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Culture of complex bioflocculant—producing strains and optimization of
its nutritional conditions by using cassava starch wastewater
WANG Xin-wei,MO Chuang-rong", LIANG Min,HU Zao-shi, DAI Zhi-you

(Department of Environment Science, Guangxi University, Nanning 530004, China)

Abstract: A new style of combined microbial flocculant and a new way for cassava starch wastewater reutilization
were proposed. Two lactic acid bacterial strains LB3 and LB5 which could produce bioflocculant with high
flocculating to cassava starch wastewater were screened from anaerobic wastewater. 16S rDNA gene sequence
analysis showed that the two strains could be identified as Lactobacillus casei and Lactobacillus plantarum
respectively. The nutritional conditions which combined strains fermented cassava starch wastewater to produce
bioflocculant were optimized through single factor test. The optimization nutritional compositions were : raw
concentration cassava starch wastewater without adding KH,PO,,with glucose as the optimal carbon source in
wastewater culture medium,combined nitrogen source of yeast extract and peptone by 1:2,4.5% of total carbon
and nitrogen amount with C/N ratio of 1.5. With the condition above,the flocculation rate of fermentation broth to
starch wastewater and Kaolin clay suspension was found to be 89.2% and 91.4% respectively.
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Table 1  Properties of cassava starch wastewater
CoDy, T™N TP HUEA I 5B
(mg/L) (mg/l) (mg/l)  (mg/L) (mg/1)

12000~15000 45~55 35~45 3900~4100 6.5~7.0 450~550
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Table 2 Results of secondary screening

WAL GH S REEE () BRALA S S SR (0
LB2LB3:LB5:LB6 518 LB3:LBS 74.8
LB3:LB5:LB6 713 LB5:LB6 57.2
LB2:LB3:LBS 54.5 LB2:LBS 64.6
LB2:LB3:LB6 61.4 LB2:LB6 38.0
LB2:LBS5:LB6 46.8 LB3:LB6 63.3
LB2:LB3 62.8

T R PSRRI [ BOK A R IIE

o4t WA, P E 4] A LB3:LB5:LB6.LB2:
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LB HFFTR 5 o
23 BHMETEER

LB3.LB51%16S rDNA [A] U5 P4 43 BT = W4 Bk B&1 K 119
PCRY™ 84 vk B E Wi B T o 43 ] $E B PR AR LB3
LBSIEE K40 DNA, 1l i PCRY™ 8% H 16S vDNA J B,
[N Ja AT IR, 45 AR W B RRLB311 16S rDNA
TR 7 41K 41484 bp, LB511116S tDNA % 1% )5
HH 1450 bp, K 1% 7 51 BEAT Blast 73 HT , 326 I A J5
78 5 R 99% L LB AR A, A 1 R S
KB UE20T 7~ . LB3 Y Lactobacillus casei 1) [7) Y5
PEIE 2 100% , W] 42 4 52 9 Tl FLAF # &, LB5 5
Lactobacillus plantarum 1] [7) Y5 15 15 2] 100% , ] 2L i
S A FAP)FUAT BE I PR B ARS8 1 a5 2k B s,

M LB3 LB5

1500 bp—

1 BFRLB3.LBS5 PCRAEHE HLvk Kl
Fig.1 Strain LB3 and LB5 PCR gel electrophoresis figure

Lactobacillus paracaset subsp. paracasei JCM 8130
Lactobacillus casei ATCC 393

Lactobacillus caset subsp. alactosus JCM 1133
Lactobacillus casei subsp. casei ATCC 393
Lactobacillus caset subsp. pseudoplantarum JCM 1181
Lactobacillus casei subsp. tolerans JCM 1171

LB3

Lactobacillus casei subsp. rhamnosus JCM 1136

LBS

Lactobacillus plantarum CIP 103151

Lactobacillus plantarum subsp. plantarum CIP 103151
Lactobacillus pentosus ATCC 8041

Lactobacillus plantarum subsp. argentoratensis DK0O22
Lactobacillus plantarum subsp. plantarum CIP 103151 (2)

2 RIFRLB3LBS SRR RS T
Fig.2 The phylogenetic tree of strain LB3 and LB5
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PEUE3HT N o

