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A B S T R A C T  

The agri cul tural and in dus trial wastes are en vi ron men tal pol lu tants. So, there is an in creas ing de mand for 
more ef fi cient ex ploita tion of these wastes and their con ver sion into use ful prod ucts. Re cently, the lim ited 
avail abil ity of calf ren net led to a search for ren net sub sti tutes for cheese man u fac ture. In this study, Bacil lus 
sub tilis subsp. sub tilis strain 168 ( B. sub tilis MK775302) was iso lated from the ma rine sponge Pseudo cer atina 
Ara bica and it was used for milk clot ting en zyme (MCE) pro duc tion us ing some agro - industrial wastes. The 
pro duc tion medium con tain ing agro - industrial residues was op ti mized by us ing Plack ett - Burman (PB) and cen - 
tral com pos ite de signs (CCD). Af ter op ti miza tion, the MCE pro duc tiv ity was in creased by 2.3 - fold com pared to 
the non - optimized medium. The en zyme showed max i mum ac tiv ity at 70  °C, pH 5.0. Ul tra fil ter ated (UF) white 
soft cheese pro duc tion was stud ied by us ing the crude ex tract of B. sub tilis MK775302 in a com par i son with 
com mer cial ren net. The cheese pro duced by the crude ex tract of B. sub tilis MK775302 had a higher ripen ing 
in dex, higher acid ity, higher fla vor in ten sity, and ac cept able organolep tic score. There fore, this study of fered 
the pro duc tion of a promis ing ren net sub sti tute that is eco - friendly with low pro duc tion costs and com petes 
with the com mer cial co ag u lants for the pro duc tion of ac cept able UF white soft cheese. 

1 . Introduction 

Agri cul tural and in dus trial wastes are among the com mon causes 
of en vi ron men tal pol lu tion. Re cently, there has been an in creas ing de - 
mand for more ef fi cient uti liza tion of agro - industrial residues and 
their con ver sion into use ful prod ucts ( Ismail et al., 1995 ; Pandey and 
Soccol, 1998 ). Many new op por tu ni ties have been opened for the ap - 
pli ca tions of agro - industrial residues in bio processes (mainly in en - 
zyme and fer men ta tion tech nol ogy field) and this can help in pro vid - 
ing al ter na tive sub strates and solv ing the pol lu tion prob lems 
( Akinyele et al., 2011 ). 

Pro teases ac count for about 60% of global mar kets en zymes, 
which have a wide range of ap pli ca tions ( Sharma et al., 2017 ; Souza 
et al., 2017 ). They are used in sev eral in dus trial processes in clud ing 
food, de ter gents, bak ing, phar ma ceu ti cals, and pho tog ra phy ( Ben 
Elhoul et al., 2015 ; Abdel - Naby et al., 2017 ). They have been used in 

the dairy in dus try for cheese man u fac tur ing, where they desta bi lize 
ca sein mi celles and stim u late milk - clotting, as the main step for 
cheese pro duc tion. Cheese is the most im por tant prod uct of milk in 
highly con cen trated form. It has been con sid ered as a valu able dairy 
prod uct of high nu tri tional value which can be kept fresh for a long 
time ( Osman, 2009 ). Chy mosin (EC 3.4.23.4) is the main en zyme in 
calf ren net with a rel a tively low pro te olytic ac tiv ity. It is known as 
the most suit able co ag u lant which has a high milk clot ting/ pro te olytic 
ac tiv ity ra tio ( Afsharnezhad et al., 2019 ). The lim ited avail abil ity of 
calf ren net leads to a search for al ter nate ren net sub sti tutes for cheese 
mak ing in dus try ( Shellomith and Preetha, 2018 ). Most plant co ag u - 
lants are un suit able be cause they give a bit ter taste to the cheese 
( Imdakim et al., 2015 ). At ten tion has been fo cused on milk clot ting 
en zyme (MCE) from mi croor gan isms due to many rea sons in clud ing 
its sta bil ity, avail abil ity, rapid growth, low costs and the ease of ge - 
netic mod i fi ca tion ( Wehaidy et al., 2018 ). Many non path o genic 
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strains of Bacil lus species have been used for MCE pro duc tion ( Ahmed 
et al., 2016 ). 

Sta tis ti cal de signs are pre ferred for fer men ta tion op ti miza tion be - 
cause they re duce the to tal num ber of ex per i ments and pro vide a bet - 
ter un der stand ing of the in ter ac tions be tween sev eral fac tors 
( Revankar and Lele, 2006 ). 

The main pur pose of the pre sent study is the ex ploita tion of some 
agro - industrial residues to pro duce mi cro bial MCE (ren net sub sti tute), 
with the use of the sta tis ti cal fac to r ial de signs for max i miza tion of the 
en zyme yield. The pro duced en zyme was char ac ter ized and eval u ated 
in the man u fac ture of white soft cheese in a com par i son with a com - 
mer cial mi cro bial co ag u lant. 

2 . Materials and methods 

2. 1 . Materials 

Or ange peels and rice straw were air - dried and cut into small 
pieces (par ti cle size: 1.0  mm), wheat bran and whey were used in the 
same form as they were sup plied. Ca sein (Ham mer stein grade) was 
pur chased from Sigma - Aldrich. Mi cro bial ren net pow der Chy - Max 
(from Chr. Hansen, Den mark) was used for the con trol white soft 
cheese pro duc tion. The crude MCE ex tract pro duced by the bac te r ial 
iso late Bacil lus sub tilis subsp. sub tilis strain 168 ( B. sub tilis MK775302) 
was used for the tested white soft cheese pro duc tion. The pre - cheese 
buf falo's milk re ten tate was ob tained from the Dairy Prod ucts Unit at 
the An i mals Pro duc tion Re search In sti tute, Min istry of Agri cul ture, 
Giza, Egypt. 

2. 2 . Isolation and identification of microorganism 

Bacil lus sub tilis subsp. sub tilis strain 168 ( B. sub tilis MK775302) was 
iso lated from the ma rine sponge Pseudo cer atina ara bica col lected from 
the Red Sea, Sharm El Sheikh, Egypt. The mol e c u lar iden ti fi ca tion of 
the iso late was per formed us ing 16s rRNA gene se quenc ing tech nique 
by Sigma Com pany for Sci en tific Ser vices, Egypt. 

