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AR A ) 2R T B 3R 22 7

JLAN B R 7 T g KPP, H
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70%L 10 of Az 2R AT H R N T MR 35 X AR
B HbRRLAE ", ATR R 25, SRR A
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A SRR IR £ L 2 S SR VA 5 D A BIF S i R
e o AT L3P AR K AL A WA AN TR B s
BRUR, AT Az ) 22 DA B R R L 4 {5 X B
B, JFXAN TR BRI AR B AR R A R A
gy MR LR T b, BAERE N
AN TN B R AR R AR AT M A 2R AT
AR, LA B [ Bl 5 35 5 0 AE ) 28 1417 37 (EL 1Y
VAL, DT S FLGA I X R A 25 Ak . BB AL b AL
T BN TR AR 2

1 MRS T

L1 SRRt S5M#

S b e T A AR R TV VR X S R K
FIETAA BRAA B AR S S T, SERA N AR L ',
IKTET0 e [RDE B NAR , FEAR I &< A210,
1 kWA K45 R A E RS il 2 +1 °C) B3
B & A AL . pHIT . BALEE . KA AT A S o
B R HEID A S I R A o S0 % A X 52 R [
— LR IR T TR E S —F W& T E
I PSAT AR [HLAK (5.43£0.62) mm], B IE KRl g
WE A . RARERE, W ABT . B
TRy 5 5% B R ZE AT 8 (Bacillus spp.), HHEIZK
PR A B R TR K BRI IE A, FEEE O S
A ZEAAFT B (B. licheniformis), W& & & 1x10" CFU/g,

S TR 3 il U (R AR L TE R FHREARE ),
3INSERA, XTI, 3N FAT. A
IO A 2% 10 BB P AFUF , X B8 41 1F 5 1w
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BE, S0 2 B E E B AR AN a3 S i 2
WL VE R FIRERE R B AS  ZERAT R . AR 4R SC
BRARE T, ST A A, BRI B E A
B H B E80%, SHEBHEA M, ZFMFF
FE3H WK, BRE N E$E1.5%10° CFU/mL,
PR P2 HT4 WAL KIS L, SR 2950 U A
S iEAT20 do

S0 I K R R XA, Gl A UTUE . RPUE .
AN K AL PR S HE A SR I, 5250 0 1) PR R K
IR H28 °C, EMA>5 mg/L, EHhEFE27.3, KikE:
LA R, MR MEAE H IR, IR R &,
HLLEEN . BRI AE, MR UR A A
ARG ORI, AR RS2 gm’, F
W& 3~5 g/m’s SLHAMPI IR K600 L, SCIGHET
SHIEHHDRINKS%, S5 EAHEK

1.2 IKBRR IS LR ST ER 75 58 %N E

SCE I, REOR DN E BSR4 pH; B3 dDl
SEVRER . AR R £k 20 RN AR R £k R S5 /K 8 45 o
VS il 8 SR TS A5 HQ3 0 D 48 =X i 48 1L I =2
pHoR HPHB-1RIpHI U & 5 KIARE A . WASERE:
RO R Eh A I 2 2 B E Kl R (T
WEMHLAE SR 43R 43« MK ) (20074F) AT,

ST ZE AT, S8 A% 4 LGN T T IR A A
R A R (%) =LK BB R A< 100/%.

1.3 SZERAGRIESE RN

SEHATA], A3 dIE]— B EDRE 1 LR I A
FERHEIZE P E LA, B S 20 mingk
TR HETE A IS 0 2R R A (mL/L) . R )5,
IHETE & ARK 1 e 4 U L 20k, R AW
Y (DH-2, Olympus) W82 A T 454,
Ffe 8 o 8 R A ke AT AR

1.4 EZEEBAS T

XPAS [ R A ) 2R B T 4 o e AT o #E
S ZE A, 10 um il JE B W 4% P 4R A A4S S
WA AR AR . FEARRAKESE, 7E105 °C
T T, B EERITE TYRE&E;
K FHHIL I A2 U (GB/T 6432 — 1994) 3K K6 AL 5 (Y
L 1 & 8 (AOAC, 1999); N D35 41550 °CHy
175 (GB/T 6438 — 1992)5E JK 4y & it s IR
HhHE 7 (GB/T 6432 — 1994) B[ 3% FH 2 Bk h g ok i &
LM & & ME A . Mg AR & & Fn
AR TENE TR BRI TIAR
THE R KA A YR
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W KA W (%)=100%—[ HLEE 115 (%) + H
BT (%) + K535 1 (%)

