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(1. B R BRI TRERAT TS G, B 2013065 2. b iK™ sy R A5 4% 657 58 D IR €5
Hly, LRI 2013065 3. BIEI (R A1) AW BHEA RSUEA L I00F Bat 210019)

HWOE RS LGNESTER ( Litopenaeus vannamei ) 1€ . %8Bk ( Carbon dioxide , CO, ) BRI 5 76 7K iz fiy i F2 vp
FIAETG 8, ST CO, i 2 CRRIBEIT B ) I8 I [) (BRI BO) K AR S AU RIER BE (S 5 B B ) % S IR CR 1 32
Wi, T IE CO, Wi (3.5 F 7 L/min) JRHAETA (0.1 F1 5 min) JKARZERS ( FORK FREEK L35 WA F 5
K CABCERBE (3.7 1 11) %5 4 AN R AT 30, F DA AS SR MARIE AT Lo (3*) IEASRIRUEASS . A
RIREUR R, A CO, Jid Ay 7 L/min I E] Y 0 min 5 HK SR, ARK 3R 75 1E
SERIGEE R R, Y IR E] A 2 b B, 4 AN PR IS R SOR S 32 0O R AR [ > KRS > Hh g >
CO, Vi it , etz i )y A& CO, Jih 8 L/min JRASEAL Ry ARk FREEN 7 RIS 1] O min; 2452 55
B[] Ay 4 h B4 AR X ORI EROCR BT > CO, Yt > AKIARRH > $h 5, e fEis f Jr
KHAH CO, WA T L/min JKASEEy B RK EREE R 7 RIS ]2 0 ming 245 IR0 0] 6 h i ,4 A~
FX BRSO M FIR R EIET ] > CO, Fm > b > KR, g fkigii iy N4 G CO, FH 6
L/min JKARZETL B SRk FhEEDy 7 I E] DY 0 min, BFFEEEREW, WHE A ST CO, JE I E] 7K
RRBUAER BESE 4 AR W KP 32 m LA X AR TEA [z 4 A5 AR RS 0038, R IR TR s f 4 4t 1

BB
K4 FLANERTER; CO,; (RIGBH; &Ik
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HMRIESRESE, HE S E O 0 YR LA
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2.57% ; MFIKFRFE P 95 I XT R B 58 119 7 1, B
2019 AEHEHIN4. 66% ) 5 1 Fe XK i Y i
SRIGAFHE Ry, R 75 R I 32 0 2 o 1 7 Bk B U
WHE T o PRI, DAk FLAN T X6 IR 1 £ 6 3 B T
2 PR A TE IR A, X T R A
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S, AR R 180 me/L S fi il
TR B

W K= FRIE TR S BRI H 43 A BE, [N
#0745 8 OGS AT FLgA T ) 0F 7
BE, (LIS SR GRS SR T AR S o I AR XA
FAsA B K T AR5, Pa G R A4k
B AL G A e ) B3R A R
FUIRBELMD A A I A T kT, DA B B X%
AN B SRE AT AN R IR BC I8 PR 1 BEE
BERGE (LG IR B 0% A TR
sk 2 RORHE s i iAo Br L wF5E e 'L
AN R UR R DR 12 i T 3, X A PR R %
{0 BRI Bl 75 SR Al e e B 2
B AR FE R CO, RIS A Kz fin ik, R R
CO, L (RRIERF B ) (R E] (IR B B Lk
PRISTIAERBE (I3 BE) 55 4 SRR 9 R R 2L
8 IE A B E s N 2 4.6 h iR
ez 7 AOF AT RIE, Dy itk — 2D 4 i FLAA X
U ik v R SR B A o

U REE S ik

1.1 #MR5&E&

Rk 10 LA 120 L 5 S Al (VLI K
FHEAE A PR 2y 7] ) (1 000 mL A1 100 mlL 3% 5 4 &
S (b KA A R W) (LPS B
WIER (25 ke/ 42 R E M FHIAFRA T L85 Bk
PRIAGRE (MK BHTLA BR A W) 455 R (R
L2 1.5 cm, L EA2 40 em, W% 30 cm)

