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1.1 REESE

RIS SR B S A RN FE R
SV (SBR) , SBR 1 #% b 5 ML BE 35 44 5t A
MR, A BUAFR 10 L, 5524 100.0 em, 424 15.0
em, AMEN 15,8 em, BEAREE SR H T %k 135
W S 4 100 L/min [ 25 S, 45 42 ( ACO-
008, R #% A FRA W, Wiy, ) , 4% 6 ik
Sk DALV A SRR 5 R
1.2 RIEH

BREZEME I B L g 1 1 K 27 B8 i 91 2 /K 57
BRGS0, AR I, SRR F7 5 2% 24 R 12. 01 kg/
m® 8 101 it A R} el A AR TR R A BR A A
77K <10. 0% , #HEE 1 =48. 0% , #H i 7 =
4.0% FHAYE<3.0% K5y <17.0% , St =
1.0% TR =2. 5% . WA 1) 8 i 5% 1 3% {5 i
B 5) 53 P A5y, — 13 ELHE IR BT 4k 4 °C fRAE,
T3V R TG IR TR AR
1.3 K%t 5is1T

RIGTE T T R 25K 7= 5 4 i Bl 2 2 B
B SR = AT, RPN AL 250k
PR CRISCR A 4, TR ¥ o T8 5 5 RO
PR BREMER TH S5 FUBr et gl (RDSCh B 4, J5ikt
USRS B 4 CARE BB SR (R 2508 ) | 341 3
AT IR BN B R (B AR =1 he
1h"0) G A VR TR [ AR B g 2 500 mg/L,
TR R 22 ~26 °C,#h 3k 33 ~ 38, AN, 4F
H K 4l DOC (¥ filt M 43 LK ) /TAN (&2 Z &
R > 15 IR IBRIR , AR R iR

BRI ZSMLE HE A SBR R % 22 Hij S5 #E 17 i
AbFE, B 6 A4~ 500 mL (WHETE 3 N HETE i oL
A 25 g URTHIBRIBZEE, 55 3 MR A,
G TN 25 g 1 4 CHAERFRIFZEE, 73X
6 AHEFEI R 4 B A 200 mL 2k [ ok K %
SEME T2 h MRS IR S AR AT 5
SBR R, sk 2 10 L, SR 5 i A BE S A T
HL R 302 ORI o
1.4 REHE
1.4.1  ZEFRFRINA 75

LA [ PR B TR WKL (TSS ) SR & ik
B FV-5 SRS RS L LKFE#E S
min [ 77 35 W %€, M R A ot & 4 i AL

( Elmenter ELMENTER VARIO MAX, 7% [ ) | %8
HECE &R AR (R R BN
6.25" RLIR 3 H s R F S A e

JIR IV TR H T A 30 R 2 3 B e 0 3
WAL PR ERAL JS , BRI, (X% 36 [E 22 HE e
5] T890A-5975C AR €8 15- 5T 3% 156 FH X ( GC-
MS) ; 4 3% 4. DB-5ms (30 m x 0. 25 mm x 0. 25
pm) s FERE R 1 L AR 270 °C

R b ST R A AL
TUAL PR , {7 FH 22 BE R 4 A A0 ik, 2 56 1R 43 A
{Y B4 5. Hitachi 1.-8900 Amino Acid Analyzer
(Tokyo, Japan) ., &l | ( Spectrometer ) ; 570
nm ,440 nm,

2R AT B A U 2R A REASE T 0.1 mol/
L {9 PBS ZZ nfif i3t 10 min, S8 )5 1 2. 5% B9
TRERE 2 h, BEE AR HRE S 50% .60% |
70% 80% .90% .100% {1 Z BEIHLAK , 15 Fh £ B
FEMRK 10 min U SR MR IR R AR 2 BE, R
JE AR, 2R FH e S T A ALK R i i 47 T
M, B JE R L T 4 R T R U (S3400NTT, H
AHSLAT, HAS) TSI,
1.4.2 JKBHe bRk

