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S5 BT P FLAEE R MR T 5 BN SR AR 3 (3
BE 18 ~20) , W{AK: (8.69 £0.27) cm, {4 {35 W i
G R AR . XHERE M52 86 5 s, BN
JKHE (7 000 L) o35 7 d, 8 FRoK AR ER B Ry 18,
IR (22.0 £0.5)C, 5% 18 J& ] 14L: 10D, % 4% 76
L RHRIK 1/2, 5K 6:00 1 18:00 2 i £ WA
W A kL, R A 2 By K 4 (8. 41%
0.06% ). Ml & 11 (43. 39% =+ 0. 22%) . I§ Wi
(9.74% +0.30% ) JK%5+(9.91% +0.05% ) .
1.2 LIGIFAIYIK

X IR IE 7 5 0 = 45 T, B 500 B X, AR
K B I S K T AR 2 ~ 3 W AL AR
30, 53500 BB XFUE B R4 K B A R 7K
FEARERE 2 ~ 3 B YIe B3 5, 98 5 A KPR ER
BEO.5 ~1, HFAFREE R 0, XFURIILE H AR iR B IS
ARZrFE 30 d EII I 4R Gk I R Y %50 K
b g F ARG K FIIE SR A kK, H A SR A 1S
B I A I
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S v AR B AW 0.1 mg/L Al
0.5 mg/Lo Jgi R HF 3 S AL #0151
Xof ST 6 275 SR B S ) o SR GE R T TR K SR K
FIESUR A R KSR X B2 (O BR 2 Pl S 4
FHARAL ) e s S T X R 2 0.1 mg/L

0.5 mg/L 3 MAbFRA , S 24k 60 L[ B
TSN KAE B AR IR K T K R 58 250 T DAk B 1 Xt
B 24 h SRS 43 BT B2 DA R AIE 3 2k
JE24 0.1 mg/L F1 0.5 mg/L /KR, BB
AIE 10 DKM, B KAk 8 BXTIR, 435 T
R FE WA 0.1.3.6.,12.24 hfl 48 h HUkE, 7E
X HREH FNP S A B2H v, B 2H A BEBLIE ER 10 B4k
U5 R F) A X AR S 6 1 A] R R (22,0 +
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A, Wk B R Ak B F 2k B B
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F ), I 2 A Tk B T e SR B A A M AR

pKa®" =9.24 +0.003 0915 +0.032 4(298 -
T) "™

NH, - N, (%) =100/ (1 + 1075 =0ty 03]
o, T RN X (T =273 +1) ¢ IR ;S
IREEREE spKa® MBI R BGrH T N IR
1.4 HRMNRESNE

FHWR K AR T % R 9 7R %K 43 Ja, 7E vk i
AR E, 2558, BOSHIR B SERTILEY A 1.5 mL
SO IRGHUIA AL, SR 5 e A - 80 Tk
FORAARRI . B 0.1 ~0.3 g XTUF A 75 I 2H 28, 57
W, 9 A5 1 4 °C A3 ER K (0. 86% ) , il i
10% 4515 W, 78 3 000 x g &5 .0 10 min, B -
TH W5 2 il o

O AR B 0 7 R I O - 1R ) 760 I &0 I 113 36
B < o R R S 35 17 R A Valentine
SRR 7 I E Y S FLER B BTG 1 A Thébault
(7 I A T o B A R I S T ) R A Ak
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AL IR D) S, B 3R IR Ve 2% H IR (FAD) &%
J L 3 J , FAD B3 Ji i ade Ji o 2R R W e A
17 (FADH) i [ B 5 2 ,6- S 4R W e I 4 (2,
6-DPIP) ) i J5i AH 5, I 72 2, 6-DPIP 1 ik 5t 3
JERT DL HE S B SDH 36 J1. B fv @ X k. 7
37 CH&A N &2 5028 1 & 4 B SR 1A & %
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1.5 HEAESH5H

LR AR LA 2 £ AR DR (mean = SE) £
IR o JITRFEE S BT R AT SPSS 16.0 SRt Bk, i ik
Z K& Jy 20 (Three-way ANOVA) & SNK £
HILB AL, DL P <0.05 /25 55 B3 K
WK 55 3% 7K 8] B 2% 538 i3 Independent-samples -
test 3BT AL FH, DL P <0.05 F2h 25 7 B K,

