Y U A b, n
4% 28 B4 2 W Wl ¥ REZE 2R Vol.28, No.2
20194 3 A JOURNAL OF SHANGHAI OCEAN UNIVERSITY Mar., 2019

MEHRS: 1674-5566(2019)02-0257-10

DOI;10. 12024/jsou. 20180202222

BBERMAXNBKENEREZERINENZIN

WiEE, FEE, BEH T, ¥

(1. BHREEE RS EEK™ IR0 T REERBF I L, L
K=, iy

%k
2013065 2. b EIREFE R AR FERIRAK K™ Bl BB I F i 5
2013065 3. EHEIFERSY: KRR R R EL R At L, Bil

201306)

O SEESIRRIEA A TRV R EER G . D R S IR K AR Y SR BER G B, TEERBE O 30 1Y
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A QT A INA A RS B9 10% , R A5 Z R (TAN) ETHZE 1 mg/L DAL WI$% 8 C/TAN J 6 SR US40 5 5
SRR I C/TAN Sy 6 SRS A S . 458 R o3 S AE PR ) 2= UTE S 90 300 ) B AR B AR T8Ik,
TR AR PR Z 39 W AR R AAE RGEIBATHE 59 R FE B IRk 3 ARG BRI I AH R 5 P Ak
HASFE SRR BT B M il 5 I B AR 0 A ) SRR 1) A R I 2 A R AT 0 A, A 45 R 3R
B1 .3 A B AT T B R DR TALJE BT ] (Proteobacteria) , £ US IRIR RERS 4= = LE W) SR BE R G H ik
MRS . SCRRBEATER 55 RN, 3 MBI I AR R BE R SR ShoE . SRR AR R SRR B B LA DOC/
TNy 15 1) LU AN I A Wl S e 2R 401845 W1 6] #%2 DOC/TAN Sy 6 (1% EU ] 5 10 46 %5 B RE 05 B 4 o Y AR ) 2R
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AT ERVE BRI, A AT AT I 1) S At A 25
3 BRI IR N5 20, B AR R TEA A S Bk 57
R K AR 2R 58 28 G0 S8R IR 52 AT S5
45 i REE 4 68 St Tl i P s oy =X

1 Me5I5k

1.1 ERWRBRME

AR SRS AE FE UV K AR PR K S5 TR B
KB NIIFREE AR (B 1) hidT, 25 8 LA
AR, &6k B A 14, H A2 110 em, HE (R & 38
cm, SUE 110 em, B T AEAF S 500 L, 39 4~
FAF15 957 0 1 258 2 50 109 JRORE A L4 5 6 W ]
BEHCREBURDLE IR M BRA AL L),
BN M =42% MY <12% KR i =
4% K5 <18% 2R =2.2% , /K53 <12% ,
P <5% , MBE=1.0% (B ) ZF4R4L) o %
TP ER T BREAEYRHEA R A A, N5
) AT C/N,

110 cm

- = R Air
T - R R -
o| | remcal
5 ammmRs
&~ | Biofloc technology

system
8 T . F%E
) eration stone

B L e T W& Valve

1 EMERREFEKENTEE
Fig.1 Schematic diagram of the culture tanks

with bioflocs technology

1.2 SEINgit

SLETFIRRIAE 9 D IRFEKIE b 25 &R
30 YK 500 L, 43 4% A 500 g BT 5 Y X R ]
UG G A RIS ), 90 46 G 144 8 i UKL )
(total suspended solids,TSS) >4 1 000 mg/L, it
@50 NaHCO, S5 45 7% 100 mg CaCO5/L,
S I] BR 1 Rb 78 PR 2R T 2R B K g, A
Ko 1 & 750 W B PR 8 XBLAE4C, S 1 Th] o g
SOTA (B8 h 45 11 16 h) X5 RGEFEAT[e]BE 72 h
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JE TP LA IR IR

i RN [ B4 B 45 SRk 9 S KAl 23 hy
A B C A, M 3 AT, A QLIS ISR h SL 5
TEUG I — DR A R 1 ) 0, (1 R e C/
TN(RGEPRYER) 15, B AN N R 50
BATHIES 1~ 10 RAEFTIMA A LB 3504 285 Hl
SR 10% , R4 2 A (TAN) EJFE 1 mg/L
DL b U RE C/TAN 2 6 SRFSINBRIR . C 4L m
SR Ry B KA AR C/TAN Sy 6 SRUS A 24
1.3 LIRS NE T ZE
L.3.1 JKBUsHRr I E