IR BE A5 - JTP-3000 B 48 <38 ( ZR AR KRN
) Multi 3430 U 02 S HOK B 7 B (75
B WTW A ]) \CO, H9H ( e 50 i ik A FR 2
Al) JF BAT AR R R R A
Mo
1.2 % AH*E
12,1 MR R i 3 Ak 2

JUARTEERT BR B I B 806 0 (R a0 ) K7 B
A PRI R FRFE M , I AE W 2 T HOR (Biofloc
technology , BFT) #475%58 ., MR 8 ~10 em, {4
i 10 ~ 11 g3 B TF LG, (847 WMt Hh 45 s
R R THCE TSR 120 LOEAE 60 em , 5 BE
70 em) YR LIRIEMR R IR 12 h, B 37K
FRAE MK, Fe I /N g S O AT
o FREEMK AR R AR KR (T) 2y 27.1 C |

“ELIRR £ 5 2 B

I (Sal) 2 7 . pH Hy 7.5 FEA(DO) B L Ny
6.5 mg/L G [ AR BURL (TSS) Jit & 4% B2 4 160
mg/L,

e T 120 LR, F Tl 45 i i 19 7K
TR MAFRFF I P IR 5 2 A A FRFEK , T
2> 120 LOSDRH b, b — AR T00E 12 h J5 20 8
R W R b B AR L PR O R K B
TR CTRIPR W0 5 75— B A,
PRRFEFHK o T3 B— B A B R K3 A B
TR B B ORK s B T K e Sk v i K, Bk

Jeskok o PA KRS g vt A i)
PATTERIE T

RITER G R (e 50) KRR IRTTT A
R SRGE R AT , 12 4 [B) 28 B A R 4% Bl ke
IR I AR v s SR B R T RR SR MR, 25 R
WRTRETE 29 C,

1.2.2 RIS b 37 20 45 B BERFAE

SEAMRAEE M I IE LA B AR B A 25
R4 CO, BRI PR T 12 f it #2403 A B B iR
P B IR T Y B R A2 R B B, L v R T Y BB R
A B B AR AN 3R 1 AR 2 B .

IR Bt A Ao i - BT SR A P B 3 LK
A 10 L /AR P, () B 8 55 I 1) B A /A
Mo RN E S A R Rk HaE A CO,
FEURT I, AR 2 1 0 DR AR R RR R A
S, MR ARBRES G, AR B, #
TR B AL B 5 B < A R BRORR S 1 B, 7 205
B 2 05— Al (AR A L3 B AL BR R K A
R, & T3 B By =X BA
F1A 32 0 HsF () I, T P 02 ) KR 3 4, AR A 32 2
WA MMA S FIR S I 5%

TR0 I )2 B A o B0 A & L BL AR
WESEIG , e MBe T, BBt o
1.2.3  FAREHEIKE

XS CO, Ytk (RREERT B ) BRI ] (12
HWH B ARIRISRIERE (R IR B 45 4 4%
FRFHAT IR R IR, B A4 ¥ E 3 A4
Gy

TR 3 LKA 10 L 3 2740
P, FFBERLET B 13 2 JiF bk RE 1 5 R R TC B 495
FUAK B2 1 FLANEE XTI, AR . DL 3.5 F1 7
L/min 45 3 FOR [ HE A CO,, YA iR {4
PEARBEA PR (A4) J5 10 T R E] ()
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fiR % (DO) Jrie e B A pH, F 57 BRI AR AR 7 2
R a7 RS AR K B A
WA T R AR AR (IRIEAT K 0 min) o WETF:
TCRXFERAZ IRAOCR, Fil 3 /N A FERR 0.5 h WLEE
ek LR, ZJRAES 6 /MR IEIE R 1K, fhndd
IR SCTRMARE R, IR RE
R1 R2 8 R3 {E—Br B9 IRAR (5 L JET- A5 5E
TR L

R JFLYAEXT R AR EE BT B & B H R S AE
Tab.1 Stages of anesthesia and behavioral

characteristics of Litopenaeus vannamei

TR R B 431 A7 HF-E
Stages of anesthesia Behavioral characteristics
L R L) AT, 2 PR
re-anesthesia
A2 (JFREEIH))
Early stage of RS , T G Pk A RER K T
anesthesia
A3 R ) SR ENR T ARS8 B I UK AR A

