0-14.2 Tulasmns dnuuzv4 cytoplasmic
< = 3 o 9 @ < P4l Y

granules 11811 los Tnwadu (cytoplasm) Hvuraanuaznuduiutios daunawiula hitanu

NARINBUDN (AT tazAy, 2543 ) Kmthinlaeasslumsvenden uazsiaods

A dy 1 9 d' =~ 1 . .
wlandasunIoenalsnla TaonszuIun13NSona1 nodule formation Hag encapsulation

3 b . ks s a 4 Y [
39NN prophenoloxidase activating system Lazyasiaearta semi-granular cell &

ansamdadailanilasyTasnaunuldonale (Soderhill and Cerenius, 1992)

3) large granular cell W30 large granular hemocyte (granulocyte) ﬁmumﬁlmj

=

1 [ 1 9 o g [ 4 1 a =\ [
nge gUTadugdle Aadwedy semi-granular cell uAvMIAVBUFAAIZ IANI UNADoHDY
a o,
VIV 15aal SER Hag RER 111Una19uag Wi cytoplasmic granules 410 YHIAYDINIT 1A
1 4 a % [ [
Tulg Tnwaduliduriugudnais 0.7-1luTaswas Mams uazame, 2543 n) Felngini
. o A Y A A A ¢ a g v
n3galu semi-granular cell AnvazMITAURURUTRBUHITOTINBUVD A yHATITIL A
% L4 [ o
Farou vuaveusaaiduriuguana1s 8-10 lulaswas anwe 12.2-14.6 Tulnswas uaz
9 = 9 ~ @ o .
Anunde 7278 lulaswes  Ininvanlumsiiaulunszuiums prophenoloxidase
. . 09/’ o A A dy ' U A a 1
activating  system 538N 1aedulandasunieayeneliald Tagnszuiumsnizeni

nodule formation t481¢ encapsulation (Soderhall and Cerenius, 1992)

'
= (%

s A o a & a o A o 1 o Y
UALDANY 3 "lfuﬂuﬂzulﬂm"lﬁluhlﬂﬂ“lJLﬁ?JﬂVI’JiNmEJ LagNIvmuUInnagInNy

v < A

v 1 Y
szuugiAuiy Wadeavzimsmudnumannudiuivuaoiguazaie lvnniedenii

Y A Yy & A & 1 . P Ao I
ninnlumsaiadafoadusoni hemopoietic tissue °luQQWumummmuuummmzmw
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a 1 1 dy A A @ a Yo 1A =
mmmaﬂﬂummu W‘]J?)glﬂllﬂ'qw 9 ﬂT(’JGl‘L!!u'f)!,fJf]LﬂfJ’JW“LJLmZ‘]JiL'Jmalﬂﬁﬂﬂllﬂﬁmﬂﬂ ‘;If\‘ltlu
o A Y o .0 Y A A 1 .
UUADAVDINIVEWUIINIA hemocyanin mwum“lummamﬂafmm% (Ratcliffe ef al., 1985)

[ 1

a <3 A A A d?’ 1 Y Aa A ° ay =
ﬂﬁi]'lmlllﬂm'ﬂﬂﬁ'3111/]!WN3J1ﬂ611‘L!ﬂgfNWa1ﬁﬂﬁ$ﬁ1’l‘ﬁﬂWWﬂ'ﬁﬂ1\ﬂum@Qi%ﬂ‘ﬂfq]llﬂﬂ HIZUA