TR 1 d R K AR B IR BE (T) L pH I il 4R
(DO) H ki JF A i, (ORP) (WTW Multi 3430,
L) IR E B A (TN) VA (TAN) MEAHR A
(NO, -N) AR 2 (NO, ~-N) Tl fiff v A ML Bk
(dissolved organic carbon,DOC) , TN & i #i R
PR —5 MR (B UV 2000, F#ET
JERT)IRE . KFEZ 0.45 pum JE B IE 5 T 5E =
SR DOC, NO, ™ -N & iR 5 A - A 20
JE ,NO,; " -N 5 R AR A I 2 0 i, TAN & &
D7 R FHUCIRBR B A A 1, DOC & & {8 2 D) RE
C/N 3 B (Multi N/C 2100, F& ) il 5E . %A
I 1 UHEE (R AE 158 7R 1) o
1.3.2 SRR ER I E

T d FATEYEARSEARINE . TSS R HIVL
HIENE,S min N ZEAEGUFEA TR (floc volume
FV) il 3R R R B L KAE#RE S min
JEU A BARZ 65 CHET IS i FIk TR R 7
0 € ML E Ao SN R B Y (extracellular
polymeric substances , EPS) 3% FH#8 75 I il s 1k ¢
WU EPS v 2248 5% T AR - R LU €0 325300 2 (b 4
Yo ERE) 8RB (ARvEY o 28 s 3 E)
JEE ST (BREY A JE IR ) >R FH el BB Lowry %
e (R & B B st A A WD) o
1.3.3 AW SUARRUEYIRE i )R & S5 0

RGIBATH 60 KIS, 73 5 1 4> 4k 3 2H K
50 mL 7KFE, F - 80 CUKHI AT, T I 45 R 5 1%
2 L IR A YR BR A W R AT v
D

ffifl E. Z. N. A. Soil DNA Kit ( Omega, 3%
1) 2t0) 65 0T 25 b B2 A 5 AT DNA 425 1%
AR HE HL VKR DNA A 2 75 A Rl DA S %
Jii ; NanoPhotometer 73 3t 3't; BE 11 45 I #F i 4l 7 5
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Qubit 2. 0 Flurometer i DNA #£ 5 ik &, BUH
10 ng 1¥) DNA BAR , %t B B9 XIS4T 48 - AR 4
J DX AN ), 326 43008 I XS 47 48 51 9 V3 X
5%y ok 338F-533R, V3 + V4 [X 5| ¥ N 341F-
805R, V6 [X 5|4 K 967F-1046R ; i [f] TaKaRa 19
EXTaq [iff , 5 (R4 1S SR MUERRME . 4k 10X 31
HA H A R Bt AT w2, TR I ACKS 57 index P
G, SCEAEESE S , Sl Qubit 2. 0 AT H) 45
E L, B CERE 1 ng/ pL, b5 F Agilent 2100
X SCERY insert size PEATRE , insert size £5-5 TH
W5, f Ji] Bio-RAD CFX 96 %¢ )t & PCR Y,
Bio-RAD KIT iQ SYBR GRN #£47 QPCR, Xt 3CJ#
FRAT 50 BE R T HE B i &, DAORIE SO B i . A
I3RS O SCRE S, SR Miiseq ZEA47 0 e, 00 e 5 s
b PE250

1.4 HiESH

SRR Excel BAFFEATEIRGEIT, h

Origin BRAFIATAHC IR M2 . SLREE T
PIfE + brifEZE (Mean + SD) JE KR, R SPSS
19.0 it HF X Adledt 4T ANOVA DN 3K 5 22
oMM, P <0.05 SH2E Pt