2 45

2.1 EBFRBEI YIRS HEHE
(HK) i& 19 % i

Xof HECZH o, R 7 B 2% 1 0 R i HKC 35 g B
I [A] 28 A6 A 35 (P > 0. 05) ;5 52 55 19 [A] {5 7K % AR
it 5 3 2 F AR T K AR (P <0.05) . 0.1 mg/L
AR rh R K SR N MR8 HK 3 ) e FH R e T
W& TG I TER A S 3 ~6 h B BT, b S S

J1/NGE N A S 3 ~48 h fliYG /) B & F 0 h
(P <0.05) ;1 ¥ 7K 37 5 % M 68 HK 3% J7 8% A T+
1o, (SR i E S5 45 B () s B S ) 2 R A (P >
0.05). 0.5 mg/L &b B 4H v, 5 Fh 5% 58 45 14 % R
fiffl HK 35 0 728 bt 45 AR R0, ¥ 76 10 38 ) 40
ETE han e BEGTE ) AR S R R
MK t B EE R B, 76 0.1 mg/L AbHA (1
0.1 A1 12 h U 0.5 mg/L ZAFEL(% 0.1 F13 h,
TR 7K 5 5 6} R 8 HK 3 7 5835481 08 7K 357 58 X iR
(P<0.05)(K 1-a,b,c),

Xof HECZH o, R B 2% 4 6T R LY HK 3 )
Bl If 8] 22 A AS 25 (P > 0.05) 5 52 56 ] [R] 9% 7K %
URAEETG S K T K X aF, H 22 R B3 (P >
0.05) . POFR Mk BE AR B+ 208 S5, IR 7K R K
FREEXTEF LA HK 3% g 3 2 3 T 5 /N iR R R
(e B, I ELIV 38 J5 45 I o) f s 2 R AR B
(P>0.05), AEwg—+ 2 W8 19 8] 3R 7K 57 585 % 0F AL
A HK 6 ) ¥4 T 1 K 57 5E IR H 2 22 R oA
2(P>0.05) (K 1-d,e,f),

—o— kK freshwater
—e— §/K seawater
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Fig. 1

Values are mean + SE,* 7

Effects of NH,-N on HK activity of L. vannamei

means the significant differences between seawater and freshwater at the same time. Different lowercase mean

significant differences among different exposure times in seawater group, whereas different capital letters mean significant differences among

different exposure times in freshwater group. The same as below
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ZINZR I 2200 Bm , FRFE 260 AR B 7 20k
JEE 00 360 FRF ] Xk ML 44 35 oF R 8 41 4R rp HK 9% g H
A RFL (P <0.05) ; J5 5 5 AF R B 7 &
BEXS WL HK 36 J3 52 0 .25 (P < 0.05) , 7 i 3a
P i) % L RE Wi AN S 35 (P > 0..05) 5 =& 158 HAR
FHXE P A 2R 2 b IS 0 5 i 2N B3 (P >
0.05),
2.2 dEEFEIE X A9 IE X AR W R R
(PK) & T #2 0

X R A H, P Rl 3R A 2% 1R X R PKC I ) B
i ] 22 A6 A 2. 35 (P > 0..05) 5 52 55 0] i) % /K Xt R
BG 7 2 FAR T K 4R (P <0.05) . 0.1 mg/L
P T2 M0 5, Wl IR B A% 1R X AF 6 PK3E )
ARACHLAAR L, B e a1 (1 ~3 h) B Th
Bl T R o FE WA S I8 PR3 ) S A R SR 1R
Ko 0.5 mg/L AR & Ml 5 , PRl SR 5E 4% 1F
Xf R PKIE g 1 5 5 T I AR e, T
i85 W PKOIE ) WA T dE R, (H 25 A B
(P>0.05), t Kp 045 R w75 ,0. 1 mg/L b B4
f0.1.6 A1 12 h LA 0.5 mg/L AbFA Y 0.1.,12
124 h, 3ROK SR 5 R SR A PRI ) 2 5 R T iR K
FRFEXER (P <0.05) (& 2-a,b,c) .