2. 3 . Media used for MCE production by B. subtilis MK775302 

B. sub tilis MK775302 was screened for MCE pro duc tion us ing 3 
basal me dia. The most po tent medium was se lected with other me dia 
com po nents for the op ti miza tion stud ies. 

2. 3. 1 . Medium 1 (g/ L) 
Lac tose, 10; pep tone, 1.5; yeast ex tract, 1; MgSO 4 .7H2O, 1.0; 

KH 2 PO 4 , 1.0; (NH 4 ) 2 HPO 4 , 7 and CaCl 2 , 0.3 ( Fiedurek and Ilczuk, 
1990 ). 

2. 3. 2 . Medium 2 (g/ L) 
Wheat bran, 50; yeast ex tract, 3.0; MgSO 4 .7H2O, 0.2; K 2 HPO 4 , 3.0; 

and glu cose, 4.0. pH was 6.0 be fore ster il iza tion ( Wehaidy et al., 
2016 ). 

2. 3. 3 . Medium 3 
Whey pro tein con tain ing 2% lac tose ( Osman et al., 1969 ). 

2. 4 . Production of MCE from B. subtilis MK775302 by submerged 
fermentation 

One cul tured slant was scratched with 10  ml dis tilled wa ter and 
2  ml of cell sus pen sion was added to 250  ml Er len meyer flasks con - 
tain ing 50  ml of the ster ile pro duc tion me dia. The flasks were in cu - 
bated for 48  h  at 37  °C on a ro tary shaker at 150  rpm. The cells were 
cen trifuged at 3000  rpm for 15  min and the su per natant was col lected 
and as sayed for milk clot ting ac tiv ity (MCA). 

2. 5 . Assay of milk clotting activity (MCA) 

0.5  ml of the en zyme so lu tion was in cu bated with 2  ml of 
skimmed milk (12  g skimmed milk/ 100  ml of 0.01  M cal cium chlo - 
ride) at 40  °C and pH 5 (0.1  M ac etate buffer). MCA was ex pressed in 
Soxh let units and cal cu lated us ing the fol low ing equa tion: 

Soxh let units  =  2400/ T  ×  S/ E; where S is the vol ume of milk 
(ml), E is the vol ume of the en zyme (ml) and T is the time nec es sary 
for co ag u la tion ( Arima et al., 1967 ). 

2. 6 . Optimization of B. subtilis MK775302 MCE production using 
statistical factorial designs 

2. 6. 1 . Plackett - Burman design (PB) 
Eleven com po nents (Wheat bran, Rice straw, or ange peel, Whey, 

Pep tone, Yeast, Lac tose, Glu cose, KH 2 PO 4 , MgSO 4 , and CaCl 2 ) were 
se lected for the study, each vari able rep re sented at two lev els, high 
value (+1) and low value (−1). A 12 trial ex per i ment was gen er ated 
based on the rule R  =  n+1 where R is the run num bers and n is the 
num ber of vari ables. As il lus trated in Table 1 , each row rep re sents an 
ex per i ment, and each col umn rep re sents an in de pen dent vari able. The 
PB ex per i men tal de sign based on the fol low ing first - order model: 

Y  =  β 0 +Σ k i=0 βiXi 

Where Y rep re sents the re sponse (en zymes ac tiv ity), B 0 is the model 
in ter cept, B i is the lin ear co ef fi cient, X i is the level of in de pen dent 
vari able and k is the num ber of in volved vari ables. 

Each trial was car ried out in trip li cates and the av er age en zyme 
ac tiv ity was used as the re sponse vari able. Power cal cu la tions were 
ac com plished us ing re sponse type “Con tin u ous” and pa ra me ters, 
Delta  =  2, Sigma  =  1. Power is eval u ated over the −1 to +1 coded 
fac tor space. 

In a bal anced de sign, the stan dard er rors should be sim i lar to each 
other. Lower stan dard er rors are bet ter. The ideal VIF value is 1.0. VIF 
val ues above 10 are cause for con cern. VIF val ues above 100 are 
cause for alarm, in di cat ing co ef fi cients are poorly es ti mated due to 
mul ti collinear ity. Ideal R i 2 is 0.0. High R i 2 means terms are cor re - 
lated with each other, pos si bly lead ing to poor mod els. Based on re - 
gres sion analy sis, the vari ables that ex hib ited sig nif i cant ef fect (95% 
con fi dence level, Prob  >  F  ≤  0.05) on en zyme ac tiv ity were eval u ated 
in fur ther op ti miza tion ex per i ments. 

2. 6. 2 . Central composite design (CCD) 
Af ter the iden ti fi ca tion of com po nents that af fect MCE pro duc tion 

by Plack ett – Burman de sign, three vari ables (Or ange peel, Rice straw, 
and KH 2 PO 4 ) were se lected for re sponse sur face method ol ogy of cen - 
tral com pos ite de sign (CCD). The three sig nif i cant vari ables were 
stud ied at five coded lev els (−2, −1, 0, +1, +2). The CCD for MCE 
re sulted in a to tal of 20 ex per i men tal tri als in clud ing 8 tri als for fac to - 
r ial de sign, 6 tri als for ax ial points and 6 tri als for repli ca tions of the 
cen tral points ( Table 3 ). Other me dia com po nents were se lected at the 
sig nif i cant level con cen tra tions from the PB de sign. The re sults of the 
CCD were ex pressed by the fol low ing sec ond - order poly no mial us ing a 
mul ti ple re gres sion tech nique ac cord ing to the fol low ing equa tion: 

Y  =  β 0 +Σ β i X i +Σ β ii X 2 i + Σ β i j X i X j 
Where Y is the pre dicted re sponse, β 0 the in ter cept term, β i the lin ear 
co ef fi cients, β ii the qua dratic co ef fi cients, β ij the in ter ac tive co ef fi - 
cients, X i and X j are the coded in de pen dent vari ables. 

2. 7 . Statistical analysis of models 

Sta tis ti cal analy sis of the mod els was per formed ac cord ing to the 
analy sis of vari ance (ANOVA). 
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2. 8 . Characterization of crude B. subtilis MK775302 MCE 

Some prop er ties of the pro duced B. sub tilis MK775302 MCE were 
stud ied. These in clude the op ti mum tem per a ture, op ti mum pH, pro te - 
olytic ac tiv ity and ef fect of sodium chlo ride con cen tra tion. 