2 4k

2.1 SR . IHBRENEBRRNHEE

S A, pH DO T ORP %5 /K i3k 1
Ji7R &K (T) 2 22 ~30 °C, A 21 pH #1 DO
TESLESE 3 KRB 5 REHKE 4.4 F12.8 mg/L
i, 20 A S HAR2 AR HA pH BTET. 1 ~
8.6 i, Al ZFAEE(P>0.05), 4%
fi# %A (DO) 4y 6 ~8 mg/L, pH il DO ¥cH] g 2%
PEREE S 3 A Ab BT 0 B8R 24 4E 47 4E 100 mg/L
PLE LA HFN B 2B e ¥ 2 250 mg/T ity
C 2 B2 fe v 2 194. 3 mg/L, B FHARTHT M
(P<0.05),

&1 KIHAE 3 MAIEA D FK RN THE. R/MEMREXE

Tab.1 Mean,min and max values of the important water quality parameters in the 3 different biofloc

treatment groups during the experimental period (n =3;x =SD)

b SR f/IMA S IR E AbFRZ Treatment
Index Means , min and max A 41 Group A B % Group B C 4 Group B
pH FHIE 8.0+0.3" 7.8 £0.2° 7.9 £0. 3"
/M B 4.4 8.6 7.4,8.2 6.7,8.5
WA DO/ (mg/L) FHE 7.6+0.5° 8.1£1.0° 7.8£0.3°
Fo/ME Bl 2.8,8.3 6.0,8.2 4.9,8.4
R T/C FHME 26.3 £1.3° 26.8 +1.5° 26.6 £1.5°
e /ME Bl 22.3,28.4 23.6,29.8 23.5,29.8
SAALIEJEHL 2 ORP/mV SEHH 143.9 £24.2° 159.3 £17.8" 158.9 +20.5"
I/ MA , T KMEH 84.3,201.1 101.2,231.5 106.0,221.6
WAEERA NO, ~-N/(mg/L ) P E 10.2 +£0.7° 8.5+1.7" 10.6 +1.5*
/M Bl 0.02,33.9 0.0,33.3 0.0,33.6
1% TAN/(mg/L) SEHE 0.9+0.1° 2.3+0.4" 1.1+0.1°
/M il 0.0,5.0 0.0,16.4 0.0,5.7
iR %A NO; ~-N/(mg/L) FHE 14.1£2.3° 8.3+0.5° 5.9x1.4°
Be/ME Bl 0.0,21.8 0.0,34.7 0.0,34.9
H% TN/ (mg/L) SEHE 48.4 +2.6° 51.7+2.5° 48.0 +0.9°
/M il 28.3,,72.4 32.0,68.4 24.8,71.6
frtEAa LRk DOC/ (mg/L) EHIME 64.9 £5.5° 33.7+2.3" 23.9+1.2°
Fe/ME Bl 12.9,935.5 9.7,182.3 8.4,75.0
B Alk/ (mg/L CaCO5) S 160.0 +4. 0* 152.6 £9.5° 160.5 5. 1°
/M il 108.5,252.1 117.4,252.6 120.0,194.3

I FTEIEA R/ NG RN A 23 22 5 (P <0.05)

Notes: Values in the same row with different superscripts are significantly different (P <0.05)

U 2 FroR , AR~ S S 1] — UM AN ik U5
AL HZE (A) AR R AR e IR A AL B (C) /Y
TAN ¥ 5 R Ak R A8 AR AT, HARAES 25 K

i 1% B 0 F (5. 01 0. 09) mg/L Fl (5. 69 +
0.06) mg/Lo ¥J5JURMBRIEATAL BEZH B ) TAN
WePEAESS 31 KN R F I (16. 36 £3.02) mg/
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iy NO, -N FE25 41 KB Ik 2 W {H, 43 5l &
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MEIRE

NO, " -N #J7E5; 55 K FE R FARKF-o 3 Ak Bt
41K NO, ~-N fER G THYZE 25 RIIFHRI R,
EJHE 20 mg/L Ay JREIRAE, 75 50 2 60
KM EEREAIKT (S mg/L L) .

a s w AZH Group A
o 2 40 : B4 Group B
o2 a5 C4 Group C
28
gg
®5 2
e
28 20
3 L4
£+ 156 \

SE 10 \
B 5
0
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%E’ 70 AciH Group C
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:\
S 50 <
3¢
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B2 3MeEARER(a) EHERE (D) JHRE (o) RER(d) WEHEEN