TEIG 3 5 BLI R Am SN, SRR A
JSE, A Bl

SEAMENT KR, B A S s il Ui
KR TG B L3 3l s X ARSI
SR I SR

Mid stage of anesthesia

A4 (FRBEAIN)
Final stage of
anesthesia

R2  FLAEITERE 7B B & B H R HHAE
Tab.2 Stages of recovery and behavioral

characteristics of Litopenaeus vannamei

RN el 17 R RRAE
Stages of recovery Behavioral characteristics

RIS I3 1) RPN BN KORS , Bk R T 4 B 3l
Mild stage of recovery W ANHH g

R2(HPEERTRIH) SR AR A0 i T 7K e e A R I T
Moderate stage of ST N5 NS, WA A
recovery BZ A

R3(5E &R T MRS Tk o RO L ISl 5 B

SNSRI, 7 RO W S

Full stage of recovery

VERR S AR ORRBEBT B ) CO, Ji i, 4 i A IF
PRIEARRBE AR S G, 1 5% A1 e B i, 7 B
MR REWCHER A EL R R 7 RS A kK
H IR 5 0 1 F1 5 min, 2 J5 57 RIEE S,
HEAT 5 IR AR L SR XTI A IR AR

VERR I AR CRRBER B ) CO, i, 24 i g 1R
PRIEARRBEAIIR S G, 12 A0 8 i, 720 1
HRBREARKHEWTERE R T) | BB ARG K
H, BRI B TR AR A, 5K B )
Ji 37 BB ST A DR WL T SRR IR A O
R o
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VERR I AR CRRIFERY B ) CO, L, 24 i A5 HF
PRI BRI A AR S5, 10 S A O, I 4 B
F IR KRS (AR R 3.7 A1)
pUE-S STREISUEINCPINVE N
1.2.4  IEACSEE KIS UE

WA R RIe g R R E 4 AN EF 3 KR
Lo (3") IEACSES, %t CO, JREFAR I 38 fr i 4 7
FUiA. & HE KR ENZE 3 Fin: (R
BrB) CO, Wi A 6.7.8 L/min; (& JRB B ) K14
FA IS K L H RN B E G (RIEY B /K
REREE R 6.7 .85 (RIEFYBD) BT 2 01,2
min, WELGi 2.4 F6 h B T2, EACSL
B0, X A s A T HIE

£3 L(3) EXERETFAER
Tab.3 L,(3*) Factor level table

of orthogonal experiment

(6(0) »FI * SELVA BF T
KT SRR 1= I S
CO, flow rates/ e Soaking
Level Water type  Salinity . :
(L/min) time/min
6 koK 5 0
2 7 H kK 7 1
8 IR 9 2
1.2.5 Hffiabm

AR B BT S5 2 Excel 2019 #7747 25 40 B,
ZJEHEH SPSS 22. 0 i 47 B 2 U7 22 43 B (One-
way ANOVA) , it 15 8046 DL P 3940 + drifE 227
(Mean + SD) /R, Y B E &2 Rk, 6
Tukey’ s-b {EFHAT 2 AL, B /KFHL P <0.05,

2 AR50

2.1 BERRE
2.1.1  CO, i XS5 FRA8CR 1) 50

TEAA] CO, P AAF T L3 ZH NS M i AR
A (A4 ) RS Pl T 1 I ) A7 7 35 25 57,3 L/
min 20 FAR G, 7 I/min 20 %5 ;7 L/min 24
[ DO {2 AR T HAth 2 4153 41 pH Joli 3 25 5%
(F£4), B3 L/min 4 HAET: R B3
T HA 2 H(ES) .