X HEAL A, P b % 58 A5 AR X AR LN PK {6 )
Bifi B 5] A2 A6 A 2 25 (P > 0.05) 5 52 55 ] [A] % 7K X
Rl 35 ) 8 E AR T KX ER (P <0.05), 0.1
mg/L 3E & T ZWha J5 IR K FRFE X AR LA PK 3%
J15eTt I B BRI AE A S 3 h ik B A
BifiJ5 T %, SRBR 45 B (48 h) B TS Jm T 0 h fH
2 AEFE(P>0.05) ;K FRF AR ILA PK G
SIERAR S, HESFARE(P>0.05), 0.5
mg/L JE & 2 Wil J5 IR OK IR X AR LA PK 3G
TR EFE 12 ~48 h G i T R HERS 5 22
5T 0 h Y 7KF- (P <0.05) 5 1 ¥ 7K 557 58 A HF PK
6 1A B b (HUR 45 B (8] S s ) 22 AN B
(P>0.05), rfuiuss R ~,0.1 mg/L JE 5+
M 6 h F10.5 mg/L JE &+ 2 Bhia 3 h,iRK
FRPEXTHR LA PK 35 g & 35 AR T 1 2K 5R B 6 R
(P<0.05) ([ 2-d,e,f).

ZHE T 20 BoR , SR A AR B &k
JE I 360 B[] %k ML 94 Y5 % A RN L Y 1 4L PK
WY HABEZW(P <0.05) HiE =&MW
HAERX PR 4 PK S Ty sE i A 2 (P >
0.05) .

—oe— K freshwater
—e— f§/K seawater

3
:-5 280 pagistiil 280 0.1 mg/L 280+ 0.5 mg/L
o= 240 240 2407
on
% 200+ 200 200
a
E.*E‘lso- a & 2 T . a o, 160 160
%g 120 120 120f
&¥ 80 0 0 00 o0 80 801 Q
S AA A AA AA
E 400 % ¢ % % g % g 40 401 4 4 A
= 0 1 3 6 1224 48 0 1 3 6 1224 48
_ (a) (c)
g
& 240} 240 | 240
5.0 a ., a
~ 3 200} L 200+
\E a a a a a a 200
Ry 1607 5 160 F 160 -
EE‘ 120 120
55 1201 /ABC ABC pc ApBC
&2 gol Q\O—D———W | 2ol
%éx A AN AT 805 A A
™ g0l A x ¥ w0l 0w 0 F 0 gl t R R
= 0 1 3 6 1224 48 0 1 3 6 12 24 48 0 1 3 6 1224 48
= (d) (e ()
iFiE / h
time

2 FEE T EAE X L4 IE X R 7 R R B R ) R I
Fig.2 Effects of NH,-N on PK activity of L. vannamei
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2.3 FEFRERHE
(LDH) 7& /1 8 & Wi
X IRZL R, IR FRFE A% R0 SR LDH {5 ) B i

(] 22 A AN S 35 (P > 0. 05 ) 5 19 Ff 57 L 2% {4 Xof F B
LDH G h R AR F (P >0.05), 0.1 mg/L EHE,%
TAWNEIG  RKSRIEA R EE LDH % 7 5L B
2y, HB 38 )5 45 I )R B ) 22 R A R E (P >
0.05) ;g /K FRFE 0T UREE LDH 5 J A B B e Ty
Je B AR 72 A B, {ELJE: 45 IR 1) A S ) 28 5 AN
#(P>0.05), 0.5 mg/L AL T &M id Ja , iRk 57
SEX AR LDH {5 78 1 h KA /s T B
IR FE, BB S 24 ~48 h G HEEARE , BERT
0 h {YRHE S (P <0.05) ;¥ /K IR X AR LDH §5 7
WA Bl (E R I OR S 22 5 (P >0.05) ¢
0. 1 mg/LAR 12U br 30 19 ], 0 ol 57 B8 2% 74 o B B
LDH G AR ABFH (P >0.05),0.5 mg/L JE& T
ZMA G ) 48 h, K FRFE N BREE LDH i ) 2 % %
TUAKIRFIRAF (P <0.05) (&1 3-a,b,c)

X HEZEL Hp, b SR B 2% 1 X B JULIA) LDH i )

B Xt L 44 % xf 4 7L 8% AR S B8

Bt IS 18] 22 AL A 25 (P> 0.05) 5 52 56 38 [A] 9% 7K %
IRl 5 7 8 T K SRR (P <0.05), 0.1
mg/L B 7 & M8 J5 , IR 7K I K 5% FE X EE L
7’ LDH §f f 25 (b ¥ AR B2 (P >0.05), 0.5 mg/
L AEsg 2 Wi 5, IR FR5E X EF LA LDH i J)
AL h BT RS R R, R A R R,
0.1 mg/L Ak & T2 Mif J5 1 0.1.6 F1 12 h, iRk
FRGE X UF BTG ) W T K SR U (P <
0.05),0.5 mg/L &+ 2 W38 1 , 7R 7K 77 58 % dF
JILPA LDH 3% Jj i 3 & T i K XFIF (P <0.05) , i
360 J5 48 h, IR 7K 37 B X il g D A T K
FRFEXTUR (& 3-d e, f) .

