FEDKFER2E 2023 £ 1 B, 30(1): 96-105

Journal of Fishery Sciences of China

DOI: 10.12264/JFSC2022-0076

ARIBREFXH CNNEDEARREURNER R EFHSTHIR M

thar!, e, aay By, gEEN
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3. BT K= sh¥) BRI 5 st o 3= P R AR 0, B 201306

FEE: B A (C/N) IR W) 2R A FR B A% O HORFRE, FHOCIFSE R SE b C/N P BB AV AU AN [ 1 RAETE 2K,
AW 5T % f# A LB (dissolved organic carbon, DOC)ZFRAEHK, 43l FH & & (total nitrogen, TN) ., % f# JCHL & (dissolved
inorganic nitrogen, DIN)., %% (total ammonia nitrogen, TAN)FRAF &, L& THIFE C/N, AR AZEREH T4
LM E A LR . A SRA . ARIIHAH T RE R K B SR AR . SERG I E A 41 DOC/TN i 20, B 41
DOC/DIN 2} 20, C 4 DOC/TAN A 20, #3541 8 h PIADKE 10 mg/L EAFFRE] | mg/L LR, TAN B i# 245 51
#7(2.11£0.05) mg TAN/gTSS-h. (2.00£0.02) mgTAN/gTSS-h Fl(2.0940.02) mgTAN/gTSS-h, A 41HE & T B 41
(P<0.05), CHHH A, BAKLREES . FHALBMMEOSRILEEZER, CALRMREN &P EST B 4M A
H(P<0.05), FEEIEM MG TR 53 & 22 5 AU 8 o A 4 napA SR DUECE ZAK T B 41, nirS W BALT B
4 C 4 (P<0.05), B L C HIAJCH] 2257, nosZ BENPE N R R E 2SS CH BT IREEEE FIE P ELT A
ZHFN B 2H(P<0.05). ABFFRFRN, ARAEA[E 095 2 T8 A s 5T A 0 2200 1) 2 ZALFRROR | TIREANE TR 4 B Ak
R A A JE I 2N, B IS SR BRARAE I T AT, I AT R A AR A e S U RO B A B A B PR AN A

KR WA, AL, FAKLER, g E
FE 225 S966 MEkARERRD: A

H: W2 A B K (Biofloc technology, BFT)if i
PR Bk /&L (C/N), A2 (o 200 B 7] £ 3% B 7K 4 v 1) 2
RKEAEK, WHRUAE N, A, w3k
FAG HLITURE 4 %5 3[R 20 A% 0 A= 9 28 T (T SC i e
LN, LR R IE R S R, S
AR A 1 S0 T AR T A v g 40 R T 25
2 A (NHi-N) . A R 2l (NO2-N) Al fif iR A
(NO3-N), &2 T MM Kb HSE 45 Bifi 5 3% K
PR SR R KA PR HERL B REME LS H &, BFT 3851
FEAR BT R0 R FH 1E B 5 | A e

HEFRE E R CO/NCKTF 10), R NH,-N #[F]
P B T A 2 BFT B R EARAEC4, B

K B H: 2022-08-22; f&ITHHA: 2022-09-25.
BEL£WB: LiEHE2E8ARZE 45 H(19DZ2284300)

X EHS: 1005-8737—(2023)01-0096—10

REMFFRM, BIEAEC/N K200, 3R EAT
W B AL R, Azim ZEVE L C/N Ol 10~20
A=Y 2 55 2 AR RGP IR ER A R AL 3
97.28~101.51 mg/L'"', ] AEJE A A BEIE x5
Fr AN TR LAY C/N H 8 Bk A RUHR A 20 7 AT B A
MR, ES2FRIE 21 C/N H ) C FHEN A
—ERR M B AT IR IE R, RG Al REAr7E
BRAS LY 1) BB, C/N v <O — AR T it A LA
(dissolved organic carbon, DOC), %% UL “N"IE
A AL 45 B A (total nitrogen, TN). ¥ f# TCHLA
(dissolved inorganic nitrogen, DIN, 4% . WAHR
AR R 2 10k BE A AN L 24 & (total  ammonia
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RS ARRFIEAN C/N X AP 2R R AR BB SR 5 1R R 97

nitrogen, TAN)' 1 4 [l {555 22 S AR AS [ JE 20
AR IR, T N AR B R AN TR], AT RS R Mk
Y2 A M RE | 1T i K AR i A R R
KAWL KA DOC/TAN .DOC/TN F1 DOC/DIN
20 B, B R KR A ASCR . RE IR
I PRGBSk A ) 2R R A
B RS I SR B AR AL S % |