53T CO, Yl (i B PR Rl g 5 R (18 1) AT
HLTEHAZ BB 0.5 h B, i3 o 3 L/min 41
FRXT IR &2 55 % R 28% 5 L/min 419 & 95 F H
26% .7 L/min 4[5 H 33% ,3 HE IR R
BHEESR . BEEN RN, & 42 75 R84 E
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F+,2.5 h 5,7 L/min 495 953 52 KT 5558 2
20, 77% ;3 h Bf,3 L/min 41108 5% 54% |
5 L/min 41} 62% , 553 /NF 7 L/min 411 82% ;
AL IRIFIRY 6 h i, 3 2H A TR R A A i 2
7 L/min 415 5% 50 87% ,5 L/min 41 5 758
H67% ,3 1L/ min 25 IR 5 AN 57% k£ 7
L/min /£ R fefE CO, Fs AT )5 LMot
F4 TR CO, s & T RRER B B < BHE

Tab.4 Relevant data of anesthesia stage
at different CO, flow rates

i H CO, i CO, flow rate/ (L/min)
Item 3 5 7
[iDN
SRR J . 122 £10.54* 104 £2.65" 83.67 +7.57¢
Anesthesia time/s

DO/ (mg/L) 2.65+0.29" 2.79 +0.26" 1.65+0.27"
pH 5.62+0.03" 5.62+0.00" 5.55=+0.05"
VT T BT LA B 2 5 5 (P <0.05)
Notes: Different superscript letters in the same row denote significant

differences (P <0.05).

x5 AR CO, mEHMTETHMEREXLE
Tab.5 Relevant data of recovery stage
at different CO,flow rates

i H CO, i CO, flow rate/ (L/min)
Item 3 5 7
Ca®* /(mg/L) 153.33 £11.54 153.33 £11.54 153.33 +11.54

Mg®*/(mg/L) 53.00£6.92 53.00£6.92 53.00 +6.92
K*/(mg/L) 94.33£4.04 94.33£4.04 94.33:4.04
FET-#(6 h)

Mortality rate/ % 28.21 £4.44" 10.26 +4.44" 12.82 +4.44"

TE AT EAR AR & 28 5 .3 (P <0.05)
Notes; Different superscript letters in the same row denote significant
differences (P <0.05).

1001 —3 L/min

Y5 L/min
® E37 L/min b

2 80t

[ EE|
s =
= =
o a =
'S 60 | a % =
< =
o =
S a E 4 E
2 40 == | e
) = = =
= = = =
® i
0 = = =

0.5 1.0 15 20 25
H 730 E Resuscitation time/h

[Al—if ] S R A B E M EARFREAR S 25 BF

(P<0.05).

The means with different lowercase letters at same time are
significantly different in the different groups (P <0.05).

E1 CO, REWEFRLRIIZNT

Fig.1 Effect of CO, flow rate on recovery condition

2.1.2 IR TR) R A SRR 1 R

FERTTE I 6 I 18] Xof 52 93 350 52 o 1) 1 8 3ot
FErf BREER B R in e 6 P I 3 4
S AR IR B BLER A AR IR) , By LLBR eI 1], DO
A pH FER T 22 5 0 ARSI B B, 2 I )
0 min 511 6 h TR B EALT 5582 4
(£7)

R 6 ARENRIEE B FR B B AR X BHE
Tab.6 Relevant data of anesthesia stage
at different soaking time

15 H 12 Uit E] Soaking time/min
Ttem 0 1 2
A
%Wﬁﬂj . 82.67 £3.06"86.33 +6.66"83.67 £7.57*
Anesthesia time/s
DO/ (mg/L) 1.82£0.04* 1.78 £0.06* 1.65 +£0.27*

pH 5.70 £0.20* 5.53 +0.23* 5.55 +0.05°
T FFT-F R A B AR # 22 R B3 (P <0.05) .
Notes: Different superscript letters in the same row denote significant
differences (P <0.05).

x7 ARERRBEES IR XEHE
Tab.7 Relevant data of recovery stage
at different soaking time

i H 12 B} ] Soaking time/min

Ttem 0 1 2
Ca’* /(mg/L) 153.33 £11.54 153.33 £11.54 153.33 = 11.54
Mg®* /(mg/L) 53.00£6.92 53.00+6.92 53.00 £6.92
K*/(mg/L) 94.33 +4.04 94.33+4.04 94.33 +4.04
BETZZ(6 h)

b a a
Mortality rate/% 7.69£7.69" 17.95 +4.41" 28.21 +4.41

T AT () AR SRR R 3 28 57 .35 (P <0.05) .
Notes; Different superscript letters in the same row denote significant
differences (P <0.05).