Fig.2 Dynamics of total ammonium-N(a) , nitrite-N(b) ,nitrate-N (c)

and total nitrogen(d) in the 3 different groups

2.2 ABMEAEH B (DOC)5 DOC/DIN &
DOC/TN fy3s ik,

Hi &l 3a AIHL 7E R GLis 1T 10 KN ,3 Ak
LY DOC VR EE R B ¥ =57 (P <0.05), A
HHAE— WM S oK &= i 4 HE /S DOC YR F+ &2
(935.50 £31.93 ) mg/L; B 4 75 47 25 U in ) % Bl
R, DOC ¥k BESe FH s & (182,29 +17.12)
mg/ L, SR J5 B H B I C 2 K24 TAN ¥ B 51K,
PR I 35 im 7 45 28 4 4520, DOC 7E 50 mg/L LR
HRIERGIBITH 10 RZJGHE45H,3 44 DOC
AL T2 7R 20 mg/L A RSN, AAIE 3b
F13c il LIE H, DOC 5t oL A (DIN) By kb
HTER G iz 1T I HT 20 R AL T K (15 DA
), 5555 ~60 KN B.C Fi4H Ay DOC/DIN ik
T SREAR, A 2H i sl e B2 35/ 0N Bt 2 90 3 4.
DOC/DIN HJ{RFFARAK - 3 A g0 A 8] 3 2H 1Y
DOC/TN #4b T AR K, HA A HTES 3 K
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if,DOC/TN iK% 15 ) |
2.3 ZEERABRERSLETREVNESE

H &l 4a AJ 51, REETTRIET 4 J6,3 41224k
DUREARFY FV-5 min % 30 8 B2 8K fESL e b s
H1,A B W2 AR AL A — 3, DR IR R LG 43
MM (83.3 +14.4)ml/L F1(93.3 +17.8) mL/L
FEftZ (17.7 £ 14.4) mL/L #1(35.0 +10.0)
mL/L; C 20 2R TR AR B HLAE 3 — A ] ol B
FEYERFE 43,4 mL/L 24, AN, B 4
FV-5 5 =5 F AR . HiI&] 4b W] 1,3 2 TSS
AR R — 3, SRR LA EHEGA B .C3
ZHIY TSS A & 43 B M (0. 625 + 0. 089 ) g/L,
(0.708 £0.078) g/L F1(0.406 +0.073) g/L #4 K
%(1.905 £0.054) g/L. (2.334 0. 02) g/L Fll
(1.8 +£0.074) g/L, #{k I F B 41 TSS &k &
TAHMCH,
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Fig.3 Variations s of DOC(a) ,DOC/ DIN(b) ,and DOC/ TN(c¢) in the 3 different groups

140 s A% Group A
~ 120 ® B4 Group B
:< A CH Group C
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K™ E 100
o
§5 3 80
B35
% ,5 60
E
E,g 40
o
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0
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B Ta] Time/W
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REGRRYEE

Contentrations of total
suspended solids/(g/L)
—
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0 1
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WAl Time/W
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Fig.4 Dynamic changes of flocs volume (FV-5 min, a) ,total suspended solids( TSS, b) in the 3 different groups

2.4 ZUEEMREMASEHERSE
ARSI R G AT B 30 K60 K
ME T 4% Ak B2 2R R A0 23R 5 W ROHL 3 1
gro HIZR2 WILAE M, AR 3 ML B A AP
SRR 5 W) o 2 ORI B R S OR

LL A, ZE 523656 30 R, B 11 o 0 g B o 1 7 o
k%] 80 mg/L D I i TR 2 & &, |
F2 AR R, MG Rt AT A, R 2
RHHE R S = MRS R G A SRR

BT
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R2 KIE 30 X.60 RENEEMIMNREMAS AERMKEREESE

