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Study on adsorption of lead by two Lactobacillus strains

A F E

XU Ying LI Jie

HE Dan-dan
(BRVGRHE R BS54 TR 26 Bevy 15%

==
B =
LU Jia-li
710021)

(School of Food and Biological Engineering s Shaanxi University of Science &
Technology s Xi’an, Shaanzi 710021, China)

BMEANEH A A L EBIUAFE AR LR LR
Rl R AL ot % b fe R W, 2 pH A 046 R A B A &40
MR BT RARITERF R ARRAF RN FHEA T
HHRIRALESERTHIRBITEN, SWHEREN .S
PR A4S 0 W BT A B TR E A 50 mg/LL R M
RELMH A pHAL 6.4 BRHImE 1 g/L.iZ &4 T R
HEFRREBALATE SO RME S AL 97.44%,
96.87 % ; Langmuir-Freundlich £ # ¥t Langmuir 4 & f= Fre-
undlich ER FE S A LS BB THIR, E_KFh HhFH
Akt —BHh H FAER FE S, BLY FARE 5456 1F R AL
Sy AL 5 R e iy PR,

KB LBRA BB T BAM A F

Abstract: Bi fidobacterium and Lactobacillus rhamnosus were
studied about their the tolerance and adsorption of lead. The single-
factor experiments were carried out by pH, the initial amount of bac-
teria and the initial lead concentration. The process of two strains
combined with lead ion was simulated by thermodynamics and kinetic
models. The state of lead ion was analyzed by scanning electron mi-
croscopy (SEM) and energy dispersive spectroscopy. The results
showed that two strains had good tolerance to lead. The optimal con-
ditions of adsorption were as follows: pH was 6, initial amount of
bacteria was 1 g/L, initial concentration of lead was 50 mg/L, and
the adsorption rates of lead were 97.44% and 96.87% . respectively.
Langmuir-Freundlich model was more suitable than the Langmuir
and Freundlich ones. Pseudo second order model had dominance in

comparison to pseudo first order model. It showed that the
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mechanism of two strains combined with lead was chemical
adsorption and physical adsorption.
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Figure 1  Growth curves of two strains of Lactobacillus in lead-containing medium
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Figure 2 Effect of initial pH on adsorption of lead in two strains of Lactobacillus

51



B R

2018 % 3 #

Ju—

383

=
1

1001

80

60

401

20+

W B
Adsorption capaclty/(mg * g™

L L L L L J
0 100 200 300 400 500 600
By Tk
Leadion concentration/(mg * L")

(a) RUEAFHE

140

_— =

[ I e T =T o)

S o o o o o
T T T T T T

W Btk
Adsorption capaclty/(mg * g™

=

L L L L L J
0 100 200 300 400 500 600
By T
Leadion concentration/(mg * L")

(b) R E

B3 4B T RET AR A R R DGR

Figure 3

Il Il Il Il Il Il Il J
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
WA
Initial wet bacteria weight/g

(a) BUBFFE

Effect of lead ion concentration on adsorption of lead in two strains of Lactobacillus

50
49+
48+
47+
461
451
44t

R B
Adsorption capaclty/(mg * g™")

43 Il Il Il Il Il Il Il I}
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
0 43 1 1
Initial wet bacteria weight/g

(b) BURHFUTE

B4 mBBAIMENFARILRERWERDGY R
le

Figure 4 Effect of initial wet bacteria weight on adsorption of

W B 3R AR 5 BT o 40 B A 43 000 R ) R 2 A G A
F pH (B, MBSO B 1 3% 100 1) 9 4k Mk 5T, 9 3 — 25 0 3
P I R B RE 0 o 3 55 W 22 2 N T RS A A Y O
FEPEC AR i R FUAT T R B B ECRL AT X A 45 4 b AR A
— &
2.3 BAZGH

# Langmuir 2R [30(2) JZIE UL Vg, HPRFR. 1/, Hy
R AL AR AT B UG 15 B XSUSAT B g 4 42.86 mg/ .6 250.086.,
R* 25 0.972 9 fHIL G 4RI I PR1E 48.76 mg/g R 28K R
ZREFLIT B g 7 43.31 mg/g,b 2 0.085,R* #0.975 8, &
SEACRISEPRAE 48.14 me/g FHZE MBI, 10 T VO Ak T O B ok
2 R B SR AN S0 R R B S T R IR

4% Freundlich A2 [ (3 12T . LA Ing. A F5 . Ine, 2R
BEAR AR AF B G 15 XSS T8 & O 2.473.n 50.398, R*
0.837 4; FRZNEFLFT A & & 2.364,n 40.406,R* >4 0.838 4,