2 ' o ¢ VY A a2 A ]
Y (Wﬁﬁﬂnllﬂ, 2551) 3NﬂTEJGlJE’Nﬁ@]ﬂquﬂgﬁWNTiﬂ@@ﬁ?ﬂﬁ\ulfﬂﬁﬂﬂﬂ@ﬂﬁﬁﬂl“ﬁﬂiiﬂ‘ﬂﬂgﬂﬂ
K Y = Aa a A =] A 3 4 1
q’iTﬁﬂTﬂnlﬂﬂfJTQNﬂigﬁﬂ‘ﬁﬂTW mmmmwaammaamﬂuﬁuElﬂmﬂumi@]mmumtmuhlu
° 4 o o =] A oy o v A A 9
VUWIZUBDINN Iﬂﬂﬂ?ﬂﬂfﬂﬁ‘ﬂT\ﬂuﬁll@\u"]fﬁaLllﬂLﬁf’]ﬂl!ﬁgﬁ']ﬁuTiuﬂTiﬂﬁ]ﬂﬁﬂllﬂﬁﬂﬂa@ll‘ﬂlﬁlﬂ

319y

= S A Y 9 a Y = .
msfnyudaaeaveInd laslamaiian1aa1uad Tuana (molecular technic)
1 o a 9 Ay o = = < A :/l a 9 a ) 3
awnumadanaugiduiu nanu lsauludeaeans 3 via Tasldmatia i siu
hybridization (Keyser, 1999), enzyme activity (Smith and Soderhill, 1983; Séderhall and Smith,
1983 a; Sequeira et al., 1996), immunogold (Liang et al., 1992), immunofluorescence (Johansson
et al., 1999) U@ immunoprecipitation (Liang et al, 1992) lU5AuTHA prophenoloxidase
< a
(proPO) L8 peroxinectin ansanylaludiadeayiia semi-granular cell 140i& large granular
1 = a <
cell @U 1UsAUFA cell-surface superoxide dismutase I8¢ a-macroglobulin wuwnlugdaaen
= . 1 9 <A a . 1
BUA semi-granular cell LAY large granular cell uanyviesluliafonsia hyaline cell @9U
a < a 1 1
Tdsauxila transglutaminase nu'la ludiadenyiia hyaline cell (8% semi-granular cell ua 1y
I A A 2 A e A A = o A o 1
Wuﬁlumma@ﬂ%uﬂ large granular cell LUAABANS 3 ‘I)"Llﬂuﬂ$ulﬁﬁnfluvlﬂﬂﬂlaﬂﬂﬂ'lﬁ']\1ﬂ13
a <) @ { a 4 a a
Ysmnandiadeanieludidlimsnldsunlasaasanar uazaziidsmaasauiodunansan

& o & A ' y 2 & & A a A
!ﬁfﬂjﬁﬂ Gﬂ’]ﬂuouﬂm@@GlﬂﬂJ{ﬂggﬂﬁﬁ%‘]ﬂluu’]‘ﬂﬂLWTL!HJﬂla@ﬂﬂ@nﬂqﬂﬁh‘lﬂ31]’]@!1/]!,141]']3?(1]

Ay o A [ I A o o A
FEUVYUANNUNDIAYLLTAR uﬂizmumsﬂmﬂuuazmmﬂﬁmﬂaﬂﬂaau

A 491 1 = @ Yy
W3erene 1sa IAelinszuIUMIHAN 9 3 LuY laun
D) nszuaumsvh Inge 1add (phagocytosis)

aszuaumsih Inge lagaduaiuusnlumsilostwielaulanilaou

] 3 Aa (L] 4 I < { o A
MudurUnaguidngsenie wlnlew (phagocytes) iuliaioaunamisaiilias

A

ulantasuiifluraduiodsiziabn q Fsoruiuaunginel¥idalsnldaarsdlae
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a A @ 1 < '
AszuIUMsnautuddanlasy dded1aveuiiaaenu1d lAiun macrophages nay

granulocytes

a A a A I A v
nszvIumsinamsnaunudulantaon Wunszuiumsn himwizigas
A =KX o ' A v A 4 [ g/} a J F a
FuNMItanuszrInawlandasunuiiveusad vasnniurvessaavz3 il e
I % v o o 1 [ 4
Wy TnTasy (phagosome) Feazauranylale ey (lysosome) Hogaieluaaa n1elulals
o A A d A o {1 ' . :
Tewusspou ladnaresiandueu lainiihhdesanieisonii acid hydrolases 959109
. .
tou la51] DNases, RNases, proteases, phosphatases 1ag lipases 111350 llasvuiavesTuana