1 MR57EE

1.1 LWRBERHH

9 A TAERFN 10 L BIAHR R 20 B U
YR AR, B RSRALMHG-370, £k Ak 4 A ik
WA RAE, DA R RN A AL A SO R
2R
1.2 ELWiEIT5EE

25 21 RN g R A AE T A, FBRIE A

KoK MR B LM HRIE 500~800 mg/L( b o7 Wik
¥y, total suspended solids, TSS), TRIEASZH S v
KRR bR A —E(FE 1),

A #1 DOC 5 TN [ 20 (DOC/TN=20), B
41 DOC 5 DIN [ {#} 20(DOC/DIN=20), C i DOC
5 TAN (N 20(DOC/TAN=20), %4 3 F47,
TE A, B, CHMHIIMA—KAEHHE 2.09, 6.54 F
0.52 g/L LAl JEAHR ) C/N I EER . KA
AR Z R BERCAR, o4t B 41Fn C 4119
XM, 1E B 4 ERIN 100 mg/L A ZS A (ARG IR
), $5 DIN FI TAN BOUMBE 22 o BRI S e fi
BB 4EFF1E 200 mgCaCOs/L iy, it A (dissolved
oxygen, DO)EFFIE 6 mg/L DA o [a) 4% ) i #is
IS H I AR TAN ¥REE R 10 mg/L, Kl
A 4 TAN LERZCR MR 10 mg/LTAN
IR AT ERN CONPREEE,

x1 LHEARNEXBAFEAREFHEDE. RMENEXE

Tab.1 The initial values of average value, minimum and maximum values of each water quality parameter in treatment groups

n=3; x+SD
K E e kR AbFREH  treatment group
water quality parameters A B C
R 4./(mg/L) dissolved oxygen 8.21+0.02* 8.20+0.02" 8.22+0.02°
8.19, 8.22 8.18, 8.22 8.20, 8.23
IREE/°C temperature 24.43+0.15% 24.30+0.10* 24.36+0.12%
24.30, 24.60 24.20, 24.40 24.30, 24.50
B %A /(mg/L) total ammonia nitrogen 0.01+0.01* 0.01+0.01* 0.01+0.01°
0.01, 0.02 0.00, 0.02 0.00, 0.02
VA5 R %/ (mg/L) nitrite nitrogen 0.00+0.00* 0.01+0.01* 0.01+0.01*
0.00, 0.00 0.00, 0.03 0.00, 0.03
iR #/(mg/L) nitrate nitrogen 9.58+0.28" 9.65+0.21° 9.58+0.16"
9.38,9.90 9.43,9.85 9.40,9.73
B /(mg/L) total nitrogen 28.60+0.80" 28.77+0.29* 28.25+0.46"
27.70, 29.25 28.55,29.10 27.85, 28.75
R A HLBK/(mg/L) dissolved organic carbon 13.04+0.88" 12.54+0.47" 12.74+0.26"
12.21, 13.97 12.08, 13.01 12.45,12.93

BBV BRI Y/ (mg/L) total suspended solids

30 min £ H{KFIHE %0/ (mg/L) flocs volume index in 30 min

B CaCO;/(mg/L) alkalinity

529.33+£30.73*
501.00, 562.00
34.83+2.08°
32.50, 36.50
189.25+0.90*
188.40, 190.20

529.67+13.65°
515.00, 542.00
32.67+1.76°
31.00, 34.50
190.05+1.96"
188.70, 192.30

528.00+10.54°
517.00, 538.00
34.67+1.53°
36.00, 33.00
190.00+2.04*
188.40, 192.30

Her AT R EARAS W] 38 R 41 (8] A7 45 2 35 25 5% (P<0.05).