I (T) (#hJE (SAL) (Ef#4A(DO) \pH A
AIA 5 HL 57 (ORP) Fi§ YSISS6MPS 22 2 %7K J5i
SEANE . AHER# (NO, ™ -N) (AR #h (NO, ™ -
N) B Z A %A (total ammonia nitrogen , TAN) | &
A (total nitrogen, TN ) | &l # ( Total phosphorus,
TP) W5 757 ¥ 2 BECOK TN K W D 434 07k &5
R RICHETE I A LTS ) GBT2007" ™ W fif Ay
PLBRIN RE < /K FEZE 0. 45 wm JEEHHIE IS , ] TOC-
V. CPH BA HLER AT I E
L5 HiRGEITOM

AW 5% % Fl Microsoft Excel F1 IBM SPSS
Statistics 22 £ 17 H G 43 A7, LA 918 + bR ok 22
(X £SD) /5, P <0.05 FR%F B,

2 %

2.1 ZREARKREL

TR A R v, 1 = R R T, il
FEn] BN A, 1 AT A 28 AT el Bt Bt B fiE
BT o8 420 EAb TR , 57 IR 2
KAER R RMPBE BB ER AEH 4 ~11 KR
R ACREEE 350 A 410.86 ~9.65 mg/L,B
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410.83 ~6. 15 mg/L, R4 F b 4 A2 L 2
— A WA B AR 125 13 Kg, ™
L R R BE H R B, B R A R (2R 17
RK) BRMPEAEO0.08 mg/L LR A& 1 (a) PR

P AF R AR IR A AT 6 RAZAL IR EHOR,
A A R B i = (ELN 2. 82 mg/L, B 21 fif§
R R E N X5 6.47 mg/L1E55 6 K5, WAL
A e E A AR 2 0. 03 mg/L 2 LITE, A A
1(b) P

TEREAAG L R T, AR U LA B sh HL 5
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S N
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IR AR T R A HAEMRE N 1.34 mg/L,
B WA 1.42 mg/L, 7255 17 K, A SRR E
K%k 0.04 mg/L, 1 B 41 A4 &M AR T 0. 04 mg/
L, 1(e) fim.

SRR BEAERTIN A 3N, 5 6 RZJEHF IR 7
Fa b Th, S RIS, 1 KA 4R
4 4.40 mg/L,B 4] S R 9. 18 mg/L; 7R
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WPEIRF 1. 86 mg/L, W& 1(d) Frzs o
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Fig.1 Inorganic nitrogen concentrations during the bioflocs production of the two groups

(a) BHEMIEL; (b) WRERASL; (c) BHRIKEE; (d) BB

(a) ammonia; (b) nitrite nitrogen; (c¢) nitrate nitrogen; (d) total phosphorus

2.2 ZRMEBSED ISR

MR 1 AT A1, P4 22 AT 1% TSS ok B AH 25 8%
K, JE R R R I8 T 4f R A W 4G TSS e B AH 22
B, SEOR I 5 A WIZH TSS Mk AT AH 2285 K,
R AR T, W4T 22 [T /Y TSS 349 8 18 iy
Fat, REFRWIM, A 4TSS YR k(2 268.33
96.02) mg/L, B 4] TSS ¥ Ji by (3 257. 33 =
101.13) mg/L, B} F AR W], A 41 TSS He B 8
T 975.34 mg/L,B 41 TSS # BEH6 N T 1 190 mg/
L, 5 B3k 3] T (3 243. 67 +238. 63) mg/L Fll
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(4 447.33 +844.17) mg/L, BH4LZ A1) VSS ik
FEXh BRG S AERE SR G, A 41 VSS kB
(3 050.27 +229.90) mg/L, B 41 VSS ¥k i Wy
(4 140.67 +757.05) mg/L. Wil 2 M WHLIK 4y
Frm AR R WG SR i A PR AR, AR5 5
JE A, A UMUK 23 & 6. 80% +0.00% , B 414
RSN S.97% £0.01% , 7B, EHEF
Je i, R A MR S A R 30% DL H
ERRGE R0 A 4133.44% +7.80% ,B 4]
33.65% +3.17% .