2. 8. 1 . Optimum temperature 
The op ti mum tem per a ture of MCE was de ter mined by as say ing the 

en zyme ac tiv ity at a tem per a ture range from 40 to 80  °C. 

2. 8. 2 . Optimum pH 
The op ti mum pH for the ac tiv ity of MCE was de ter mined by as say - 

ing the en zyme ac tiv ity in the pH range from 5.0 to 7.0 us ing 0.1  M 
ac etate buffer. 

2. 8. 3 . Proteolytic activity (PA) 
One mil li liter of the en zyme was added to 1  ml of 1% ca sein 

(Ham mer stein grade) so lu tion in phos phate buffer (0.1  M, pH 6.0). 
The re ac tion mix ture was in cu bated in a wa ter bath at 40  °C for 
30  min. Then 2  ml of 20% trichloroacetic acid was added and the 
mix ture was cen trifuged at 4000  rpm for 10  min ( Kunitz, 1947 ). The 
sol u bi lized pro teins in the su per natant were mea sured us ing the 
Lowry method at 750  nm ( Lowry et al., 1951 ). One unit of the pro te - 
olytic ac tiv ity (U) was de fined as the amount of en zyme that lib er ates 
1  μmol of amino acid equiv a lent to ty ro sine per min un der the as say 
con di tions. 

2. 8. 4 . Effect of NaCl on MCA 
The ef fect of NaCl on MCA was in ves ti gated by in cu bat ing MCE 

with an equal vol ume of NaCl with dif fer ent con cen tra tions (from 0 to 
4%) at room tem per a ture for 1  h. Af ter the in cu ba tion, the MCA was 
de ter mined ( Ahmed et al., 2016 ). 

2. 9 . Cheese manufacture 

Two UF soft cheese treat ments were con ducted us ing con trol mi - 
cro bial ren net and the crude B. sub tilis MK775302 ex tract as given by 
El - Shibiny et al. (2005) with some mod i fi ca tions. Fresh milk was 
heated at 72  °C for 15  s and ul tra - filtrated. The ul tra fil tra tion was car - 
ried out to a con cen tra tion fac tor of ~4.5 us ing tubu lar con cen tra tion 
mod ule DC2, sup plied by Am i con Cor po ra tion, USA, at 4  bar pres sure 
and 50  °C. The av er age com po si tion of the used re ten tate was: 
35.85% to tal solids, 15.44 to tal pro tein, 14.58% fat, 4.63% lac tose, 
and 1.20% ash and pH value 6.56. Sodium chlo ride was added to re - 
ten tate at a level of 3% then heat - treated at 72  °C for ~15  s then 
cooled to 37  °C. Both treat ments were in oc u lated with 1% ac tive 
cheese cul ture ( Lac to coc cus lac tis spp lac tis and Lac to coc cus lac tis spp 
cre moris , 1:1). To both treat ments 0.02% of cal cium chlo ride was 
added, left at 37  °C for 1  h, co ag u lants were then added (with the 
level which com pletes co ag u la tion within 40  min). The UF soft cheese 
sam ples were im me di ately dis trib uted into plas tic con tain ers and in - 
cu bated at 37  °C to com plete the suit able curd for ma tion. The top of 
the curd in each con tainer was cov ered with a vol ume of pas teur ized 
salted per me ate (3%) height 1  cm then tightly closed with its lids and 
stored at 5  ±  2  °C for four weeks. Three repli cates were car ried out 
for each treat ment. The pro duced cheese sam ples were ex am ined 
when fresh and af ter 4 weeks stor age. 

2. 10 . Physico - chemical properties 

The mois ture con tent was de ter mined in both milk and cheese 
sam ples and the to tal ni tro gen (TN) of milk and cheese sam ples was 
de ter mined by semi - micro Kjel dahl dis til la tion as the method de - 
scribed in the As so ci a tion of Of fi cial Analy sis Chemists ( AOAC, 1995 ). 
The titrat able acid ity (TA) for milk and cheese sam ples was ex pressed 

as lac tic acid per cent ages. The fat con tent was de ter mined by us ing a 
Ger ber tube for both milk and cheese. The sol u ble ni tro gen (SN) for 
cheese sam ples was de ter mined by the semi - micro Kjel dahl dis til la tion 
method ( Ling, 1963 ). The to tal volatile fatty acids (TVFA) were de ter - 
mined in cheese sam ples ac cord ing to the method de scribed by 
Kosikowski (1982) , the value was ex pressed as ml of 0.1  N NaOH/ 
100  g cheese. 

2. 11 . Textural profile analysis 

Tex tural pro file analy sis (TPA) was per formed on cheese sam ples 
ac cord ing to the method of Glibowski et al. (2008) by us ing the dou - 
ble com pres sion test (TA - XT2i tex ture an a lyzer (Sta ble Mi crosys tems, 
Go dalm ing, UK). Ex per i ments were car ried out by com pres sion tests 
that gen er ated a plot of force (N) ver sus time (s). A 25  mm di am e ter 
per plex con i cal - shaped probe was used to mea sure TPA of the Uf soft 
cheese sam ples in their cups per form ing five rep e ti tions. In the first 
stage, the sam ples were com pressed by 30% of their orig i nal depth. 
The speed of the probe was 2  cm/ min. dur ing the pretest. 

2. 12 . Sensory evaluation 

Cheese sam ples were organolep ti cally scored for fla vor (50 points), 
body and tex ture (40 points) and ap pear ance (10 points) ac cord ing to 
the score card sug gested by Davis (1965) . Sam ples were judged by the 
staff mem bers of the Dairy Sci ence De part ment, Na tional Re search 
Cen ter. 

3 . Results and discussion 

3. 1 . Identification of the bacterial isolate and production of MCE 

The mol e c u lar iden ti fi ca tion of the bac te r ial iso late was per formed 
by Sigma com pany for sci en tific ser vices. The ob tained nu cleotide se - 
quence ( Fig. 1 a) was sub mit ted to the NCBI Gene Bank with the ac ces - 
sion num ber MK775302. As in di cated by the phy lo ge netic tree ( Fig. 
1 b), the aligned se quence showed ap prox. 98% iden tity to Bacil lus 
sub tilis subsp. sub tilis strain 168. 

