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A B S T R A C T  

The pre sent study refers to the ap pli ca tion of Sac cha romyces cere visiae for biore moval of lead from milk, the 
most im por tant dairy prod uct. First, the im pact of process vari ables on lead biore moval by S. cere visiae has 
been stud ied by Plack ett - Burman De sign. Then, the op ti miza tion of biore moval process was car ried out by 
three main fac tors; con tact time, bio mass and ini tial heavy metal con cen tra tion by us ing a cen tral com pos ite 
de sign. The analy sis of vari ance showed that the mod els were highly sig nif i cant. The model also de scribed that 
lead biore moval from milk is af fected by all three fac tors. The op ti mized biore moval was achieved af ter 4 days 
with 22  ×  10 8  CFU in oc u la tion of yeast in milk con tain ing 70  μg/ l of lead con cen tra tion. The re con fir ma tion 
test in di cated that in the above men tioned op ti mum con di tion the high est yield of lead biore moval was 
achieved at 70%. 3D plots analy sis rep re sented dual in ter ac tion ef fects on metal biore moval. This study 
showed that S. cere visiae is a nat ural po ten tial biosor bent for lead biore moval from milk. This ap proach could 
be also con sid ered as a green tech nol ogy use ful in elim i nat ing the heavy metal con t a m i na tions of drink ing wa - 
ter and food stuff. 

1 . Introduction 

Milk con t a m i na tion with dif fer ent pol lu tants such as heavy met als, 
diox ins and my co tox ins con sid ered as the main con cern to pub lic 
health all around the world due to their toxic ef fects on hu mans 
( Fischer et al., 2015 ). ( Derakhshesh and Rahimi, 2012 ). So the pres - 
ence of toxic met als in the food chain, which could be the re sult of en - 
vi ron men tal pol lu tion, needs to be con tin u ously con trolled 
( Semaghiul et al., 2008 ). The neg a tive ef fects of heavy met als on hu - 
man health have been re ported by many re searches ( Kanwal et al., 
2018 ; Mahurpawar, 2015 ; Arif et al., 2015 ). ( Hadiani et al., 2018 ). 
How ever heavy met als nat u rally ex ist in the en vi ron ment, but dif fer - 
ent in dus tries in crease their amounts in hu man and an i mals’ food 
chains di rectly or in di rectly by us ing many types of these met als 
( Mishra et al., 2018 ; Yadanaparthi et al., 2009 ). 

Lead is one of the most toxic pol lu tants in the en vi ron ment 
( Phillips et al., 2003 ) re sulted in hu man and an i mal poi son ing 
( Ozmen and Mor, 2004 ). Lead is re ported to in duce in tel lec tual prob - 
lems in chil dren and in crease blood pres sure and car dio vas cu lar dis - 
ease in ado les cents ( Commission of the European Communities, 

2001 ). Lead may en ter the food chain through var i ous ways like the 
an i mals’ con t a m i nated feed and wa ter, au to mo bile emis sions, lead 
bat ter ies, tex tile, petro chem i cal in dus tries, min ing, smelt ing, paint in - 
dus tries and phos phate fer til iz ers ( Chunjuan et al., 2018 ; Patra et al., 
2008 ). 

Var i ous meth ods have been ap plied to re move these pol lu tants 
from the en vi ron ment such as ion ex change, chem i cal pre cip i ta tion, 
mem brane tech nolo gies and ac ti vated car bon, elec tro chem i cal treat - 
ment and Poly mer - based com pos ites but most of them are very ex pen - 
sive and not ap plic a ble in food in dus try ( Kobielsk et al., 2018 ; Zhao et 
al., 2018 ; Zabochnicka - Åšwi and Krzywonos, 2014 ). Nowa days there 
is a grow ing in ter est in us ing bi o log i cal ma te ri als to im prove the 
chem i cal and func tional prop er ties of dairy prod ucts es pe cially milk 
( Ayar et al., 2009 ). 