4 1 Weib 22, A5 PIRNANIR] 5 T Ak A X A ) 22 P 240 53 ) 52 ) 497

x1 WAEMZEBAMFIER

Tab.1 The basic indicators of two bio-flocs

R ol [ A AR e RN HLIHe MUK ST/ % HLEH/ %
Group /(mg/L)TSS /(mg/L)VSS Crude ash Crude protein
R A 2 Group A 2268.33 £96.02 2082.03 £92.85 8.21 +£0.00 -
Initial of culture B 41 Group B 3257.33 +101.13 2933.23 +98.93 7.62 £0.00 -
S R A 2 Group A 3243.67 +238.63 3 050.27 £229.90 6.80 +0.00° 33.44 +7.80
End of culture B 4 Group B 4447.33 £844.17 4 140.67 £757.05 5.97 +0.01" 33.65 +3.17

2.3 ZAWKEEIRERSE

H1¢ 2RI, Bl A S0 1) I 125 22 R 75 1 W)
RO R AT, Of HAP L A Qﬂﬁ 5B
H—2, Wl @ IR, AL Clu & oy ) 2R A
FUARIE S8, H B 20 & e, 3K 8 (5. 15 =
0.08) mg/L, 1fif Thr, Val, Met, lle Leu Phe , Lys

His Arg & £ ¥ N 3R I 2E (U] . P2 2R A1
A2 RS s IR AP 2R Oy 16 B, B 4l 23 B,
HBHMLTHAER G HRIIL A 45, Hh,
Thr,Val, Met, Ile, PHe , Lys, Glu, Arg 22 % Iff 2,
Leu His 253N g 3%,

®2 REEENARAZFANFESERSE

Tab.2 Free amino acid content of manure and the experimental group floc mg/g
U B8 TR e A A B 412 [
Free amino acids Eel feces group A floc group B floc
Asp 0.83 £0.02° 0.17 £0.01°¢ 0.36 £0.02"
Thr 0.82 +0.07° 0.03 £0.01° 0.10 +£0.05"
Ser 0.44 £0.01° 0.04 £0.01°¢ 0.11 £0.01"
Glu 1.88 £0.25" 1.95+0.18" 5.15 +0.08"
GluNH, - 0.02 +0.00" 0.10 £0.02°
Gly 0.85 +0.13* 0.08 +0.04¢ 0.16 £0.05"
Ala 2.11 £0.31* 0.28 £0.01°¢ 0.86 +0.04"
Cit 0.07 £0.04° 0.10 £0.01" 2.65 +0.08*
a-ABA 0.02 +0.00* 0.01 +0.00" 0.02 +0.00"
Val 1.18 +0.22* 0.07 £0.003° 0.21 +0.04"
Cys 0.03 £0.00 0.04 £0.01 0.03 £0.03
Met 0.27 £0.03° - 0.02 +0.02"
Cysthi - 0.01 £0.05
Ile 0.93 £0.07a 0.02 £0.00° 0.11 £0.04"
Leu 1.43 +0.17° 0.04 +0.01° 0.16 +0.04"
Tyr 0.29 +0.01° 0.09 £0.10"
PHe 0.61 +0.01* - 0.07 +0.07"
b-Ala 0.05 +0.00* - 0.03 £0.10"
g-ABA 0.16 £0.07" 0.05 £0.02° 0.23 £0.04°
EOHNH, 0.10+£0.01 -
NH; 1.22 £0.31? 0.98 +0.65" 0.64 +1.10°
Orn 0.16 +0.01* - 0.13 +0.04"
Lys 0.59 +0.21° 0.05 £0.02¢ 0.23 £0.04"
His 2.33+£0.45 -
Arg 0.45 +0.11° - 0.07 £0.01"