Note: Different superscripts on the same row indicate significant differences between groups (P<0.05).
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F/NIHINE KA R TAN, TE RS A (NO3-N)
HAZ(NO;-N)FI TN, S5 5 I 28 AT b ds 4]
& (specific oxygen uptake rate, SOUR), K5
FUHLNG D5 & 5 . C/N. TSS. 4% & 1 [Fl 14 ks 4 v
J¥ (volatile suspended solids, VSS), DOC LI A fil§
b RAEACHCTIRE I, FHMRIEA R & A6
ZPHER &,

1.3 HEHRWRKE DA E

1.3.1 KEREHREERMWIKFZE KL 045 um JE
JBE 32 008 i 00 A DG K B R A o KA R - IR S R AR
M TAN, N-1-(Z%3h)-2 R bl NO,-N, %%
Ahl NOs-NUOL - mi A HLER 23 B A (Multi N/C
2100, f2E) DOC, H#EZDieSEOK 55t
X (Multi 3430, WTW, 74 =)l /K& DO i
JE(°C)F1 pH.

1.3.2 ZHEIERMRAE (25 R0
e TSS VR . TE/KIRIR A Y SI G B0 T HUR
NEASZKAR 1 L FRE R, FPHFE 30 min f5id
SEULYE A RRL, o8 30 min 22 P 1R B 48 4L
(FVI-30), VA mL/L &R, ZHIZ 65 CRMFEXT
MR 2 EE, KR . AOTR 5 Y (elementar
vario max CNS, 7 ) % 28 Al vh ik Z T % A 43
. MEASENREM 6.25 55" R Floch
R RO A A RLAS 2. R 20 I R 2 T
(GB/T6438 — 92) )54, VSS i TSS SHL K/
% SN ELEE R A L A s R 4 i

®2 IHRAEER

K LRI %E 2 FR (GB/T 5009.124-2003)!"Y |
PN AE (2R 7 1 L-8800, HAr).

1.3.3 AYMEGMEYSHEEMEEEEERD
RESME RIPLMIOEE & 2R H IR
J )i (real-time quantitative polymerase chain reaction,
qRCR)E 5 43 B 7K 44 v i Ak Fi s il 16 Dy g Ak 1A
(nxrB . narG. napA . nirk. nirs. nosZ)., ¥ i DNA
PR ok IS W AR IR IR A W E, 51
Py 2 211 PCR SN PR R Ry: BEIHLE DNA 1 L
1% F 0.8 pL(5 umol/L) . 51#J R 0.8 pL(5 umol/L) .,
2xTaq PCR Master Mix 10 uL . K& XZ&K 7.4 pL;
BV AR 95 C AR P 5 min, 8P 30's, Bk
30s, 72 CHEMH 1 min, 35 MEH ., PCR F=#Z3
ISR R N 7 o S 7) L N QNS BT -3 R N
pMDI18-T %4 . W FIBERE . HIFOR $R Al ki
) Gl A8 BURL, MIAE BTRL ODago (H, THEE IRV
J& (ng/uL) 145 D1 £ (copy/mL), 10 f546 B H R, it
T qPCR [, LL¥E DUBCRT CT (H2hl bR 2k
qPCR MR FNy: Bl DNA 2 uL. 5% F
0.8 uL (5 umol/L), 5[4 R 0.8 uL (5 pmol/L), 2x
qPCR FiljR# (ChamQ SYBR Color qPCR Master
Mix)16.4 pL; N5 95 CHiZEME 5 min,
AsPE 5 s, Bk 30's, 72 CHEfH 40 s, 40 PEIR,
PseEe I, S T a2 o b, LUBRE D1
Rk, S EITEXT IR S4B kR S SO0 E =Y
Cr 8, MIEFRME ML AT HE, REIRG R4

qPCR B%35|¥)

Tab.2 Primers used for the quantification of bacterial numbers and specific genes by qPCR