Biosor bents are the low - cost bi o logic orig i nated sor bents like 
yeasts, bac te ria, al gae and fungi, which ab sorb the pol lu tants fast and 
ef fi cient ( Wang et al., 2018 ; Tran et al., 2015 ). Hadiani et al. (2018) . 
Re searches have shown that the biosorp tion method would be a de sir - 
able can di date for biore moval of the heavy met als in food even in 
very low lev els ( Massoud et al., 2019 ). Sac cha romyces cere visiae is one 
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of these biosor bents that widely use in food and bev er age in dus tries 
( Azhar and Abdulla, 2018 ; Amirnia et al., 2015 ). It is an ideal mi - 
croor gan ism for re search on the biore me di a tion stud ies ( Wang and 
Chen, 2006 ). There are some ben e fits in work ing with S. cere visiae 
such as easy ap pli ca tion and cul ti va tion on large scale and also its’ 
health safety ( Jianlong and Can, 2006 ; Soares and Soares, 2012 ). 

The ab sorp tion of metal ions to the func tional groups of the yeast 
cell wall de pends on the na ture of mi croor gan isms and some chem i cal 
prop er ties of the ab sorp tion me dia ( Ozer and Ozer, 2003 ). Dif fer ent 
fac tors are ef fec tive in biosorp tion of heavy met als such as the ini tial 
con cen tra tion of heavy metal, bio mass dosage, con tact time and pres - 
ence of other com pounds ( Parvathi and Nagendran, 2007 ; Mapolelo 
and Torto, 2004 ; Ozer and Ozer, 2003 ). For op ti miza tion of the study, 
it is need ful to ex am ine the in de pen dent vari ables si mul ta ne ously. By 
in creas ing the num ber of vari ables, mon i tor ing all the com bined ef - 
fects will be dif fi cult and also time and cost - consuming, so there is a 
need to use the frac tional fac to r ial de sign method ( Jahadi et al., 2012 ; 
Khosravi - Darani et al., 2008 ). 

Ac cord ing to “Codex Stan dard for Con t a m i nants and Tox ins in 
Food”, the max i mum per mis si ble lim its for Pb con cen tra tion in milk 
should be less than 0.02  mg/ L. Some stud ies have re ported lead con t - 
a m i na tion, more than the max i mum stan dard level, of milk in some 
coun tries around the world such as Hun gary, 0.033  mg/ L ( Póti et al., 
2012 ); China, 0.07  mg/ L ( Qin et al., 2009 ); South Africa, 0.096  mg/ L 
( Ataro et al., 2008 ); Croa tia, 0.047  mg/ L ( Sikirić et al., 2003 ) and also 
some cities in Iran; Hamadan, 0.045  mg/ L ( Pajohi - Alamoti et al., 
2017 ); Arak, 0.040  mg/ L ( Rezaei et al., 2014 ); Is fa han, 0.048  mg/ L 
and Mash had, 0.33  mg/ L and Ah vaz, 0.38  mg/ L ( Rahimi, 2013 ); 
Shahrekord, 0.39  mg/ L ( Derakhshesh and Rahimi, 2012 ). 

Lead has ma jor toxic ef fects and its residues in milk is a great con - 
cern, the de ter mi na tion of Pb level in milk is par tic u larly notes by re - 
searchers but the prac ti cal ways of its re moval is still a sig nif i cant is - 
sue. Ap ply ing mi croor gan isms as ef fec tive biosor bants in food stuffs 
are so valu able. 

This study aimed to eval u ate the po ten tial of S. cere visiae for biore - 
moval of low con cen tra tions of Pb (at ppb lev els) in milk for the first 
time. To op ti mize the study, the ef fect of some in de pen dent vari ables 
sug gested in other stud ies like Pb con cen tra tion, bio mass dosage, con - 
tact time, in oc u la tion tem per a ture, shak ing rate and vi a bil ity of bio - 
mass, was first stud ied with De sign Ex pert soft ware (ver sion, 7.1.5, 
STAT - EASE Inc., Min neapo lis, USA). The 3 in de pen dent vari ables 
(bio mass dosage, con tact time and metal con cen tra tion) showed the 
high est co ef fi cient es ti mate among all. Then, the in ter ac tions of these 
sig nif i cant vari ables were in ves ti gated at five lev els via cen tral com - 
pos ite de sign (CCD) un der re sponse sur face method ol ogy. 