T AT EARAIR B FOR 25 B ( P<0.05) o TIA

Notes: Values in the same row with different superscript letters mean significant difference( P <0.05) . The same below
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2.4 ZHAMERSE

SR, PUZH 2 VAT B R I TR Ao 6 % 5 4 2D
THRM AR PR TR A2 B i, o SRS
i o N MR (DHA) (955 708 (3. 18 +

0.69) mg/g, M7E A 41F1 B 412 H H 445351~
(0.15 +0.10) mg/g FI(0.07 £0.13) mg/g, 25
W il 3 2H 2R AT BRI R AN 2R 43 A A
2126 Fh,B 425 Fh (£ 3),

®3 REEENXEAZEANENBRIE

Tab.3 Fatty acid content of manure and the experimental group floc mg/g
g 152 B IR AR A 2 A HEF B 4 2 M
Fatty acid Eel feces Group A floc Group B floc
C12:0 0.04 +0.02°¢ 0.11 £0.07° 0.08 +0.00"
C13:0 0.01 £0.00 0.01 £0.04 0.01 £0.05
Cl4:1(w9) 0.01 £0.01 - -
Cl4:1(w7) 0.04 +£0.02 0.19 £0.43 0.02 £0.12
Cl4:1(w5) 0.01 £0.00 0.02 £0.03 0.05 +£0.06
C14:0 1.32 £0.28° 0.70 =0.09" 0.48 £0.56°
C15:0 0.14 £0.08 0.21 £0.14 0.18 £0.13
C16:1(w9) 0.05 +£0.06 0.03 £0.00 -
C16:1(w7) 1.99 +0. 36" 0.62 +0.24°¢ 0.92 £0.47"
Cl16:1(w5) 0.18 £0.06 0.05 £0.01 0.03 £0.07
C16:0 5.24 +0.47*¢ 4.51 £0.76" 3.70 +0.98°
C17:1(w9) 0.08 +0.02" 0.03 +0.01°¢ 0.16 £0.06"
C17:1(w7) 0.04 £0.02" 0.04 £0.02" 0.09 £0.19°
Cl17:1(w5) 0.01 £0.00 - -
C17:0 0.19 £0.05 0.09 £0.10 0.26 £0.06
C18:3(w6,9,12) 0.03 +0.01*° 0.01 +0.00" 0.02 £0.04"
C18:2(w6,9) 1.22 +0.43" 0.38 +0.12°¢ 1.78 £1.02*
CI8:1(w9) 1.25+0.20 1.26 £0.71 1.53 £0.69
C18:1(w7) 0.03 £0.02 0.03 £0.01 0.01 £0.01
C18:1(w5) - - -
C18:0 0.01 £0.00 0.14 £0.16 0.18 £0.42
C19:0 1.22+0.63 1.23 +0.64 1.23 £0.09
€20:5(w3,6,9,12,15) - - -
C20:4(w3,6,9,12) 0.12 +0.03* 0.01 +0.00" 0.01 £0.03"
C20:2(w6,9) 0.06 +£0.02 0.07 £0.03 0.04 £0.08
C20: 1(w9) 0.43 £0.15° 0.18 £0.11°% 0.15 +0.56"
C20:0 0.12 £0.02% 0.13 £0.09* 0.10 +0.02"
€22:6(w3,6,9,12,15,18) 3.18 £0.69° 0.15 +0.10" 0.07 £0.13°¢
€22:0 0.07 £0.02" 0.10 £0.05* 0.11 £0.08*
C24:0 - 0.11 £0.07 0.11 £0.06

