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EAER, A WAE b A R A AE K
I3 58 b B N 2 B0 2 A5 kU 2% A T (pro-
biotics) & AL FE AU TR . B F L B 78 N A9 1 e
Wy, HAE— R B Y R A 25 T s R g0
Kozasal™ T 20 tH22 80 4EAC E AR HUK 35 4 3 10
FHF K = 2258 P4 o I 25 4= B4 EM (effec-
tive microorganisms) [ . 2 14T [+ J& 4 4 (Bacil lus
sp.) FIZLEAFT 14 J& 41 14 (Lactobacillus sp.) 27, &k
s R W, fE 2R U i X i 2 (Apostichopus
japonicus) . W& IR | WK S SR sh R A=
K G ¥ HAT — 52 B e b 1 A P yu 2RI
5% e 45 2F f AT i (Bacillus coagulans) i il % & &
BRI SR, e ILIE 2 N 0Bk 2 ZE AT R AT A A
B AR EE R R PR RE . R, SRR
b7 B AR BFT R R0, AR5 I2ilTE
BFT FRFEAE T SIS N 25 4= B (EM TR FIAS 2 2
FLFF B ) R AR TE 3 T2 W VR 0 2 il B A1
TSN 2 2B RO S A AR AR G L T A T P AN i
ML, BAE RN BFT B &80T B
PO LS LA

1 MRE5FE

11 REMPNREFREE

5B AR B I e R K 7 R g
M, FEHUA T H7(1.60£0.50) g, RE TR . &S
U B S B0 T 3R IR T2 B SE 0 S M B 77 5 do 35
Bl AR FR PP U B, SR A K S RS
TS5, /KiIR(25.040.5)°C, T H#4%>5 mg/L.
H B R R G 1 32.25%, HLEEWT 5.90%,
BAS 1 17%M R 1.23%, 8 B GA FRA )3
W, PEWREFTE] A 6:30.11:30 A1 19:00, H#H &K
AR E 1) 3% 4 H 4k 11k, H#EKE N 1/3~1/2,
FERIEHE 1 RARIHANZE(E

EM [HIl AL BHE YR ARG BR A A, Al
2P AT 1 (Bacillus subtilis) F 4773 85 T A4E W) 2 A1 57
FEAKAR T, RN H P8 R AL A R AR
12 ZWigit

A 5 A6 55 IR T 27 B 7K ™ 357 5 S 56 5 Hh F
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() 5 B AREPBEAL ST A 9 A>3 /K JEHL(3.0 mx1.0 mx

0.8 m), JFEHEE N 200 B/, L% E 3 PSLE
24, Bl BFT 3254 EM B 754 (BB 41) .BFT
TR R R 2R A AT B S M AL(BI 41) LA & BFT
FREAXTHRAL(B 4), MR E 3 EE, B FRM
5 24 h AW LA, PEIE

SEE ], KR AEREAE 26~28°C, pH 7.5~8.5,
WA >5.0 mg/L, BEMEES A F o 5 B F — 3
o AR Al 5 R B R A KT OO 5 Y R AR
o SIS A AREOK, RN TEB T .
FRR BORAE TR K B2, I3 2 A IR S w2 8
¥ C/N =20, FREEHIKICA 4N E K, BRSGT g
Ja AT SLs, SRR 35d, Wi, A H gL
Yt MAE TG, & BISEfa S i e, FRER
THOF R TE TR SCIRZE AT, JESRAE TR %
1.3 MEIRSA*
131 HERKIEWRME 5 35 d 5, 250 24 h,
FRBFEALREL 10 FBfa, 2 MS-222 PR RS,
D S AR IR T i, T 7 B A R |
R A KRB RAE %, R AT