There is no pub lished doc u ment about the ca pa bil ity of S. cere - 
visiae in biore moval of lead in milk and this is the first time that the 
valu able yeast, S. cere visiae , is ap plied to re move the low level (ppb) 
of Pb con cen tra tion in milk suc cess fully, so the find ings of this study 
would open a new win dow in us ing this green tech nol ogy for heavy 
met als re moval in food in dus try. 

2 . Materials and methods 

2. 1 . Instrumentation 

The quadru pole in duc tively cou pled plasma mass spec trom e ter 
(ICP - MS) ap plied in this pro ject was an Ag i lent 7500a (Ag i lent Tech - 
nolo gies, CA, USA) equipped with a Babing ton neb u liser, a Peltier - 
cooled quartz spray cham ber and a stan dard torch (2.5  mm). Be fore 
each test run, the in stru ment was ad justed by an aque ous multi - 
element stan dard so lu tion (Ag i lent, Madrid, Spain) of 10  ng/ ml Pb. 
The treat ments were di gested us ing the fol low ing sys tem for the mi - 
crowave di ges tion: Mile stone Ethos Mi cro SYNTH oven with pro gram - 
ma ble power con trol (10W in cre ments, max i mum power 1000  W) 

with seg mented ro tor MPR - 600 (op er at ing pres sure up to 35  bar max - 
i mum; op er at ing tem per a ture 260  °C max i mum) with 10 re ac tion ves - 
sels ( Khan et al., 2014 ). 

2. 2 . Biomass 

S. cere visiae PTCC 5020 was pre pared from Re search and Tech nol - 
ogy De part ment of Min istry of Sci ences (Per sian Type Cul ture col lec - 
tion) in form of freeze - dried, and then cul tured in a spe cial ster il ized 
me dia. The liq uid medium ap plied for the yeast cul ture in cluded 
(gram per liter): yeast ex tract, 1; glu cose, 30; KH 2 PO 4 , 1; (NH 4 ) 2 SO 4 , 
9; K 2 HPO 4 , 0.2 and MgSO 4 , 2.5. The medium was then au to claved at a 
tem per a ture of 121  °C and pres sure of 1.4  atm for 20  min for ster il iza - 
tion. Af ter cool ing, the yeast cells were cul tured for 16  h  at 27  °C and 
50  rpm and then stored in re frig er a tor for biosorp tion stud ies. 

2. 3 . Biomass seed culture 

For each treat ment com bi na tion, seed cul ture of S. cere visiae was 
ac ti vated daily af ter in oc u la tion of 5% v/ v from mas ter cul ture (2.2) 
in the same liq uid medium and shak ing for 16  h  at 27  °C and 50  rpm. 
Then, ac ti vated seed cul ture was counted by se r ial di lu tion method, 
1  ml of the seed cul ture, was di luted at a ra tio of 1:10, and re peated 
10 times se ri ally. Then, from the di lu tion, 1  ml was added into a Nu - 
tri ent Agar medium by pour plate method in du pli cate. The plates in - 
cu bated in 30  °C for 3 days ( Sieuwerts et al., 2008 ). Fi nally, yeast 
colonies were counted of and showed the mean of 10  ×  10 8  CFU/ ml. 

