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, 600 )
100 (24.17£2.49) g,
1 8.06 kg/m? ,
75% [ 30d
1.1 1.4
) 2%,
8:30 12:30 18:30
(Recirculating Aquaculture System, RAS) 75% 9:30 13:30 19:30 3 ,
: 3 10d : (i
(total suspended sol-
, : =44.00%; ids, TSS) 500 mg/L TSS
=16.00%; =5.00%; =4.50%; = 500 mg/L (
1.20%; =4.00%; =1.80%; = ), 1h,
11.00% ( ) 24 h ( ACO-008,
,pH 7.5 ) (DO)
1.2 6 mg/L pH
7.0~7.5
¢ b, 3 ( 24~26C
; 03m’) 1 3 (12L : 12D)
; 9.6 1.5
1.5.1 9:00 YSI-556
(YSI Incorporated, Yellow Springs, OH,
USA) DO pH; (18]
(TAN) (NO; -N)
(NO;5 -N) TAN(
752506017, ; )>
2 NO; -N,
\ NO;5 -N, TSS
1.5.2 ,
1 5
: oo ' : L4 4000 r/min
Fig. 1 Construction of recirculating aquaculture System 10 min, ,—20C ;
1: culture tanks; 2: valves; 3: sand filter; 4: pump; 5: biofilters; , 0.86% , 4C
6: temperature control device.
, 4 000 r/min 10 min,
1.3 -20C
( ) (T-SOD);
( ), 3 (LZM);

(AKP);
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4
1.5.3 , P<0.05 (One-Way
, (survival rate, SR); ANOVA)
10 , 5
(weight gain
rate, WGR) (specific growth rate, SGR) 2.1
(hepatosomatic somatic index, HSI)
(feeding rate, FR) (condition factor, CF)
s 2 ?
(feed coefficient rate, FCR) )
(protein efficiency ratio, PER) (60.98+7.23) mg/L;
1) (WGR, %)=100(W> — W)/ W, (117.34£15.50) mg/L;
2) (SGR, % /dy=[(InW, — InW))/(t, — 25 ;
t1)] x 100 1~15 mg/L
3) (FCR)= F/(Wy—W1) n , (73.03+3.29) mg/L
4) (SR, %)=100 (Ny— N;)/N; (152.44+1.79) mg/L;
5) (CF, g/em®)=100(W/L?) , 5 mg/L ;
6) (FR, %)=100F/[(t2—t))x (Wt W1)/2] , 0~3 mg/L
7) (HSI, %)=( / )x100 2.2
8) (PER, %)=(W,—W)/(F*0.44) x100 ,
W W, t (2), (P<0.05),
h  h s h (P<0.05), ,
s Fooon (8); Ny 100%,
s N ; L (cm) (P>0.05),
1.6 (P<0.05),
+ (¥+SD) (P<0.05),
SPSS17.0 , 27.88%(P<0.05)( 1)
200 ¢
_ 70} zI14ob 2180}
2 60 2120 % 160
g 50 %100 % o
£ £ 210}
S40 E 80 2100}
Ewo Eﬂ 60 gn 0T
= 20 40 i 0t
¥ ® & 40t
ﬁﬂf{ 10 _lé; 20 ﬂﬁé
e =
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0
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2
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0 =
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Ff)/d time Ff ) /d time
—a— XJ B4 control group
(c)

(a) (b)

Fig. 2 Changes of ammonia (a), nitrite (b) and nitrate (c) at start-up of biofloc aquaculture system



710 22

*1 EYEHERAGHEIEDSETEEE KNI
Tab.1 Growth performance of tilapia at start-up of biofloc aquaculture system
n=100; x £SD
/g 1% 1% 1% 1% /% /%
trial Fw /% SGR WGR SR HSI PER FCR FR

control group  55.98+3.65 2.74+0.64° 131.60+43.5° 100 1.17£0.27°  3.51+1.15°  0.74+0.32°  1.74+0.23
treatment group  62.7246.20  3.11+0.69° 159.48+54.9 ¢ 100 2.12+0.73%  4.25+1.53%  0.61£0.23°  1.63+0.27

(24.17+2.49) g, (P<0.05).

Note: Original body weight of experimental fish is (24.17£2.49) g. Values in the same column with different letters mean significant differ-
ences (P<0.05).

2.3 ,
(P>0.05)( 3)
2.3.1 (ALP) 2.33 (T-SOD)
(ALP) (T-SOD)
(P>0.05)( 2) (P<0.05);
2.3.2 (LSZ) ,
(LSZ) (P<0.05),
, (P>0.05)(  4)

K2 EMEREAGHEIRDE ST EEHE T HIREBALP)EYE
Tab. 2 ALP activity of tilapia at start-up of biofloc aquaculture system
n=100; ¥ 2=SD; U-g"'

tissue
trial
hepatopancreas head kidney blood
control group 12.1643.67 29.68+8.15 24.96+5.19
treatment group 10.26+3.12 35.25+8.30 21.09+1.64

R3 SHVERRAGHEIESTEFFEBEMBOLSZ)EN
Tab.3 LSZ activity of tilapia at start-up of biofloc aquaculture system

n=100; ¥ +SD; U-g”’

tissue
trial
hepatopancreas head kidney blood
control group 9.16+3.93° 5.86+2.12 23.62£5.11
treatment group 4.84+0.70° 4.62+1.41 27.02+6.59
(24.1742.49) g, (P<0.05).