I3 41, AN 7] 77 1 Ak B A 25 T8 A4 R I, %o
e U 1 ARV A i A B R L R SR T, e
Y5 B AA, 2R IL $)92.2%, B3 (p<0.05) & T
S W LU 37 O T AR A BB R, I T T A
411 o 2 T A7 7E SL060E EV . 3R AN I )
Bl — I B A B A b = AT ZR B T, i e AR &
WA EAER, 55— U R A 5 B 250G k.
LB3 5 1LB5 & & 77 AR (A 77 ) Je Ho A 45 B AR AS &
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Fig.3  Flocculation activity profile
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Table 3 Effect of compound nitrogen source on

flocculating activity

P W52 35 B
RBRE R oo sER 0
11 332 82.1 92.6
FREEAS 12 331 81.6 90.3
21 330 82.2 93.2
111 333 78.5 92.6
REEAF 122 328 81.1 92.9
21 327 80.5 93.3
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Fig.6  Flocculation rate of cassava starch wastewater

981
961
§ 944
3 924
% 90 3%
—e—49,
884 ——4.5%
—v—59%
86 T T T T
0.5 1.0 1.5 2.0

CN
K7 s e R

Fig.7  Flocculation rate of kaolin suspension

o R R S LG BE AR MR A AE A BB v i Ak
EW oy W B, TG0 bl X B A AR I AN BB
FLAT BRI, AN R P A M R AN 5] iR e 5, 5
ST S R e AR U L 2 A2 AN AR AT S, AE TR
BT N 4.5% , Tk Z8 LEAE DR 1.5 IS % U M A 7K 1) 2R e
A =L F84.5% , =W 1B 2R N 94.7% , LIRS
A T AR R T 55 IR pH B ATG 223,24 5 L6 0 50 5L =R
PUAE A 5% 1.510], 35 R 0% B A D¢, AT et i
TR R E AR, FIH B & 7 22 R A 25 E Y i
VENE IR, S BOSGE R K I ZEETERE T . i
FCEGAR K T 1535 32,016, I35 52 90 TE Ky 52 7K A vy
B BRI T B, U AE B LA R A
& B AR A K S Wk B B YE AN ) . GRFRS
55, AN TR R B R 5 L ) B 35 MR 22 7 (p>0.05) &
R 5 55 i U FH R B A 5 T AR R D 9 U 0 B
IK R ERBEME BE , SR PRI IN B B 4.5% A1 LUAR 1.5 R 55 5
S S L o
2.5.5 AR KA LL B2 ToH LR il 1 — S0 ok 215
HKEFEm M LA A e SRS N, FEANTH]
R A T M R K HR S IR B R 10 o/ LI TR &
PHREATRE IR, B5 7248 h 5 Il K 1 K e Ay Ik 7K R
e U BRI B, 25 L LIS L E9.

LESZBRTE R 77, BT T FEOAR 2 JEURL e Ry
T FAE R R S AN ], 23 3 % /K (R E AL ik
JEARAREL R o UL [ ) R AR AE AN R R kil b, ok
AR KH,POL IS I, 155 353 WA A 208 Wy A2 /K B iy 0y

Vol.37,No.04,2016

957

i e s S——

S s5- :
o
5% g0- <
1 % —=—HiREOf
- —— RIS
—a iR
—— MRES %
70— : . : : :
00 02 04 06 08 10

PINE (mL)
I8 IR S S IR — BN I 0 IR 7K R B R (1) 5%

Fig.8 Effect of wastewater concentration and KH,PO, dosage on

flocculating activity

95+
90
S
A 85
&
' —=— RO T
80 —e— k21
—a— iR AL
—v— MRS fr
75

00 02 04 06 08 10

AR (mlL)
KO PR B S T IR — AN Jin sk r 8 1 BUAE R I 5 i)
Fig.9 Effect of wastewater concentration and KH,PO, dosage on

flocculating activity

AR R BB R T B M (p>0.05) 1 HE R, 2GS
HE40.0 mL/100 mlL J22 7K Ay AR J85 I R PRE 0 3
MK 2R ) B IA 3189.29% . 91.4% , H 1537 I pH
B 213170 Bd W B A ] LA RGP 1 2B KT s i A AL
SRR i 52 538 S (R K AR IR S , FLrp v ML ER 75
HE LA IE B A IR AR A 7R Sk B, BE A UE K R K AN W
M, B IR IR LA T B T AN A DL A e AR AR I
Pt » S0 R AT i, 7R AR R EnT e
BE AR A WA ZRBENE PR 0T o NS BR A2 25 1
PEATRTE (U8R IR AR FOASES N R &0 T 2 b AT
RIFEETR
3 it