' 9
Fulantasuianaelimasiilunuiedey

4 o e o A 3
Wwotsaa1InlavsrudulalsTay aznarduvilnlale Tawy
= @ a c;y a < Y Aq Y

(phagolysosome) 1Az MFUANAIVBIDONTIIU (oxygen burst) harafgninuazay1d 14l
] a a I~ L
mi’c‘f%jN NADPH %mmsﬁ’muaaﬂmw Ay toxic peroxide (H,0,) !¢ superoxide (02)
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(Haansunoans)
Tu'lasn 0.01-0.09 0.01-0.09 0.01-0.05
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ﬂ?mmaﬂﬂfmuazmﬂﬁyﬂﬁ’ﬂ&ﬂmzﬁumﬂﬂiw 4 fiadnsudoans uaznIuAuiieYd 7.5 T
Usmnavoaion ol phenoloxidase gefigainifiy 276.66+6.74 wieani/dadnsuTusiu ud
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&

galunnszavvesesngiounziidsnimsseanieanas ua liuanannuedeiivedingnig

9

a0A (p>0.05) NTLTAUVDDNFVWALINU (TN 18 LAZAINN 22)

FANIINAAD

1 B2 B3 B4 H5 6

o~ 300
< =

i) = a2 aaaa @aaabb
g 2

(=) r—

5 ¢ 200
= &

(=9 qg

~

=

£ 2

= 5 100
z 5

z 8

= =

(a3 ~
= 0

0 10 20 30 40 50 60

ds' 5
FTYLINUAYI (IN)

4 a 4 kg { a
mwi 22 1Sunaneulad phenoloxidase voadeu UL Iy Mdealuanziilsum
A = ] o 2 da ~ A Aa o 1 Aa
pongFutazfitesuanany luhitivenTudesuilszunm 3 Taansudoans

I ]
Wuszezal 60



Y H
=

d' a L4 . 9 ~ dy AA A a ~ 1 (% o = ~
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1 (DO >4 adnsu/ans) 7.5 233.87+7.53"  242.37+7.51"  246.587.05"  254.03£7.03"  260.36+6.05"  268.1246.56"  276.66+6.74"
2 (DO > 4 Uaaniw/ans) 8.5 232.86+7.19"  241.3748.00° 245.37+8.00°  252.26+7.84°  257.17+4.65°  265.17+4.65"  275.03+4.90"
3 (DO 2-4 UadnN3Tu/ans) 75 233.79+48.37°  240.9348.03"  244.9348.03" 251.14+6.53"  256.06£5.75"  264.30+6.04"  273.14+5.91"
4 (DO 2-4 aansu/ans) 8.5  233.8747.53" 240.39+7.52" 24422+7.82" 2493249.69°  256.04+8.20°  263.78+8.48"  271.79+8.17°
5 (DO <2 Haaniu/ans) 75 232.86+7.19" 235.5046.15°  237.1546.32° 240.78+6.52°  244.89+6.41°  247.89+6.41°  250.89+6.41°
6 (DO <2 Haaniu/ans) 8.5  233.7948.37" 234.2448.80°  236.03£9.48°  240.24+10.00° 243.24+10.00°  246.24+10.00° 249.24+10.00°

A o v

' 4 {o o ¥ [ ' Y qgj v ! 1Y 1 [ aa
Wy Aundsidinuareenysuanaeiulunraudsrny winedadinnuuanaeitediisd iy nedda (p<o.05)
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131490 19 ﬂiumau"lcm superoxide dismutase eumanu’aum"luma&NGl,utmnz‘1/1uﬂiuwmaaﬂ%muuazwgammﬂmeﬂu Ty

