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Removal of Heavy Metals from Foods by Lactic Acid Bacteria Biosorption: A Review
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Abstract: Heavy metal pollution is one of the hot topics in food safety, which has become a problem of increasing concern.
The sources of heavy metal pollutants such as mercury, arsenic, cadmium and lead in foods and their chemical forms and
harms to human beings, as well as removal methods are discussed in this article. Meanwhile, we review recent progress in
the discovery of lactic acid bacterial species able to remove heavy metals from foods and the underlying mechanism as well
as their applications in the food field, which will provide references and guidance for the removal of heavy metals from
foods using lactic acid bacteria biosorption.
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RS RHOR A E . Harris 5 TWF AR, siNLA
FELHER PR RS A R AP . ParkZ 7
KIL, arofafEsk. Dng s gy DL IERIES
TR, BORE B H1080.001~2.581. 0.012~2.529 mg/kg
#10.021~0.507 mg/kg, HIEKE &5 EK S ERS0%
DL b FEMIEETIR 25 AT AR AU - R T O
HEVERE TR I, NIR I PR R B BSR B B A
10.77~265.23 mg/kg, F/0ith & H E F hrifE20 £57
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TR (As) B ZMAETLS, EEOHE
— H TR (mono-methylarsonic acid, MMA) .
T H I (dimethylarsinic acid, DMA) . =H
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(M) )« WL CAs (V) D o VU H A g7
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B (Pb) fERr P EE LIRS M A PSS AL,
YLt LR BR Y. FHIRHT . ALY B 45 2
NS, WUKSREAAE R MRS . st i
an PAFE LS A WA AL, f1 v 4% 5 5 8
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MR 4 Y4B (ethylenediaminetetraacetic
acid, EDTA) . NaCIFHCIE & 1% B i t0 Fr
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F191% K17 . Sele 5 M it 5 (¥ 8 ¥4 Ak Ak = it v 11
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10%~30%; JIN160 mgWiHE 5 #4 4 H fh o 51 (1 7 B A
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Ko Rig. FA. ;apiE. ZRhESRESEMER
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Lactobacillus bulgaricusfStreptococcus thermophilus
Tt FLIR T A2 6 i Rl il )7 B RMOR B 25 1 0, B BRI
97.8%. Enterococcus faecium BEFO31FIE. faecium M74%}
K e R R R ROR BT, IR IE $53.5%~98.1%
E. faecium EFO31FIE. faecium MT45T G RAE FEG®, 15
%R 1K42.9%~98.9% . Lactobacillus reuteri Pb71-1XfMRS
B IR R HIIE R R N59%, RORBUT -

£1 FERESEBENIREMREIERER

Table1l Lactic acid bacterial species able to remove heavy metals
R ERAR S K BRE®  BEM
L MRS{ilk Lb, sakei MYU 10 HAZ NI 9l [41]
* ik W, viridescens MYU 205 el 80 [42]

Lb. casei DSM20011 PRk R 38.1 43]
X P acidilactici As102-4 ek 4 bt NR [44]
i P acidilactici As105-7 i &ilbepls NR [44]
P acidilactici As112-9 T NR [44]
ko b wes s
MRS {775 Lb, reuteri Cd70-13 il 7569 25 (46]
Lb. plantarum CCEM8610 trilk it 3134 [47
X B. longum 46 R NR [43]
E. faecium EF031 s 773~981 48]
E. faecium M74 il 53.5~91.0 [48]
o PBS Lb. rhamnosus GG fritE 22.1~49.1 [49]
TR W, viridescens MYU 2035 i NR [42]
e preen gk wn o

i 8228
fipAnd Lb. plantarum CCEM8610 FrlER 74.59 51)