§ enzyme W SlaRk SIS 53 BAGRIEC  BEH
Coding gene primers primer sequence 53’ annealing temperature  reference
RN amod amoAlF  GGGGTTTCTACTGGTGGT S0 [16]
ammonia nitrogen oxygenase amoa-2R  CCCCTCKGSAAAGCCTTCTTC
A b AL orB nxrB-F TACATGTGGTGGAACA s [17]
nitrite oxidase nxrB-R CGGTTCTGGTCRATCA
T 1 A JEL il nap A-F AAYATGGCVGARATGCACCC
. napA 58 [18]
nitrate reductase nap A-R GRTTRAARCCCATSGTCCA
narG-F TCGCCSATYCCGGCSATGTC
narG 58 [19]
narG-R GAGTTGTACCAGTCRGCSGAYTCSG
T 4 £h 3 5 i i cd3aF AACGYSAAGGARACSGG ss [20]
nitrite reductase R3cd GASTTCGGRTGSGTCTTSAYGAA
AL 0 B o7 nosZ2F CGCRACGGCAASAAGGTSMSSGT S8 [20]
nitrous oxide reductase nosZ2R CAKRTGCAKSGCRTGGCAGAA
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RS ARRFIEAN C/N X AP 2R R AR BB SR 5 1R R 99

ZEFF AR AR B SE PR (9 4% D1k (copy/mL).
1.34 ZHAPRFHABENEYEEGE S04
HRJE VAR5 0 5 2 07 Hh S 7 A ) A R
B o TERRHEAE S PR RER 1 mL KEE, RIE
29700 T R R LA B A B R KR R UK RE R B A
o KA RS KRR AR TR G AR 1 iR 5 R
B S EAYPHEARAR, R, Kikm
Jei BB A 1E A2 AR SR AR (SHP-250, b iBEHRS 7% 52 36
WEARAR, HEHH 35 CHiFE 24 h J5 k47 H
TEITE . TR b TRV B A ARG B A5
A V% B & i (CFU/mL)
135 SR8ERUZFNERERERITELAR

NH;-N ZBRECRITFH AR

R=100%x(C; — C.)/C;

3, R-NH-N B R BRFCR %; C—HIIR 1 NH;-N
i, mg/L; C—ZK M) NHi-N i & ik i,
mg/L.

NH;-N LR A=

S=(C; — C)/(Txt)

X, S-NH;-N 9 R # %, mg TAN/gTSS h; Ci—
WILH A NH;-N Fi 8, mg/L; C—ZK 1Y NH;-N
JRE M, mg/L; T-TSS ¥ &, mg/L; -~ A L1
BFIH], ho
1.4 FIESIT S

SCHGHAE KA Excel A TSRS, |
Origin, Adobe Illustrator #{FHEFTAH I KM%
il o S U EK(E FF S bR 1E 25 (Mean+SD)JE 3R
/N, KRH SPSS 17.0 Gt % Bl ik A7 L 2R
J5 2253 B (one-way ANOVA), 1454 Duncan [GE
AT ZHE L, P<0.05 N EFMERE,

2 HBRESH

2.1 SREBYERMBRKRER

B 10 mg/L TAN 8 h J5 4541 [ i %9 TAN
EBRACESHEEF T 99.40%(A 4H), 99.47%(B 4)
Al 99.73%(C 41), TAN Z<FREE F4535(2.11£0.05)
mgTAN/gTSS h (A 4). (2.00+0.02) mgTAN/gTSS h
(B £H)#1(2.09+0.02) mgTAN/g TSS-h (C 41), A 41
B 4% A % 22 5 18 3 (P<0.05), C4l5 A. B
HZ AT E T2 F (- 1a), SCH6IY 8] 4% 20 37 il

DA EHIAR —F L FEMA 10 mg/L TAN 4
/NI E S H AR A A K ZE 0.05 mg/L LIF,
%05 N ETE, HEBEISCEAE R, B AAHAEE
BT A LA C 4H(P<0.05), A 1A B 4 2 [H]
TR EWZET(E 1b). AT )% AR S A
W H A I B AR (] 1o)s