HAH % (weight gain, WG, %)=(We—Wo)/Wpx 100

728 42 KK (specific growth rate, SGR, %) =
(InWi—1nWo)/tx 100

TE7% R (survival rate, SR,%) = N;/N;x 100
2, We S SEER A t RIS R TR (g); Wo T4 fi ik
H(g); t MIEFE EHA(); Ny NS u 25 o Iy 5 7 )
I RBEL N S50 T b i 5 B AR B ) R 4k
1.3.2 HWIEWRME 5535 dJE, A58 24 h,
FAEERYLURIS BB, [ 1.3.1 W5 B
T, FWA R JGE A B K R R 22, BEAR
W A ZURE S R T KA S5, BYRE, PRE, Hedld
FERMTE R 10%MA 4 CHIAI 0.85%[% 4 B Eh
K, SRG ALK AIK, B, 4C, 2000
r/min, 15 min, M F, 4 CRAEREH(< 3 d), LA
FEVEM HE(amylase, AMS). g Hifi(lipase, LPS)All
B £ F1 1§ (protease) i, AMS., LPS. & & H
FLEEE e R £ 3 0 R o AR W T AR B
FERT, 4% TR Sl B A A T o
133 MEAREHRE EilaY R . H&E
Yo E AT 41 2S5 A L EE . BURE FRR 5 v )
1.3.1.ff i, IPIREIA /NG o e th i, 2Bk
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TR ARG 5 S, F 0.9% 48 B iR /K vk & i i
g, FEE SR, A Bouin [ E A .
SRIGTEMRIEREE N 70% . 85%. 90% . 95%LA I
100% 1) B 43 R s 43 oK, JFH Rk & T = H
RS DIEBOAE R EN, K
JE B ot R ORI ARIE A b,
KD-2508 Y] HLEE [ iE 22 Y] fr, JEEEH 6 pm,
RIGRER TIRA T MEA RS b, K
J&, RH H&E 3efo, M E Ao £ Nikon
Eclipse Ni M570 E J&2% 1 i N W %%, it
NIS-Elements D # /4 &: .
1.4 HB\EHIToH

S5 25 R 34 LLF Y {E 45 1fE 25 (x+SD) KR,
JRUAEHR ] Excel 2016 FHT#A 5B 5, #H%
THHTEAF SPSS 24.0 (LR K 5 2253 #T(One-Way

ANOVA)AT4E 1404, JfH Duncan #1725
FbA, P<0.05 25 W3 .

2 ZEREHSW

21 BFT FEEXTHEFARANN ZRERE A
KRR R 220

235 d 35, BFT FRAMEaCF 2842 s
5 S A AR AE KRR (R 1) s A AN
Z1(BB 411 BI 41)5 B Ay R e R KR
B TREZH (B 4H)(P<0.05), 148 e} R4
SRR T 216.70%F1 184.04%; e KR E
XTHRZH AT AR ES T 141.18%F1 125.49%, Az
A= B ], BB 43 SR AR A KR s F BI 4L, 1
TG 3 25 55 (P>0.05) o AN [A] SE B0 4 (] A7 35 R 22 /AN
5.3 (P>0.05),

1 EMEAGBFT)FEEXNTHER RN FEREMERKEENZ N
Tab. 1 Effects of probiotics addition on the growth performance of gibel carp (Carassius auratus gibelio)
cultured in biofloc technology (BFT) system

n=10; x+SD
T e BT % B R A% AR/ %
initial body weight final body weight weight gain rate special growth rate survival rate
BB 1.61+0.01 3.81+0.09* 136.34+5.76% 2.46+0.07° 91.8+2.7
BI 1.63£0.02 3.65+0.28" 124.43+17.14° 2.30+0.22° 92.7+1.6
B 1.63£0.01 2.33£0.13 43.05+7.92° 1.02£0.16" 91.242.4

{: BB i BFT F#4H#EC T EM WM, BI 4 BFT FRAEAC T AN O ZEAF U4, B 4 BFT R 4. W4 Fhs/NE FREA R R

245 W2 (P<0.05).

Note: BB, effective microorganisms addition group in BFT system; BI, Bacillus subtilis addition group in BFT system; B, BFT group. Values
with different superscripts in the same column are significantly different (P<0.05).

22 BFT #EHATHERT RN B REDHE
b B E 1A 220

M2 2 AT, AR IN4L(BB 41f1 BI 4)
() TF Ak it (U Ry 16 TR D77 Il RN R 1 ) 0 1 2
FZET AR B 41)(P<0.05), 76 A= 1 B n 4],
BB ZH JiE A il % P {2 35 5 T BI4H(P<0.05), A Vil
MEEAMEERET BL 4, HESAEFE
(P>0.05),
23 BFT FEBEX THARRMI FE R HHF
B A R MR

FHBMGEAEIZE. FEZ . F#ETZ
PR R 4 ANER41, HA R ) iz 1 58 P 1
AEE, AEE N G s B R AR B IR S, AN 1 TR .