E1 82.87
MRSIT 54 Lb. reuteri Pb71-1 i 59 [46]
X E. faecium EF031 frlEEl 66.9~989 48]
E. faecium M74 fRlERER 429~931 48]
i oBs B. longum 46 PRk NR 43)
Lb. fermentum ME3 PR NR [49)
. Lb. plantarum 70810 EPS I NR [52]

fffyiE

E. faecium Pb12 FRPTEY NR (53]
7 NR. K Je. PBS. B2 #2271 (phosphate buffered saline).

3.1 FURRTAIE R S P E R 1 AE L]

FUIR T K 5 41 i 2 1 W PR A FH R R A 1 i
BEH G R B IE I OE f R e 4 G B4 R BESR T, 4H
BE R B IR SEBE . BRGNPt 2 BE SR A, W EETR
2 W8 T B AR 285 46 76 R T 366 3 R B 2 4 T
LR W 40 M 2% 1 1) 2R A5 A R & A 4 HL A R R
B, RefH UG EEHE 7. FUMBEACH ™4 5
B8 BT T J 1) IR 1 B4 358 %) B 4 s 4% S ) B SV E
FLR AR T B 20 . 2 KA IR S K Tk
A CO0 + HPO, MIOH %KM, WhE&EETA
AR B AE P, Avall-JaaskeldinenZE P R KR
Wl Lactobacillus brevis4H 3R M 1S-Layerst H B A 45
HCd ke

32 FLER I B B ah B A 04 AR
321 Ok

Lactobacillus T Weissella%5 18 i 41 g 2 T W B g =00t
b ok B ERRIEH . KinoshitaZs™ M H A S Al
W3 RIS E . T TR FLES SE R A B IR I R AR 11 Ak
FLIR T, XMRSH; F5 5 bR KRB ROR 20 8, &5 2R 3%
B, Lb. sakei MYU 10F1W. viridescens MYU 205 7] 5 3075
F#MRS #7545 110.852 ug/mLA10.459 pg/mLIF7R (1) ,
TS AEAN A1 R Ff0.198 pg10.052 pg7k . Kinoshita!
JE SN H B A E KR W, viridescens MYU 205%FMRS 1 37 &
HORIGERAE BT, 45 REWIW. viridescens MYU 205%f
SRIEA e, AT 205 FR80% M HE™ .

322 fif

ERA AL TR R 8 FE E A Lactobacillus .
StreptococcusFlPediococcus, == E X 41 T 41 i 5= 10wy
A SR A L TR, i A 1 4 3R T A IR
AT, A R B AR T B SRR e A AL S
). Halttunen5" 5% F Wk e B 4K 10 B ¥k Lactobacillus
acidophilus NCFM. Lactobacillus casei DSM20011#1
Lactobacillus crispatus DSM2058455 WY [ 7K 7ty 67 B 7ar 1]
As (V) , BF5CRIILD. casei DSM200117EpH 7.0+ 22 °C
ZAF T ES min Al F2FR38.1%/11.0 mg/L As (V) .
Bhakta 2" )\ R A1 H AW R K5 G g i . B TS
KA B e KA G Je b 4L 43 89103 #RFLBR B, ik
Xf 7K A i ()37 B RO B I TR AR Pediococcus acidilactici
As102-4. P acidilactici As105-7TF1P. acidilactici As112-9,
23 BTG 4:0.006. 0.13. 0.76 pg/ Chemg)  (LL4H A 5
B o Chang®5™N ok B H A A= 2 98 5 b i i B
WRLb. bulgaricusFIS. thermophilus 2 & G&A R R A FLAR
H197.8% I o
323 @

