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Introduction

The food and water contamination with heavy metals is increasing due to the environmental pollutions. Heavy metals
are the elements with the density of more than 5 g/cm?® and have become a serious problem as a result of the urbanization
and industrialization. These toxic metals pollute water, soil, plants, and eventually foodstuffs and our bodies. Several
methods exist to remediate heavy metal pollution in waters such as membrane filtration, ion exchange mechanisms, or by
precipitation. Yet, these techniques are not cost effective, in some cases, and do produce wastes that need to be properly
disposed of. Microbial bioremediation could be an alternative. The use of microbes for remediation of heavy metals has
been well studied. Some microorganisms, especially soil bacteria, have the ability to tolerate these contaminants. In
addition, certain bacterial strains are capable of binding to heavy metals or transforming them into less toxic forms. Low
operating costs, usable in foodstuffs, selective removal for specific toxic metals, minimal use of chemicals (resulting in
low sludge production) and high efficiencies at very low levels of heavy metals are some of the advantages of biosorption
methods. In this regard, the purpose of this study was to investigate the ability of active and passive absorption of heavy
metals by a number of Lactic Acid Bacteria (LAB) strains in laboratory environment and food.

Materials and Methods

Seven LAB isolates including Lacticaseibacillus casei (RTCC 1296-3), Lacticaseibacillus rhamnosus (RTCC 1293-
2), Lactiplantibacillus plantarum (RTCC 1290), Limosilactobacillus fermentum (RTCC 1303), Enterococcus faecium
(RTCC 2347), Lactobacillus helveticus (RTCC 1304) and Lactobacillus acidophilus (RTCC 1299) were obtained from
Razi type culture collection (RTCC), located at Razi vaccine and Serum Research Institute, Iran. All isolates were cultured
in MRS (Scharlau, Spain) broth medium, at 37 °C for 24 hours, under anaerobic conditions. Pure cultures were preserved
for long term by freezing at -70°C with 20% Glycerol. Heavy metals including Nitrate of Pb (1), Cd (1) and Ni (11) were
purchased from Merck (Darmstadt, Germany). All standard solutions were prepared from the stock solutions containing
1000 mgl* in distilled water. Other chemicals used in study including Nitric acid (65%) and Hydrogen peroxide (37%),
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were also purchased from Merck, Germany. This study was conducted in two in- vitro and in-vivo phases; in the in- vitro
phase, seven strains of bacteria with probiotic properties (L. casei, L. rhamnosus, L. plantarum, L. fermentum, Ent. facium,
L. helveticus and L. acidofilous) were screened and then their ability to bind to cadmium (Cd), Lead (Pb) and nickel (Ni)
in aqueous solution was investigated. Then, in the in-vivo stage, three probiotic strains that had the highest biosorption
efficiency in the previously stage were selected and their effect with a ratio of 1:1:1 and contact time of 15 and 30 minutes
on the removal of these toxic metals in coriander, leek and parsley fresh vegetables was evaluated. The residual
concentrations of heavy metals in solution were measured by Inductively Coupled Plasma Mass Spectrometer (ICP-MS;
ELAN DRC-e, PerkinElmer SCIEX, Canada) and Morphology of bacteria cell surfaces incubated with metals were
monitored by scanning electron microscopy (JEOL JSM 5400 LV, Japan).

Results and Discussion

The results of the in vitro stage showed that the most ability to heavy metals adsorption was related to the Ent. Facium
bacterium which were equal to 79.75+0.11, 75.28+0.05 and 83.99+0.10% for Pb, Cd and Ni, respectively. In general, the
removal efficiency of heavy metals by LAB bacteria in the inactive and killed state was significantly higher than the
active removal efficiency of these bacteria, so that the highest percentage of passive absorption of lead, cadmium and
nickel metals by inactive strains of L. casei, L. plantarum and Ent. Facium were 90.01, 81.98 and 86.56%, respectively.
Electron microscopy observations and energy dispersive X-ray (EDX) analysis confirmed that the majority of these toxic
metals significantly damage the surface of living cells by accumulating and binding on the surface of bacterial cells. A
combination of three bacterial strains had a synergistic effect on the binding properties of toxic metals compared to the
single state of these bacteria, so that in both active and inactive states, 90-99% of heavy metals from edible leafy
vegetables were removed in less than 15 minutes. The results of this research generally showed that the binding capacity
of dead biomass is significantly high and it is possible to dispose and reuse biomass in case of biological absorption.
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1- Inductively coupled plasma-mass spectrometer
2- Scanning Electron Microscopic
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Table 1- Heavy metals removal efficiency of indigenous LAB isolates in aqueous solution

