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( 300456)
R Artemia franciscana
> ) 50 100
150 ( 12mg/L. 37mg/L),
50 1L, 1200ind/L,
Dunaliella viridis, 20 s R
, (P<0.05) ,
(P<0.05), (P<0.05), ,
(P>0.05) PCR-DGGE , Y-

(y-proteobacterium)
(P<0.05),

b El B E

doi: 10.11693/hyhz20140500147

(Biofloc) )
(Avnimelech, 1999; Hargreaves,
2006) (Biofloc techniques, BFT)

pH

, (De Schryver
et al, 2008; Crab et al, 2012)

B >

B

(Avnimelech, 1999; Wilén et al, 2003; Schneider et al,
2005) s

* ,2010DFA32300
E-mail: wangjiao0610@163.com
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(Avnimelech, 2006; Crab et al, 2009)
Marsupenaeus japonicus(Zhao et al, 2012)
Litopenaeus vannamei(Burford et al, 2003; Hari et
al, 2004, 2006; Schveitzer et al, 2013)

Farfantepenaeus brasiliensis(Emerenciano et al, 2012)

> B

(Artemia)
, (Sorgeloos et
al, 2001) )
S50pum (D’ Agostino, 1980)
Ronald
(2013)  Suwi  (2013)

, 13JCZDIC28700 s ,
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Toi  (2013) ,
1
1.1
250, ,

Artemia franciscana (VinhChau
strain) 30 20h,
(27£0.5)°C, 10001x,

, 50  (24£0.5)°C 5d,
Dunaliella
viridis D. viridis
(6000r/min, 4°C, 10min, Beckman),
4°C
1.2
, 50 100 150,
“50+Glu”  “100+Glu” “150+Glu”,
(Control) 50,
1L ,
1200ind/L ,
20 ,
D. viridis 1,
(C/N) 20 D. viridis Vanhaecke (1984)

60%, Avni-

melech(1999) ,
ACH =(FeedXNfeeq* Nexcretion)/0.05
, ACH ; Feed
3 Nteed (40%); Nexcretion
( 50%); 0.05
1.3

pH (Mettler Toledo FE20)

F 1 BHETE Dunaliella viridis 1 /EE R A EERME
Tab.1 The feeding schedules of Dunaliella viridis and the
amount of glucose addition

(d) (10%cell/(L-d)) (mg/(L-d))
7—8 5.04 12
9—10 6.30 17
11—12 7.56 21
13—14 8.82 25
15—16 10.08 29
17—18 11.34 33
19—20 12.60 37
(YSI DO200) 100
4h, , Imhoff ,
24h, (Biofloc volume, BFV)
(Avnimelech, 2012) 50mL,
(GB/T12763.4-200X)
(GB 5009.5-
2010) ,
C2:2 n-6 Lepage
(1984) , (FAME)
(Shimatzu)
(CBP20-25-50, 50mx0.25mmx0.2pm),
, 180°C,  6°C/min 240°C
20min; 280°C; FID s
280°C; 182.2kPa; 20 0 1
14 (DGGE)
-20°C 500uL , 8000r 10min,
DNA (Promega) DNA,
V3 16S rDNA (Yu et al, 2004)
PCR 338F-GC: 5'-CGCCCGCCGCGCCCCG

CGCCCGTCCCGCCGCCCCCGCCCGCCTACGGGAG
GCAGCAG-3', 534R: 5-ATTACCGCGGCTGCTGG-3’
(Muyzer et al, 1993) PCR : 10uL 10x PCR

( MgCl,), 1.5mmol/L MgCl,, 200umol/L
dNTP, 2.5U Taq DNA
0.5umol/L, 400ng/uL
DNA , PCR (Sigma)