M 3k RO (535 3 (HPLC), 5 A= W) 22
VAT ) 2, R R 20 8 o 38 Ao 000 0 5 21 B R A 2
A IR 1Y A 4 LUAE S A b TR LR (EAA)
1) D5 LR LU AR (E/A)PY . AR 38 Peiiaflorida ®7fY
T, PR IA LR LT Z ARG EU(EAAT:
EAAI =y/aal JAA1 x aa2/AA2 x ... x aa9/AA9
K, aaky £ & A b T AR L (E/A),

AAR YR AN E/AL, 1, 2, 3, ..., O —
Fho T R IR .

1.5 “AEMisSeq EEEEHNFMEMEEF
¥

IR E , AERA AR A R — 7 B L
IKKE, SEUTTE B O IR E IR . R i
43656 11 (Nano drop2000, 2 [E Thermo Scientific
s T )RS M B g R O B B %) 441 A7 3 R 2 DNA
HEAT B AN . MisSeqZ: 3 R 41 Y A A H 1 J8,
2B AT B TR IR AR 2R YRR I 0 A BR 2 v R
I AL (MisSeq System SY-410-1003, 3 [€ Illumina
2y EDSERL, EFTFMisSeqZs 3 K 40 I 5 A AE )4
J S =3 TR < W b G O v = 2 N 7 o

L6 St

FIH Excel £ 4 b 4K {4 147 B0 ab B,
FHSPSS 18.0% 4 X 5L 40 Z B A7 B I | T 2247
M (One-Way ANOVA), 556 %54k F - 35 (B +hr
2% (meantSD)F /R, P<0.05K2ESM R

2 4R

21 KERTHK
3PP S I 40 K ok R 40 b P K A pHE TG

3 25 7 (P>0.05) 5 AN [R) S50 41 (19 v il A R By
Xof HE 20 > B 4 > 2 B 2 > T AL, Hoh o R 4
Ve By 4L 5 i SR 5 5 241 25 5+ B 7% (P<0.05), i
AR AZER AR E;, ARAMER. T
il TR e U RIS T 0 R 2 B %o B2 > T g 24>
FEVEASHI A AL, WA A . WA
I TR 220 Vi B 43 0 S AT A B AL i 1.6 2.5,
A2fE R REREL 1.3, 1.9, 3.0f%, SX24H%ER
W% (P<0.05), AP MEMHZER AR E,
X REZH S0 A . A Rk URT A R A Wk 4y
BRMTEM AR .7, LTRL66%, HHAM34 R
i3 (P<0.05)(F 1),

22 MNYEXINEZERNE

JLANTE T RR T IR 3258 20 dJS, G845 417
TR (B ), AR JER AL RS AL R
HEFFIE R B NT2.9%, 54.2%., 69.8%F144.3%,
225 E MR R WY, A0 AL R R A 2 1)
o E M R (P>0.05), B8 E S T AHP<
0.05), X HRZH A7 1% % dnb 251K T A 34> flk 05 5
4(P<0.05).

2.3 EWEARF K

231 5~10 A 3%, ARk IR AL H PR [A] Y
K, HAEAHAKEEIRIREG, EHAKE
A, FERAUK AR, SN, A
Wy 22 A I U I A R I ) A K 2R 2B B (11 2) .
3N A AR R A K R BN T R AR K 221
Wigk7~9 A5 8 A KR, 13~15d)5, 3T
FERBUAR LN, TR .

5 7 W 41 2R DR st SEE 1~7 S 2 AT
A FEUHE oA e W% RN UE K 21 220.9F13.1 mL/L, 2
ORI, R BE A ZR A R AR e A A AL, HLRE

R 1 ORMAERRIR RS ER F 3 K R IE AR B2

Tab.1 Effect of different carbohydrate sources on water quality

TiH A HEA Ve TEREA X B H

items glucose starch sucrose control
#RE/(mg/L) DO 7.04+0.43° 7.53+0.26 6.87+0.32° 7.824+0.28"
pH 7.9+0.3 7.740.2° 7.840.2° 8.0+0.2°
AA/(mg/L) TAN 0.16+0.06" 0.25+0.06° 0.19+0.08° 0.4240.13¢
WASAR #E & /(mg/L) NO,-N 0.06+0.03" 0.15+0.03° 0.08+0.02° 0.260.06°
THR %/ (mg/L) NO;-N 0.170.02° 0.72+0.04° 0.24+0.03° 1.13+0.12¢

e SR O EAREEROR . T A AT AR T RO B £ 57 (P<0.05)