3. 2 . Production of MCE by B. subtilis MK775302 

B. sub tilis MK775302 was tested for MCE pro duc tion on three dif - 
fer ent me dia us ing sub merged fer men ta tion tech nique. It was ob - 
served that no MCE pro duc tiv ity was ob tained when me dia 1 and 3 
were used. How ever, by us ing medium 2, B. sub tilis MK775302 pro - 
duced 269 SU/ ml MCE. There fore, medium 2 was used with other 
com po nents for MCE pro duc tion and op ti miza tion stud ies. 

Many au thors have pro duced MCE from the genus Bacil lus ( Zhang 
et al., 2013a ; Lemes et al., 2016 ; Ahmed et al., 2016 ). Many au thors 
also have used B. sub tilis to pro duce MCE ( Dutt et al., 2009 used Bacil - 
lus sub tilis ; Wu et al., 2013 used Bacil lus sub tilis natto ; Narwal et al., 
2016 used Bacil lus sub tilis MTCC 10422; Wehaidy et al., 2016 used 
Bacil lus sub tilis KU710517). 

3. 3 . Optimization of B. subtilis MK775302 MCE production by statistical 
factorial designs 

3. 3. 1 . Plackett - Burman design (PB) 
Plack ett - Burman (PB) de sign is an ef fi cient screen ing de sign when 

the main ef fects of the medium com po nents are stud ied. It of fers a 
fast screen ing pro ce dure and math e mat i cally com putes the sig nif i - 
cance of many fac tors in one ex per i ment. Eleven fac tors (A - L) in - 
cluded cul ture con di tions and medium com po nents were se lected for 
the op ti miza tion process. Milk clot ting en zyme av er age ac tiv ity for 
the dif fer ent tri als was cal cu lated as U/ ml and rep re sented in Table 1 . 
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Fig. 1 . Nu cleotide se quence (a) and Phy lo ge netic tree (b) for ma rine sponge iso late. 

The en zyme ac tiv ity recorded a wide vari a tion from (60.9 – 600.3 U/ 
ml). 

The ANOVA of the PB de sign for MCE ac tiv ity is shown in Table 2 , 
the model F - value of 14.30 im plies that the model is sig nif i cant. P - 
values less than 0.05 in di cated the model terms are sig nif i cant. In this 
case, Wheat bran, or ange peel, pep tone, and MgSO 4 are sig nif i cant 
model terms. 

Many pre vi ous re ports de scribed wheat bran as a bet ter sub strate 
for MCE pro duc tion. It has been re ported as an ideal medium com po - 
nent for mi cro bial pro tease pro duc tion ( Dutt et al., 2009 ; Foda et al., 
2012 ; Zhang et al., 2013b ; Hang et al., 2016 ; Wehaidy et al., 2016 ). 
Foda et al. (2012) recorded that, wheat bran com pared with other 
twelve in dus trial by - products used as sub strates, re sulted in the high - 
est milk clot ting ac tiv ity by Rhi zomu cor miehei . Also, a medium con - 
tain ing 50  g/ L wheat bran with xy lose and yeast ex tract as car bon and 
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Table 1 
Plack ett – Burman ex per i men tal de sign for medium com po nents and fer men ta tion con di tions for milk clot ting en zyme. 

Run Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Activity 
(SU/ml) 

 A: Wheat bran 
g/f 

B: Rice straw 
g/f 

C: orange peel 
g/f 

D:Whey 
ml/f 

E: Peptone 
g/L 

F: Yeast 
g/L 

G: Lactose 
g/L 

H: Glucose 
g/L 

J:KH2PO4 
g/L 

K: MgSO4 
g/L 

L: CaCl2 
g/L 

 

1 2.5 0 3 5 3 3 5 4 3 1 0.5 507.50 
2 2.5 0 0 10 1.5 3 10 2 3 1 1 348.00 
3 5 3 0 10 3 3 5 2 1.5 1 0.5 107.30 
4 5 0 0 5 3 1.5 10 4 1.5 1 1 154.57 
5 5 3 3 5 1.5 1.5 10 2 3 1 0.5 600.30 
6 2.5 3 0 10 3 1.5 10 4 3 0.5 0.5 116.00 
7 2.5 3 3 5 3 3 10 2 1.5 0.5 1 380.48 
8 5 0 3 10 1.5 3 10 4 1.5 0.5 0.5 246.50 
9 5 3 0 5 1.5 3 5 4 3 0.5 1 60.90 
10 5 0 3 10 3 1.5 5 2 3 0.5 1 153.70 
11 2.5 3 3 10 1.5 1.5 5 4 1.5 1 1 591.60 
12 2.5 0 0 5 1.5 1.5 5 2 1.5 0.5 0.5 260.13 

R 2  =  0.9449, Ad justed R 2  =  0.8788, Pre dicted R 2  =  0.6827. 

Table 2 
Analy sis of vari ance (ANOVA) for PB de sign for milk clot ting en zyme pro duc - 
tion. 

Source Sum of Squares df Mean Square F - value p - value 

Model 45141.27 6 7523.55 14.30 0.0052 significant 
A - Wheat bran 7681.08 1 7681.08 14.60 0.0124 
B - Rice straw 343.47 1 343.47 0.6527 0.4559 
C - orange peel 20352.80 1 20352.80 38.67 0.0016 
E - Peptone 4688.65 1 4688.65 8.91 0.0306 
G - Lactose 268.85 1 268.85 0.5109 0.5067 
K – MgSO4 11806.41 1 11806.41 22.43 0.0052 
Residual 2631.28 5 526.26 
Cor Total 47772.55 11 

ni tro gen sources caused max i mum MCE pro duc tiv ity by Bacil lus sub - 
tilis KU710517 ( Wehaidy et al., 2016 ). Mag ne sium is es sen tial for bac - 
te r ial growth and cell di vi sion. Thus, it is used in many me dia for en - 
zyme pro duc tion ( Webb, 1951 ). 