*2 HEYEHAGBF)FEBRATHERT RN
5B REFIEH LB A R0
Tab. 2 Effects of probiotics addition on digestive enzyme
activities of gibel carp (Carassius auratus gibelio)
cultured in biofloc technology (BFT) system
n=5; Xx£SD; U/mg (protein)

215
group
BB 192.40+26.84°
BI 186.31£22.19°  19.12+12.09° 44.23£14.16"
B 177.51£26.30°  17.06+5.15 36.14+6.18°
FE: BB 24 BFT FRAMET EM B iN4l, BT 4 BFT FRA i T
MR ZEHFF B S N4l B 24 BFT 323841, [A3]_LAr/NE FHREARTH
Fon 25 1L # (P<0.05).
Note: BB, effective microorganisms addition group in BFT system;
BI, Bacillus subtilis addition group in BFT system; B, BFT group.

Values with different superscripts in the same column are signifi-
cantly different (P<0.05).

VERY B amylase G lipase [ 2R 1 protease

19.58+10.29* 44.29+10.50°
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M: JUZ; L: B F)2; F 488N B, LP: BhIE4EEE.
Fig. 1  Gut histological structure of Carassius auratus gibelio
M: muscularis; L: submucosa; F: fold mesenchyme; LP: mucosal fold.

5 A TR VS I X S T R D i 4 2 A ) 5
L2 30 25 A AN (BB A1 BI 41) it L2 R
MEET RE B 2 & TX R4(B 41)(P<0.05);
BB 21 5 7 SR A i 1 280 I A R o R R A [ 5
J 55 B MIXT AR AR EE, 2900 0.3 22 57 (P>0.05).

®3 SMZREABFT)FERRX T mE RN

FBEREFIEHRE R TN
Tab. 3 Effects of probiotics addition on gut structure of

gibel carp (Carassius auratus gibelio) cultured in biofloc
technology (BFT) system

n=3; Xx+SD
RN
TR TR 10 S 3
group muscularis mucosal fold ° submucosa
mesenchyme

BB  30.03+1.04" 223.59+10.15 11.75+0.71  13.93+0.38"
BI  30.02+£1.01° 223.07+12.46 11.75+0.80  12.260.65"
B 25.17+1.27° 223.07+14.70 11.38+0.34  12.26+0.19°

¥ BB O BFT 20T EM R4, BI i BFT FRAAFAT
FH S IIFT R AN, B 9 BFT 325841, A% EAR/NE FhEA R
Fon 225 B (P<0.05).

Note: BB, effective microorganisms addition group in BFT system;
BI, Bacillus subtilis addition group in BFT system; B, BFT group.

Values with different superscripts in the same column are signifi-
cantly different (P<0.05).

3 it
31 BFT FEEXA TEZLER AN ZERE &
N E-AG|

BFT 1 LI iff 75 5 sh 0 2 K 5 42 = HL A7 0
U061 s 52 B2 Kuhn 2P WE5e & B0, 1A
BFT 7%4# % 4J: ffi(Oreochromis spp.)Fil FLA 1 X A
(Litopenaeus vannamei) AJ i 35 48 i Hf % [