035 Sigmgy S 49w
Live Probiotic strains

i 1318 B a0

Heavy metal removal (%6)

Pb

Cd

Ni

L. casei
L. rhamnosus
L. plantarum
L. fermentum
E. faecium
L. helveticus
L. acidophilus

47.65+0.2098
62.35+0.15%8
66.60+0.12¢8
76.59+0.08>B
79.75+0.1128
50.70+0.12%8
55.62+0.18%8

24.87+0.17%C
49.74+0.219¢
53.06+0.10°C
52.60+0.07¢C
75.28+0.052¢
22.27+0.099¢
48.34+0.148C

67.72+0.1294
78.42+0.18%A
81.82+0.2204
81.53+0.15%4
83.99+0.102A
78.99+0.08%4
76.21+0.21%A

(P4 0) wisb oo 2oy A0 Jlasin | e 55 (1 Slio cyy I sime BB oiad LS () o )5 Syt il Sy By g g yb )0 Sy pt SogS By s ¥
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05).
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Table 2- Heavy metal removal efficiency by inactivated (killed) LAB strains in aqueous solution

0N ;b Sigmg s Sl

i 1318 B (300

Inactivated probiotic strains

Heavy metal removal (%)

Pb Cd Ni

L. casei 90.01+0.26%4  55.31+0.15%¢  78.65+0.33%5

L. rhamnosus 87.29£0.15%~  75.57+0.25%C  79.34+0.2248
L. plantarum 91.01+0.21%A 81.98+0.18>C 83.98+0.18"B

L. fermentum 97.85+0.15A  79.87+0.33°C  83.89+0.25"B
E. faecium 08.28+0.11%A  79.95+0.28C  86.56+0.11%B
L. helveticus 85.35+0.18"4  61.37+0.21%¢  80.08+0.19°B
L. acidophilus 83.48+0.089  77.2240.14°C  79.12+0.21%B

(P<e1+0) ail oo 10> A0 Jlain] o )3 b :Slo yus J5 dize AMEE] 0aiad )Ll @30y )0 S yiidie i 53 By g (ot jb )0 S ey SoS g
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05).
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1- lipoteichoic acid



VYVl sl Jsbone 5l ol ol GBio 55 LSy ol slais 15 83,5 551 1ol § Gomiinmo

2481 38 St ol W e e cudil og adllae ol
duglie Sl B> 2 (Jg il 5118 p93 45 53 posedls’ g o pw 3590
e i) ol g T SEM sl 5VL oS imon 9 50
(Sl i 51 ol 53 5505 31 5 & s Jsbo gl S s S,
»> Ent. Faecium o395 sy Jobo o (s35)98590 32 oy 56
3)5 Bl (V JS8) Jlb e ol 5 (V JS) Jlb ol el

oy 53T Sligus) 395 o ol (D) JS5 55 & shailon
Jlasl s aninslis o e oanlite 6 ook gl (55,
w3 45 Jlo > ilyign (5551 Joho 0355 b o 5V
(58 g00) 02t Jlow (sl Jober (B )SgSun 53 (230 gm0,
SEM (clacsl S5 Seo ol 1 o5Mle (@) USL) 555 oamlize i3
rehas @eo 4 e Oy 2y 3 GBS LB &S b LS
O 0l Hla (sla Jobo b awslie ) Ent. Faecium sls Jolo
bbb og cwl (Koo oy cnl D9d e (SoTgledy9e s
5 b e Sl & wil o8l lashe bug 28
o p2yme 3 535 )8 Sl & (aw sty Tl
Zhai et ) 245 o0 o] w0id b Jshs zess & oo 5 a8l il
B La sl oy o 5 (50 el > 4 Ylois! (al., 2015
oy cdale dons )3 5 Wl 0l cawd Iy 0es Jlasl Ul gus
Gl Jlad Qe adgl aads Vo=V I pidiy el V5w Joloro jo
(Kadukova et al., 2005) il )\Son g 1595908  polie ol
oo S5 ol SEM jyslai 4l jy (oo ol 0 358
Glad (gbooyas ygods EM Sl b oS ol lis 1y o35 sl Joluw
polas j bayle IS a4 golie slacuwl g sanlio JB
e ol bwg TEM S5 b odel cows 4 oo i
o0 el Yloanl a5 Jolw o)lgnd (gilwlis yuiored .0 oanlive
Sl Jlb a5 oxSly Sypo & 3 dpde Jsko s
Conl 005 odaldia lag S by posedls’ g JS5 aloa 5l (S
Gb S 0g Jb o oyl (Jainetal., 2017; Goyal et al., 2019)
o Jshs o5 alSin b-Y g a-Y IS5 )5 ond #51) SEM bt
o ol s oolizl 5,8 )3 Ent. Faecium Jué e 5 Sis
oS 15 ssnlie YU oy clale b o Jobxs 13 oS b Jobo
s > o (Kadukova et al., 2005) il San g 15959018 gl b
C. kessleri s ois i 0dgiCum) bwg o Jld e
Sy 6,85k