2. 4 . Reagents 

All an a lyt i cal reagent chem i cals were from Merck (Darm stadt, Ger - 
many). Stan dard so lu tions of Pb (1000  mg/ l in 0.1  M HNO3) was pro - 
vided by Pan reac (Pan reac Quim ica SA, Barcelona, Spain). In or der to 
pre vent the metal con t a m i na tion, all glass con tain ers were soaked in 
HNO315% (v/ v) overnight and rinsed with deion ized wa ter (Elga Lab - 
wa ter, Wycombe, Bucks, UK) be fore analy sis. Also, Then, they were 
ster il ized by au to clav ing at a tem per a ture of 121  °C and pres sure of 
1.4  atm for 20  min to pre vent mi cro bial con t a m i na tion. 

2. 5 . Optimization of Pb bioremoval 

The var i ous fac tors that may in flu ence the biore moval yield are 
cho sen due to the lit er a ture re views; Hadiani et al. (2018) ; Farhan 
and Khadom (2015) ; Galedar and Younesi (2013) and Ghorbani et al. 
(2008) . Due to the pre - experience, it is re quired to ex am ine the vari - 
ables’ in ter ac tion ef fects in a biore moval study. The com mon ap - 
proach in ex per i men tal plan ning be gins with a screen ing de sign that 
all pos si ble fac tors are con sid ered and then the sig nif i cant fac tors are 
se lected, and af ter all the pro ject con tin ues with an ex per i men tal op ti - 
miza tion de sign, such as cen tral com pos ite de sign ( Coruh et al., 2012 ; 
Hanrahan and Lu, 2006 ). So, in the pre sent study, cen tral com pos ite 
de sign was used. 

2. 6 . Plackett - Burman Design 

Ac cord ing to the fac tors that have been stud ied in pre - experienced 
tri als and the lit er a ture re ports for biore moval of heavy metal by S. 
cere visiae ( Hadiania et al., 2018 ; Farhan and Khadom, 2015 ; Galedar 
and Younesi, 2013 ; Ghorbani et al., 2008 ), 6 in de pen dent vari ables 
in volved in Pb biore moval by this mi croor gan ism in clud ing: S. cere - 
visiae bio mass dosage, con tact time, Pb con cen tra tion, shak ing rate, 
in oc u la tion tem per a ture and bio mass vi a bil ity. The vari ables and their 
ex per i men tal lev els are shown in Table 1 . The re sults were also based 
on the pre - experience and lit er a ture re views. How ever, Pb con cen tra - 
tion was se lected in very low lev els due to the pre vi ous study of our 
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Table 1 
In ves ti gated vari ables and their lev els in Pb biore moval by S. cere visiae . 

Variable Low level High level 

S. cerevisiae biomass dosage (  ×  10 8  CFU) 5 40 
Inoculation temperature (°C) 4 40 
Contact time (day) 0 4 
Metal concentration (μg/l) 40 100 
Shaking rate (rpm) 0 50 
Biomass viability Live Non - living 

team on the drink ing wa ter; so the tar get of this study is to de ter mine 
the abil ity of S. cere visiae to ab sorb the low lev els of Pb ions in milk, 
whereas no in for ma tion has been avail able up to now. So, a plan was 
de signed by De sign Ex pert soft ware for in ves ti ga tion of the op ti mum 
con di tions for the max i mum Pb re moval. 

To per form the biore moval study, 100  ml ster ile growth me dia as 
men tioned in sec tion 2. 2 , with added Pb ions in con cen tra tion lev els 
of 40 and 80  μg/ l were pre pared in 250  ml flasks. Then the me dia was 
in oc u lated with ac ti vated seed cul ture (3  ml in 100  ml growth me dia 
equal to 22  ×  10 8  CFU) as de scribed in Sec tion 2. 3 . Then, each flask 
was in cu bated at 25  °C on the shaker for 24. Also, to carry out the 
study on non - living cells, they were added to the milk at 4 or 40  °C af - 
ter pas teur iza tion. At the end of con tact time, yeast cells were cen - 
trifuged at 2000× g for 15  min. The su per natant so lu tion was then 
sep a rated to mea sure the resid ual Pb us ing ICP - MS. All ex per i ments 
were done in trip li cates. The Pb ions re moved by S. cere visiae are cal - 
cu lated by Eq. (1) : 

