CHAPTER V

CHARACTERIZATION OF MILK CLOTTING ENZYME PRODUCF{Q

P. acidilactici SH AND L. paracasei CF1 (,)
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5.1 INTRODUCTION

Milk clotting activity is greatly influenced by temperature, p

concentration that influence the enzymatic coagulation of
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Several micr(\ ktracellular protem%aes show activity similar to rennin and are

suitable c%—making, and the activity varies with bacteria, pH and temperature.

B. subtilis natto (Shieh et al., 2009) showed maximum enzyine activity

(Awad, 2007).

4

at pH 6 and temperature 37°C; B. badius MTCC 7727 exhibits optimum activity at pH
50 and 40 °C (Rao et al., 2007); a partially purified neutral protease from B. subtilis

showed optimum MCA at pH 7.0 and 40°C (El-Safey et al., 2004) a halotolerant B.
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aquimaris VITP4 produced extracellular protease with optimum pH 7.5 and
temperature 37°C  (Shivanand et al., 2009). A thermophillic neutral protease from
Bacillus strain HS 08t showed optimum MCA at pH 7.5 and 65°C. The mllxmg
enzyme obtained from B. subtilis YB-3 showed maximum activity at &C%th pH
stability ranging from 5.0 to 9.0. This enzyme exhibited high speciﬁciV-casein of

yak milk casemn (L1 et al., 2012). While Streptomyces pseudogWgolus NRC-15

il
Sag O ('Aostafa et al.,
. .
> F1e
\Q ces %?u;d have
specificity on x-casein similar to renin. Th (%Ml aotiVity¥io T arsi@ﬁrenin at pH

6.3 and temperature 45°C and this enz % ﬁ*‘iﬁcity for cleaving

ymc) Vo)
at Phel05-Met106 peptide bond of k% Refinet s tit@c’m microorganisms
, &

usually showed MCE with high

M%h
Sato et al. (2004) reported th%.AB 1

showed maximum enzyme activity at pH 6.5 and temperatg®

2013).

Any milk clotting enzyme both from microbial

élio (Walstra et al., 1999).

tify g.'asﬁ

ability to produce MCE WKN( clohin\ctivigmd highest MCA was recorded at

N

faecalis TUA 2495 L have

pH 6.5 and 70°C wit)
reported that MCE AQUuet by bs 5 76 showed maximum MCA at pH 7.5
) Ly

and temperature?

'1‘ | eCasein. Stoeva and Mesrob (1977)

due to the increase of 1onic force or to the saturation of negative residues of the

micelles at increasing Ca®" concentration in the medium (Merheb-Dini et al., 2010).



72

Therefore, in this study the effect of temperature, pH and calcium chloride

concentration on the MCA, and the proteolytic activity of MCE produced by tw

(P. acidilactici SH and L. paracasei CF1) were evaluated.

5.2 MATERIALS and METHODS

The optimum pH of MCA was determined at 50°C fo%ailactli

L. paracasei CF1 at different pH values using th?‘.b ]RK{

buffer (p H 5.5 to 6.5); phosphate buffer pH w;S)

milk (10% w/v) was dissolved in the buffer
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5.2.3 Effect of Calcium Chloride Concentration on Milk Clotting Activity

X

Milk substrates supplemented with different concentrations of CaClz w g@ared at

various concentrations (0.005; 0.01; 0.015; 0.02; 0.025; 0.03; 0.035 MCA and PA

were determined as described in Chapter 3 3.2.

5.2.4 Urea SDS-PAGE analysis of Milk Clotting E

Casein Fractions

The action of the MCE on casein fractions w

at variable concentrations (0.2 to 2 mg/mL) o

(Sigma-Aldrnich Qui'mica S.A)) dis% % W o % &phosphate buffer pH
&
6.2, and 0.5 ml enzyme was added\@e: $Hated for 10 min at room

e take tion stopped by adding equal

' d

| NTB !
temperature. After that, aliqle S W r ¥'th %
volumes of sample loadin;,$‘er ‘
0.01% bromophenol blﬁn 1.
min. The sample w, hlzedlzy ' 4\

hs (Mini rotgani?xo-Rad Laboratories S. A.) with 10% precast

e\l -Rad LaboratorieQ.A.) as described by Laemmli (1970). Proteins

s%with Coomassie brilliant blue.