ZHE I 20 R, AR 1A
W RE T ML 44 1 X I 8 b LDH 36 J) 52w oA B 3
(P >0.05) , {H Jifp 360 B[R] XoF 688 rb 32 i 355 07 52 i) i
% (P <0.05) ; F5250 5 AR B 20k J3 R i 360 1sf
[ X5 PN % R LA LDH 3 J 4 52 1 35 5% i
(P <0.05) ; =& 3¢ B AE FIXT P Bl 28 23 iz
fifg 1% Sy se R B3 (P >0.05)

—O0— kK freshwater
—e— f§/K seawater

B

:T) 4500 ¢ of FE A 4500 0.1 mg/L 45001
54000 4000 ‘3‘(5)88:
~T3500F A 4 3 A A A 3500p 30001
R§‘3000- %Wf 3000 - 2500
Eszsoo- a A a 3 2500r 2000

s a a a 1500
LW’E 2000 F 2000 F 1 000l
§~‘ 1500 1500 500k
m 1000——+——— 1000 0 : e
= 0 1 3 6 1224 48 0 1 3 6 1224 48
~ (a) ©

o

&04500- 4500; 4500
=% 4000f 4000f 4000y
\E L L
RE 3500 A A A Ay A 3 500} 3500
§§»3000— OWD 3000} 3000}

>
5 2500t %—5—'/} 2500} 25001

a
§g 20000 S PR, g 2 000} a X
) ¥ ¥ o % % & 1 1 L 1 L s
15001 .+ 1 : FY L . 1500
= 0 1 3 6 12 2448 0 6 12 24 43 0 1 3 6 1224 48
= (d) (e) )
W) / h
time

B3 FEFERBEXLHENIREERRSEE NN
Fig.3 Effects of NH;-N on LDH activity of L. vannamei

2.4 FEEFEMIE X IR X IR I B T S
(SDH) 7& /1 H) %2 0

X B v T Rl 5% B 2% £ %) R i SDH 3 g B
I [A] A2 AL AN 2 35 (P> 0..05) 5 52 58 ] [ 9% 7K X

g 1% 7 WA T K XFER (P >0.05), 0.1 mg/L
8 F Rl 5, IR K R K 75 X BR 68 SDH i
JIFRUE T R 08 )5 6 h 3B B AR S, Z 5 /D ig
17} ,48 h il i J) 45 2 A% T X 0 9 0 h il 75 )
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(P<0.05), 0.5 mg/L JEE§ ¥ & Wil )i , IR K FI
V7K 5% 5 4T AR 8 SDH. 3 J) ¥ 8 3 T BE, 7€ 12 h
TR AR R, BE S A TR e S 3 ~48 h Y
it % 3 ¥ W A T X LAY O h il TG g K- (P <
0.05), tKuge 45 R %0 ,0.1 mg/L F1 0.5 mg/L
e T2 Ml 48 h,IR/K IR FE X KR EE SDH {5 ) i
FART K IR R (P <0.05) (& 4-a,b,c) .
Xf BEZH v, P RD 3R 58 25 AF X R UL Y SDH i )
B ) 22 A6 A 2. 25 (P > 0. 05 ) 5 S2 56 5 (8] 9% 7K 57
B X} W i I 7w AR T K X ER (P >0.05) , 0.1
mg/L AR B 72 W38 5, R 2K R 2K 55 5 6 EF UL
PR SDH {f J) 22 AL KLAEAR B, 1 52 BUSE R B U [l T
1 e WS 7 ITE 6 h T BRI AR A B S A T
[\ 71, Bih 38 5 4% I 8] B ) 2 E K T B E 0 h