(1) 

while R is the % Pb re moval by yeast bio mass, C0 is the ini tial con - 
cen tra tion of Pb in milk in μg/ l, and Ce is the con cen tra tion of Pb in 
μg/ l in milk af ter biosorp tion ( Goksungur et al., 2005 ). Then the data 
were processed by us ing the Minitab (ver sion 14) sta tis ti cal soft ware 
and 3 vari ables were iden ti fied as the sig nif i cant ones; S. cere visiae 
bio mass dosage, con tact time and Pb con cen tra tion. The op ti miza tion 
trial was then dis tin guished by frac tional fac to r ial de sign. The de - 
signed ex per i men tal runs are shown in Table 2 . 

2. 7 . Response surface methodology design (RSM) 

Re sponse sur face method ol ogy (RSM) is the com bi na tion of math e - 
mat i cal and sta tis ti cal tech niques for an a lyz ing the ef fect of sev eral 
in de pen dent vari ables on the re sponses ( Aslan and Cebeci, 2007 ). 
RSM is an im por tant ap pli ca tion in process de sign and op ti miz ing as 
well as im prov ing the ex ist ing de sign. This method has be come more 
prac ti cal with us ing in ter ac tive com puter pro grams among the vari - 
ables based on ex per i menter's prior knowl edge and fi nally it il lus - 
trates the pa ra me ters over all ef fects on the process ( Bas and Boyac, 
2007 ). 

Table 2 
Test runs de signed by Plack ett - Burman De sign in Pb biore moval by S. cere - 
visiae . 

Run Biomass 
dosage 
(  ×  10 8  CFU) 

Inoculation 
Temperature 
(°C) 

Contact 
time 
(day) 

Metal 
concentration 
(μg/l) 

Shaking 
rate 
(rpm) 

Biomass 
viability 

1 5 40 4 80 0 Live 
2 22 4 1 80 50 Live 
3 5 4 4 80 50 Non - living 
4 22 40 1 80 0 Non - living 
5 5 4 1 40 0 Live 
6 22 4 4 40 0 Non - living 
7 5 40 1 40 50 Non - living 
8 22 40 4 40 50 Live 

The re sults of Plack ett - Burman De sign re vealed that three vari - 
ables ( S. cere visiae bio mass dosage, con tact time and heavy metal con - 
cen tra tion) were sig nif i cant in biore moval of Pb. For more ac cu rate 
pre dic tions on op ti mum con di tions of Pb biore moval by S. cere visiae 
and also min i mize the num ber of test runs, the cen tral com pos ite de - 
sign (CCD) un der RSM was de signed. The RSM in cludes a group of ex - 
per i men tal meth ods de signed to eval u ate the cor re la tion be tween con - 
trolled ex per i men tal fac tors and re sponses in one or more se lected cri - 
te ria ( Kunamneni and Singh, 2005 ). 

The ex per i men tal de sign was per formed us ing De sign Ex pert soft - 
ware. The bio mass vi a bil ity showed a bet ter ef fect on its’ live sta tus 
on Pb biore moval, so all ex per i ments were done by us ing the live 
yeast and the bio mass in oc u lated at 4  °C to the milk af ter pas teur iza - 
tion. On the other hand, by the fact that the shak ing rate was not a 
pri or ity of this study, it was con sid ered at 50  rpm. So, the 3 fac tors of 
in oc u la tion tem per a ture, shak ing rate and yeast state were held con - 
stant at 4  °C, 50  rpm us ing live S. cere visiae re spec tively. Ac cord ing to 
the Plack ett - Burman De sign re sults, the 3 sig nif i cant fac tors ( S. cere - 
visiae bio mass dosage, con tact time and Pb con cen tra tion were de - 
signed at five lev els in CCD un der RSM. Table 3 , shows the ex per i - 
men tal ranges of the 3 sig nif i cant vari ables for CCD tri als. 