FLER BT KRR KSR R SR AE A A R AR
HEERER, FEAHEWeissella. Lactobacillus.
Pediococcus. EnterococcusHBifidobacteriums )& .
Bhakta®5 "M 0 fizg 1 op 0 0% B R UF B A )R bR
Lb. reuteri Cd70-13, XMRSH: 7 HH 18 FE R E N
25%. Zhai Qixiao%:"F]H &Kk Lactobacillus plantarum
CCFMS8610 7] A R B i W S mg/L&&- /KIS h
31.34% %% . HalttunenZE™ '} 5t & B Mk Bifidobacterium
longum 46FEWIEFR/KH54.7 meg/g (LLFR=ET)
M4 . TopcuZs™ I L KWW HEKRE. faecium EF03 1Al
E. faecium MTAREH RO bR K 4, 15 B8 B 20 0
77.3%~98.1%F153.5%~91.0% . HalttunenZ:""'if 7t &
L Mk Lactobacillus rhamnosus GG i< 41 Hf 32 1 &7 H, Tt
B i BRPBS H122.1% ~49.1%{14% . Kinoshita%s'*!
MG IE N5 vh 4y B 3RAB B AR W, viridescens MYU 205
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e A AU EMEpH 6.0FF R ER ZZ v i 10.46 pgda (11D
Cd(NO,),, TP HS5.25 feds (11D . Fu
YapingZ5PO 8 Bl Lb. plantarumF Pediococcus pentosaceus
2R A A, UB%EME, f£40.8 C&MF T KB
23.4 hAl B B 2£ KK P85.73% 4% . Zhai Qixiao
2EBUNI FILD. plantarum CCEMS8610%} 7K AN 3 - v 4
TERRBCRTEIT, S5 9 RMLb. plantarum CCFM86104b 31
JEOREIE P8 LA A B IO 4R PRI R 2 9 0l 82,28 %
74.59%%1182.87%
324

Lactobacillus. EnterococcusBifidobacterium%§ 3,
R R STMRSH; 353 . 7K. PBSHIfa g 3i b 4 1 A T B 1R
il Bhakta%" M\ 1 Jif 1 v 43 B9 0 3 HH B AR LD. reuteri
Pb71-1, XfMRSH;FRIE P RIS R RO BT, TERR R IL
59%. Topcu "N HEHKE. faecium MTARIE. faecium
EFO3 1% 7K A1 57 1 25 Bk 0 Y L 20 590 J942.9% ~93.1% Al
66.9%~98.9% . Halttunen5"" " [ H ¥kB. longum 46T]
THEFRPBSH1175.7 mg/glf)4t. Halttunens i 77 & L #k
B. longum 46F1Lactobacillus fermentum ME3i# 1 # AT
FH AEE 240 10 2 T P B DR & AR YRR, P PBS HH A R TR R o
7143 511°40.33 mmol/g10.45 mmol/g. Feng MeiqinZ:™ A
o [ A G 3 P 4 B B BR LD, plantarum 70810 EPS,
HAEPH 5.0, 30 T N6 k£ i it 4% (¥ W bt i3 w5
1£160.62 mg/g, i LT R MEELD. plantarum
70810 EPSHH I & i W iy v K& HY (1) kg, HH
AR e 21 A1 61 2 A R B 2 5 W ) B R F1H —OH.
—NH. —CH,. C=0. C—NfCOO—%¢. BhaktaZ™
B 77 TR I B DTTE M) T 4 B ikt R P 4
JEWAIREE. faecium Pb12, & X4 fe P o ik
N8 000 mg/L, ik 4 i Fr) 2 T W PR FH R A RO Bk (.
J7iE 190.046 mg/ (heg) o

4 & W&

TRk, W TMESRAmE, =5, KM+t
B A HESEES BN Y E SIEHERE.
BB KA M, SEERTES R 7 e
R, ANME R ECR A B e, T 48 9 ok &
rin 22 4 A o AR I ARCAE 0 AR T ok it o < J i P
AAG LI ZamiBiERia. Hil, cAEg
KOBERT L K IR GE AN Bl ) i T A A 2 B v 9 0
Weissella. Lactobacillus. Streptococcus. Pediococcus-
Enterococcus M Bifidobacterium=5 FLIR # 258E, HiEid 40
Jif 2 T O B PR i R R L Al BRI SR E 4 B
K47 RO B RS BRAE I, RERTFLRY], fEailgs
(generally recognized as safe, GRAS) Z&AMiil5, F

P R A 37 B R L R A B T I B R AR . 2R
1M, PR B ALK B B & o R WE ST R AL TR P B
Bt FEITREMEVEALRR B 0L . 1F LS R TT
X B it R FH 3 b T S S AN AR KT o FLIR TR R
Wz BARE L, BRI E A2 e, Bk,
WYL — 2D ¥2 IR B AR P o ELad k) 0 LI T 1
IRANPR UL IR 14 175 Bk B ot P T < (AR RIALAG), AS i
/NPT FUIZ A 4 i B RURAL SR A 7= v B B
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