I I T) %o 52 IR ORI i T ] 2 B R
BTG 0.5 h 5,32 HIEHHE R 0 min 4140 1 min
IR MR IZ IR, {5 min 20 TCHRIA S 5
R 1 ~1.5 hinf LI 0 min 202 I5 38
FERTHHN2 M, FEAE IR A HE i, & 2H 52
IR AT FF:2.5 h BF,0 min 211 1 min 45
IRFERERT S min 41;3 h #],0 min 15 JF 3558
84% , B ENRTHAW 2 44;6 h 5,0 min 2052 753
ik 92% | [RIAE R E R T HoA 2 2H . SO IR W N
6] 0 min /Ry dpc RIS ], #H4T R 2T
2.1.3  JKIRSEAL 5 IR ROCR 5

TERIFSE K A28 B0 %08 52 I3 R0 1) 52 o 14 X
TERE R BRI BOAH SC s 55 8 Fi i, FR AR K
ZH R R IS 1B] 2 25 v T RIS MR R A R K, 3
41/ DO H1 pH T35 25 57 . S IR H Rk
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fy Ca®* Mg 1 K™ (i o i o J3£ 0 g 5K F B3
BFIFRIEK (2 9) .

1001 0 min
1 min 2
= 5 min 3 J[
-§ 80t b
g L a
: 60 T ?’ 77b
« %%
.4: a %7 . %
2 401 a =
& =
b %E
3 =
& o, -
® |, -
0 a ° ég =
0.5 1.0 2.0 2.5 3.0

S J5HFE] Resuscitation time/h

[ — B[] AN [ A 3820 S A b 5 B R [F] 2 2% S
(P<0.05),

The means with different lowercase letters at same time are
significantly different in the different groups (P <0.05).

E2 REREX SRR

Fig.2 Effect of soaking time on recovery condition

R8 REIKMEZEE FREEM R A K HIE
Tab.8 Relevant data of anesthesia stage
at different water type

JKARZE R Water type

5 LI g
Supernatant A kK
Ttem Aquaculture
of aquaculture Tap water
water
water

SRR 81.67 +3.21” 100.67 +5.13* 85.67 +6.34"
Anesthesia time/s
DO/ (mg/L) 1.35£0. 11"  1.34£0.14* 1.35£0.04"
pH 5.55+0.04" 5.48+0.02* 5.50+0.03"

T R HBE E AR BN F R 22 57 3 (P <0.05) .
Notes: Different superscript letters in the same row denote significant
differences (P <0.05).

R9 AREIKEEESFHM R XEIE
Tab.9 Relevant data of recovery stage
at different water type

JKAKZER] Water type

ek o
Iﬁ E . J:{H i3 ?‘?Eﬂ(
Supernatant 1 3k ak
Item X Aquaculture
of aquaculture ) Tap water
water

water

Ca’*/(mg/L)  253.33 +11.54" 240.00 +£20.00" 153.33 £11.54°

Mg?*/(mg/L)  338.00 +£23.64" 321.67 £6.02> 53.00 +6.92°
K*/(mg/L) 133.33 +4.04 137.33 £7.02" 94.33 +4.04°
SET2(6 h)

23.08 £7.69" 28.21 +8.89" 10.26 +4.44"

Mortality rate/ %
TE : AT EAR T REAN R & 22 5 3 (P <0.05)

Notes; Different superscript letters in the same row denote significant
differences (P <0.05).

http://www. shhydxxb.com

IR RN IR ROR M WA 3 TR
TR IR 0.5 h, 3 FRRRUKIRR R 5 R T 0 3%
25, ZJGME SR BT 2 h i3 AE A
RG22 A0, A a) 1 B R K 4L R 95K
FETHA 2 40, 756 h i, [ kKK IRk
F90% , LI TRFN 59% , F 5K H I
Hh50% o FrLA, SRR 1 B ORAKAE N i
IR 4T 5 B0 5%

2,14 JKARER X B IR A S

FEWFFE K AR 2 B 5% A2 9 80 R 5% i) 11 3 6 2ot
PR, R BB BOAH JCEUHE an 55 10 fros, SRy 3
Y pH 355 T340 2 41, (HRREERTE] A1 DO JG
BEES MEHFHBEE N T HAELEIN6 h )5
FET R B EMLT A2 dl(F11),

100 r ] -3#&¥% Supernatant of aquaculture water
FEAE/K Aquaculture water
E= B#K Tep water

80 :

60 |

S % Resuscitation rate/%
-

1.5 2.0 2.5
H A Resuscitation time/h

[F) — I [ia) 50 AS [R) Ak B2 P 2 {8 b b 7 B AN TR) 35 25 5 1
(P<0.05),

The means with different lowercase letters at same time are
significantly different in the different groups (P <0.05).