PCR 1 94°C

(Promega),
(Promega), 100ng
50uL

Smin, Imin,
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53°C Imin, 72°C 1min, 30 , 712°C 2
10min Bio-Rad DCodeTM (Hercules)
2.1
(DGGE) (Boon et al,
2002), PCR 45%—60%
( 1),50+Glu R
> 8%(w/v) 16h,
682.5mg  228.4mg (P<0.05) ,
60°C, 38V 1x Gel Red
. . , 50+Glu 100+Glu
(1:10000 ) (FMC) 20min Bio-Rad
. 150+Glu, 2979mg  271.5mg (P<0.05)
ChemiDoc MP (Hercules) DGGE
1.5 750 r a
DGGE PCR 5 600F
, —20°C GC 338F 518R ;EH450 -
16S rDNA-PCR PCR % 300 b c .
94°C 5min, 94°C Imin, 53°C 1 min, 150l
72°C Imin, 25 , 72°C 10min (Boon et al, . .
2002) 1.5% DNA marker DL-2000 50+Glu 100+Glu 150+Glu Control
KA
PCR
DGGE , ( ) 1 50,100 150
GenBank BLAST ) ) )
Fig.1 Total biomass of Artemia cultured with glucose
1.6 enrichment at salinities 50, 100, and 150
SPSS19.0 (One Way ANOVA)
(P<0.05)
, Levene )
) 2.2
(One way ANOVA)
, Tukey (P<0.05)
DGGE (Range- (P>0.05, 2) C16:0
weighted richness, Rr) : Rr=(N*xDg) (P<0.05) ,
,N DGGE , Dg (P>0.05) 100+Glu C22:0
(Marzorati et al, 2008) ,
F2 HMEERFEE 50,100 1 150 L4 T X HEEAQ S EMEAHERLE MK
Tab.2 Protein content and fatty acid profile of Artemia cultured with glucose enrichment at salinities 50, 100, and 150
50+Glu 100+Glu 150+Glu
(%, dw) 59.49+0.92 59.09+2.32 54.99+2.31 53.95+2.86
C14:0 0.59+0.05 - 0.75+0.10 -
Cl4:1 1.18+0.48 1.85+£0.52 0.56+0.14 1.62+0.61
C15:0 0.54+0.14 - 0.57+0.04 0.45+0.32
C16:0 10.09+1.63™ 12.46+1.25° 9.79+0.76™ 7.83+0.88°
Cl6:1 4.82+0.87 4.98+0.17 3.97+0.60 3.89+0.22
C17:0 0.89+0.06 - 0.62+0.05 0.82+0.32
C18:0 6.99+0.78 6.66+0.25 6.07+0.33 6.03+£1.30
(mg/g, dw) C18:1 20.30+1.85 21.00+0.55 18.56+0.72 19.724£2.96
C18:2 4.43+1.65 6.43+0.87 5.51+0.43 6.48+1.65
C18:3 5.15+2.72 6.00+£0.95 6.09+0.74 8.69+2.72
C20:0 - - 0.62+0.14 1.06£0.52
C20:1 - - 1.04+0.60 0.99+0.48
C20:5 1.61+£0.25 5.98+1.14 3.54+1.49 2.19+0.82
C22:0 1.30£0.56° 3.97+0.11° 2.15£0.59" 1.63+0.43°
(One Way ANOVA) (P<0.05)
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2
(P>0.05) 12.47umol/L, 23.66pmol/L (P<0.05)
2.3 , 50+Glu ,
100+Glu  150+Glu 20.02umol/L.  25.62umol/L,
(P>0.05)
( 2),50+Glu (BFV) , ( 3b),
6.3mL  4.8mL (P<0.05) , BFV 50+Glu 87.47umol/L,
, 100+Glu 6.7mL, 150+Glu 7.0mL 117.59umol/L (P<0.05)
(P>0.05) , 50+Glu , 100+Glu  150+Glu
10r 77.42pmol/L 67.97umol/L,
8l ab a (P>0.05)
E ab ( 3c), 50+Glu
g el b 32.72umol/L, 38.46pmol/L
S 4l , 50+Glu
5.l . 100+Glu  150+Glu 17.14umol/L
, , , , 14.58umol/L, (P>0.05)
50+Glu 100+G;<5ﬁﬁ?:”50+6|u Control ( 3d), 50+
Glu 232.26umol/L,
2 50,100 150
629.89umol/L (P<0.05)
Fig.2 Biofloc volume in the culture medium enriched with , 50+Glu , 100+Glu 150+Glu
glucose at salinities 50, 100 and 150 313.55umol/L  412.85umol/L, (P<0.05)
(P<0.05)
2.5
24
pH 7.86—8.03 , 16S tDNA PCR-DGGE
6.6—7.1mg/L , ,
( 3a),50+Glu >85%
40 - 150 a