2. 8 . Statistical analysis 

The sta tis ti cal analy sis of re sults was done with MINITAB sta tis ti - 
cal soft ware (ver sion 14) and re sponse sur face plots were drawn. The 
data were sta tis ti cally treated by analy sis of vari ance (ANOVA). All 
data are pre sented as the mean value  ±  stan dard de vi a tion (M  ±  SD) 
of in de pen dent ex per i ments on dif fer ent days. P - values ≤ 0.05) was 
con sid ered sta tis ti cally sig nif i cant. 

3 . Results and discussion 

The analy sis of vari ance (ANOVA) showed the ef fect of 6 vari ables 
de signed by Plack ett - Burman De sign. Then by ap ply ing the RSM, it 
was re vealed the level of Pb biosorp tion as the func tion of three vari - 
ables, as given in Table 4 . The P - values less than 0.05 in di cate that 
the model terms are sig nif i cant. In this case Pb con cen tra tion, bio mass 
dosage and con tact time are sig nif i cant model terms due to hav ing the 
higher Co ef fi cient val ues. 

Table 3 
The lev els of ex per i men tal vari ables for the cen tral com pos ite ex per i men tal 
de sign. 

Independent process variable Range and level 

S. cerevisiae biomass dosage 
(  ×  10 8  CFU) 

− α 
(−1.68) 

−1 0 +1 +α 
(+1.68) 

 5 12 22 31 40 
Initial Pb concentration) μg/l) 40 50 70 90 100 
Contact time (day) 0 1 2 3 4 

Table 4 
ANOVA re sults for Pb biosorp tion pa ra me ters. 

Variables Sum of 
Squares 

Mean 
Square 

F - value p - value Coefficient 
Estimate 

Shaking rate 104.90 104.90 1003.53 0.0201 1.46 
Biomass viability 134.13 134.13 1283.17 0.0178 1.95 
Pb concentration 2000.02 2000.02 19132.82 0.0046 12.91 
Biomass dosage 2620.20 2620.20 25065.67 0.0040 14.78 
Contact time 4497.72 4497.72 43026.61 0.0031 19.36 
Inoculation 

temperature 
228.12 228.12 2182.22 0.0136 0.83 
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3. 1 . Effect of S. cerevisiae biomass dosage and contact time on the Pb 
removal 

The con tact time is one of the main fac tors that greatly in flu ences 
the biore moval ( Amini et al., 2012 ). The im pact of con tact time and 
bio mass dosage on biosorp tion yield in the pre sent study, can be pre - 
dicted from the three - dimensional (3D) sur face plot in Fig. 1 . The 3D 
sur face plot is a graph i cal di a gram show ing 2 fac tors, whereas all 
other fac tors are held in fixed lev els. These plots would help to un der - 
stand both main ef fects of vari able and their in ter ac tions, bet ter. As 
shown in Fig. 1 , by in creas ing the con tact time from 1st to 4th day, 
the Pb biosorp tion in creased from 0 to 80% as well as in creas ing the 
bio mass dosage from 5 to 40  ×  10 8  CFU. The op ti mum level of S. 
cere visiae dosage for biore moval was 22  ×  10 8  CFU. The high est ef fi - 
ciency was 70% in the 4th day. It is rea son able that by in creas ing the 
con tact time, more Pb ions would con nect to S. cere visiae re cep tors, 
phos phate, amine and car boxyl groups in the cell wall, and the 
biosorp tion process would be more suf fi ciently by time ( Han et al., 
2006 ). 

Some pre vi ous stud ies have re ported that con tact time in the 
biosorp tion medium is an im por tant pa ra me ter which af fects the 
biosorp tion by var i ous biosor bents (ha di ani et al., 2018; Farhan and 
Khadom, 2015 ; Khakpour et al., 2014 ; Samandari and Gazi, 2013 ). 
The find ings showed that S. cere visiae has high affin ity for Pb in low 
level con cen tra tions ( Wang and Chen, 2006 ). The max i mum Pb 
biosorp tion of 70% was ob tained for Pb at 22  ×  10 8  CFU of S. cere - 
visiae dosage. 