B3 KEEBENEFLREZM

Fig.3 Effect of water type on recovery condition

R 10 REEESLMG T REEREAE X BHE
Tab.10 Relevant data of anesthesia stage

at different salinity

WiH ThBEE Salinity

Item 3 7 11
%MW@ . 80.00 +1.73* 91.67 £9.02* 86.00 +9.00*
Anesthesia time/s
DO/ (mg/L) 1.24 £0.05* 1.00 £0.14* 1.25+0.19°
pH 5.52+0.04* 5.44+£0.01" 5.46 +0.02"

T RT3 (] AR T B AN [R5 22 5 35 (P <0.05) .
Notes: Different superscript letters in the same row denote significant

differences (P <0.05).

SIRIT BOKARER BEXS S TRACR 2 151 4
Pizse 0.5 hiif, 3 ZH/K eEh 5 52 95 R 0 e 3 22
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S5 ORI R o, $R 0 7 B R B K
THAM2 4o 726 h i, £ 7 MR TRAN
90% FhIE R 3 41N 62% \EhFE N 5 410 54% .
L, e 7 A i AR B AT IR SR o

F11 ARBEELEGTEFRMEREXEE
Tab.11 Relevant data of recovery stage

at different salinity

i H EhE Salinity
Ttem 3 7 11
Ca’*/(mg/L) 153.33 £11.54 153.33 £11.54 153.33 £11.54

Mg®* /(mg/L) 153.33 +11.54 53.00 +6.92 153.33 +11.54
K*/(mg/L) 153.33 +11.54 94.33 +4.04 153.33 +11.54
FET-#(6 h)

a b a
Mortality rate/% 33.33 £4.44" 10.26 +4.44" 35.90 +8.89

T RPN _ERR PR AR 225 B3 (P <0.05) .
Notes: Different superscript letters in the same row denote significant

differences (P <0.05).

2.2 EXLLG

1 1E2C SEBR S5 AT A, 2 B S5 E] Ry 2 h B
4 AR 2 32 Hin R R ) 1 3 UK O 2R ON I T I
] > 7KK AY > > CO, Jik, etz i )y =X
HA N CO, N 8 L/min JKIARERI R [ K
REEN T 5% 9 (LRA % EIMBIER A, iR 7 1R
AR ) (RS 0 min (£ 12 A 13)

MG IR E] R 4 h B, 4 A PE i i ROR
SZM Y IR O RO L] > CO, il > Kk
HH > ER R IefEis i N Ao CO, il 6

57 L/min(£55 % JEIFESAS , 7R 7 L/min
Ve AR ) JKIRZEEy ARk FREE R 7 R
M) 0 min (5% 14 ML 15) .

100 —3
uA7
=i

80| b

60

40

20t

H# % Resuscitation rate/%

4
0.5 1.0 1.5 2.0 25

HJ50} A Resuscitation time/h

(] — oy (] A5 AS [ 4 320 S P40 b b 5 B R ] 2 2% S b 3
(P<0.05),
The means with different lowercase letters at same time are

significantly different in the different groups (P <0.05).
B4 HENEFHLRBZI

Fig.4 Effect of salinity on recovery condition

IR E Ry 6 h B, 4 Fl R 02 s R
SO W R ORI R > CO, i > i
JE > ORI, fefis i 7 X445 o CO, JiE
6 L/min JKASEA N BoRK EREE N 7 IR [A]
90 min, FkiEe o T AR AE R S IR A SR A R
& (16 MK 17,185) .