olatwl b (68l o3gicumj y3 (318 polic yarsuld (uicxen
b 285 050 (EDX) (S0l 950 (655 (S8 ivw oo |
oy i EDX G315 5,Sm oo 5 455 ] ool ey gl

2 decline

b Johw o)lpd (A Lgign el & WS (o CuB) 39290
aS amd o 535 Cpicren ddlllas ol (Rathinam et al., 2010)
S Gl 4 e & Bbe il oggn clile g M
Slog)s il (ole slrog s JolS abjoggn wmd
ol 5l 5V (Xiao et al., 2010) b (555 giuel 5 JeuS9r)S
Ol L el opl a8 L sdalie Gl > gag JB ials pH
DB o gy I) (JT 9 odls ()““5‘9 fy.n)lf l) aS Mﬁ).}.& 09;
ohSen o olall (Hossain et al., 2013) cuol oad 00ly s g
S e 0By PH<Y )3 sl lis 56 (Elahian et al., 2013)
x> A dbml (aw laog)S 4 Jlail a3 (g 5
Sogo & S5 PHY 33 %05 b 5l sl ool s oliee
2 g a8l SalS Sl s 4y ol ke 5 03,5 Cigwy dpuS'g) i
ils (Jo35 N9y e Glise domd
Sl Gl (g9 p Bl oo a5 Canl lolge 5 Kod (S clale
g ALl ol >l S5 sl )lgSee bawgi (S
Lactobacillus I ., L (Afraz et al., 2021) l,Ke
Ol l Jglome )3 posedls’ 5 oy (Sefelsm lo 2 paracasei
YU iy o5l YU PH p p K Sl3ls pl Bl oy iy &5 2000
4 dser b Caol 03 Moy AOIVY L plyy yolie ol oS clale o
bl oo & Jlasl sla e 390 SBL 4 09Me cadgl clale
LiblS 4 e aS yolie (pl de o o G Jlas] gla Joxe
2 Oeored gl Cpl Caol 0ad S5 g o wuslS )l ol A,
3590 i pbsl Glgw, 1 eads 1o B. safensis sy, » 45" 2014)
Ola gl Foppm cdale ;> 3l 5155 bl cé)S 5wl
2 Sy cdl Gl aoyd W 4 ials (ol £oppm 4y pgiedls
A s Jo3 Bgy ol wde ol paredls clale yial38l b sl

Sl 9 Gigdediee GBSy p e I3
b S sl o
e o > ol oo 59y 2 i D3 slagyg 556
S 5SS ol oolaal b Jlb Gl 5 U
Ent. 68k ° (5 09y doye @l b a3 b))l (SEM)
o)y Dy90 38 dw ya Jled Gla byl oy iy (lyl> Faecium

1 In-vivo



VFeY Cllgm 8- (08958 ) oylods Yo alo (ol pl (2138 2oluo g pole sleddg sy o s \YA

@ Cunl (S5gdom da Jdsa 0 D929 oaimdlis o5 (d-Y 4 e g Jlb ol el 3 on (JS) 00t e sl Jobe 5
b odd jlest sl b (BL] oy K EDX ks 3 e podly Sy 50 Ll (0oY 5 0o JS03) 395 s b6 Jlb
Ll S99 Jals 439‘)3 P LY J)S .A...ll.s |) Oy d-) JSW) A ol liie Oy L’ 04w )L,_:j L;LQJ}lw D Sy dl).g

BEM MY 1300 WO 1464 o MERAD TESCAN BEM MV 10 00 kY Wi M ”