Tab.2 The content of EPS component and crude protein in biofloc and total nitrogen

in water on the 30th and 60th days of the experiment

(n=3;x +SD)

iy 47 JOBZ e g4 HE & Protein/  JEFE i Humus/ HEH JE A Total nitrogen/
Period Treatment Polysaccharide/ ( mg/g) (mg/g) (mg/g) Crude protein/% (mg/L)
30 d A 18.7 £8.9* 82.1+23.5* 89.4 £24.1* 39.4 £1.9* 45.7 £2.3*¢
B 50.9 +6.8" 83.9 £18.3*" 83.5 +£20.0" 34.9£2.6" 52.3+4.0"
C 17.9 £7.8*" 81.7 £18.5*" 66.0+12.1° 38.0 £0.5" 43.5+1.1°
60 d A 7.56 +5.34° 122.7 +44.5*° 28.8 £2.3% 30.0 £4.2° 41.9 +2.5°
B 14.5 +2.5° 34.9+5.0" 18.2 £4.0" 24.5 £0.6° 37.6+0.9"
C 15.9+1.9° 56.7 £15.5°¢ 30.2 £15.0° 26.9 0.7 34.1+0.7°

T SRR BV AR R AR A B35 22 5% (P <0.05)

Notes: Values in each column with different superscripts are significantly different (P <0.05)

2.5 INRIBAEMERRGETREDSHE

HITE S Al K, 761K (phylum level) |, 3
HEMBBERGE T IRAERE N ERET]
( Proteobacteria) , . EFE/E A 20,5 95% , B 41K
94% , C N 67% . CHRBELTHIANRT T A A
B N5 U] ( Bacteroidetes ) F177 5 #
["T( Planctomycetes ) 7F C ZH 0 20 F VB BE, H 35
S 16% 1 13% o FE 49 19 7K F- (class level )
FLA A B A S BEAR DL -2 I N
( Gammaproteobacteria) >y 3=, Fo F FEFE A 4 F1 B
A i 94% F192% . C AP THREN v-
T B A -8 T T 4 ( Alphaproteobacteria ) , H:
YA A AT H 29 ( Flavobacteria ) 11 Phycisphaerae
PEEHAE C W] W82, B 20 Hh B AR
P H 4% it . R3 ATLVE W3 HAY R
BERGEAERL K (family level) b A X425 K T
5% YRR 4 F, H A KRR (Vibrionaceae )
1E A 20 B v d X et o, i C 20 P b
B A BA A F Rk 20% (R T
W YA B} ( Piscirickettsiaceae ) 5 [t & 2, $#5iF
20% , 3N £} ( Vibrionaceae ) ¥ /5 3. 3% , & B Jifd
Bl ( Xanthomonadaceae ) F1 @ FF #
( Flavobacteriaceae ) ¥ 5 6. 8% 247 o

3 e
3.1 FEBERMERGEDERRGEEIT
2 f ok SR 220

AWFFALERZ A ZARYE AVNIMELECH™ 2
I FRIE K R C/N X35 58 28 S8 7K B I 454 1
A BETE TITEEITA¢ , BID [) ASF i) 7 e v 3% o 2 20 0
JUANIE ST IR AR A (CP=42% ) , il R4 f C/N 3k
B 15, BOE b, REBATE A A TR,
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PR PR NBR YR . A LKA T i 48 (DO) A
pH TESLITFIRIG 55 3 ~ 5 RN FHARII A,
AT RE B h— UM 78 28 2o A A A
Z7 45 LR Wy 7 S N 1] P9 % 42 3 5, EBELING
S RIS, SRR R A LR DR T
B P 3o R v T AR 9 B K A e R R G I 4
TGRS . B AL R BRI TR0 7 I T A b3
21, BV A ZH BT B A BB U A TS 2 43 10 1R
PEATER N, A BT F W, C/N R [ £ 5 %
IR S R A AT T S R R
AR 2l E AR T e, B RS
AT K R AE AL T, A 4L B 417 TAN /KF
FHREEF(P<0.05), CALFHL ARSI R
TEARAAR AR i 5 AR B2 1) TAN Y FBE R Jin 78 26 4 o
R e A (0 1 /A Wl 1 & PR DR
C,H,,0, + HCO, ™ +2. 060, — C,H,0,N + 6. 06
H,0 +3.07CO, " 41, {16 1 g AR, 75 Z W AE
6.07 g A HURR ", i F A 4 B o IV A T 4
15 ¢ HiZ0E . C ALEBRIERIN 7 =2 0 T F6 40
LSRR T 0 A T SR DT R ) 5 2