a

w
o

Sl

TIHERELRE (umol/L)
> 8

| b b
1
® oe0f
|
j% 30t
il

50+Glu  100+Glu 150+Glu Control

50+Glu 100+Glu 150+Glu Control
SLEAR) IR
50
5 2fc a a 750 1
S 40 : 4 600
230 b 8 450
o9 E
2 g 300
. )
i 10 1B 150 ’_Y_‘
0 : . . , 0
50+Glu  100+Glu 150+Glu  Control 50+Glu 100+Glu 150+Glu Control
SSEAR) EAF|
3 50,100 150 ( 3a) ( 3b) ( 3¢ ( 3d)

Fig.3 Concentrations of nitrite (a), nitrate (b), ammonium (c), and total nitrogen (d) in the culture volume enriched with glucose at
salinities 50, 100, and 150

(P<0.05)
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, (100 150) DGGE
(50) , 2% 4) 5 3 BLAST ,
100 150 69%, 50 Y-
60% (y-proteobacterium) , 1 6 10
, y-proteobacterium, 97%—99%(Liu et al,
2010); 5 8 y-proteobacterium,
96% 95% (Ben-Dov et al, 2009),
[ 50+Glu-1 .
50+Glu2 12 o- (o-proteobacterium),
Qoo 99% (Harwati et al, 2007) 2 3479
L[ Conr2 11 Maritalea, Rhizobiales,
Control-3
100+Glu-1 Marinobacter, Psychroflexus,
100+Glu-2
100+Glu-3 Litorimonas  Maribacter 13
150+Glu-1
150+Glu-2 , (Chen et
150+Glu-3
10" g],2008)
042 0.56 0.71 0.85 1.00
DGGE (R))
4 50, 100 150 6 R, 15.38,
16S rDNA PCR-DGGE
Fig.4 16S rRNA PCR-DGGE clustering analysis on bioflocs ’
with glucose enrichment at salinities 50, 100, and 150 10.10, 7.09  2.04(P<0.05)
maker w0 18 TR R R maker
5> 1
100+Glu 4 10— 13— Control
e > > > 12—
maker /SIS 10 4 - T8 TN maker
maker & ML 10 0 nm 19 maker
3—>
50+Glu 2w > | }150+Glu
I—» | 3 T— |
maker L EME A8 o nwar e maker
5 DGGE
Fig.5 Bands recovered from the DGGE gels
%3 DGGE S EIFREIY KT 16S rDNA-V3 [F55 GenBank 548 & #1895 548 001 Le 3t
Tab.3  Similarity of 16S rDNA-V3 sequence recovered from the respective bands in DGGE gels to the closest relatives in GenBank database
GenBank (%)
Band 1 FJ999568.1 y -proteobacterium HLSB119 99
Band 2 JX418291.1 Maritalea sp. BAN8 98
Band 3 DQ272468.1 Rhizobiales bacterium ADC1 97
Band 4 FJ984873.1 Marinobacter sp. YCSAS2 100
Band 5 DQ097285.1 Marine y - proteobacterium RS.Sph.011 96
Band 6 FJ999568.1 y -proteobacterium HLSB119 99
Band 7 JQ390292.1 Psychroflexus sp. MIC 1008 99
Band 8 DQ097285.1 Marine y- proteobacterium RS.Sph.011 95
Band 9 KC582601.1 Litorimonas sp. INU-L075 98
Band 10 FJ999568.1 y-proteobacterium HLSB119 97
Band 11 IN642274.1 Maribacter sp. KJ4 98
Band 12 AB302385.1 o -proteobacterium B27 gene 99
Band 13 KC896684.1 Uncultured bacterium clone HL7711_P4B6 97
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18 a et al, 1995; , 2012; , 2013)
15 I
B2 , , (
gl
1 , 2004; Crump et al, 2004)
o6l
) e
0
50+Glu 100+Glu 150+Glu Control 5 >
ozl , BFV
6 50,100 150
(P<0.05) , ,
Fig.6 Range-weighted richness of bioflocs with glucose
enrichment at salinities 50, 100, and 150 (P<0.05) ’ ’
3
3.1 >
(2004) , )
) (PUFA)
(Hargreaves, 2006) (C/N>10), (HUFA) ;
0 (Watanabe, 1993; Palacio et al, 2004)
) PUFA
, . HUFA ,
(Avnimelech, 1999; Wilén et
al, 2003; Schneider et al, 2005) PUFA  HUFA, 16:1n-7  18:1 n-7
(Oehmen et al, 2005), (Intriago et al, 1993)
“Glut150”
(Schneider et al, 2005; Crab et al, 2009; , (Toi
, 2012), etal,2013)
(Crab et al, 33
2009; Emerenciano et al, 2012) Marzorati  (2008) , R,
, , (Carrying capacity)
BFV, , R<10 , ,
) ; 10<R,<30
, , ; R>30
(Crab et al, ) )
2009), Xu et al, 2012) (
,2011) , R, ,
3.2 )