3. 2 . Effect of S. cerevisiae biomass dosage and Pb concentration on the Pb 
removal 

The in ter ac tion ef fect of bio mass dosage and Pb con cen tra tion is 
shown in Fig. 1 . By in creas ing the Pb con cen tra tion from 4 to 100  μg/ 
l, the Pb re moval de vel oped up to 70%. The biore moval in creased up 
was 22  ×  10 8  CFU and then de creased in 40  ×  10 8  CFU. The op ti - 
mum S. cere visiae bio mass dosage for the max i mum re moval of Pb was 
22  ×  10 8  CFU. How ever, the yeast sur face area in creases with en - 
hanc ing its’ dosage and there fore more ab sorp tion sites would be 
avail able, but prac ti cally, the ob tained re sults showed that the metal 
re moval de creases by in creas ing bio mass dosage. This could be ex - 
plained that by rais ing the biosor bent dosage, the num ber of avail able 
sites for biosorp tion in creases, but these sites may have stayed un sat u - 
rated within the biosorp tion process ( Vasudevan et al., 2002 ). It is 
shown in Fig. 2 that an op ti mum Pb biosorp tion yield of 70% was 
found in the Pb con cen tra tion of 70  μg/ l, and bio mass dosage of 
22  ×  10 8  CFU. 

Hadiani et al. (2018) re ported the same re sults as the Pb and Cd 
biore moval were re duced with en hanc ing S. cere visiae bio mass dose. 

Fig. 1 . 3D plot of in ter ac tive ef fect of S. cere visiae bio mass dosage and con tact 
time on the Pb re moval. 

Fig. 2 . 3D plot of in ter ac tive ef fect of S. cere visiae bio mass dosage and Pb con - 
cen tra tion on the Pb re moval. 

Also Fadel et al. (2017) ob served that the biosorp tion rate raised by 
in creas ing the Mn 2+ con cen tra tion and fall by in creas ing S. cere visiae 
bio mass dosage. The re sults of our study also sup ported by the lit er a - 
ture ref er ences, demon strate that higher lev els of bio mass dose could 
cause in ter fer ence be tween bind ing sites ( Park and Choi, 2002 ). The 
in crease in elec tro sta tic in ter ac tion at high lev els of bio mass dosage 
could pre vent metal biore moval. As the bio mass dosage is low, metal 
ions in the so lu tion would be able to ad sorb to the sur face of the bio - 
mass and also en ter to the in tra cel lu lar parts via the con cen tra tion 
gra di ent of metal ions ( Wang, 2002 ). Also, at lower biosor bent doses, 
the in ter - cellular dis tance is more which im proves the metal biosorp - 
tion process and these con di tions cer ti fies the op ti mal elec tro sta tic in - 
ter ac tion be tween cells ( Park and Choi, 2002 ). 

In re cent years, re searches on re moval of heavy met als by us ing 
mi croor gan isms have re ceived mas sive at ten tion. S. cere visiae is a 
unique bio ma te r ial in metal biosorp tion. There are some stud ies on Pb 
biore moval by S. cere visiae and Table 5 shows a com par i son of these 
stud ies. 