Notes: each value represents (mean+SD); different letters in the same row mean significant differences(P<0.05)
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1 BHLWENPEINEEFFE
LA EREA, 208k dl, 3R, 4x B4, BdiREL bR
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Fig.1 Survival rate of experimental L.vannamei

1.gulucose, 2.starch, 3.sucrose, 4.control; error bars ( SD ) with different

letters mean significant differences(P<0.05);the same below

- & HEA glucose
- JER4L starch
—— JENE4L sucrose

bioflocs volume
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A BT REAR AR/ (mI/L)

1 357 91113151719
B 1) /d
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2 T RHRAEMRETREFROEL
Fig.2 Changes in bioflocs volume of different

carbohydrate sources throughout the experiment period

AR 213 mL/L, J5 R 2 5 ok 4
SRR 22 AR 12 0 R 5 R 2 W R R A Y
AW A L, SE R 2 T A S 56 U [ 22 AT fA
U /N T H A 240 (P<0.05).

ZRIMBEME LR, SAEMEHAAER
BB AR . R %A 2R . RS R A
Y. NERA A ACIRBURL, ELUAS 8] ik R 52 A=
Y& B S R 5 A, H: i e 4 2R A R
NG AMERR L TERR R L AN, H B
B/ (E3-1, 2F13),

24 A ERRBEASMLEFRE S

SR V5 20 A ) 28 T 40 oy e L B Tk 22 =
(P<0.05)(FE14), i % 1 2H T RE R 20 A= ) 22 A ) R
BB A A R 32.2%+0.8%F129.5%+1.2%,
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ERmTEMAE LT HER &=, bk
AU A 21.5%40.6%; i A5 4 4 25 9 22 AT A HEL g s 55
HH6.3%+0.3%, TEK ALK AR I & & 0 8.9%+
0.2%, HEWEZ }8.8%+0.6%, iz i EM|T
TRy RN E R AL 5 T8 A 4 R A A A K 4
4351 4 18.4%+0.2%F1118.6%+0.3%, 255 AH 4,
258 2H 0 A ) B AR A i AR T A S
5520 (P<0.05); VEM AL AW L B ok & &
HK PR, N51.2%+0.3%, EEAEZH 9 2E )2 A
WKL E & Rk, H43.1%+0.2%, 340
WKALA W& B 1 22 51 B 3 (P<0.05).

M AW A b, A R R A A ) 2R
M adm ., MaEk., B4R, ANAR. 5%
SR RN A R B R AR 0 3 T UE R 41 (P<0.05)
FEWEAH Th I5 2R % & = TV AR T 2 Wi 4,
EITC N EME2E R WEEH AR S S
TIEMAM TREMA, MY LR EEER. M
RE I VE R A S s E R % i W = TR
4 (P<0.05). 3P APy 22 P & 7 i rp AR R A4
MR & AR AN, S R N 2 R A A A .
Tk, Ui E LRI BU(EAADTH R 45 0 0.93
(R 2 20 )>0. 92 (HE I £H)>0.89 (T 43 41 ) (K1 5)

3R A A AR T E SRR Y i R,
A BERE AP RAER . FER . WA
FUH R i W = T UEM A1(P<0.05), 4 HE
HAFEREA T E M S . WA A 22 EJ R
TR T RN S T UE M A, (B8 T Wk 22
So BEREA PR AR & S T A (P<
0.05), 3T AR D EMES, H &AM
XF B (L 6).

25 WEBESN

3P AT 1 A ) 22 A AR T T 0K 19 40 TR RV
H 184 (E7), ZEFEE '] (Proteobacteria) Fl Ll
FF T8 ] (Bacteroidetes) (5 A3 L Bl ¥ fe i, M4 4H AL
P AR A 1R, b 3Ar ]
AR 15.7%, B E25.3%;
W 2H 20 T8 B Vi A 18Fp, Horb PR 1 [ (Planctomy-
cetes) i 28 18 | '] (Actinobacteria) & & i & = T
EREHMTER A, R R 6.1% . 12.7%H12.3%
2.5%; EVEE AN A 178, A R
AHUFT BT TSR, 7 F 0] 2 42.7%41140.0%
P GE Tt , 0 2 W 2L R R W 2L %) 40 TR R s A L e
KT Z R4k
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B3 TEALEMRAOHEINE
-3 R ET AL SR AL B L2 0 R PR 255 a A WL 5 b 2R B e VR U 30 4 oK