SR 4] DOC F Y T RE(E 1d), A
YTESLH M R] DOC {14 #E & (76.33+11.10) mg/L,
H1 B £1(60.00+26.46) mg/L JC i 3 2% 5+, C 241 DOC
THFERE(142.00421.26) mg/L, W& T A 4 B
4(P<0.05), MR 2 AR AR A IE O, AIAGSE T A
2H 554k B3 2 75 TAN i DOC 4(8.62+ 1.51) mg/L,
B 21 °4(7.52+3.40) mg/L, C 41 M(16.15+ 2.23) mg/L,
CHBERT A4MBLHP<0.05), AHMBHZ
H2ERARE, LRERMNSA TN SPIHHKE
AN B (] 2)
22 ZEFLEMERFERER

S EER T A 4 SOUR {H 4(10.35+0.60)
mg(0,)/gMLSSh, B 21 A)(7.24+2.82) mg(0,)/gMLSS-h,
C 2H J9(1.5440.18) mg(0,)/gMLSS-h, 3 2H 2% 5 i 3
(P<0.05)(I&1 3), A ZHAI C 1A SOUR {H¥ &=
TR E
23 ZERAFXEZEAESH

YA C 2H TSS £ (760.00+22.11) mg/L
R T B £41(938.33+65.58) mg/L Hl A £H(864.00+
35.68) mg/L)A 41l B 410 JC i F 2 5 (K 4).C
HEW CNEB.2)EEERKT AHMBLA, HB
HBEET A M C 4 (P<0.05), C 41 VSS/TSS i
FT A4 BY, A BHEZFAEE, C 4K
gy o AURLIR I 7 i i 25 5 T A 4R B 41.(P<0.05)
(K 3). AAMBHMWHIEN S EERADE . &
HEAMEAANZERARE .

FHAIMR IR AR . WAL . RN WA
XPEaah, HAA 2R A (R 4), A HRE
M2 Leu &S T BAMCHA, BAICZEILEE
Z£5¢ . B 41 Pro M &ML T A C 41(P<0.05),
A FI C A B2, B4 Phe KN EM 1%
T AN, 5CHRERARE, A CHMREZE
Y NTE N

P rp LA 18 R IIIR, K SAIH T E
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150 [ ¢ _ 2000 d
140 | -§ —e— AZH Group A
g —=— A% Group A § 1800 —e— B4 Group B
& 130 _o B Group B 28
g 95 —— C4 Group C
g.a 120} —4— C4 Group C g & 1600
2 o g T =0 o/.\l———'\.\‘
Eg 110 2T 400t
23 1007 2z L
X =23
.2 o
ws 154 o [
48 2 400f
e h§f—¥=?=§\*4§?*/4§§ ES
3 0% 2
15 RE 4
S g 200 ‘—‘/‘\*\,\i
Q
g
8

iFE]/h time
K1

0 1 2 3 4 5 6 7 g8 9 10
FfjE)/h time

H LI N A = A (a, b, o) LI fEA HLIR()

A A HLER LB AN 205 B 41 WM IEA DLAR HL I R AL ECH 20; C 41 M Bk L S Z A N 20.

Fig. 1

Total ammonium nitrogen (TAN, a), nitrite nitrogen (NO3-N, b), nitrate nitrogen (NO3-N, c) and

dissolved oxygen carbon (DOC, d) in the experimental groups
Group A: ratio of dissolved organic carbon (DOC) to total nitrogen is 20; Group B: Ratio of DOC to dissolved
inorganic nitrogen is 20; Group C: ratio of DOC to total ammonium nitrogen is 20.

175 - = A Group A _ %g 3
5150 — B4 Group B £ 20 == AZigroup A a

& o C4] Group C @ . 18} =mB% group B
5 Tou] 8 a

%.g 125f P % g }g I B C4H group C
— = 12F
Ego0r SE 1ok
i g2 8r
X g 752 RE,8
= 07
g ¥ 718t
s Se ik
g .1 8 12
° 25 =k
7 o8k
% 06k
1 1 1 1 ] . (0).3 '_

0 2 4 6 8 10 ot 1 =l =
A TA]/h time SEHG T URHEY FIEETRS
s before the experiment at the end of experiment
B2 4 SEae g o i SVA

AU EPEAYLR LB A 205 B 4 I AREA PLBK LA

fEMETCHLE N 20; C 4 WA YLK B Z AN 20.