(P<0.05), 0.5 mg/LAEE F&EMiE 1 ~3 h,iR
JK g K 37 58 6T SR LY SDH 3% J7 2248 F % ,3 h
Jei B 3R ZUT B 24 ~ 48 h G ) AT E
10 J5 48 h IRKRIEE: 7K % 5E H A B 0 AR T
HARLAY O h figiE S (P <0.05) . ¢ K g 25 R R W,
0.1 mg/L AE 72 M ia #y 3.6.24 F1 48 h,iRK
FRIAXT AR LD SDH {3 2 35 K T 16 7K 5% 5 X 4R
(P<0.05);0.5 mg/L JE 5§ 5 & W38 1 ), 3% 0k
FREEXTER LI SDH {1 ) 55 ¥ 7K IR 58 X SR AR LE , TG
BEZER(P>0.05) (K 4-d,e,f),

ZWNETT 20 R SRR AR T AR
I3 FF ) X PL 5 %) SR RTATL PR 41 3 SDH. i
N RA BFFN (P <0.05) HE=FZHAH
X PR SRR B 1R AN B3 (P >0.05) .

—O0— kK freshwater
—e— §/K seawater

3 i R4 0.1 mg/L 0.5 mg/L
& 9000 a4 a a a a a @ 9000r 4 90007
%%Dsooo- 8000+ 8000

e
§;7ooo- A A A A AL T7000r bed 7000
&5 6000F 6000 6000

<
fggsooo- 5000 L 50001 BB g5 g B

B

%"’4000- 4000 « 40007 L
= 0 1 3 6 122448 0 1 3 6 1224 48 0 1 3 6 1224 48
= (a) (b) ©
2
&
%D 8000 8000 8000

Q
Z27000F a a a a & 5 a 7000} a ) 7000 f

g b
Rz 000 F L bc be 6 000
r,tf;‘;600 A A A AL 4 & 600F S ¢ be
f*%fg‘sooo- 5000 B O O 5000
giwoo- 4000 4000
E—Ea?ﬁOOO' L 3000F %k ¥ % 3000 P
2 0 1 3 6 12 24 48 0 1 3 6 12 24 48 0 1 3 6 1224 48
= (d) (e ®)

ISR / h
time
B4 EBFEPEI NGRS HERSEE NN
Fig.4 Effects of NH,-N on SDH activity of L. vannamei
3 ik FE B 11 40 J5 i 4 4 W T AR % At o A A 0 A
| Te

e BH P85 v ) 8 S R R B AR T
2 (NH,) M1 7= (NH, ) o Hp & /&t £
B NH, ™ A, NH, A7 o fr, BoA B0 19 I
Ve ARZS 5 3% o A, P A A R AR, Y
A A R B J5E W 368 B2 B AR ) 5 A T R
W IR B RE SR AR . BLHA Py 2 2R I