Fig. 3 The morphology of bioflocs in different groups by microscope observation

1-3. the morphology of bioflocs form in glucose, starch and sucrose groups; a. organic detritus; b. filamentous bacteria; c. zooplankton; d. algae

B & A crude protein BAH ARG crude fat
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ﬁmm. b b
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” b b
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2H 5
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El4 TRRBEEMEAEFROEW

LA, 208, 3ERE; NIE

Fig. 4 The changes in nutrition of bioflocs in different groups

1.gulucose, 2.starch, 3.sucrose; the same below
3 e
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JEE DAY SR g ) I i 3 R iy S 50 ek
B, NS Nk I X B2 o 3RO AR A
1 TR 5 A2 AR W) 2 P Y SR A R 4
e, IS [ B A A 0 A D s D5 A 8 R
WA, b 2H (4 K B B A 3 T A A
LHAERE 2, W] AR ph T AW AR S S
TR, YER O 2B, OB AN Bl 2 0l A
Shy i, i 2 W U R 2 A ) i D U

T 5 2000 2 P A, 3 T e S AU b 2
M FK PR THAaRAMBEHEH, X5
VanSgE BT L RAAAT , HES ek AL & el LA
e AR K A L A = R0RI I i PR R RV B, ) I ik
AHEREIIAEE R RS I, BSmER IR A
Py 2R A SR DR T S R e A Y T RE A UK R
v B R Y XHER I AR RS R
Bl RN I LA R R T R, U AR
1 380 I UK A R T 12 58 0 A7 3 R [
FE, AEXTERE B, RIS N T R
A% A%, 3 R LU B 4 K R I 3 AR E X UK
T, AEZT, B IRR IR Al A R 2 H
Ko I, AR 2R AR BE 8 7 IR 4K 2% 1F
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w2 R valine
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5 TRIEEVMEEFLAREIREAR

Fig. 5 Essential amino acid patterns of bioflocs in different groups
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nonessential amino acid concentration
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m RAZ [ aspartic acid

m B &R glutamic acid
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m FS &R tyrosine
% alanine
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Ele6 ARAEMEETIELFREREN

Fig. 6 Nonessential amino acid patterns of bioflocs in different groups
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Fig.7 Bacterial community structure of different biofloc types at phylum level

1. gulucose 1, 2.gulucose 2, 3.gulucose 3, 4.starch 1, 5.starch 2, 6.starch 3, 7.sucrose 1, 8.sucrose 2, 9.sucrose 3

()8 SR A, Horh A AL LR B
. LU ERE AL FVE R A, A R N R A
Al REJE T ML AP 25 W (EPS) By R B2 AN ) T 2,
A LB EYLYA80%~95%, A [F] BRI =
A B EPS2E SRR ™, A AL v () KL D A
BAK, WM MR R, X REE N e
AR BERE A R 2 R, SRR
FHG A S AR 9 2 F T, =R KE R A 28
EAL AW Ve R KA A P A R
T, X AT BB VE R VA R 25, T R URLAT AT RE
HHETERPMREKE, LRGREN, AP
5 A2 B AMIBR IR B B &, S5 AR
P 2 1) A 4 DA 3 S Al 5 3R 25 1 O =T g
TETE 22 571,

SAHE TR A R R 43 VA W R R D e T K
7= IR B G R B . AR R R SR A SRR
LR IEAT Z LR A L BE 1, S b
TMAE LT E R, HTEEREEATRMA
B, B, SRR A A e A H K
B ERE RIS IE Y, s, FeekAEY
() H DRl 5 iR T 2 o S RO T LR Y
SR Y, Peniaflorida 25 P i+ B EAAL
FTEM H R T S EAAZH LAY TR R EAATE , I
8 T B RLH(EAAT>0.9), A IR R EAAL
H40.7~0.9, i A& /N T 0. 70 WA S A3 24 1)
Bl HHE LN RTER B EAAZH B8, 3 4 2
2H . VEMSUL TN EREH O EAATE 43 51 50.93 . 0.89