, (Triantaphyllidis

>

DGGE >

y-proteobacterium
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Zhao (2012) (2012)

, a-proteobacterium y-proteobacterium

(Wanger et al, 1995; Witzig et al, 2002)

y-proteobacterium s

(Rr)

Bt AT AMEE DGGE o 47 £ 1L AlBF AR
4 X & Laboratory of Aquaculture & Artemia Reference
Center #4T, #£3)| Prof. Gilbert van Stappen, Prof. Peter
Bossier, Dr. Peter de Schryver #= Dr. Yufeng Niu 49 X
HEFH, RERFR. REFTKTEAARKIEE LS
I % X RARHI A R F A K F 48] 304 £ DGGE
KRR A AR O R B, B,

, , , 2012.
,31(11): 2848—2854
, , , 2012,
33(2): 69—75
, 2011,
, , , 2012. PCR-DGGE
, 36(10): 1563—1571
, , , 2004,
, 28(9): 20—25
, , , 2004. NaCl
,22(1): 19—21
, 2013.

,37(11): 41—47

Avnimelech Y, 1999. Carbon/nitrogen ratio as a control element

in aquaculture systems. Aquaculture, 176(3—4): 227—235

Avnimelech Y, 2006. Bio-filters: the need for an new
comprehensive approach. Aquaculture Engineering, 34(3):
172—178

Avnimelech Y, 2012. Biofloc Technology. Baton Rouge, LA:
World Aquaculture Society, 48

Ben-Dov E, Kramarsky-Winter E, Kushmaro A, 2009. An in situ
method for cultivating microorganisms using a double
encapsulation technique. FEMS Microbiology Ecology,
68(3): 363—371

Boon N, De Windt W, Verstracte W et al, 2002. Evaluation of
nested PCR-DGGE (denaturing gradient gel electrophoresis)
with group-specific 16S rRNA primers for the analysis of
bacterial communities from different wastewater treatment
plants. FEMS Microbiology Ecology, 39(2): 101—112

Burford M A, Thompson P J, McIntosh R P ef a/, 2003. Nutrient
and microbial dynamics in high-intensity, zero-exchange
shrimp ponds in Belize. Aquaculture, 219(1—4): 393—411

Chen Y, Dumont M G, Neufeld J D et al, 2008. Revealing the
uncultivated majority: combining DNA stable-isotope
probing, multiple displacement amplification and
metagenomic analyses of uncultivated Methylocystis in
acidic peatlands. Environmental Microbiology, 10(10):
2609—2622

Crab R, Defoirdt T, Bossier P et al, 2012. Biofloc technology in
aquaculture: beneficial effects and future challenges.
Aquaculture, 356—357: 351—356

Crab R, Kochva M, Verstraecte W et al, 2009. Bio-flocs
technology application in over-wintering of tilapia.
Aquaculture Engineering, 40(3): 105—112

Crump B C, Hopkinson C S, Sogin M L et al, 2004. Microbial
biogeography along an estuarine salinity gradient: combined
influences of bacterial growth and residence time. Applied
and Environmental Microbiology, 70(3): 1494—1505