~~
—

)

' SD&-PAGE. Electrophoresis was performed on
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5.2.5 Statistical Analyses

A one way analysis of variance (ANOVA) using MINITAB version camed

out and the P value was set 0.05 (P<0.05) for significant differences_Tukey’'s Pairwise

Comparison was used to compare mean differences on the effen@r:perature and

-4

pH and their interactions on milk clotting activity.

5.3 RESULTS

A change of pH from 6.0 to 8.0 at j

(p<0.05) affected MCA and MCA/%

The results obtained showed pH’ ;

MCA/PA of 37.5 was record%reasug
and 8.5 decreased MCA&alu t0@“ i%ld 17 SU/ml, and MCA/PA values

to 30, 19, 12, 14and%bp % ,ém&g-r&

D¢

%ed at dlffere ranging from 5.5 to 8.5 at an incubation

0°C for 30 min (Flgure 18). There was a gradual increase in PA value

tempera@
as @. reased. The highest PA value was recorded at pH 7.5 with a value of 3.6

U/ml and MCA/PA of 12. However, the PA value decreased at pH 8.5 to 1.3 U/ml

t® @t increment from 6.5, 7, 7.5, 8

The PA wa;

(Figure 19).



The MCA and MCA/PA value of enzyme produced from L. paracasei CF1 was

highest at pH 7 with values of 57 SU/ml and 21, respectively. However, mcre

pH to 7.5, 8 and 8.5 at incubation temperature of 40°C for 30 min de EQMCA

values to 55, 43 and 30 SU/ml, respectively. The PA recorded the hi hest Vélue at pH

enzyme is a neutral enzyme.

5.3.2 Effects of Temperature on Milk Clotting

The MCA and MCA/ PA of both P. acz

. .@casez CF1 were

assayed at different temperatures rang g a 's/ﬁ-lstant pH of 6.0 and
7.0, respectively. The temperature m% M ckc:[ed the values of MCA
P. acidilactici SH ; the MC cmor y]n duced were active between
30 to 55°C, but the act1 @ e 60"9‘; @gure 21). Enzymes produced by
t mad N J2
* ‘—)

est PA value wa®

incubation. € .4 U/ml at 45°C, respectively (Figure 22).

Tengme also significantly (p<0.05) affected the MCE activity of L. paracasei

CF1. The enzyme recorded the highest MCA and MCA/PA at a peak temperature of

40°C. The MCA, and MCA/PA were 57 SU/ml, and 16.2 respectively (Figure 23). On
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the other hand the highest PA was 3.5 U/ml with reduce the ratio of MCA/PA tol9 at

45°C (Figure 24) \Y‘

Figure 17: Effect of pH on MCA by P. acidilactici SH Enzymeﬁ"
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Figure 19: Eftect of pH on MCA by L .paracasei CF1 Enzyme
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Figure 21: Effect of Temperature on MCA by P.acidilactici SH Enzyme
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Figure 23: Eftect of Temperature on MCA by L. paracasei CF1 Enzyme
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5.4.3 Effect of Calcium Chloride Concentration on Milk Clotting Activity

Calcium had a positive effect on the milk clotting activity as shown in Fi X; jhe

partially-purified enzyme from P. acidilactici SH achieved maximum-kl\ of 77
SU/ml at 0.02M CaCl,, but decreased to 19 SU\ml at hig?r‘(0.035M)

MCA (SU/ml)
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Figure 26: Etfect of CaCl, Concentration on MCA of Enzyme Produced by
L. paracasei CF1

MCA (SU/ml)

Enzymes produced by

hydrolyzed k-casein a

g'é\mépproximately between 10,000 and 11,000
Da was detec@wver, a g‘t }@blysis was observed 1n a-casein produced by
S

MCE fro: wracasei CFl.