H10.92, X FBI3F0 A= ¥ 2 A rF EAAJR 73 AT L) i
JE UGN UM IR SR A A BEoK . BT IX N8 FR
A5 7 A 0 A ) 2R A T DL RO X IR R
U B T SO IR . 2 M 2R BB A A K R
VEH M EAAVE 2 TIEM A, RUIELR 5
T, o 2 H 2L RN A 2 7E EA AT & T AR T
TEM AL, EERIE SRR, ANEAAEY
HE i, MAmR., REAMSE, X
FLAEEXTER PR SR (A E ™ Rk, A9
LA AT LAAE SRy — Fh G Rk S AR, A 2 o) 0 g
AR, A N TR A
Ballester%: " 5E R B, WL RGP
YR RGO T R E R RS
\EAEM . BIEE AT 25 Ay 2
W, TERTA SR A R A R T AR K EE
R 25 W L R R W L P AR TR BT RN U T T LA
R, W TN N K = IR 58 iy e A
T A8 T8 B 1R 25 B T TR LA B Vs K A L
Y AE B O HOE 7 A W 22 A 1 35 K Ak B
SRS I R N A i3 LV R VAR
v LA Wy 22 A R FH F 3R 8 AR PR i, e ROUE T
FEIE KK BT o T2 — i WL 25 AR 1A
AT DAFE e SRR T = AR A s Y, 3R AE
PRl & w185 — e e, REREA R E . A
RAKTE, FE FLANEEXT B FRFE O 0 il R mT 42
MAZTHAEMHENESE, 0L IEHE
I TR ] R RE TR ] (Firmicutes) S5 H A7 25 T
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Effects of different carbon sources on the biofloc formation, nutritional
ingredients and bacterial community and water quality in
Litopenaeus vannamei culture tank

ZHANG Zhe ', YANG Zhangwu ', GEHui', CHEN Huihui', ZHUO Xiahuang *

(1. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province,
Fisheries Research Institute of Fujian, Xiamen 361013, China;
2. Xiamen Xiaxinglong Seed Production Co., Ltd., Xiamen 361026, China)

Abstract: In order to study the suitable carbon source required by the biofloc formation in Litopenaeus vannamei
culture tank, 3 groups added with 3 carbon sources (glucose group, starch group and sucrose group) were designed.
Each treatment group set up 3 replicates. The culture period was 20 d. The experiment analyzed influences of
adding different carbon sources on biofloc formation, nutritional ingredients, microflora and water quality indexes.
The findings showed that when carbon additive amount was 80% of feeding, the biofloc formation could
effectively regulate water quality and reduce ammonia nitrogen and nitrite nitrogen level in water body. The
concentrations of ammonia nitrogen, nitrite nitrogen and nitrate nitrogen concentrations in three carbon sources
addition groups were significantly lower than those of control group. The ammonia nitrogen, nitrite nitrogen and
nitrate nitrogen concentrations in the starch group were significantly higher than those of the glucose group and
sucrose group. The survival rates of the glucose group, starch group, sucrose group and control group were 72.9%,
54.2%, 69.8% and 44.3% respectively. The biofloc settling volume (BFV) in the starch group was significantly
lower than the glucose group, while BFV in the sucrose group was the highest. After 13—15 d, three groups tended
to be stable. Crude protein contents in glucose group and sucrose group were significantly higher than that of the
starch group. There was no significant difference in the glucose group and sucrose group. The essential amino
acids-histidine, arginine, methionine and the nonessential amino acids-aspartate, glusate, alanine in the starch
group was lower than the glucose group and sucrose group. The essential amino acid index (EAAI) in the glucose
group, starch group and sucrose group was calculated at 0.93, 0.89 and 0.92, respectively. The high-throughput
sequencing results showed that there were more than 18 species of bacterial community at the phylum level.
Proteobacteria and Bacterioidetes in three types of Biofloc had the highest ratio. In the starch group, Bacteriodetes
content was significantly higher than other groups, while Planctomycetes and Actinobacteria contents in the
sucrose group were obviously higher than the glucose group and starch group. Therefore, different additions of
carbon sources in the L. vannamei culture tank affected the biofloc formation, nutritional ingredients, microbial
community structure and diversities and improved water quality in different degrees. With the EAAI as the
evaluation index, glucose and sucrose can be used as the suitable carbon source choices for L. vannamei culture
pond.

Key words: Litopenaeus vannamei; biofloc; carbon sources; amino acid; microbial community structure;
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