R12 EXZHRHER(EHK:2h)
Tab.12 Results of orthogonal experiment( recovery time: 2 h)

g CO, ik KRR g B (8] P
Experiments  CO, flow rates/ ( L/min) Water type Salinity Soaking time/min Recovery rate/ %
1 1(6) 1(JE3kK) 1(5) 1(0) 38
2 1 2( B3kAK) 2(7) 2(1) 31
3 1 3( BB 3(9) 3(2) 15
4 2(7) 1 2 3 23
5 2 2 3 1 46
6 2 3 1 2 15
7 3(8) 1 3 2 31
8 3 2 1 3 23
9 3 3 2 1 38
T, 84.62 92.31 76.92 123.08
T, 84.62 100. 00 92.31 76.92
Ty 92.31 69.23 92.31 61.54
X, 28.21 30.77 25.64 41.03
X, 28.21 33.33 30.77 25.64
}3 30.77 23.08 30.77 20.51
R 2.56 10.26 5.13 20.51
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Tab.13 ANOVA table ( dependent variable: Recovery rate)

Sz i:g SZ A
Diffefni?ébdiween WH%E‘Z%M Deggi]e)j of ?):eiiﬁf F P
the source Deviation square freedom from the mean
M IERLH Correction model 2 327.404 8 290.926 16.593 0**
FRIE Intercept 20 196. 607 1 20 196.610 1 151.906 0**
CO, i CO, flow rates/ (L/min) 52.668 2 26.334 1.502 0.249 *
IKARZET Water type 407.878 2 203.939 11.632 0.001**
EhF Salinity 39.424 2 19.712 1.124 0.347"
12 HIAS[E] Soaking time/min 1 827.435 2 913.717 52.114 0**
122 Error 315.598 18 17.533
BIRZE Total error 22 839.610 27
MIE B iR 2= Corrected total error 2 643.002 26
T BFMAMSE(P <0.05) 5 5 »  PBFFC(P<0.01),
Notes; * . Significant correlation (P <0.05); # s . Extremely Significant correlation (P <0.01).
R EXIRER(EHMK:4h)
Tab. 14 Results of orthogonal experiment( recovery time: 4 h)
SR CO, ik K i T R
Experiments  CO, flow rates/ ( L/min) Water type Salinity Soaking time/min Recovery rate/ %
1 1(6) 1(JE3kK) 1(5) 1(0) 71
2 1 2( B3kAK) 2(7) 2(1) 69
3 1 3( R 3(9) 3(2) 46
4 2(7) 1 2 3 62
5 2 2 3 1 85
6 2 3 1 2 46
7 3(8) 1 3 2 46
8 3 2 1 3 38
9 3 3 2 1 62
T, 192.31 184.62 161.54 223.08
T, 192.31 192.31 192.31 161.54
Ty 146. 15 153.85 176.92 146.15
}1 64.10 61.54 53.85 74.36
}2 64.10 64.10 64.10 53.85
}3 48.72 51.28 58.97 48.72
R 15.38 12.82 10.26 25.64
RIS AESWR(ALEE:EHE)
Tab.15 ANOVA table ( dependent variable:recovery rate)
25K IR 2 F-J7 1 H H R -2 i 22
Differences between Deviation square Degrees of Deviation from F P
the sources sum freedom the mean
M IEFEH Correction model 6316.977 8 789. 622 40.023 o**
HIE Intercept 89 422.917 1 89 422.920 4532.531 0
CO, 7 CO, flow rates/(L/min) 1 805. 886 2 902.943 45.767 0**
JKARZEH] Water type 688.238 2 344.119 17.442 0**
Eh A Salinity 333.336 2 166. 668 8.448 0.003 " *
12 IR [E] Soaking time/min 3 489.517 2 1 744.759 88.436 0**
%2 Error 355.124 18 19.729
EiR22 Total error 96 095.018 27
W IE B iR ZE Corrected total error 6 672.101 26

TEex . BEMAR(P <0.05) 5+ =« RBEML(P<0.01),

Notes: # . Significant correlation (P <0.05); = % . Extremely Significant correlation (P <0.01).
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®16 EXZRER(EHEK:6h)
Tab.16 Results of orthogonal experiment( recovery time:6 h)
S CO, Tk kPR ik L i) R
Experiments  CO, flow rates/ ( L/min) Water type Salinity Soaking time/min Recovery rate/ %