Fig. 2 Total nitrogen in the experimental groups

B3 A S0 2H O b 22 AT B0 L SRR IR A il R

A A ALK B A 20; B 4 IR HLER IR

fRMETCHLE N 20; C 4 WA LR L B2 AN 20.

Fig. 3 Specific oxygen uptake rate of bioflocs of the groups
Group A: ratio of dissolved organic carbon (DOC) to total nitrogen
is 20; Group B: Ratio of DOC to dissolved inorganic nitrogen is

20; Group C: ratio of DOC to total ammonium nitrogen is 20.

Group A: ratio of dissolved organic carbon (DOC) to total
nitrogen is 20; Group B: Ratio of DOC to dissolved
inorganic nitrogen is 20; Group C: ratio of DOC to

total ammonium nitrogen is 20.
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Rt ARRFILAXN C/N XY 3R & RZ 5 AR KOS IR 4 7 5T 101

1200 mm AZH Group A
= BZ Group B a
1000 == C# Group C

800

600

400

200

SRR B A URL M B /mg L
total suspennded soidis particle concentration

(=]

LRGN
at the end of experiment

LR TTHAH]

before the experiment
K4 SCETFURTT . J5 25 4B R UKL A ok 2
A VERRTEA DL LS A 20; B 4 W TEA HLOR LL I
i tETCHL AN 20; C 41 WA HLER L S Z AN 20.
Fig. 4 Total suspended solids in each group
before and after experiment
Group A: ratio of dissolved organic carbon (DOC) to total nitrogen

is 20; Group B: Ratio of DOC to dissolved inorganic nitrogen is
20; Group C: ratio of DOC to total ammonium nitrogen is 20.

AT 8 MIEIRR . C 41 C18:0 W E(LT A 1A
B4l,A. BAHMEFAEE. C4LH C18:1n9t &
FEHTAMBY, A, BlE|ZRARE., B 4M
C18:1n9¢ B EET A4 FI C 4, JEMiEmEFAN
BE,
24 ., RELIIEER

S 28 G 45 2H 2R P R A H — 22 1Y amod
nxrB ., napA. nirS F nosZ FE (Kl 5), Hifisfk
e (amod . nxrB) F I Bl Ry 2.4x10°~1.9%
10° copy/mL, AHALINFEREN (narG . napA. nirS
1 nosZ) £ BETE K 2.2x10%~4.7x107 copy/mL, =
2 8] amoA F& R % DI KL AN nxrB FE K% U1 B0 .
Z 5 (P>0.05).A 411 napA FEH B Z LT B 41(P<

0.05), nirS FER B BAKT B 4101 C 41, B 411 C 41
() 30 9 o 35 R () 48 DL RO I i 25 5% 0 45 SC 4 i
nosZ NN KT REERF.
25 4YERADBRERFHARNEVEEHE

C 4 5 7% o B0 MR 0 B B AR T A 41A0
B4, A4 M BYHTCEEER,

3 itig

C/N EEmK A e ieTE . A Ak
WAR . IR sh W A KR RE AR AR S () 32 2R 8%
Tz —P BFT f IR O/N R E MO S 5 T
Avnimelech® O BISAE B 245 51 ISANH Y C/N
FE (5) FIAR B B AL B0 (40%~60%), 42 H Y Bd -
Avnimelech2H2 1, 445 C/N Ky 20 B, A AT
PABESF IR R M E T . Gao &Pl 375056
e M, BCON NI 1R 12: 1K, AATE
W At B AR, CO/N el 15 B 18 B, JAE
S R A AR, Y C/N 7R 18 LU B,
S EA S TR AE, B RV, W
i A C/N Sk 20, 18R 1l B & A= s Ak A/ R M
e A R 1y S AR 0T R R IR A5 C/N
H R A3 AR LA AR B AN BE SE A e X, 4n
FSEPRAEF Y C B N AL FIE A C B N, 52
55 72 4950 L2 2 5% 57 52 50 v B A 1 e A0 R0 T
JEN HAER AN A IE R, PRIy BFT 244
e ORIIE A MILA 1 3 22 A1 1, LA B B & B T
FEo BFT Z 40P FET M40 B8 25 S 2k v i 20T fig
SR AR R R KA, i UK T A,
POKFECT M CO/N H/NFIEAE, Joiki e A
REFRREE A PLRIETE K. Ht, 7E5CPr BFT