BEAC I RS — 28  FE iz R e s il
BtAte S N 74 J3C Y B PR, e HKORT PR S
Ao A YOG B I, FLIE R B A AN AR 4 R LA
MR K B AT 5 B AT T L B R W R B
R AR A 1 0 BE Ry 1 R M E £ 51 R R
P AT RE SR B0 L Xt & S EOULIR 5 RE
L AV i N S IR S e SN F A O
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(Apostichopus japonicus) 18 B 55 3 B, % ik & 53
I ) 7 22 U 38 25 B2 R 0 2R ) HK B T 1, 4R
T A 24 28 W 32 1) 39 R AR B 3 I [A) 9 SEE IS, HK
EHERE TR . HR X TRARSLEIES TE
Xof F 7 Bl 4y I R A R TR T M 2 R BIF O O LG B
A B I E A BT, AT DL K B ER A5 3 451 4n
TRLEE 588 | Fh BE RO BR 25 23 X5 W 7 gl ) 4K ) HK
FIPK I M R B U b B A o
UG B X oF
( Fenneropenaeus chinensis) W)W 5% %& 8L, I F X}
HFAE VI NH, 26 6 R RUK R 6
e AN O LU = o =N SERIE: | W0 il
g 7K 37 FE0F SR SEALILIA H HK FIPK3E 1 B4R
[Fi) 2 B2 1% T v, 150 B L I [ 1 3R 8 2 3 o X
MRBILAAR S s 17 0T 4 250 4 1% R D 3803, W I fie A 1]
B u T 77 A T 22 1Y) B 2ok il R MLAR R BT AR 5
T AR FETEFANR A B i 75 D0 B A2 b BB Y
B WA B 3E i ] 9 SE G, HK # PKOIE J A BF T
K, T BE A 5 W0 S A A T I as A 5C , ML A48 1o AR 1
it RV S 2 33X T A AR X 7 1) e R R O A A 7 W K
VR Bl AT o 0 R S R I A A T ), AL A
AR EETHAG, W30 5 0, 0 0 b AR R
45 HK 3 52 20 ™ S ], ol MUk B8 Ak
PR T 0V 4 Ry A 2 0 R L, i A 2 v
it 0 AR, S W S A A TR AN TS, T LAME
T2 A A T 08053 , B A R BOHLRE A RE ) T R«
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A8 7 i 2 — |, WE AR 7 A 1 Y R R 7E LDH fifk
Tk R LR A W AR R ATP R IR 4213 LU
A 4T, 1 LR s 25 e LDH iAE F T A AL il
PR R J7 W] R SRR BE AT =R R (TCA) 1
B LDH W (0 RN, 16— B R T R
AARBAE ) MR IE T . SDH AR TCA {3 i
4 G B It T L PR A B 1 I, R SR kL
EIREMIPR S B Z — G e —E B E B
WAL A AR K2 AR ST R AR e
B M R IROK A K IR 50 MF LDH §5 ) 7%
A B (P >0.05) 1@ Wk AR B @i ),
IRK SRS MR SEAT LY o LDH 3G Sy ¥ 46 1 h &b
Th Bl S TR 48 b IS AR T 38 R K,
T 15 ¥ 52 30 48 b, T /K SR 5H 4 HF LDH 3% J) I T
o 38 R A ACF- o U B W B R B & S IR
JK S5 FE R B T 48 0 WA s A R e {EL R Bl A B

( Penaeus  japonicus )
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], Mk b NH, v B T W A R
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Fr B K A e SR R B B A 0 R A 4
i A ST A B U SR 9 1 UK (TAN) 3¢
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Comparison of the effect of nonionic ammonia stress on respiratory metabolic

enzyme of Litopenaeus vannamei in seawater and freshwater

JIA Xuying'?”’, GUO Xiantao’, WANG Fang’* , HUANG Guogqiang'
(1. Guangxi Key Laboratory for Marine Biotechnology ,Guangxi Institute of Oceanology ,Bethai 536000, China ;
2. Key Laboratory of Mariculture ,Ministry of Education,Ocean University of China,Qingdao 266003 ,China;
3. Fisheries College, Tianjin Agriculture University, Tianjin 300384, China)

Abstract: After nonionic ammonia stress(0.1 mg/L and 0.5 mg/L) ,changes of activities of hexokinase (HK) ,
pyruvate kinase ( PK) ,lactic dehydrogenase (LDH) ,and succinate dehydrogenase (SDH ) were compared between
L. vannamei long-term cultured in freshwater and in seawater. Results showed that: (1) nonionic ammonia in lower
concentration induced the HK activity in gills of freshwater shrimps to a significantly higher level ,while nonionic
ammonia in higher concentration induced a significantly higher level of HK activity in gills of freshwater and
seawater shrimps. After stress,no significant change was observed in HK activity in muscles of freshwater and
seawater shrimps. (2 ) After nonionic ammonia stress, an increase was observed in PK activity in gills of all
shrimps,and PK activity returned to the normal level at the end of the experiments. However, PK activity in
muscles showed a different change ;:no significant change was found in seawater shrimps,which was different from
that in freshwater shrimps. (3)No significant effects of nonionic ammonia in lower concentration on LDH activity
in gills and muscles of freshwater and seawater shrimps were observed. In contrast,nonionic ammonia in higher
concentration imposed a significant effect on LDH activity in gills and muscles of freshwater shrimps. (4) SDH
activity was significantly lower in both seawater and freshwater after nonionic ammonia stress. We conclude that
nonionic ammonia stress has a significant effect on respiratory metabolic enzyme activities of L. vannamei,and
aerobic metabolism decreased drastically after nonionic ammonia stress, while anaerobic metabolism increased
slightly in the initial period prior to decreasing. It was suggested that nonionic ammonia probably led to a change
in main energetic materials in shrimps.

Key words: Litopenaeus vannamei; seawater; freshwater; nonionic ammonia; respiratory metabolic enzyme
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