27 and 28). A nm@th
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Figure 27: Urea- PAGE of Casein Hydrolysis by P. acidilactici

SH Enzyme. Lanel a- CN. Lane 2 - CNlane 3 whole CN. Lane 4
k- casein. Lane 5 Contains Molecular Weight Protein Markers
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5.4 DISCUSSION

Milk clotting activities of microorganisms have different charactensteg:alues

The activity of the MCE 1s affected by various factors, such as p erature and

calcium chloride. Generally, milk clotting activity could not be achi ed below pH 5.5

because the casein coagulates at low pH even in the abseny he enzyme. In this

.. Q?ltyatpH6O
¥ pHoyalu s@HﬁO)

L (2P13) Vho observed

study the enzyme produced by P. acidilactici SH showe

with MCA 75 SU/ml followed by a decrease in activg at |

indicating the enzyme 1s a neutral enzyme, similar YayzWu e

that the optimum MCA of the enzyme pro%zy \‘S ¢ c}és?\;ras at pH 6.0,

The MCE from E. faecalis TUA2495@4 by Sa

PA of P. acidilactici SH mcrewom’pH

pH 7.5 then lost its actmhrH ?th , proteolytic enzymes from fungi
generally exhibit maxi \rotaq@cuv@ acidic pH (optimum pH at 5.5) such
as protease from Q _ ’}

O
t émzus as observed by Merheb et al. (2007)
s@ (}9.B_)fespeé\/ely Calf rennet showed weak activity in
L 9

ns (He et al., 2Q@" In contrast, the enzyme from L. paracasei CF1

ghest activity at pH 7.0 (MCA 55 SU/ml) followed by decrease in MCA
H (> pH 7.0) values, similar to as reported for MCE produced by B. subtilis

FP-133 Wlth highest activity at pH 7.0 (El-Safey et al., 2004).
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Temperature have variable effect on MCA. In this study the highest MCA (75 SU/ml)

was exhibited by P. acidilactici SH at 50°C and no activity at 60°C. How’?ythe

optimal milk-clotting enzyme activity by B. subtilis natto was at 60°C; | thng at

60°C for 60 min or 70°C for Smin, the milk-clotting activity was lost (% al., 2013).

B. subtilis natto and B. cereus dramatically lost their activity at %Gelachouris &

Tuchey, 1987; Shieh et al.,, 2009). The MCE of B. lic nm was completely

% (?aClg over 10mM may have a negative

fuof

‘ N
2 ati IS qtheﬁditional calcium will increase the positive

N
r\ ace of the nﬁcellécausing charge repulsion and produces weaker gel

at all (Sandra et al., 2012). In this work the MCA of enzyme produced
cidllactici SH increased from 28 SU/ml to 77 SU/ml when CaCl, was included

at 0.005M to 0.02M; MCA decreased at higher concentration of CaCl, Similarly,

highest MCA activity of microbial rennet produced by R. miehei and R. pusillus was

at 20mM CaCl; (Nouani et al., 2009). Increasing CaCl, concentration to 20mM 1n
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goat or cow milk decreased milk clotting time while at higher concentration of CaCl2

prevents milk clotting activity. In contrast the enzyme from L. paracasei CFtSpewed

highest MCA at 0.015M of CaCl2 concentration. Vairo-Cavalli et al. (20®gested

: . ki : ‘ ‘ .
that the increase 1n Ca“ concentration in the substrate increase the 1($rce or the

saturation of negative residues of the casein micelles preventin% aggregation to

form the clot.

Milk clotting activity of the P. acidilactici SH enz

casein but slightly hydrolyzed a-casein but not B ¢gsel
by, :a

' ta\et !

(Figure 10). Similar observation was report
enzyme produced by E. faecalis hydrolyzSy -asein but

=\
Qaseins and P-caseins

Chymosin was reported to act on %n \in
. Y S
(Irigoyen, 2001). However, extr nz n 7. Aﬁu antiacus hydrolysed -
5

;j
enzyme was used for the produ ﬁb& 1Ve @ades, but not curd. This selective

casein even after 60 min ok in 1t

for cheese making to produce high
at P. acidilactici SH has the enzyme

properties that ' of MCE similar to commercial rennet that

can be uset\‘Ame dairy productSJ# gel formation.

ONCLUSION

S.

The result obtained from this study suggests that both enzymes produced by P.

acidilactici SH and L. paracasei CF1 are neutral enzyme. However, the enzyme
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obtained from P. acidilactici SH can be considered as a themophilic enzyme because

the optimum. MCA temperature was at 50°C while the enzyme producv L.

paracasei CF1 1s mesophilic enzyme which recorded the highest Meh 40°C.

Calcium chloride also showed to significantly influence the MENt varying

concentration in the enzyme activity of both isolates. The speciﬁgactivity of the

enzyme from P. acidilactici SH was on casein fractions that §g tely degraded k-

casein, but L. paracasei CF1 degraded k-casein and sh