1 1(6) 1(Je3k7K) 1(5) 1(0) 85

2 1 2( A%AK) 2(7) 2(1) 77

3 1 3( W) 3(9) 3(2) 62

4 2(7) 1 2 3 69

5 2 2 3 1 92

6 2 3 1 2 54

7 3(8) 1 3 2 46

8 3 2 1 3 46

9 3 2 1 77

T, 223.08 200. 00 184.62 253.85

T, 215.38 215.38 223.08 176.92

T 169.23 192.31 200. 00 176.92

Xl 74.36 66.67 61.54 84.62

}2 71.79 71.79 74.36 58.97

}3 56.41 64.10 66.67 58.97

R 17.95 7.69 12.82 25.64

®1T FESMR(ALE.EHE)
Tab.17 ANOVA table (dependent variable: recovery rate)
% S 522 7 A . A%
Differences between Deviation square A H:IE Deviation F P
the sources sum Degrees of freedom from the mean

P IEREH Correction model 7 262.766 8 907. 846 0"
FRIE Intercept 114 926.583 1 114 926.583 (I
CO, Jfi# CO, flow rates/ (L/min) 1 871.576 2 935.788 0**
JKAEZET Water type 267.368 2 133. 684 0.006 * *
EhE Salinity 490. 905 2 245.453 (I
W2 IAF[E] Soaking time/min 4632.917 2 2 316.458 (I
122 Error 355.030 18 19.724
ERZE Total error 122 544.379 57
MEIE iR 2= Corrected total error 7 617.795 26

e BFEMAMR(P<0.05) ;5 + » MRRBFMRK(P<0.01),

Notes: #. Significant correlation (P <0.05); # s . Extremely Significant correlation (P <0.01).
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(P<0.05),

The means with different lowercase letters at same time are
significantly different in the different groups (P <0.05).
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Fig.5 Verification experiment
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Optimization of keep-alive transportation conditions with water after carbon
dioxide anesthesia for Litopenaeus vannamei

SHENG Xiang', LIU Wenchang'?, TAN Hongxin'?, LUO Guozhi"?, SUN Dachuan'?, ZHU Bowen’,
PANG Yun’, FU Zefa’

(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai ~ 201306, China;
2. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture Animals, Shanghai
201306, China; 3. Innovative Recirculating Aquaculture Systems ( Nanjing) Co. , Lid, Nanjing 210019, Jiangsu,China)

Abstract; In order to improve the survival rate of Litopenaeus vannamei during transportation with water after
carbon dioxide (CO,) anesthesia, the effects of CO, flow rates (anesthesia stage), soaking time ( soaking
stage ) , water type and salinity (recovery stage) on the survival rate were studied. The experiment set four
factors; CO, flow rates (3 L/min, 5 I./min and 7 L/min) , soaking time (0 min, 1 min and 5 min) , water
type (tap water, supernatant of aquaculture water and aquaculture water) and salinity (3, 7 and 11). The
single factor experiment was carried out, and the L, (3*) orthogonal experiment and verification experiment
were carried out based on the single factor experimental results. The results showed that in the single factor
experiment, the best CO, flow rates was 7 I./min, the best soaking time was 0 min, the best water type was
tap water and the best salinity was 7. The results of orthogonal experiment of transportation within 2 hours
showed that the primary and secondary relationship of the four factors was: soaking time > water type >
salinity > CO, flow rates, and the best combination was CO, flow rates of 8 L/min, the water type of tap
water, the salinity of 7 and the soaking time of O min. The results of orthogonal experiment of transportation
within 4 hours showed that the primary and secondary relationship of the four factors was soaking time > CO,
flow rates > water type > salinity, and the best combination was CO, flow rates of 7 I./min, the water type
of tap water, the salinity of 7 and the soaking time of O min. The results of orthogonal experiment of
transportation within 6 hours showed that the primary and secondary relationship of the four factors was soaking
time > CO, flow rates > salinity > water type, and the best combination was CO, flow rates of 6 L/min, the
water type of tap water, the salinity of 7 and the soaking time of 0 min. The experimental results show that the
recovery rate of Litopenaeus vannamei under different transportation time conditions can be improved by
adjusting the levels of four factors; CO, flow rates, soaking time, water type and salinity, which provides a
new idea for shrimp keep-alive transportation.

Key words: Litopenaeus vannamei; CO, ; keep-alive transportation; condition optimization
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