D'agostino A S, 1980. The vital requirements of Artemia:
physiology and nutrition. /n: Persoon G, Sorgeloos P, Roels
O et al eds. The Brine Shrimp Artemia. Vol 2, Physiology,
Biochemistry, Molecular Biology. Wetteren: Universa Press,
55—82

De Schryver P, Crab R, Defoirdt T et al, 2008. The basics of
bio-flocs technology: the added value for aquaculture.
Aquaculture, 277(3—4): 125—137

Emerenciano M, Ballester E L C, Cavallil R O et al, 2012.
Biofloc technology application as a food source in a limited
water exchange nursery system for pink shrimp
Farfantepenaeus brasiliensis (Latreille, 1817). Aquaculture
Research, 43(3): 447—457

Hargreaves J A, 2006. Photosynthetic suspended-growth systems
in aquaculture. Aquaculture Engineering, 34(3): 344—363

Hari B, Madhusoodana K B, Varghese J T et al, 2004. Effects of
carbohydrate addition on production in extensive shrimp
culture systems. Aquaculture, 241(1—4): 179—194

Hari B, Madhusoodana K B, Varghese J T et al, 2006. The effect
of carbohydrate addition on water quality and the nitrogen
budget in extensive shrimp culture systems. Aquaculture,
252(2—4): 248—263

Harwati T U, Kasai Y K, Susilaningsih D et al, 2007.
Characterization of diverse hydrocarbon-degrading bacteria
isolated from Indonesian Seawater. Microbes and
Environments, 22(4): 412—415

Intriago P, Jones D A, 1993. Bacteria as food for Artemia.
Aquaculture, 113(1—2): 248—263



379

Lepage G, Roy C C, 1984. Improved recovery of fatty acid
through direct transesterification without prior extraction or
purification. Journal of Lipid Research, 25(12): 1391—1396

Liu W C, Li C Q, Zhu P et al, 2010. Phylogenetic diversity of
culturable fungi associated with two marine sponges:
Haliclona simulans and Gelliodes carnosa, collected from
the Hainan Island coastal waters of the South China Sea.
Fungal Diversity, 42(1): 1—15

Marzorati M, Wittebolle L, Boon N et al, 2008. How to get more
out of molecular fingerprints: practical tools for microbial
ecology. Environmental Microbiology, 10(6): 1571—1581

Muyzer G, De Waal E C, Uitterlinden A G, 1993. Profiling of
complex microbial populations by denaturing gradient gel
electrophoresis analysis of polymerase chain reaction-amplified
genes coding for 16S rRNA. Applied and Environmental
Microbiology, 59(3): 695—700

Ochmen A, Yuan Z, Blackall L L et al, 2005. Comparison of
acetate and propionate uptake by polyphosphate accumulating
organisms and glycogen accumulating organisms. Biotechnology
and Bioengineering, 91(2): 162—168

Palacios E, Bonilla A, Pérez A et al, 2004. Influence of highly
unsaturated fatty acids on the responses of white shrimp
(Litopenaeus vannamei) postlarvae to low salinity. Journal
of Experimental Marine Biology and Ecology, 299(2):
24—215

Ronald L, Van Stappen G, Van Hoa N ef al/, 2013. Effect of
carbon/nitrogen ratio manipulation in feed supplements on
Artemia production and water quality in solar salt ponds in
the Mekong Delta, Vietnam. Aquaculture Research, 45(12):
1906—1912, http://dx.doi.org./ 10.1111/are.12135

Schneider O, Sereti V, Eding E H ef a/, 2005. Analysis of nutrient
flows in integrated intensive aquaculture systems.
Aquaculture Engineering, 32(3—4): 379—401

Schveitzer R, Arantes R, Costodio P F S et al, 2013. Effect of
different biofloc levels on microbial activity, water quality
and performance of Litopenaeus vannamei in a tank system
operated with no water exchange. Aquaculture Engineering,
56: 59—70

Sorgeloos P, Dhert P, Candreva P, 2001. Use of the brine shrimp
Artemia spp., in marine fish larviculture. Aquaculture, 200
(1—2): 147—159

Sui L Y, Wang J, Nguyen V H et al, 2013. Increased carbon and

nitrogen supplementation in Artemia culture ponds results in
higher cyst yields. Aquaculture International, 21(6): 1343—1354