~ o A a a o 1A I o
LL'O?JT&IL‘L!853%1u53ﬂﬂﬂq3ﬂ53%1m 3 UaanIuaoang Lﬂu‘i&ﬂgnﬁﬂ 60 U
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FANIITNAADI Wio 328211 IR0 (FU)
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a o a

1 (DO >4 Haaniw/ans) 7.5 29.70+4.59" 32.71£3.21° 36.73+7.66" 39.49+8.20"  42.5449.60°  44.27+9.80"  45.18+10.22°

a o a

2 (DO >4 aaniw/ans) 8.5 20.71+4.01"  32.41%£3.14"  3541£3.25"  39.3749.79"  40.7248.66° ~ 42.03x9.93"  44.19+9.56"
3(DO2-4 Haansu/ans) 7.5  29.80+4.49"  31.5243.20"  352243.20°  38.47+10.52°  39.64+8.46"  41.7549.74"  42.73+9.62"
4 (DO 2-4 Uadniw/ans) 8.5  30.2845.52"  31.4143.06"  34.10£3.91"  38.18+8.60"  39.02+8.16"  41.5149.67"°  42.52+9.82"
5(DO<2uaansw/ans) 7.5 30.04+4.48"  30.8942.53" 32334335  33.0444.65  35.16£3.02°  35.62+7.48°  35.94+5.77"

6 (DO <2 Haansw/ans) 8.5  29.50+5.25°  30.31£2.08"  32.13£3.32"  33.55+3.68"  34.61£3.06°  34.93+544"  3523+6.86"

[

H v 9
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AoaNI
FANIINAAD
ﬂmﬁnﬂﬁmeqﬁa 1 2 3
ey (] ey
QuUTinil 1 29.10-30.00 28.70-29.90 28.80-29.90
(PIFFALTO) e 30.10-30.90 30.00-30.90 30.00-30.90
TIGEY 191 7.50-7.59 8.50-8.59 7.49-7.56
19 7.50-7.59 8.50-8.59 7.49-7.58
ponFiLaraeih 191 30.10-.93 30.00-30.97 30.00-32.30
(Haaniunoans) 18 31.30-32.10 31.00-32.10 31.20-32.10
ANNAY (W) 24.50-25.60 24.30-25.70 24.30-25.60
anuiluaesn 112-136 102-136 110-130
(Waansumoans)
ANUNTTAITIN 5376-5676 5376-5676 5220-5708
(Haaniunoans)
wou Taie s 3.22-3.85 3.09-3.73 3.12-3.69
(Haaniunoans)
Tudeou luduon Tufle 0.08-0.10 0.63-0.77 0.08-0.09
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ﬂmauﬁﬁmaﬂﬁyw 4 5 6
ey Wely Wely
QLI 191 28.80-29.90 28.70-29.90 28.70-30.10
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(Haaniunoans)
sudeou luduonTiile 0.65-0.75 0.08-0.10 0.62-0.78
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A~ 4 1 1 1 1 A v o W aa o Y d' d!
ositud ua linanawedniiiedaynedda (p>0.05) nudilugansnaaesi 3 uag 4 &9

a o 1 [

9 9
augulsmmesndinuazaietiiegizyiin 2-4 Jadnsudodasiiaesszauiios Joas

-

4 o

Y I3 @ 1 1 [ v o w
MITOANUNINDY 40.00£1.00 LA 36.67+0.58 1UDTIFUA AN IAL Llﬁllﬂﬂ@']\iﬂﬂﬂl\‘]ﬁuﬂﬁ']?]

2

1 a Aa o 1

v Y 9 v
NNEDA (p<0.05) nufsdes Tasniuquilsnmesnguazaisitliegdinil 2 Tadniuso

bl



95

aas (IANINAREIN 5 1Az 6) FINOATINTTOAMYININD 23.33£0.58 AT 16.67+0.58
J 3 J o w A A
oS uamuaay (NN 22 LASNINN 25)
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