# Langmuir-Freundlich A2 [ 2 () 25 TE . A 1/q. YL
AeBR 1/ e AR A AR AR B 0L 75 BUSEAT R & 0.998.0
1.250,R*Jy 0.993 2; AW FLAT 1 £ 291.003.6 2y 1.246,R*
0994 3, b>>1 15 WY AR B RN H 500 3 A 0 A Ao R
FIREVS ) PR M AD B T AC e AR, ABIRSRE T B
2eLo) o 48 G FLAF B (Lactobacillus delbrueckii ) KILDS1.0207
W RS Y 7 B R A — B
24 HMAFEEEGH

A v — R EI L 2 (5D TR — A B L X (6) I 18]

52

ad in two strains of Lactobacillus

PG5 e — ORI 5 W B S AR B R 30 min, T AN A
BT B R X R R R TR W A Y B R T
Bl T AN 2 T B3 s R R AR R
LA H 56 R B R 43 313Kk 0.892 7 1 0.879 0, #E k3 /)
AL AR B A R H 2 0.999 8. BEIME T g I A
Lol — 2R 2y J) 2 AT BT 3 A AL TR AR B A RS Rl AL B
123 PR AN 2 BRI ) B T A A EG Al 7 S s e A 2T
DESEBLA . FUERTA 0 MO BE b A A & OB T R RE I A9 IR 2R
WEFIWEBE B 2R G 9 » DR AT AR 8 1 IR W 46 ) B B8 7 1 e
J1. Teemu U WIE K B A5 6 A far 1) B R 3 R L B A
G VRETFNEE . WA AR PR A A
JE DL S-layer & EBEY S 3 OB AR A — B oA AL AT LA
HHE ¥ RADE.
3 g5k

A 236 X XUBEAT B AN B 2 L AT R T 4 58 ) R R
R e HEAT I Y W0 4R 1Y B ¥Ry 50 mg/ L S5 44T B
HE R AE A PF  pH AH 6, W AR IR T i 1 g/ Lo b I R A T % 4
T I o0 2243 1 5 97.44 %6 F1 96.87 % ; Langmuir-Freundlich #
R 1 Langmuir B8 Freundlich B % B 35 & I bk B 45 & 4
BT ERE  vE Rgh B L e — BBy R
B > U0 B R TR -5 Y 14 4 P 455 0 S S A 2 I

7 30 min

2% 30k
(1] BE K R, B8 5. ENSMRE 0 SR 15 5 0 )



FMBEIH %

A PR LR T T A ) I R AR

H5 2 ML) . = il B 5 % 4, 2014(6) ¢ 7-11.

L2 BWcouc, FREH, Jha e, LR A W MHE ISR i A B E 4
JE BT e LT ], 'Rk, 2017, 38(1D) . 301-307.

[3] ABBAS S H, ISMAIL I M, MOSTAFA T M, et al. Biosorption
of Heavy Metals: A Review[]]. Journal of Chemical Science &
Technology, 2014, 3(4) . 74-102.

[4] HALTTUNEN T, FINELL M., SALMINEN S. Arsenic
removal by native and chemically modified lactic acid bacterial J].
Intionational Journal of Food Microbiology, 2007, 120(1/2):
173-178.

[5] HALTTUNEN T, COLLADO M C, EI-NEZAMI H, et al.
Combining strains of lactic acid bacteria may reduce their toxin
and heavy metal removal efficiency from aqueous solution[ J].
Letters in Applied Microbiology, 2008, 46(2): 160-165.

[6] TOPCU A, BULAT T. Removal of cadmium and lead from a-
queous solution by Enterococcus faecium strains[ J]. Journal of
Food Science, 2010, 75(1) . 13-17.

[7] BHAKTA ] N. OHNISHI K. MUNEKAGE Y. Characteriz-
ation of lactic acid bacteria-based probiotics as potential heavy
metal sorbents[J]. Journal of Applied Microbiology, 2012, 112
(6): 1 193-1 206.

[8] TIAN Feng-wei, ZHAI Qi-xiao, ZHAO Jian-xin, et al. Lactoba-
cillus plantarum CCEMS661 alleviates lead toxicity in mice[J]. Bio-
logical Trace Element Research,2012, 150(1/2/3): 264-271.

(9] T ke, BriE, T 5z, 4. f8 QLA B W I T 28 1 B0 DL i AF

FEL1]. i Dok R . 2016, 37(22): 116-125.

[10] M F A5, 2% % %Ak BT 8 5L RR 18 A 0 28 L 3% 2 A 2y B8 3% 0 BF
5[D]. T4 LRI A%, 2012, 48-49,

[11] pae NRILAEE R DA AT RS, BREHGHT
B R, GB 5009.12—2017 £ 5224 B K An it 12 ok 85
Ml (ST, Jb st bR kL . 2017 6-9.