SEMMAG D0k Ow pSE 1pm MG 3300k Del ISE 1en
1300- El
700
1200- (C) 3 (d)
3 NaKa Clka
1100- 600
1000- 3| Pore
900- 5003
800- K
700 4005
3003
200
B
KK
100 Kot
% PbLB2  PblLyll
- ‘ v o FOLURbLe , POLD _ Pbiyt kev
R e i e e o e e e e e
10 15 20 0 5 10 15 20

Conm 3 (b) 0085 Lo 0395 Cuumn § (8) @y JUb e 51 ans 9 S8 055 Bt Faecium & yS\ (g (5978 0gSwg San paglias =) JSW
ot JUa! 31 g 8397 Cumg 3 EDX b (d) g 00uiis jlowd 0397 Connt 3 31 (EDX) (55591 0583 (quiSU! 97 33 b (€) g JUiT 51 (pung 0395
Fig. 1. Scanning electron microscopy images of live Ent. faecium before and after Pb binding. (a) Untreated biomass, (b)

Biomass after Pb binding, (c) Energy dispersive X-ray (EDX) spectra of untreated biomass and (d) EDX spectra of biomass
after Pb binding
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Fig. 2. Scanning electron microscopy images of inactivated Ent. faecium before and after Pb binding. (a) Untreated biomass,

(b) Biomass after Pb binding, (¢c) Energy dispersive X-ray (EDX) spectra of untreated biomass and (d) EDX spectra of
biomass after Pb binding
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Table 3. Amounts of heavy metals in edible leafy vegetables before and after exposure to selected LAB isolates (L. plantarum,
L. fermentum and E. faecium) when used in combination for washing solution (mgkg™

Pb \ cd \ Ni
Time (min)
Sample ool loj G
Control 15 30 | Control 15 30 | Control 15 30

Coriander 1314  0.0038"C  0.00122A8 1118  0.0008%B  0.000324  36.111  7.631*F  3.1822D
ot +0.005  +0.0003 +0.0001  #0.001  +0.0001  #0.0001  +0.009 +0.004 +0.003
Leek 2.148  0.00282C  0.0011*®  1.053  0.0009%  0.00032A 33183  10.414°E  4.803°D
SS¥ey  £0.009  +0.0002 +0.0001  #0.002  +0.0000  #0.0001  +0.008 +0.002 +0.003
Parsley 1.856  0.0086°C  0.0039C  1.021  0.000628  0.0032*A  31.879  9.111PF  4002PE
&b +0.012  +0.0001 +0.0004  #0.002  +0.0001  #0.0002  %0.005 +0.005 +0.004

(P4 0) wisb oo 2oy A0 Jlasn | o 55 (1Sl cyy I gime BB 0iad LS () o )0 Syidio puf Syj B> g g yb )0 Syl p S g8 By *
ol 0025 S5 fe 0Vl a8 Jlre Blpl slasl puizeen
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05)
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Table 4- Amounts of heavy metals in edible leafy vegetables before and after exposure to selected inactivated LAB isolates (L.
plantarum, L. fermentum and E. faecium) when used in combination for washing solution (mgkg>)

Pb \ Cd \ Ni
Time (min)
Sample ool ol e
Control 15 30 | Control 15 30 [ Control 15 30
Coriander 1.314°A  0.092808 0.04482.¢ 1.1182A  0.0286°8 0.01912¢ 36.1118A 15.483¢8 10.846°C
S +0.005 +0.0002 +0.0001 +0.008 +0.0003 +0.0001 +0.009 +0.002 +0.003
Leek 2.148%A  0.0656%B 0.0324bC 1.053°A  0.034228 0.0171bC 33.1830A 19.4070B 11.506bC
Npey  +0.009 +0.0003 +0.0001 +0.006 +0.0001 +0.0001 +0.008 +0.004 +0.001
Parsley 1.856>A  0.0209¢B 0.0192¢¢  1.021¢A  0.0231¢B 0.0132¢¢ 31.879%A 20.41828 12.118%¢
&y +0.012 +0.0004 +0.0001 +0.005 +0.0002 +0.0000 +0.005 +0.002 +0.001

(P<e/+0) dsl oo 2oy A0 Jlain] pdawws )3 Sl (yu HI5 ixe AMES] akimd ) Lis 3y )0 S yidie il S5 Bgys g gt )d Syidie pué SogS Bgys *

sl 08 )3 /oY 5l a8 Jlme Bl ool Slasl yien
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05).
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