WInFsE R, BFT 41575 R0 AR R MkE e
KRR EETRIBA, ARPFTE i — W,
BFT F#5H BT, AMEA I EM & A1 ZFH0AT I AT
T A S H AR AE K . EM O RE —F OGS
NTE . WEREDE . FLBRTA . I TR RN 2F FAT TR S5 T
A WA B R A TR P TE Y R R A T
FEME ] BAT T . JOFR B AU P A T 24 A A
PRt OISR 5 AR L ERE N
A Ul B, A s 1B A T ) B IR A
R IO AT B, HRAEBIMARE
BRI T AR A KR TR A, XS
TR REAEPS | Lee 25PN K 2 i 4 140]
DT TR a5 AR I H, BB B H——EM HE
TIZR 1 H AR VR A K R TR — T AR ——
FZFHIAT U AL, Ui A AR AR 2R K ROR
T e —TEpR T, AP 2 RN g, HfE
5B EA . A, mAERBNARE
LB g 3 T R T PR A B R TR IR, X R
HAIH A e 1A i o AR AE KL AT RS
(D) SRR g AW S A EA R, 4iEREKR
HIEFRY, RIS AT N 7 R B R
(2) e AW TR B A e A Z A, fR i
SHPREAL . I,
32 BFT #FEZEXTHAERT KM R ERENH
L EgE MR I

THAC B2 R LA S SR A B B2 bR, 5
HARKRKEHVIMK, R &R
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Wi 1) Sy b e A AR E SO 50 A H Bk
1/4~1/3 B FEFAECAE L, BFT ol 32 5 5 B AR
i AMS. LPS FilH & (RS Aot — 2
W, BFT FRAACT, AMEAS I EM B A2 R AT
AT B ARl G A e e, S E R
B A AR IS N 25 2 B B VE RCR 2L, AR
25 7 8 (Cyprinus - car pio) i 44w 7 i A 45
Tl A B, HL A 3 T A T P 1 o LS S n
0.02%. Afrilasari ZUHF9Y B K ZEH1FF 1 (Bacillus
megaterium)X fifi(Clarias sp.) E K . T LB 1
TERERERRE M, KB 1%SE AT B I 0 2E s 1 2 P
TRt R Ao Tl T P S v T B AR At b R L f
KA NG . G . TEREE . 2T 4R S 2 A
DA il R 3 Ml 1 W, O T X Rl ) 50 i R T
AR DI RS B Y 2, Bk E 5 2E
TESRFH SN I 18 N e A S5 AnAa, o™k
1) 22 o A ERIE N T ) il s, AT 2 i 3R A
Y LBEIG PER O TR, g5 A R B A
FIEEAR TR AT REFRIR N pH H, & & HIETHAL
BEE 7, DA B i f 2  T AR BE A 154
33 BFT HFEEXTHAERRMN R EREG
B 20 R MR

1025 iy 1 2 HE FR W B AR R i £ 2
Jir POV, ke i Al B A TR ik 2B 2 50 A R e
(Cyprinus carpio), A& BFE5H & 2L Ak 2
FI AT e — o T2 B 46 v 00 i 2 6% o 5 R gy s TS
JE ARSI R, R AEWNING, 58 RniEg;
W RAET —E M, 64 WL i iE W2 S
FE AT J2 R 3 X R4 [}, Daniels
4:52H Asaduzzaman 2553 IZERR YN 8 F (Homar us
gammarus L.)F145 4 (Tor tambroides)(#)if 55 11 F2
W R B, o AR TR AT I A 1 A GE B ) 0 W R
B o MASBIFS 2 A= R 4L S R 0 % 20 = R )
J5T i B 5 0) REZH 34 TG i 2 2 S o AR T 9 245 SRRIGT 3k
KW SR T R W], X T8 AE Wi R m
0 Ji7 18 21 23 2540 T A AR 1 2 A LA 7 R AT

ZTIE.
4 B

15 ZA

BFT FRAEARE T £ A2 s A IOuS S 7 AR A A=

KA B R SRV, RT3 1 f 1 3% 1
ARG AR — RS T 4 2 B 57 1 4
B e LE AR . ABFTERM, & HR(EM )
ISP E AR L A Tl T35 A 0 1 TR A i AR
07 T3 J B A T B — B O 2 AT D B
HEad, XaliES EM BA 5 O 52 8 1w ki
AIRFIEA e, AR A R AR B WUE D X R A
AR A S, DTS I A2 & i A2 BT EE IS T o
— 2 A TR SR A 1 e R A A R, A
PRA DA ML, BFT FRARh 4%
ORI B R K A b i 25 A, ATk
B, BFT FRFAAE TSNS INAE M0 oA — 7
FRZ I, S MR AL ] G935 A5 0 4 26 18 s K 1A & 57
SHEN I TE T A XA L AR Ay . A
P A R — RS
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Effects of probiotic addition on the growth performance, digestive en-
zyme activity, and intestinal morphology of gibel carp (Carassius au-
ratus gibelio) cultured using biofloc technology