Hadiani et al. (2018) ob served that bio mass dose, so lu tion pH, and 
ini tial Pb ion con cen tra tion were the sig nif i cant fac tors in Pb re moval 
by S. cere visiae in drink ing wa ter and the re moval was 70.3% in the 
op ti mum con di tions. Farhan and Khadom (2015) re ported that the 
sig nif i cant vari ables were tem per a ture, ini tial con cen tra tion and con - 
tact time in up take ca pac ity of metal ions by S. cere visiae in aque ous 
so lu tions and the re moval ef fi ciency was 79.2%. El - sayed (2013) also 
men tioned the ini tial metal ion con cen tra tion, bio mass dosage and 
con tact time as the main fac tors in biosorp tion by S. cere visiae in 
aque ous so lu tions and the max i mum biosorp tion ca pac i ties was 75%. 
Wang and Chen (2006) also re ported that the main vari ables in 
biosorp tion of Pb by S. cere visiae in ef flu ent were ini tial metal ion, ini - 
tial bio mass con cen tra tion and con tact time with the high est ca pac ity 
of 80%. 

In this pro ject, also the sig nif i cant vari ables are con tact time, bio - 
mass and ini tial heavy metal con cen tra tion in Pb biore moval by this 
valu able yeast in milk with the ef fi ciency of 70%. The biosorp tion 
mech a nism is the same in all of the men tioned stud ies as S. cere visiae 
is a po tent mi croor gan ism for up tak ing the heavy met als. Phos phate, 
amine and car boxyl groups in the yeasts’ cell wall were the main 
biosorp tion sites for metal ions. The high est biosorp tion in Wang and 
Chen study is prob a bly due to the higher amount of heavy met als in 

Table 5 
Com par i son of Pb biore moval by S. cere visiae in dif fer ent stud ies. 

S. cerevisiae Strain Media % Removal Ref. 

PTCC 5010 Drinking water 70.3 Hadiani et al. (2018) 
PTCC 5010 Aqueous solutions 79.2 Farhan and Khadom (2015) 
– Aqueous solutions 75 El - sayed (2013) 
– Effluent 80 Wang and Chen (2006) 
PTCC 5020 Milk 70 This study, 2019 
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ef flu ent, but to tally the re moval ca pac i ties were nearly the same, in 
the range of 70 – 80%, which could be an other con fir ma tion of this 
yeasts’ ca pac ity in heavy met als biosorp tion. 

4 . Conclusion 

The Lead residues in milk make par tic u lar con cerns due to its’ 
con sump tion largely by a ma jor ity of peo ple. So find ing a use ful and 
safe so lu tion to this is sue would be so im por tant. Most of the mi croor - 
gan isms can be use ful biosor bents for met als re moval, but the higher 
affin ity of S. cere visiae bio mass for lead ab sorp tion is so valu able. The 
pre sent pro ject has re ported the ap pli ca tion of RSM to de ter mine the 
con di tions of max i mum Pb biosorp tion by this de sir able yeast. To con - 
firm the ac cu racy of yeast biore moval re sults, the an a lyt i cal qual ity 
as sur ance was per formed be fore the in stru men tal analy sis. The re sults 
showed that biore moval rate of Pb by S. cere visiae in creases by in - 
creas ing the bio mass dosage and con tact time. The op ti mum con di tion 
for Pb up tak ing of 70% was ob tained by De sign - Expert soft ware at the 
ini tial Pb con cen tra tion of 70  μg/ l and S. cere visiae bio mass dosage of 
22  ×  10 8  CFU. It was ob served that Pb biosorp tion raised with in - 
creas ing Pb con cen tra tions and the op ti mum Pb con cen tra tions was 
70  μg/ l. On the other hand, with in creas ing bio mass dosage over the 
op ti mum level, the Pb biosorp tion re duced. 

The re sults of this study re vealed that by de sign of ex per i ments 
based on the sig nif i cant fac tors con tain ing Pb con cen tra tion, con tact 
time and bio mass dosage, the lead biore moval in very low con cen tra - 
tion lev els by S. cere visiae from milk would be ap plic a ble. Other pre vi - 
ous re searches also con firmed the same re sults, but in much higher 
met als con cen tra tions (ppm). There fore, our find ings based on this 
study demon strate that us ing S. cere visiae as a novel green tech nol ogy, 
can be ap plied in heavy met als biore moval and de con t a m i na tion from 
wa ter, food and drinks in the food pro cess ing in dus try. 
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