2.5 ZHAPMEEE

FhT R B A PR RT DL, 7 5 57 0 305K T A 4
FEL T S R X A 2 R A AT K. 43 gl AE 300
7771 2 000 75 1) 25 T FH L B 4140 22 141 3 i 45 44
, KB BRI B R AT A —E 2500, A 24,
AV R B, AT M AN KLU, SO 2, B A2
PR RO SO TR

3 e

3.1 ZREHFTEEPHKRENESR
FRFEKAR F ) R RS A R R SR e
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ProK BT SR ) A8 HR . A2 W) 2R BEH AR 2 Tl A
PIEHLR R R o DR RS A Ak B ol Uk
R RS &, 2 B BRI Z R E 1 T, o
T B TR AR B R, SR AN AT R
i A, [R] IR RE LS 5 K A4 o (A7 LB 5 2 Ak
HEE AR e AW REB R E RS i ok
SRR S PR, PR SRR AR TR K MR R U
FEM104.25 mg/LAES5 d Z UG FEALE] 1 mg/L
PATR o REAR B F g3 0 T X2 UK R B K I
FROAL R ASOR R R, 2 Rk R B R AEL IS 3] 10. 75
mg/L, 2T RE— ET—TR" s H, A&
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TR, 2 2R AT A KB 2 R R A AR O
C BT T R S R R A
B b AL B A A 2 R A 10 mg/L DAY,
Sr5 A £40.05 ~9.65 mg/L,B £10.05 ~6. 15
mg/ Lo A A 22 AL Al R AL A [, 2%

$3400 5.00kV x300 SE

$3400 5.00kV x2 00k SE

WTE 22 AT 14 0 Al 7 v S 4R TR AR TR P o ) 2
FUFEAN 2 A B A0 8 B, O R BB
ARHTE R, = A R . WFST 4SS SRR
POERAT T IE AL B, B n] B IR 2R AT, 3 3 B4
A K BUSCR o

100um S3400 5.00kV x300 SE

ERR 36 XMAZFRREAKE
Plate SEM of bioflocs in two treatments on 36th day
1,3 435124 300 4755012 000 LT A AAYZRIAT; 2,4 735 300 £%571 2 000 BT B 41A9 2R 1Al

1, 3. respectively 300 times and 2 000 times electron microscopy of flocs in group A; 2, 4. respectively 300 times and 2 000 times electron

microscopy of flocsin Group B

3.2 AYZAMEFRRS

A A M R AE 38. 5% ~
57.4% HREITE 20% ~35% , K4y <20% , Rg e
7E20 ~25 k)/g') . SzBRI A, 2 BOHLE
i SRR 55, EKASART 251 Fil MR %
PR FEY LA, R A AR E A & R
BN 27.8% , H 5 8RR 5, MR HE " F
FAHTE & P A 20 55 55 2, 78 2 T2
L RGN 22 A (R B 1, 2 SR R AL AT
B R 26. 37 % , A5 50 ) P 68 figg 25 £
B g A R, A A E A S =
Jg. A 4 33.44% +7.80% ,B 4] 33. 65% =+
3.17% , 22 5 AN 3 . H AL LB WHLK % 5

BITE 10% LIT , RSB B Sy JE L6 5% 5E 0 G 1
K

QIR ITAL B W) £ 1 o A8 A LA (] P
WIEFRFH SN Y E TR R R . A,
BRI 1) U0 9 R 2 5 W) 0 L I 2H 2R A v
WO AR P AL Glu 5 iy 2R LRI S0 v
1] Thr,Val Met Ile .Leu ,Phe Lys ,His , Arg & 1
BRI o I I A B A RE S A
83 g P R (L5 R, B S v B3 A i oy ke
AR & A B o BRI FE M 285 55 T
AR A R A, R e S AN T A A
A REZS TG 20k 55 VH 208 b ) iy B R R, 3
BT I 2 S HE R LE oh e B 908 Y AR )
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LM AR T . AP, A 4iF
B EIETRFR SN 16 Ff B 4174 23 1, H B 419 2h
TRIER T EB A &, A 41268 R
-40 CHYEZS T, 78 i 72 b R 257K 45,
X} 28 FE IR I R A S A0 A2 AL R e AR T 50, 1 B
Rz 4 CLRAE, X 22 A1 2035 1R 1 Fh 2 41 A
AN RN, FFH B AL b T B IR IR & 1Y
Ho A ZHi . AT, 2R OB A R AT 5 A R
TE B A ) 22 131 1) B8 HE R D 28 I 5 s AP A —
(R RE I