The co ef fi cient R 2 for the de sign was 0.9449 and in di cated that the 
data vari abil ity could be ex plained by the model very well. The pre - 
dicted R 2 of 0.6827 is in rea son able agree ment with the ad justed R 2 of 
0.8788; i.e. the dif fer ence is less than 0.2. The mul ti ple re gres sion 
analy sis on the ex per i men tal data re sulted in the fol low ing first - order 
poly no mial equa tion to ex plain the milk clot ting pro duc tion: 

R1  =  +236.97833 – 58.69600 Wheat bran+10.34333 Rice 
straw+79.62111orange peel - 76.43111 Peptone+5.49067 
Lactose+363.85333 MgSO 4 

The Pareto chart for MCE ( Fig. 2 ) showed that or ange peel, Mg - 
SO4, rice straw were the most in flu enc ing fac tors in the medium fol - 
lowed by lac tose and KH 2 PO 4 . Kembhavi et al. (1993) em pha sized the 
re quire ment of phos pho rus for pro tease pro duc tion by a Bacil lus sub - 
tilis NCIM no. 64. It is uti lized to form var i ous cel lu lar com po nents. In 
agree ment with our re sults, a phos phate con cen tra tion of 3  g/ L re - 
sulted in max i mal MCE pro duc tiv ity ( Wehaidy et al., 2016 ). On the 
other hand, this con cen tra tion was higher than that in ves ti gated by 

Fig. 2 . Pareto chart show ing the ef fect of each fac tor on milk clot ting en zyme pro duc tion. 
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other au thors for max i mum MCE pro duc tion ( Abou Ayana et al., 
2015 ). 

Or ange peels and rice straw were re ported to en hance the veg e ta - 
tive growth of the mi croor gan ism ( Foda et al., 2012 ). Or ange peels 
had a pos i tive ef fect on MCE pro duc tion and en hanced the growth of 
mi croor gan isms due to their con tent from sugar, pro teins, mois ture, 
ash, and min er als ( Al - Saadi et al., 2009 ). 

3. 3. 2 . Central composite design (CCD) 
The most sig nif i cant pa ra me ters for en hance ment pro duc tion of 

MCE based on PB de sign re sults were used in the sec ond de sign (CCD) 
to de ter mine the op ti mal con cen tra tion of each vari able. The de sign 
ma trix and the cor re spond ing ex per i men tal data of the three in de pen - 
dent vari ables are shown in Table 3 . 

The Model F - value ( Table 4 ) of 10.05 im plies the model is sig nif i - 
cant. P - values less than 0.05 in di cate model terms are sig nif i cant. In 
this de sign, all the lin ear co ef fi cients (A, B, C) and only the in ter ac - 
tions (AB, AC) are sig nif i cant model terms, whereas none of the qua - 

Table 3 
Cen tral com pos ite de sign for milk clot ting en zyme pro duc tion. 

Run Factor 1 A: 
Orange peel 

Factor 2  B: Rice 
straw 

Factor 3  C: 
MgSO4 

Actual 
value 

Predicted 
value 

1 4.5 4.5 4.5 486.91 437.59 
2 3 6 6 410.52 394.68 
3 4.5 4.5 4.5 437.46 437.59 
4 3 3 3 630.83 588.62 
5 6 3 6 338.24 329.20 
6 4.5 4.5 7.02 416.22 408.80 
7 4.5 4.5 4.5 405.76 437.59 
8 6 6 3 434.29 418.07 
9 4.5 4.5 4.5 446.97 437.59 
10 6 6 6 329.68 354.17 
11 4.5 4.5 4.5 399.42 437.59 
12 1.98 4.5 4.5 481.84 513.86 
13 3 6 3 358.21 349.53 
14 4.5 1.98 4.5 481.84 505.78 
15 4.5 4.5 1.98 443.80 476.28 
16 7.02 4.5 4.5 374.06 367.10 
17 3 3 6 573.77 572.27 
18 6 3 3 456.48 454.60 
19 4.5 4.5 4.5 453.31 437.59 
20 4.5 7.02269 4.5 324.61 325.73 

R 2  =  0.9004, Ad justed R 2  =  0.8108, Pre dicted R 2  =  0.5184. 

Table 4 
Analy sis of vari ance (ANOVA) for CCD de sign for milk clot ting en zyme pro - 
duc tion. 

Source Sum of 
Squares 

df Mean Square F - value p - value 

Model 9948.48 9 1105.39 10.05 0.0006 significant 
A - Orange peel 2587.48 1 2587.48 23.52 0.0007 
B - Rice straw 3894.32 1 3894.32 35.40 0.0001 
C – KH2PO4 547.01 1 547.01 4.97 0.0498 
AB 2041.61 1 2041.61 18.56 0.0015 
AC 591.68 1 591.68 5.38 0.0428 
BC 188.18 1 188.18 1.71 0.2202 
A 2 1.50 1 1.50 0.0136 0.9094 
B 2 85.47 1 85.47 0.7769 0.3988 
C 2 4.40 1 4.40 0.0400 0.8456 
Residual 1100.06 10 110.01 

dratic co ef fi cients had a sig nif i cant ef fect. The fit of the model was 
checked by the value of R 2 , which was 0.9004, in di cat ing that the 
model can ex plain about 90.04% of the vari abil ity in the re sponse. 
The Adeq Pre ci sion ra tio of the de sign (11.182) in di cates an ad e quate 
sig nal and that this model can be used to nav i gate the de sign space. It 
is well known that for Adeq Pre ci sion, a ra tio greater than 4 is de sir - 
able. 

Table 4 shows ANOVA analy sis for CCD ex per i men tal de sign of 
MCE. The clo sure be tween the ac tual and pre dicted val ues of MCE 
pro duc tion us ing CCD con firms the high sig nif i cance of the de sign as 
shown in Table 3 . Three - dimensional (3D) re sponse sur face graphs 
Fig. 3 were plot ted to il lus trate the re la tion ships be tween re sponse 
and ex per i men tal lev els of each vari able for milk clot ting en zyme. 
Each fig ure ex plains the ef fect of two vari ables while the other fac tor 
was held at zero level. The sig nif i cant in ter ac tion be tween every two 
vari ables is clear from the fig ures. The mul ti ple re gres sion analy sis of 
the ex per i men tal data of milk clot ting en zyme re sulted in the fol low - 
ing sec ond - order poly no mial equa tion: 

R1  =  +1093.52456 – 79.93535 Or ange peel - 136.83822 Rice 
straw+3.39745 MgSO 4 +22.50700 Or ange peel * Rice straw - 
12.11644 Or ange peel * MgSO 4 +6.83311 Rice straw * 
MgSO 4 +0.454299 Or ange peel 2 - 3.43102 Rice straw 2 +0.778075 
MgSO 4 2 

The fi nal op ti mized medium com po nents for MCE pro duc tion (af - 
ter ex clud ing the neg a tive fac tors that had no sig nif i cant ef fect on 
MCA) were as fol low ing (g/ L): 