Toi H T, Boeckx P, Sorgeloos P ef al, 2013. Bacteria contribute to
Artemia nutrition in algae-limited conditions: A laboratory
study. Aquaculture, 388—391: 1—7

Triantaphyllidis G V, Poulopoulou K, Abatzopoulos T J et al,
1995. International study on Artemia XLIX. Salinity effects
on survival, maturity, growth, biometrics, reproductive and
lifespan characteristics of a bisexual and a parthenogenetic
population of Artemia. Hydrobiologia, 302(3): 215—227

Vanhaecke P, Siddall S E, Sorgeloos P, 1984. International study
on Artemia XXXII. Combined effects of temperature and
salinity on the survival of Artemia of various geographical
origin. Journal of Experimental Marine Biology and Ecology,
80(3): 259—275

Wanger M, Erhart R, Amann R et al, 1995. In situ identification
of ammonia-oxidizing bacteria. Systematic and Applied
Microbiology, 18(2): 251—264

Watanabe T, 1993. Importance of docosahexaenoic acid in marine
larval fish. Journal of the World Aquaculture Society, 24(2):
152—161

Wilén B M, Jin B, Lant P, 2003. The influence of key chemical
constituents in activated sludge on surface and flocculating
properties. Water Research, 37(9): 2127—2139

Witzig R, Manz W, Rosenberger S et al, 2002. Microbiological
aspects of a bioreactor with submerged membranes for
aerobic treatment of municipal wastewater. Water Research,
36(2): 394—402

Xu W J, Pan L Q, 2012. Effects of bioflocs on growth
performance, digestive enzyme activity and body composition
of juvenile Litopenaeus vannamei in zero-water exchange
tanks manipulating C/N ratio in feed. Aquaculture, 356—
357: 147—152

Yu Z T, Morrison M, 2004. Comparisons of different
hypervariable regions of rrs Genes for use in fingerprinting
of microbial communities by PCR-Denaturing Gradient Gel
Electrophoresis. Applied and Environmental Microbiology,
70(8): 4800—4806

Zhao P, Huang J, Wang X H et al, 2012. The application of
bioflocs technology in high-intensive, zero exchange
farming systems of Marsupenaeus japonicus. Aquaculture,
354—355: 97—106



380 46

EFFECTS OF GLUCOSE AND SALINITY ON ARTEMIA GROWTH, BIOFLOC
FORMATION, AND MICROBIAL DIVERSITY IN CULTURE

WANG Jiao, MA Guan-Nan, DENG Yuan-Gao, SUI Li-Ying
(Tianjin University of Science & Technology, Tianjin Key Laboratory of Marine Resources & Chemistry, Tianjin 300457, China)

Abstract We studied the effects of glucose addition at different salinities on Artemia growth, water quality, biofloc
formation, and the microbial biodiversity in the culture without water exchange. Four treatments were set in triplicates. The
amount of glucose addition was gradually increased in 20-day culture from 12mg/L to 37mg/L daily in salinities 50, 100
and 150. The control was in salinity 50 without glucose enrichment. Artemia were cultured in 1L-plastic cone at initial
density of approximately 1200ind/L and fed the concentrated Dunaliella viridis at C/N ratio of 20. The results show that
glucose enrichment promoted significantly the total Artemia biomass, increased the biofloc volume, and reduced the
concentration of ammonium, nitrite, nitrate and total nitrogen in the culture medium (P<0.05). On the other hand,
increasing salinity decreased significantly the total Artemia biomass and increased the levels of nitrite and total nitrogen
(P<0.05), and biofloc volume. However, glucose addition and salinity showed no significant effect on crude protein content
and fatty acid profile of Artemia (P>0.05). 16S rDNA PCR-DGGE analysis showed that y-proteobacterium was the
predominant bacterial population in the bioflocs, and most of them were marine bacteria. Against the control, glucose
addition and salinity reduced significantly the range-weighted richness (P<0.05), thus negatively affected the carrying
capacity of ecosystem. Therefore, results of this study may guide the utilization of biofloc in hypersaline condition,
particularly in Artemia culture system.

Key words carbon source; salinity; bioflocs; Artemia culture; microbial diversity
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