[12] Aedf. FLBR A X T 45 J 40 00 Tl 52 4 0 e B ML AR B 52 LD 79N
Wk, 2015,

[13] CABUK A, AKAR T, TUNALI S, et al. Biosorption of Pb
(1) by industrial strain of Saccharomyces cerevisiae
immobilized on the biomatrix of cone biomass of Pinus nigra :
equilibrium and mechanism analysis[ ] ]. Chemical Engineering
Journal, 2007, 131: 293-300.

[14] AT, A, MH4REE . A5, W8 22 2R A £ B0 A X 4 4 11 0% B
M5B BEIR Y, 2013, 34(1) . 217-225.

[15] A5t 2% 5h. 1t 52 5 43 Ja i 1o 3L IR T A 8 3o B HC 4 45 6 i 1B 4 F
FELDL TN B R, 2014 40-41.

[16] sy~ 5%, RRURIE, S84y, 55, 4 St 5 o e v X A A iy W B .
BB 4] . 2017, 37(6): 2 107-2 113,

[17] Fmefs. WhiEsm. =M. . SLmE s Ea i Rty e
YERILT). hE A A2 24, 2014, 26(8): 968-972.

[18] TEEMU H, SEPPO S, JUSSI M. Reversible surface binding of
cadmium and lead by lactic acid bacteria and bifidobacterial[ J].
Intinational Journal of Food Microbiology, 2008, 125 (2);

170-175.

(E#% 570

[24] HU Gao-shuang, SHENG Wei, LI Shijie, et al. Quantum dot
based multiplex fluorescence quenching immune chromatogra-
phic strips for the simultaneous determination of sulfonamide
and fluoroquinolone residues in chicken samples[]J]. Rsc Ad-
vances, 2017, 7(49). 31 123-31 128.

[25] PEI Shi-chun, ZHANG Yuan-yuan, SERGEI A E , et al. De-
tection of aflatoxin M; in milk products from China by ELISA
using monoclonal antibodies[ J]. Food Control, 2009, 20(12):

1 080-1 085.
(261 B/ 2. g 3 e 7 i 5 (0], op AT B2, 2016 (8)
40-42.

L27] JFIF-. R 5 7™ it 4 i e R 15 288 4 22 2% G 38 K HfiE T R
FILT]. b BB HORR s 2015(6) - 25-26.

(28] JUET5 . okblE, Whtthmp, 45, 1-MCP i m i 4k B0 7 Mg 2% SR
S I o T A ST R R (D] R R E L 2016, 37(24)
292-298.

[29] RAO Lei, WANG Yong-tao, CHEN Fang, et al. The synergis-
tic effect of high pressure CO; and nisin on inactivation of bacil-
lus subtilis spores in aqueous solutions[ J]. Frontiers in Microbi-
ology, 2016, 7. 1 507.

[30] IVGLAE, KL, tREN. F. BIFRISRIE LW F L SR EY
THARDI ] R ESROEFE . 2013, 30(7): 36-37.

(3170 2= i, bl o, SO A 2Pk o2 SROME vl I8 O fif R 9% £ it iR
BRI, R 2R, 2013(6) . 147-152.

[32] 2225, Rhaoe, o B, 5. AR08 6 0] % vh [ X R 28 (B 2
TCARYER B (). B8 K2 e AR BR3E R, 2013 (D),
37-44,

[33] Jar# . A5k, Bk, StNBR B R % 27N hEEZR,
2015-07-16(001).

[34] MOTTRAM D S, WEDZICHA B L, DODSON A T. Acryla-
mide is formed in the Maillard reaction[J]. Nature, 2002, 419;
448-449.

[35] Z=0h, EArAh, ML, 55, B A2 30 F) 4 9K 3 B2 i 32 1B
BEARRDT T L], ', 2018, 39(1): 320-325.

[36] FMl. £ 5 2RI B AT s AT ], & 522 4 5 6
4k, 2014(7): 1 911-1 912,

[37] WIELINGA P R, JENSEN V F, AARESTRUP F M, et al.
Evidencebased policy for controlling antimicrobial resistance in
the food chain in Denmark[]J]. Food Control, 2014, 40(1);
185-192.

[38] NGUYEN HN K, VAN T T H, NGUYEN H T, et al. Molec-
ular characterization of antibiotic resistance in pseudomonas and
aeromonas isolates from catfish of the mekong delta, vietnam[]].
Veterinary Microbiology, 2014, 171(34): 397-405.

(390 5kpg . HARNE, K, S5 FrFh 22 2 P s R I BOR 19 % R STk it
BHELI/OL]. &R 1-10[2018-04-26]. http://kns.cnki.
net/kems/detail/11.2206.TS.20171212.1621.152. html.

(407 [ b & 1% Mt 22 51 22 W 3 [EB/OLJ. (2017-06-29) [2018-03-
20]. http://www.fao.org/fao-who-codexalimentarius/en/.

53