Fig. 3 . Re sponse sur face 3D con tour plots for milk clot ting pro duc tion; show ing the in ter ac tion be tween the vari ables, (A) or ange peel, (B) rice straw and (C) 
MgSO 4 Other vari ables were kept con stant. (For in ter pre ta tion of the ref er ences to colour in this fig ure leg end, the reader is re ferred to the Web ver sion of this ar - 
ti cle.) 
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wheat bran 100; rice straw 60; orange peel 60; lactose 10; KH 2 PO 4 
3.0; MgSO 4 3.0 and CaCl 2 0.5 

The re sults in di cated that MCE ex per i men tal yield (630.83 SU/ ml) 
and MCE sta tis ti cal pre dicted yield (588.62 SU/ ml) are closely re lated 
which con firm the val i da tion of the model. The op ti miza tion process 
us ing the fac to r ial de signs showed a great ef fect on MCE pro duc tiv ity. 
Af ter the op ti miza tion process, the MCE ac tiv ity (630.8 SU/ ml) was 
in creased by 2.3 - fold com pared with the non - optimized medium (269 
SU/ ml). This re sult is bet ter than those ob tained by other au thors 
when the sta tis ti cal op ti miza tion meth ods were used. For ex am ple, a 
1.94 - fold in crease in MCE pro duc tion by Bacil lus sub tilis was achieved 
( Dutt et al., 2009 ), a 1.76 - fold in crease in MCE pro duc tion by Bacil lus 
amy loliq ue fa ciens D4 was ob tained by us ing Plack ett – Burman de sign 
and Box – Behnken re sponse sur face meth ods ( Zhang et al., 2013b ) and 
a 1.7 - fold in crease in MCE pro duc tion by Bacil lus sub tilis natto us ing 2 4 

fac to r ial de sign and CCD ( Wu et al., 2013 ). The main medium com po - 
nents, or ange peels, and rice straw are con sid ered waste ma te ri als 
that are hardly re moved. So, the use of these sub strates in the pro duc - 
tion medium of fered the ad van tages of low er ing the pro duc tion costs 
and solv ing en vi ron men tal pol lu tion prob lems. 

3. 4 . Characterization of B. subtilis MK775302 crude MCE 

3. 4. 1 . Optimum temperature 
As shown in Fig. 4 , the tem per a ture pro file of MCE showed that 

the ac tiv ity was in creased by in creas ing the re ac tion tem per a ture up 
to 70  °C. Fur ther in crease in re ac tion tem per a ture re sulted in a de - 
crease in MCA. This might be due to the de nat u ra tion of the en zyme 
at higher tem per a tures. This op ti mum tem per a ture is higher than 
those re ported by some au thors (55  °C for MCE from Bacil lus sphaer i - 
cus and 60  °C for MCE from Peni cil lium ox alicum ) ( Hashem, 1999 ; El - 
Bendary et al., 2007 ). On the other hand, other au thors have re ported 
higher op ti mum tem per a tures for MCE (75  °C from Bacil lus licheni - 
formis and 85  °C from Aloe var ie gate and Bacil lus sub tilis ) ( Ahmed and 
Helmy, 2012 ; Wehaidy et al., 2016 ). 

3. 4. 2 . Optimum pH 
The en zyme proved to be an acidic pro tease. The max i mum MCA 

(800 SU/ ml) was ob tained at pH 5.0 (data not shown). Above this pH, 
the ac tiv ity de creased grad u ally, this might be due to the un suit abil ity 
of high pH for the en zyme ac tiv ity and the de nat u ra tion of the en - 
zyme pro tein at higher pH. A Sim i lar op ti mum pH value was re ported 
by other au thors (MCE from Rhi zomu cor miehei by Foda et al., 2012 ; 
MCE from Bacil lus sub tilis by Wehaidy et al., 2016 ; MCE from Cy nara 
car dun cu lus by Zikiou and Zidoune, 2019 ). The re duc tion in milk pH 
re sulted in a de crease in the milk - clotting time and an in crease in 
MCA ( Elmazar et al., 2012 ). This higher ac tiv ity of MCE in acidic pH 
is highly ad van ta geous in in dus trial ap pli ca tions ( El - Sayed et al., 

Fig. 4 . Ef fect of re ac tion tem per a ture on Bacil lus sub tilis MK775302 MCA. 

2013 ). Other au thors have also re ported a de cline in MCA at pH near 
neu tral ity ( Chazarra et al., 2007 ; Wehaidy et al., 2016 ). 

3. 4. 3 . Effect of NaCl on MCA 
Sodium chlo ride is usu ally used in cheese man u fac ture. As it plays 

im por tant roles in cheese ripen ing, con trol ling mi cro bial growth, con - 
sis tency of curd, ab sorp tion of ex cess wa ter and con trol ling cheese 
tex ture ( Afsharnezhad et al., 2019 ). 

As il lus trated in Fig. 5 , the en zyme re tained 100% ac tiv ity at con - 
cen tra tions from 0.1 to 1% NaCl. At higher NaCl con cen tra tions, MCA 
was de creased grad u ally. Many au thors also no ticed a loss in MCA at 
high NaCl con cen tra tions ( El - Tanboly et al., 2000 ; El - Bendary et al., 
2009 ; Afsharnezhad et al., 2019 ). It was sug gested that the ac tiv ity 
loss at high con cen tra tions of NaCl might be due to en zyme de nat u ra - 
tion caused by the high con cen tra tions of salt ( Afsharnezhad et al., 
2019 ). So, to avoid the loss of MCA, it is rec om mended to use low 
NaCl con cen tra tion in the cheese man u fac ture. 