K3 SIHERMBERE C/N, VSS/TSS, HER. #HKkS. HEFSE
Tab.3 The contents of C/N, VSS/TSS, crude protein, ash and crude fat in flocs at the end of the experiment

n=3; X+ SD (T # dry weight)

VOELEAE LA $8 5 flocs index
treatment group C/N (ww)  HLEE /% crude protein VSS/TSS/% MK 43/% crude ash HLAE W5/ %crude fat
MM seeding bioflocs  5.60+0.02¢ 31.06+1.03° 65.56+0.12¢ 34.44+0.12° 4.12+0.72¢
A % group A 8.28+0.09° 26.86+0.09" 80.06+0.37° 19.94+0.37¢ 7.10+0.70°
B4l group B 8.70+0.08" 25.92+0.45° 82.08+1.16" 17.92+1.16° 7.56+1.02°
C# group C 8.02+0.03° 26.23+0.30° 76.76+1.18° 23.24+1.18° 8.98+0.22°

i RS0 ECE b ARAN ] 2R 4L ) A7 78 1 35 22 57 (P<0.05). VSS: R AP RIF N, TSS: BB IF IR

Note: Different superscripts on the same row indicate significant differences between groups (£<0.05).
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%30 %

x4 EMNZEANIRERZATEREXNSE

Tab. 4 The relative contents of amino acids in each group after inoculation and experiment

%; n=3; x=+SD

L SR A AbFEZH treatments

amino acid seeding bioflocs A # group A B4l group B C4 group C
Asp REHR 3.79+0.15° 2.87+0.04° 2.66+0.10° 2.84+0.12°
Thr 7722 1.54+0.06° 1.19+0.04° 1.11£0.03° 1.16+0.05°
Ser £ %% 1.45+0.06° 1.08+0.03" 1.01£0.03° 1.07£0.04°
Glu A2 R 3.83+0.14° 3.70£0.04™ 3.58+0.04° 3.60+0.20*
Gly H& % 2.29+0.08° 1.66+0.04° 1.55+0.04° 1.65+0.07°
Ala N &R 2.80+0.18* 2.10£0.05° 2.01+0.04° 2.00+0.09°
Cys W& 0.07+0.05* 0.07+0.01* 0.05£0.01° 0.07+0.01°
Val i % & 1.90+0.05° 1.56+0.02° 1.46+0.04° 1.50+0.09°
Met &R 0.31+0.04° 0.21+0.01° 0.18+0.00° 0.18+0.01°
Ile 57 &R 1.04£0.03" 0.87+0.04° 0.82+0.02° 0.82+0.05°
Leu J2 &R 1.800.05° 1.53+0.06" 1.39£0.03¢ 1.39+0.06°
Tyr B R 0.95+0.08" 0.76+0.01° 0.67+0.03" 0.74+0.04°
Phe FNER 1.49£0.02° 1.15+0.05° 1.04+0.02¢ 1.11£0.06*
His 20 %2 1.78+0.03° 1.28+0.04° 1.20+0.03° 1.27+0.05°
Lys #i&i 0.10+0.00" 0.06+0.01° 0.06+0.00° 0.06+0.00°
Arg K& R 4.50+0.27° 3.85+0.07° 3.83+0.11° 3.96+0.04°
Pro R 1.174£0.05° 0.88+0.04° 0.78+0.03¢ 0.89+0.04°

TE: RIS B _EAm AN [R5 2L 18] 77 75 B 35 25 57 (P<0.05).