XU Chen"?, LI Ye?, SUN Qirui’, ZHANG Mingming”, WANG Zisheng’, YE Shigen', QIAO Guo?, LI Qiang®

1. Dalian Ocean University, Dalian 116023, China;
2. Yancheng Institute of Technology, Yancheng 224051, China

Abstract: Probiotics have been defined as live microorganisms, which confer health benefits to the host when ad-
ministered in adequate amounts. The probiotics used in aquaculture commonly include effective microorganisms
(EM bacteria), Bacillus sp. and Lactobacillus sp. The biofloc technology (BFT) is a zero-water exchange and
eco-friendly aquaculture system. The BFT can recycle nutrient by introducing additional carbon source to culture
water in order to stimulate the growth of heterotrophic bacteria that convert ammonia into microbial biomass. The
microbial biomass will further aggregate with other microorganisms and particles to form bioflocs. The bioflocs
contain a heterogeneous mixture of diatoms, macroalgae, food and fecal remnants, exoskeletons, bacteria, inverte-
brates, and other microorganisms. The bioflocs can maintain good water quality, increase fish growth performance,
reduce feed cost by recycling feed residues and fecal excrements, aid enzymatic activity, and enhance innate im-
munity and disease resistance. Meanwhile, the BFT can minimize water exchange to save labor and environmental
costs, and reduce water usage and waste generated in aquaculture. It can also avoid drug abuse for disease control,
because of the key microorganism in the bioflocs. The BFT has the potential to be used widely in aquaculture.
Gibel carp (Carassius auratus gibelio) is one of important freshwater species farmed in China, and it is a repre-
sentative species of mudflat cultured fish. However, with the rapid development of aquaculture, the waste of water
resources, pollution, and diseases seriously affected the sustainable development and aquaculture efficiency of
gibel carp. Our previous studies showed that the BFT can be used in gibel carp culture and that it has positive ef-
fects on the growth performance and immune response of gibel carp. To further optimize the BFT system in gibel
carp culture, a 35-day feeding experiment was conducted to evaluate the effects of probiotics on the growth per-
formance, digestive enzyme activities, and intestinal morphology of gibel carp cultured using the BFT. A total of
1800 normal gibel carps with a mean body weight of 1.60 g were randomly assigned to nine ponds (3.0 m x1.0 m
x 0.8 m) as three experimental treatments, including the EM bacteria addition group in BFT system (BB), Bacillus
subtilis addition group in BFT system (BI), and BFT without any probiotics addition (B). The results revealed the
followings (1) Compared with those of the control group, weight gain and specific growth of gibel carp in the BB
and BI groups were significantly higher (P<0.05); the weight gain in the BB and BI groups increased by 216.70%
and 184.04%, respectively. Furthermore, the specific growth increased by 141.18% and 125.49%, respectively.
The weight gain and specific growth in BB group were higher but no significantly different from those in BI group
(P>0.05). These results indicate that the addition of probiotics to BFT system can promote the growth of gibel
carp. Additionally, compound bacteria (EM bacteria) addition showed better efficiency than the addition of single
strain B. subtilis. (2) The activity of digestive enzymes (amylase, lipase and protease) in the probiotics addition
groups (BB and BI) was significantly higher than those in control group (P<0.05), and the highest activities were ob-
served in BB group. The activity of amylase in BB group was significantly higher than that in BI group (P<0.05).
(3) The thickness of muscularis and submucosa of gibel carp gut in the probiotics addition groups was signifi-
cantly higher than those in control group (P<0.05). The mucosal fold height and fold mesenchyme width of gibel
carp gut were not significantly different among the BB, BI, and control groups (P>0.05). The results suggest that
the addition of probiotics can promote growth of gibel carp and improve their intestinal digestive enzyme activi-
ties. Furthermore, the addition of probiotics can also affect the intestinal morphology of gibel carp cultured in BFT
system. This study provides some valuable information to promote the usage of BFT in aquaculture.
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