3. 4. 4 . Proteolytic activity (PA) and MCA/ PA ratio 
The pro te olytic ac tiv ity (PA) and MCA/ PA ra tio are im por tant pa - 

ra me ters to judge the ef fi ciency of MCE in cheese pro duc tion. MCE 
with low PA and high MCA/ PA ra tio is pre ferred for cheese man u fac - 
ture, to avoid pro te ol y sis of the pro duced cheese ( Wehaidy et al., 
2016 ; Ahmed et al., 2018 ). Also, He et al. (2012) re ported that MCA/ 
PA ra tio is a very im por tant cri te rion for eval u at ing milk clot ting en - 
zyme as a ren net sub sti tute. Since MCE with high PA would ex tremely 
hy drolyze ca sein caus ing re duc tion of cheese yield, weak nesses of fla - 
vor and tex ture. In this study, MCA/ PA ra tio and PA were cal cu lated 
as 2353 and 0.34 U/ ml, re spec tively at the op ti mum re ac tion con di - 
tions. This MCA/ PA ra tio is much higher than those re ported by 
Ismail (2019) for calf ren net ex tract (MCA/ PA was 1470, MCA was 
455.7, PA was 0.31 U/ ml) and for com mer cial calf ren net (MCA/ PA 
was 613.2, MCA was 288.2, PA was 0.47 U/ ml). Much lower MCA/ PA 
ra tio (9.7) was ob tained by Lizardi - Jiménez et al. (2019) for crude 
MCE from Rhi zo pus mi crospores var. chi nen sis . There fore, the crude ex - 
tract from B. sub tilis MK775302 with its high milk clot ting ac tiv ity 
and low pro te olytic ac tiv ity is suit able for cheese man u fac ture and 
can be con sid ered as an ap pro pri ate ren net sub sti tute. 

3. 5 . Physico - chemical properties of white soft cheese 

3. 5. 1 . Moisture content 
The mois ture con tents of fresh cheese sam ples were 65.54 and 

65.4% for the com mer cial ren net (con trol), and B. sub tilis MK775302 
crude ex tract cheese, re spec tively. The mois ture con tents of the two 
treat ments are al most sim i lar. It is well known that the high acid ity 

Fig. 5 . Ef fect of NaCl con cen tra tion on Bacil lus sub tilis MK775302 MCA. 
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due to starter growth in the milk re duces the co ag u la tion time, and 
de creases the mois ture con tent ( El - Abd et al., 2003 ). 

3. 5. 2 . Titratable acidity (TA %) 
Changes in titrat able acid ity (TA) of white soft cheese made from 

com mer cial mi cro bial ren net (con trol) and B. sub tilis MK775302 MCE 
are pre sented in Fig. 6 . The re sults showed that TA of fresh UF - white 
soft cheese sam ples were 0.17 and 0.20% for con trol and crude en - 
zyme cheeses, re spec tively. The cor re spond ing val ues of acid ity af ter 
4 weeks of stor age were 2.14 and 2.44% for the same treat ments. The 
ob tained data in di cated that white soft cheese made with crude MCE 
had higher TA than con trol cheese. A sim i lar ob ser va tion was ob - 
tained by Ahmed et al. (2016) when crude MCE from Bacil lus 
stearother mophilus was com pared with a com mer cial co ag u lant. This 
might be due to the ac cu mu la tion of lac tose degra da tion prod ucts 
such as lac tic acid and other volatile acids ( Merheb - Dini et al., 2010 ; 
Lemes et al., 2016 ). TA was in creased in both treat ments dur ing the 
stor age pe riod (28 days), since it was in creased from 0.17 to 2.14% 
and from 0.20 to 2.44% for the con trol and crude en zyme, re spec - 
tively. In creas ing the acid ity dur ing stor age is due to lac tose fer men - 
ta tion in the pres ence of starter cul tures with the pro duc tion of acidic 
com pounds and also due to degra da tion of in ter me di ates com po nents 
of pro tein and fat ( El - Din et al., 2010 ; El - Kholy, 2015 ; Khalifa and 
Wahdan, 2015 ; Ahmed et al., 2016 ). 

3. 5. 3 . pH values 
The pH of pro tein - rich food is an im por tant step in the pro duc tion 

of cheese. The fi nal qual ity of cheese can be af fected by the type of 
co ag u lant used. The re sults in Fig. 7 showed that pH of fresh UF - white 
soft cheese sam ples was 6.11 and 5.90 for the con trol, and B. sub tilis 
MK775302 crude ex tract cheese, re spec tively. There was a con sid er - 
able de crease in pH of the con trol and crude en zyme cheese treat - 

Fig. 6 . Titrat able acid ity per cent age of UF white soft cheese treated with dif - 
fer ent co ag u lants dur ing the stor age pe riod. 

Fig. 7 . pH value of UF white soft cheese treated with dif fer ent co ag u lants dur - 
ing the stor age pe riod. 

ments through out the stor age pe riod (28 days) since it was de creased 
from 6.11 to 4.2 and from 5.90 to 4.0, re spec tively. The de crease in 
pH val ues dur ing mat u ra tion may be due to the pres ence of bac te ria 
(mainly lac tic acid bac te ria) that re sist pas teur iza tion and the pres - 
ence of starter bac te ria af ter pas teur iza tion ( Guo et al., 2011 ; Ahmed 
et al., 2016 ). This de crease in pH is very im por tant to pre vent path o - 
genic bac te r ial growth dur ing ripen ing ( Ahmed et al., 2016 ). 

3. 5. 4 . Total nitrogen (TN %) 
The to tal ni tro gen in UF - white soft cheeses with the two dif fer ent 

co ag u lants was il lus trated in Fig. 8 . The re sults in di cated that TN con - 
tents in the two ex per i mented cheese sam ples were grad u ally in - 
creased with the ad vance ment of the stor age pe riod and this might be 
due to the de crease in the mois ture con tents in cheese. Sim i lar find - 
ings were ob served by other au thors ( El - Kholy, 2015 ; Hattem and 
Hassabo, 2015 ). 

3. 6 . Ripening indices of cheese 

3. 6. 1 . Soluble nitrogen (SN or WSN %) 
The sol u ble ni tro gen (SN) is re garded as a ripen ing in dex for 

cheese as it re flects the ex tent of pro te ol y sis ( Chen et al., 2003 ). Fig. 9 
in cludes the SN in the ex per i mented UF soft cheese sam ples dur ing a 
pe riod of 28 days at 5  °C. It was clear that in both cheese treat ments 
the rate of ac cu mu la tion of SN in creased with the pro lon ga tion of the 
stor age pe riod and this might be at trib uted to in creas ing the rate of 
pro te ol y sis. Sim i lar ob ser va tions were no ticed by other au thors 
( Khalifa and Wahdan, 2015 ; Meng et al., 2018 ). The fresh cheese of 
the crude en zyme ex tract had higher SN con tent (0.18%) com pared to 
the con trol (0.17%). Af ter 28 days, the crude en zyme cheese sam ple 
also had higher SN con tent (0.66%) than the con trol sam ple (0.58%). 
This could be due to the ac tiv ity of pro teinases and pep ti dases re - 
leased from B. sub tilis MK775302 crude MCE, which re sulted in higher 
pro te ol y sis in the cheese sam ple. 