Note: Different superscripts on the same row indicate significant differences between groups (P<0.05).
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Tab.5 The relative contents of flocs fatty acid at the beginning of the experiment and after the experiment

%; n=3; x+SD

g 7 1% B2 AEFHZ  treatments

fatty acids seeding bioflocs A Zf Group A B 4l Group B CH4 Group C
+ DB ER C14:0 2.06+0.25" 3.06+0.34" 3.67+0.68" 2.58+0.06"
+SEER C16:0 22.75+2.25° 23.51+0.80° 26.0742.08" 20.11+0.37°
+ 75— C16:1n7 9.76+0.54° 14.26+0.37" 13.52+1.36% 15.26+0.20°
+ \BEz C18:0 11.2742.13% 8.79+0.34° 9.52+1.09% 7.1440.13"
T\ Bk — iR C18:1n9t 22.9542.06° 25.25+0.50° 24.60+1.47° 27.99+0.69°
+ \B—4 C18:1n9¢ 15.43+1.70* 17.32+0.59° 16.53+3.7 19.67+0.40°
F\ Bk — Mg C18:2n6t 9.324+0.83" 5.00+0.28° 5.06+1.27% 5.23+0.13%
- ERIUEER C20:4n6 6.46+0.25" 2.82+0.13° 3.00+0.15" 2.89+0.56"

TE: EBVEE bR A 5] 327 41 6] 77 46 i 3 2% 57 (P<0.05).

Note: Different superscripts on the same row indicate significant differences between groups (P<0.05).
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Fig. 5 Copy number of nitrification and denitrification genes in flocs before and after the experiment

Group A: ratio of dissolved organic carbon (DOC) to total nitrogen is 20; Group B: Ratio of DOC to dissolved
inorganic nitrogen is 20; Group C: ratio of DOC to total ammonium nitrogen is 20.
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Fig. 6 Total number of heterotrophic bacteria in water
samples before and after the experiment
Group A: ratio of dissolved organic carbon (DOC) to total
nitrogen is 20; Group B: Ratio of DOC to dissolved

inorganic nitrogen is 20; Group C: ratio of DOC to
total ammonium nitrogen is 20.
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Effects of carbon-to-nitrogen ratio and carbon source addition to
different expressions of nitrogen concentrations in the aquacultural
water on the conversion rate of ammonia nitrogen and nutrient
components of bioflocs

XU Jinxiang', LI Jiayang', YU Qili’, TAN Hongxin"?, LUO Guozhi"*?
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Abstract: The regulation of the carbon-to-nitrogen ratio (C/N) is the core technical feature of biofloc culture. In
related research and practice, carbon and nitrogen in C/N have different characterization forms. In this study,
dissolved organic carbon (DOC) was used to characterize the organic carbon using total nitrogen (TN), dissolved
inorganic nitrogen (DIN), and total ammonia nitrogen (TAN) to characterize nitrogen, respectively, and compare
the same C/N under different nitrogen form conditions. The ammonia nitrogen removal capacity, basic nutrient
components, functional genes related to nitrogen metabolism, and the total number of heterotrophic bacteria of the
lower biofloc were evaluated. In the experiment, the DOC/TN of group A was 20, the DOC/DIN of group B was
20, and the DOC/TAN of group C was 20. In each experimental group, 10 mg/L ammonia nitrogen could be
reduced to less than 1 mg/L within 8 hours, and the TAN removal rates were (2.11+0.05) mg TAN/gTSS-h,
(2.00+£0.02) mgTAN/gTSS-h, and (2.09+£0.02) mgTAN/h, respectively. The removal rates of group A was
significantly higher than group B (P<0.05), and there was no significant difference between group C and groups A
and B (P>0.05). There was no significant difference in the crude protein content of flocs among each group. The
crude fat content of flocs in group C was significantly higher than that in groups B and A (P<0.05), and the content
of major amino acids and fatty acids was not significantly different (P>0.05). The abundance of denitrification
function genes narG, napA, nirS, and nosZ in flocs in each group ranged from 2.2x10%to 4.7x107 copy/mL. The
napA gene in group A was significantly lower than that in group B. The nirS gene was significantly lower than that
in group B and C (P<0.05) and there was no significant difference between group B and group C (P>0.05). There
was no significant difference in the nosZ gene copy factor (P>0.05). The total number of heterotrophic bacteria
and Vibrio in group C were significantly lower than those in groups A and B (P<0.05). This study shows that
adding carbon sources according to different nitrogen forms has an overall effect on the ammonia nitrogen
treatment efficiency, function, and nutrient composition of bioflocs within the acceptable range of production.
Considering the feasibility of actual operation, it is recommended that the total ammonia nitrogen concentration
estimate the amount of carbon source addition required.
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