AR A3 N PRAL R TAN ¥ 3 540 FAI%
K-, T NO, ™ -N {E R EIB AT 20 ~40 KR |
Tt LB A BB R e rh C/N (8 42 R U R A
TAN ¥ &, H RN fE 1R th 40 # NO,”-N, X 5
ARNOLD % " BESE i 45 AR . 7E RGBT )5
(50 ~60 KN) ,NO, " -N ¥ B AR PR 2= 4K
Vo XAREREAMRE RSV BB, 75
X TAN {9 P8R e NO, ~-N 24, 117 L
SV F3-Ek 41l 20 T e 2 480 A 40 T A A K R
1 ENO, " -N R B —E 5 A REAR B
Woab g . ARSH 3 S BILLIA NO, T -N ]
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ZX BG4 AZIM 55 e A FR O HE 1 4 4y 4
BEFTH RGP R IR, X R
BER G AETER AL SR AN T, 2R e /K Ak v ] i
TSI B SRR B R A R, 7RSS
K, A B AL 1 NO, TN YR BEAE—
JEFEIP SN, C AR BRLH B9 NO, ~-N e B2 I 52 F [
T SX TR A ) 2Rk A G P R S SRR YR £
RIS AR 928605 399 3 M 4bBRZL H NO, N

14345 Phylum distribution
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Effect of carbohydrates addition methods on start-up efficiency of seawater
biofloc technology system

LIU Zefeng', LUO Guozhi'**, TAN Hongxin'***, MENG Haoyan'
(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 2. Key
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Shanghai 201306, China)

Abstract: Raising the carbon/nitrogen ratios of Biofloc technology ( BFT) aquaculture system by providing
carbohydrates can promote the growth of heterotrophic bacteria, and reform bioflocs with feces and lures in
cultured water, so as to improve the utilization rate of feed protein and purify the aquaculture water.
However, there is no uniform view on how to add carbohydrates. In order to prevent the aquaculture animals
from being poisoned by ammonia nitrogen and nitrite nitrogen during the construction of BFT system, it is
necessary to set the start-up stage of the BFT system. Therefore, a 60 days experiment was carried out to
investigate three strategies of carbohydrates providing at the start-up stage of the biofloc system with salinity of
30 ppt, aiming at optimizing the adding strategy of glucose, so as to shorten the formation period of the biofloc
system and stabilize the water quality quickly. The first method is to add glucose to the biofloc technology
(BFT) system (group A) at a one-time to make the C/TN (total nitrogen) be 15(group A). The second is
10% total glucose of group A was added every day from 1st to 10th day, after that, if the total ammonia
nitrogen (TAN) increased to above 1 mg/L, the glucose was added according to C/TAN of 6. The third is to
add glucose every day according to C/TAN of 6. The results showed TAN in A and C treatment groups was
generally at a low level during the experiment period. TAN in B group reached a peak value of (16.36 *
3.02)mg/L on the 31st days, nitrite nitrogen ( NO, - N) and nitrate nitrogen (NO, -N) had a significant
accumulation, but dropped to the lowest level on the 59th day. The three treatment groups both had
assimilation and nitrification, but the nitrification was obviously inhibited in the system with continuous
addition of carbohydrates. The extracellular polymeric substances ( EPS) and crude protein of bioflcos in the
three treatment groups showed the trend of decreasing during the experiment period, and the settling velocity
of bioflocs of the three treatment groups becomes better. The bacterial community of bioflocs was analyzed by
high-throughput sequencing. The results showed that, at the phylum level the main dominant microflora of the
3 different groups were Proteobacteria. Besides,Bacteroidetes and Planctomycetes were also found in group C.
At the class level, the main advantage microflora in group A and group B were mainly Gammaproteobacteria,
while the main dominant microflora in group C are Gammaproteobacteria, Alphaproteobacteria, Flavobacteria
and Phycisphaerae. Thus, continuous addition of carbon sources can enrich microbial species. The
experiment shows that the three carbohydrates additions can stabilize the water quality in about 55 days in a
seawater aquaculture system using bioflocs technology. It can be concluded that the best method for the start-
up of seawater BFT system is maintaining C/N 15 initially, then adding carbon source to 6 of C/N when TAN
was up to 1 mg/L.

Key words: Biofloc technology aquaculture system; carbon/nitrogen ratio; carbohydrates addition method;

extracellular polymeric substance ; bacterial community
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