Fig. 8 . To tal ni tro gen per cent age of UF white soft cheese treated with dif fer - 
ent co ag u lants dur ing the stor age pe riod. 

Fig. 9 . Sol u ble ni tro gen per cent age of UF white soft cheese treated with dif - 
fer ent co ag u lants dur ing the stor age pe riod. 



Biocatalysis and Agricultural Biotechnology 25 (2020) 101589

9

H.R. Wehaidy et al. 

3. 6. 2 . Total volatile fatty acids content (TVFA) 
The rate of ac cu mu la tion of TVFA (ml of 0.1  N NaOH/ 100  g 

cheese) in creased with in creas ing the stor age pe riod in both treat - 
ments. The val ues of TVFA in fresh sam ples were 17.34 and 18.81 for 
the con trol and crude en zyme cheese, re spec tively. The cor re spond ing 
val ues af ter 4 weeks were 94.07 and 94.35 for the same treat ments. 
There fore, the crude en zyme cheese pos sessed a higher value of TVFA 
com pared to the con trol. These vari a tions could be due to the dif fer - 
ent lipoly tic ac tiv ity of the two co ag u lants. Other au thors also ob - 
served a grad ual in crease in TVFA con tents through out the ripen ing 
pe riod which might be at trib uted to in creas ing the rate of lipol y sis 
dur ing the ripen ing pe riod ( El - Hawary et al., 2015 ; Hattem and 
Hassabo, 2015 ). 

3. 7 . Textural profile analysis (TPA) 

The re sults of dif fer ent TPA pa ra me ters are pre sented in Table 5 . 
Dur ing the stor age pe riod, the cheese hard ness was grad u ally in - 
creased in both treat ments. How ever, the crude en zyme cheese ex hib - 
ited lower hard ness than the con trol treat ment. Awad (2016) also re - 
ported an in crease in the hard ness of Kar ish cheese dur ing the stor age 
pe riod which is in agree ment with the pre sent re sults. Changes in 
hard ness can be at trib uted to the changes in the to tal solids con tent of 
cheese, as a closed re la tion was ap par ent be tween hard ness and the 
to tal solids. How ever, this does n't ex clude the ef fect of changes in 
acid ity on the ob served hard ness. The crude en zyme cheese treat ment 
ex hib ited lower gum mi ness than the con trol cheese. The gum mi ness 
also was af fected by two fac tors, the co ag u lant and the stor age pe riod. 
Gen er ally, dur ing the stor age pe riod (28 days) gum mi ness tended to 
in crease in all treat ments. Sim i lar to gum mi ness, the chewi ness of soft 
cheese sam ples from both treat ments was in creased up to 28 days of 
stor age. The con trol cheese also ex hib ited higher chewi ness than the 
crude en zyme treat ment. This dif fer ence in tex tural prop er ties be - 
tween sam ples might be due to the type of co ag u lant and the dif fer - 
ence in free amino acids and fatty acids con tents. Changes in tex ture 
pro file dur ing the stor age pe riod can be gen er ated by pro te ol y sis, gly - 
col y sis, lipol y sis and pH changes ( Lemes et al., 2016 ). 

3. 8 . Sensory evaluation 

The ac cept abil ity of both treat ments was in creased with ex tend ing 
the stor age pe riod. Af ter 28 days stor age pe riod, the gen eral ac cept - 
abil ity of cheese sam ples as to tal scores were 90 and 86.5 points for 
the con trol and crude ex tract cheese sam ples, re spec tively ( Fig. 10 ). 

Table 5 
Tex tural pro file analy sis of Soft cheese treated with dif fer ent co ag u lants dur - 
ing ripen ing. 

Textural properties Ripening Period (day) Treatments 

  Control Crude extract 

Hardness N 0 3.60 2.00 
 7 3.60 2.30 
 28 4.00 2.60 
Cohesiveness (B/A area) 0 0.719 0.640 
 45 0.729 0.630 
 90 0.747 0.677 
Springiness Mm 0 0.777 0.642 
 7 0.791 0.639 
 28 0.797 0.751 
Gumminess N 0 2.589 1.280 
 7 2.624 1.449 
 28 2.989 1.761 
Chewiness N/mm 0 2.011 0.822 
 7 2.074 0.926 
 28 2.382 1.322 

N = Newten, mm  =  Mil lime ters. 

Fig. 10 . Sen sory eval u a tion dur ing stor age of UF white soft cheese treated 
with dif fer ent co ag u lants dur ing the stor age pe riod. 

These re sults in di cated that the cheese made by B. sub tilis MK775302 
crude ex tract is ac cept able and had a slightly lower score com pared to 
the con trol cheese sam ple (only 3.5 points dif fer ence). This vari a tion 
in ac cept abil ity may be due to the dif fer ences in the free fatty acids 
and amino acids con tents of each treat ment which have a sig nif i cant 
in flu ence on the fla vor of the pro duced cheese. Usu ally, cheese made 
by MCE de rived from Bacil lus has un pleas ant taste due to the high bit - 
ter pep tides con tents ( Singh et al., 2005 ; Meng et al., 2018 ). How ever, 
the cheese made by B. sub tilis MK775302 crude ex tract in this study 
had no bit ter ness even af ter 28 days stor age pe riod. 

4 . Conclusions 

It can be con cluded that B. sub tilis MK775302, iso lated from the 
ma rine sponge Pseudo cer atina ara bica is an ex cel lent pro ducer for 
MCE. The op ti miza tion process us ing the PB and CCD fac to r ial de signs 
showed a great ef fect on MCE pro duc tiv ity. Af ter op ti miza tion, pro - 
duc tiv ity was in creased by 2.3 - fold when com pared with the non - 
optimized medium. The crude ex tract from B. sub tilis MK775302 was 
used for cheese man u fac ture and yielded ac cept able UF white soft 
cheese with higher ripen ing in dex, higher fla vor in ten sity, and lower 
pH com pared to the com mer cial mi cro bial ren net. So, this study rec - 
om mended us ing the crude en zyme ex tract from B. sub tilis MK775302 
as a promis ing ren net sub sti tute that can re place the com mer cial co - 
ag u lants in the lo cal mar kets. The ex ploita tion of or ange peel and rice 
straw in the pro duc tion medium of fered the ad van tages of low er ing 
the pro duc tion costs and solv ing en vi ron men tal pol lu tion prob lems. 
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