Note: Original body weight of experimental fish is (24.17£2.49) g.Values in the same row with different letters mean significant differences
(P<0.05).

x4 EVERAGHEZIRETSEETFEEE LYK LE(T-SOD)E Y
Tab. 4 T-SOD activity of tilapia at start-up of biofloc aquaculture system

n=100; ¥ +SD; U-g”’

tissue
trial
hepatopancreas head kidney blood
control group 88.36+31.32° 5.51+2.21 20.88+17.87
treatment group 63.02+30.53° 5.19+0.95 29.89+12.11
(24.1742.49) g, (P<0.05).

Note: Original body weight of experimental fish is (24.17+2.49) g. Values in the same column with different letters mean significant differences (£<0.05).
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3 3.2
3.1 ,
) (8117 Avnimelech®
C/N, ) ; N
[17] [19]
NH,;" + 1.18C¢H;,06 + HCO; + 2.060, — 27.88%, ,
CsH,O,N + 6.06H,0 +3.07CO, ,
,lg 807 g
(429 ¢ ) 1517 g Hargreaves!'” ,
(6.07 g ) 357¢g (0.86 g ) 471¢g “ » ’
[16]
(Proteobacteria) , ,
(Actinobacteria) (Bacilli)
(Bacteroidetes) 3.3
[20]
C/N 10 - 721
C/N 15 , , (23],
, , [23-24]
, (60.98+7.23) mg/L ,
(117.34£15.50) mg/L, , [24-27]
23d
ALP 3 mg/L,
, ) 3 mg/L )
) ALP , [26, 28]
[22]
, [30]
. [17] 29
Avnimelech , ALP 2
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(60.98+7.23) mg/L  (117.34+15.50) mg/L, ,
3 mg/L , 23 ,
[36]
[37-38]
[40] [35]
[34, 39]
(4] (31] ( 3 mg/L)

T-sop [0

3mg/L , 22 , (60.98+
, 7.23) mg/L  (117.34+15.50) mg/L, 3mg/L
[26, 28, 32] , 23 , T-SOD
[34-35]
[33]
[34-35] [40]
, 22 ;
(60.98+7.23) mg/L  (117.34+15.50) mg/L, ,
3 mg/L , 23 ,
’ 4
[40]
, (ALP) (LSZ)
(T-SOD)

[24]
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Effects of initial establishment of a biofloc technology system on the
growth and immune enzyme activity of GIFT tilapia (Oreochromis
niloticus)

WANG Chaohuil, GAO Qil, TAN Hongxinl’ = 3, LIU Wenchangl’ 2 ,LUO Guozhi"*?

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Aquaculture Engineering Technology Research Center, Shanghai 201306, China;
3. Shanghai Collaborative Innovation Center for Aquatic Animal Genetics and Breeding, Shanghai 201306, China

Abstract: A biofloc technology system is a complicated microbial ecosystem that requires some time in culture to sta-
bilize inorganic nitrogen assimilation and the quality biofloc formation. The establishment of a biofloc technology sys-
tem generally results in the accumulation of ammonia or nitrite. The growth and immune enzymes of the Genetically
Improved Farmed Tilapia (GIFT) strain of Oreochromis niloticus were examined during the initial establishment of a
biofloc technology system. A total of 600 tilapia with an average weight of (24.17+ 2.49) g (x +SD) were raised for 30
days, half in an indoor recirculating aquaculture system (control group) and half in a biofloc technology system (treat-
ment group). Sodium acetate was added to the biofloc technology system at rate of 75% feed to maintain an optimum C
- N ratio of heterotrophic bacteria. The two groups were fed commercial feed at a daily rate of 2% of total fish body
weight. The daily feeding rate was adjusted every 10 days based on the weight of a fish sample. Total suspended solids
were maintained at roughly 500 mg/L in the control group. Both systems were maintained at a water temperature of 2426
‘C with dissolved oxygen (DO) concentrations over 6 mg/L and a pH of 7.0-7.5, which was adjusted using NaHCOs. A
simulated natural photoperiod (12L : 12D) was used. During establishment of the biofloc technology system, concentra-
tions of ammonia and nitrite rapidly spiked and then decreased, reaching peak concentrations of (60.98+7.23) mg/L and
(117.34£15.50) mg/L (x +SD), respectively. Nitrate concentrations stayed at relatively low levels of 1-15 mg/L. In con-
trast, nitrate levels rose markedly in the control group, ranging from (73.03£3.29) mg/L to (152.44+1.79) mg/L. Concen-
trations of ammonia and nitrite, however, were relatively stable and maintained relatively low levels of 5 and 0-3 mg/L,
respectively. There was no significant difference between treatments in the activities of alkaline phosphatase, lysozyme,
or total superoxide dismutase of the hepatopancreas, head kidneys, and serum; however, total superoxide dismutase and
lysozyme activity in the hepatopancreas were significantly lower in the treatment group than in the control. In contrast,
the specific growth rate, hepatosomatic somatic index, fullness, and protein efficiency ratio of the treatment group were
significantly higher than that of the control group (P<0.05), while the feeding rate in the treatment group was lower than
the control (P>0.05). Relative to the control, the feed conversion ratio in the experimental group was significantly lower
(P<0.05), while weight gain was 27.88% higher (P<0.05). Survival was 100% for both groups, indicating no significant
stress reaction to biofloc establishment. Moreover, tilapia grew at faster rates in the biofloc system than the recirculating
system.
Key words: biofloc technology system; GIFT tilapia; growth; immune enzyme activity
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