MARZEVER ) DRAUR /K T i 326 23 25 H A 4
T8I T AR B AR, 42 M B LB3 A TS FLAT B S
LBS AW FLAF TS« BB TE A S 6 45 SRR W,
L 38 PR ) 2 AR AE B U T H A SN R
[, LB3 5 LBSE 5 7= A 1R A0 o0 WA 4 AT 1R 4 1R 48
BENE TR, FEBEAARAS 5t B AT RN P o 6 HA A
R EUE Ry 5 KA N BRAIY SR W) 1) 38 F S A AT AL
SIEHG 2 PR BRRR A A 1 S 2%, TC EE S 11 P3RS FR AL
15 30 J2 7K 5% 7 5t A s Fo e U by A 28 B, B A U
DL BE 5 FIER (R4 12205 05 2 Inise 0050 n A2
BN 4.5% , Wk EEAE A 1.5 5 AR s D0 A0 A o 3 D e
VL, e DA SR 5 AR S G Ky IR 7K FAS s 0 sl Y 11
J7 AT KR IR, G AR GE R AT I AR T mnik
FEAT PR, H I8 O A S G Moy S 7K S v i 1

20164 044 215



J@étﬂ@l’&

Scence and Technology of Food Industry

BRI 2 iR 2189.2%.91.4% , [F) IS R e 1% 55
WpH FB&RI3.17, 7E3.1~3.5VG Bl N, #on J5 1k B oA 2

VERT PR K A 5T R B DR ) B AR AR L RV
S &k

[1] A=, %03, 5k &%, F. MAED KRN LG RIHER
[J]. 2R354 5 5% ,2014(4) : 80-85.

[2] F 255, 4k AR5k, AR B A BN_2509 45 M B 2
FERATTAEE T P ey R[] s T kA, 2015,36(10):
205-209.

Bl 2AKR,KREZH,ECEN,F. L5AREADREN LD
A BRI )] AR AL EZH K, 2009(5) : 79-82.

(4] E3A), Ak, THE,F. HADEENGHERL L
B[], KA FEH AR ,2012(1):6-9.

[5] Li Z,Zhong S,Lei H,et al. Production of a novel bioflocculant
by Bacillus licheniformis X14 and its application to low
temperature drinking water treatment[J]. Bioresource Technology,
2009, 100(14):3650-3656.

[6] AR AR T, DLsE K. DA 300wy Bk /K A 7 1 A 5 ) T Ak
i i B IR AARARAL]. Ak TAZ AR, 2013(3) £ 198-206.

[7] Pu S,Qin L,Che J,et al. Preparation and application of a
novel bioflocculant by two strains of Rhizopus sp. using potato
starch wastewater as nutrilite[J]. Bioresource Technology,2014,
162:184-191.

(8] %I BE, B BeRE, #A B A, 4. H & B HHE-P7H] A 3 i K 7~
AW B A AT R[)). BRIET RS % 4,2006,7
(3):40-44.

[9] Aljuboori A H R, Uemura Y,Osman N B,et al. Production of
a bioflocculant from Aspergillus niger using palm oil mill
effluent as carbon source[J]. Bioresource Technology,2014,171:
66-70.

[10] 43k, RaddT, Fr2rfa, 4. AR AF b il Ak RS IR

1114011111111 111111411111 1@ 11111111

(E#BEFI1957)

£ % 3k

[1] 28 5, X 2. ) Z2 @by x ik & KAE S R 69 % oa]). AR
A L,2007,32(6):50-51.

[2] b . TEAL DA En ik AR BEOP o 2 A ()] & T
#,2014,(8):15-17.

[3] &3 ,REX, KA. K G Tk A RBIRFH%HA[])
% A RAARA K 5 524k ,2006,34(10) : 153-158.