EKASARIM'™ BIF5E T A [ sk U5 A0 36 B 45 2 F
(2R A A B TR 75 12, & B2 AT A 0 20 i s e
RS KSR (DHA) 1y &5k 0.06 ~ 0. 18
mg/ g, AR S P 9 20 22 AT DHA 5ol A 4
0.15 mg/g,B 41:0.06 mg/g, 5 EKASARI [ #f5%
SERATT G o WA IR rh AR A 2 h T Tk
FNIRR(DHA) 1) & 154 (3. 18 0. 69) mg/g,
Fm THAWERE R DHA &, B LR AT
RE SR Sy - 108 i ) L 35 % M (2 v, R A 2 op
B VE Pl SR 0 B 17 TR 2 et AT 2 vy, i A A 2 1o 22
R FRIE A P 22 1A, AE et B, K S AR A
P SAEAE, WT RE 3 T AR 20 il B 2S5 b i AR U
1R, 2 SR IS 2 7y kA TRk, S BRI
FEME P D7 IR LU Hh RS 3R T8 B AR ) 2 A 1Y
JOR 5 kv o RGN 32 B 4 22 AT 1) R I R A 28 3
A A 4126 F,B 2025 F, EENAS AL H
i DHA &8 A BT B 4.
3.3 NG

ZEA RIS A AT 0, 5 o 22 AR R R 4%
15, AL B SRV UR TR AR IE AR, #5255 75 TR
A TP LA Kol s B R 55 5 F (8, 7T P00
P AR HHAR E AR T 4 CEREEh RIS,

Sk
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Effect of processing fish droppings in two different ways on biofloc
components

YAO Miaolan'** | LUO Guozhi'**, TAN Hongxin'**, SUN Dachuan'~*"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China; 3. Centre for Research on
Environmental Ecology and Fish Nutrition ( CREEFN) of the Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China)

Abstract: To study the effect of processing fish droppings in two different ways on biofloc components, two
kinds of methods were used to treat the waste of eel, and then we made these wastes cultured boil-floc. The
results showed that the concentration of ammonia nitrogen in the two groups decreased during the culture. The
average concentration of ammonia nitrogen in the freeze-dried group was (0.86 +0.22) mg/L, and the fresh
group was (0.83 £0.42) mg/L. After the sixth day, the concentration of nitrite nitrogen in both groups was
below 0. 03 mg/L. On the seventeenth day, the concentration of nitrate nitrogen in both groups was reduced to
below 0.04 mg / L. The contents of crude ash in the two groups were decreased in the later stage of culture,
the contents were the freeze-dried group 6.80% =0.00% and the fresh group 5.97% +0.01% respectively.
The crude protein content of the freeze-dried group was 33.44% +7.80% , fresh group 33.65% +3.17% ,
the difference was not significant; the free amino acid type had 16 kinds in freeze-dried group, and 23 kinds
in fresh group. In the fatty acids, DHA was (0.15 £0.10) mg/g in the fresh group and (0.07 £0.13) mg/
g in the freeze-dried group. The difference was significant (P < 0. 05). The results show that both two
treatments are suitable to cultivate floc, the freeze-dried group was good for fatty acids, and the fresh group
was good for essential amino acids.

Key words: biological floc; fish droppings; freeze-drying; crude protein; fatty acids; amino acids
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