4] FFE, LT3, G E7. RAKBEGAEATL]]]. &
T kA%, 2007,28(1):93-95.

[5] g4, B &K, T0E. SLILH ik & KAR 5 % a[]].
AL HAg,2010(1):19-22.

[6] =5 5, X3 ¥, L5 4. A stk kK k2L 2 Hra
BR[N] P B SR A ,2006(2):114 -116.

[7] 3ok, A, 3 R, 4. RS A m ) s ik 7k AKAR B R4
PG Foa[]]. ZHOR LA 52 ,2010,38(6):3137-3139.

[8] 48, H4r T, 45, K B H ALFRR LR S5 B
). & B hg,2005,30(8):35-37.

[9] 7. K 245 A 12 25 %) P oy L A[T]. AT EZS,2010,

216 501052043

A T

BB AWEER T AR SR AR 7 R
#5,2013,40(10) :97-100.

[11] TE#A2, 18 R 35, 2= Kb, 5. FEAFF AL I 4 % 5 7
[J]. ZeraE K 5 4R B RFFIR,2000(1):161-164.

[12] 3ERA, RS h. RE A R ARG EBERF L)) 25,
2010(8):125.

[13] R4, TR &M, LR, 5. KIE B R A3 KBt
JE[J). RAHH,2013(7):56-57.

(4] BEh. — A LREAN LA GHiE K2R EF
[D]. &7 ) @K 5,2014.

[15] BEm, e, =4 5. 54 # Lactobacillus casei Zhang
¥4 7 3% R AR a9 RAL[T]. R 28 4R, 2008, 35(4) :623-628.
[16] Z4r46 R uela, 5K 3 /1. 8 T B&SUAF A *FHF ik b e
BRI R[] A RAEE,2010(19):273-276.

[17] &8k, 3KAB AL, AoMAENE RO E R WK
KRG BEI[T]. BRBEAL 5 5 H AR ,2006(7) :75-76.

[18] Sidira M, Kandylis P,Kanellaki M,et al. Effect of immobilized
Lactobacillus casei on volatile compounds of heat treated probiotic
dry—fermented sausages|J]. Food Chemistry,2015,178:201-207.
[19] Zhang L, Liu C, Li D, et al. Antioxidant activity of an
exopolysaccharide isolated from Lactobacillus plantarum C88][J].
International Journal of Biological Macromolecules,2013,54:
270-275.

[20] KA A, =, B4 AHF b LA F R E I
BRI 00 o 35 SR B AR AT R ()], A5 ,2010(7) : 228-231.
21] ARE A, 615, kA%, 5. BRITEFeDKREF R EK
VRO RAL YR EFOHR])]. 2 T kA, 2014(20):
308-311.

[22] More T T, Yadav J S S, Yan S, et al. Extracellular polymeric
substances of bacteria and their potential environmental
applications[J]. Journal of Environmental Management, 2014,

144:1-25.

1411411111111 1101111414111 1411111114111

2(23):178-182.

[10] =&, 2, TXH. X E#HKGTIKRAEZ])) ZL
A— R B K F$R,2005,17(2):81-84.

[11] ZA4h, T4E, 5K, 5. KR A AR & B 7300 45 1 e
1% 3k Fa e % em|])). P BAR M F24R,2011,26(12):16-19.

[12] FR AR, 228 %, T 246, 5. LA R bk & | (3 o)
FAPFEAHoal]] RS R S A ,2011,32(1):22-26.

[13] AR 2 F Fvk. Hea ik RRBOA LR W E oM & B B4
&) B RAH, 2004, (3):46-47.

[14] Z &%, & 8k, T30, 84 R AR ImA st ik & KAE 4R
H AR Ha)]. R RAHL,2012,37(7):159-161.

[15] KA. B BR B 520 18 1 7R KA B AF R ALEE 84 BF 22| D).
Fd . e T k2014,

[16] SB/T 10138-93. 4-F A s Z#S]. bR : F AR LA H
7 3R, 1993,

[17] R4 Z RS, S 24, 5. &R AR SRGFR]].
Adh Tk A, 2005,26(5):73-75,78.

[18] B M, E40, R LF. RS M]. 7 Ao XFHR
#E,2006.





