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     Isolation, purification and characterization of milk 

clotting enzyme from leaves of Portulaca Oleracea (purslane) 

plant against animal and microbial rennet in manufacturing 

white soft cheese 

Abstract : 

The plant is a rich source of protein, especially enzymes. 

In this study, a milk clotting enzyme (MCE) was produced from 

Portulaca oleracea to be a substitute for commercial MCE. The 

first steps of partial purification were carried out by precipitation 

with ammonium sulfate (AS) and were the concentration of 

ammonium sulfate at 40% gave high the enzyme activity, 

followed by using sequential chromatographic technique of the 

most active fraction on sephadex G100 by rate purification to 

3.77, Yield with 6.59 % recovery. To the MCE of optimum 

temperature was 40 °C and the enzyme activity was stable at 20 

to 70 °C. The MCE enzyme showed the optima of pH 6 and was 

more stable in broad from pH 4.0 to 7.0. Effect of calcium 

chloride at a concentration of 25 mM gave the highest relative 

activity of the purified MCE. Sodium chloride at a concentration 

of 2 % gave the highest relative activity of the purified MCE 

139.2. The metal ions at 1 and 5 mM gave activators and 

inhibitors of the purified MCE. On the other hand, soft Cheese 

was made from pasteurized milk with rennet from microbial and 

animal sources. tow cheese treatments were made from raw milk 

and pasteurized milk using purified MCE, the results showed and 

it was found that the soft cheese making by MCE from plant 

developed lower Moisture, pH and titratable acidity, while TN, 

SN and TVFA were high in cheeses manufactured by MCE from 

Portulaca oleracea plant and displayed better flavor and greater 

acceptability than other treatments cheese. Increased rate of 

proteolysis in cheese manufactured by MCE from plant extract 

had a direct relation to accelerated ripening soft cheese. 
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 :صلخستالم

َيًَبث ويٍ ذزِ انذساةت حى َعخبش انُببث يصذس غٍُ ببنبشوحٍُ وخبصت الإ

( نُكىٌ بذَلا Portulaca oleraceaيٍ َببث انشخهت )حدبٍ انهبٍ  إَخبج إَيَى

لإَيًَبث حدبٍ انهبٍ انخدبسَت يٍ يصبدسذب انحُىاَُت وانًُكشوبُت وقذ حى إخشاء 

انخطىاث الأونً نهخُقُت انديئُت ببنخشةُب بأيلاذ كبشَخبث الايىَُىو وقذ أعطً 

% َشبط إَيًٍَ عبنٍ حلا رنك اةخخذاو حقُُت  04َخبث الايىَُىو بُسبت حشكُي كبش

 G 044انكشويبحىغشايُب انًخسهسهت نهديء الأكثش َشبطب عهً عبيىد يٍ انسُفبدكس 

%7 وكبَج دسخت انحشاسة انًثهً  97.6ويحصىل بُسبت اةخشداد  7733بًعذل حُقُت 

دسخت  34إنً  04سخقشا يٍ دسخت يئىَت وكبٌ َشبط الإَيَى ي 04نلإَيَى عُذ 

وكبٌ أكثش اةخقشاسا  pH 9عُذ انًثهً  pHيئىَت7 وأظهش إَيَى حدبٍ انهبٍ دسخت انـ 

وأعطً حأثُش إضبيت حشكُياث يخخهفت  pH7 374انً  pH 074يٍ َطبق واةع يٍ 

7 كًب أعطً كهىسَذ .0يٍ كهىسَذ انكبنسُىو أعهً َشبط َسبً نلإَيَى عُذ حشكُي 

(7 كًب أعظ حأثُش إضبيت 139.2لاَيَى )٪ أعهً َشبط َسبٍ نـ 0بخشكُي انصىدَىو 

يهًُىل َخبئح خُذة كًُشطبث  .و  0حشكُياث يخخهفت يٍ أَىَبث انًعبدٌ عُذ 

ويثبطبث نـلإَيَى انًُقً خيئُب7 يٍ َبحُت أخشي، حى حصُُع اندبٍ انطشٌ يٍ انهبٍ 

اَُت7 ثى حى إخشاء يعبيهخٍُ انًبسخش ببةخخذاو انًُفحت يٍ يصبدس يُكشوبُت وحُى

نهدبٍ يٍ انهبٍ انخبو وانهبٍ انًبسخش ببةخخذاو الاَيَى انًُقً انًسخخهص يٍ انُببث، 

وأظهشث انُخبئح أٌ صُبعت اندبٍ انطشٌ بىاةطت الإَيَى انًُقً يٍ يصذس َببحً 

و  SNو  TNحًىضت أقم، بًُُب كبَج يحخىي و pHطىسث سطىبت ودسخت 

TVFA انًصُىع بىاةطت الاَيَى انًُقً يٍ َببث انشخهت عبنُت يٍ اندب ٍ

Portulaca oleracea  وأظهشث َكهت أيضم وقبىلاا أكبش يٍ خبٍ انًعبيلاث

الأخشي7 وكبٌ نيَبدة يعذل انخحهم انبشوحٍُُ يٍ اندبٍ انًصُىع بىاةطت الاَيَى 

انًدبٍ انًسخخهص يٍ انُببث علاقت يببششة بخسشَع َضح اندبٍ انطشٌ وظهىس 

 نُكهت انًقبىنت7ا

اَيَى حدبٍ انهبٍ، انخُقُت، انخحهم انبشوحًُُ، َببث انشخهت، اندبٍ  الكلمات المفتاحية:

 انطشي
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INTRODUCTION 

Recently, the demand for intermediate materials has 

increased.Over recent years witnessing dramatic progress in the 

production of new enzymes (Mamo, et al 2018). One of the 

important enzymes in making cheese is Calf rennet (EC 

3.4.23.4), which contains chymosin and is widely used as a by-

product of cheese making, this led to a decrease in the numbers 

of young calves and   increase of calf rennet’s price, Which led 

researchers in this field to search for alternatives to animal rennet 

from non-animal sources to MCE (Cavalcanti et al., 2004) 

which would satisfy to be a good alternative in cheese 

manufacture and preserve livestock. Moreover, led to much 

cheese consumption the use of plant coagulant. Recently, the 

spread of brain diseases in cows has led to reluctance to use 

animal rennet. (Roseiro et al., 2003). 

Rennet from Microbial source has proven its efficiency as 

a suitable alternative to animal rennet, But for a long time there 

has also been interest in searching for milk clotting enzymes 

from various plant sources., This is because it is safe, harmless, 

and low cost (Tavaria et al., 2001( such as chymopapain, 

papain, papaya and carican which has been  purified from 

commercial  papaya (Carica papaya  L), Also, pineapple 

(Ananas comosus L.), Cardosin B (Cynara cardunculus) and 

(Bromelia plumieri) (Goodenough & Owen, 1987., Azarkan et 

al.,1996; Zimacheve et al.,1994;  Maksimenko et al.,1990; 

Monates et al., 1990) Recently, the MCE was isolated and 

purified from Moringa (Abdeen et al., 2021) and Solanum 

elaagifoulum (Kholif et al., 2016). It was found that proteoses 

from plant sources are of interest to many people from the 

medical and nutritional aspects because they are a natural 

product that is easy to extract by hydrolysis. (Silva and 

Malcata, 2005). 
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The plant proteases used in cheese making must have a 

high clotting power with a weak proteolysis capacity (ratio milk 

clotting/proteolysis) in order to obtain a good product and free 

defects to test and off-flavor. The coagulation power of the 

enzyme depends on this ratio. To hydrolyse specifically κ-casein 

(Jacob et al., 2011). There are also many proteases that are 

unable to analysis whey proteins or analyzed the peptides into 

amino acids, which makes few plant proteases suitable for 

cheese production. 

In cheese making from the coagulants from plant have 

been used since ancient times in Mediterranean, European and 

African (Shah et al., 2014). Also, Spain and Portugal more types 

of cheeses are made using vegetable coagulant.  Traditional 

cheese making In Nigeria are used extracts from Calotropis 

procero (Shah et al., 2014). Also The extract purified enzyme 

from seeds of Solanum dubium and Solanum elaeagnifolium 

were used in the manufacture of soft cheese in Sudan and egypt 

Guiama, et al., (2010) and Kholif et al, (2016). In Mexico, the 

proteases from plant are used As an alternative to rennet in the 

manufacture of soft cheese (Gutiérrez et al., 2012). 

     From the previous information, it was the aim of this study 

was initiated to isolate purification and characterize the milk 

clotting enzyme from Portulaca oleracea and study the effect of 

using it in the manufacture of white soft cheese. 

Material and Methods 

Commercial fine grade salt such as NaCl and CaCl2 was 

obtained from El-Nasser Company, Alexandria, Egypt. pH-meter 

646 with glass electrodes, Ingold, Knick, Germany.The 

Portulaca Oleracea plant used in this study was collected from 

Umdinar station in Giza Governorate, and then the Portulaca 

Oleracea was powdered using electric grinder. The dry powder 

(50g/100ml) was macerated with different buffers to determined 
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activity of MCE in this plant (Cheded, 1975). Fresh cow's and 

buffalo’s milks were obtained from El-Serw Station, Agriculture 

Research Center, having the average of cow's and buffalo’s 

milks were as follows: T.S 12.41%, fat 4.10 %, protein 3.32 % 

and ash 0.63 %. Microbial rennet Chy-Max from (Chr Hansen., 

Holding A/S, Boege, 2970 Hoersholm, Danmark). Animal rennet 

from El-Serw Station. Cheese starter culture of Str. 

Thermophiles and L.bulgaricus. Were obtained from National 

Research Centre, Egypt 

Preparation of crude enzyme extracts with different buffers 

To obtain the highest activity of the coagulation enzyme 

from the Portulaca Oleracea, used the buffers were prepared in 

pH measurements according to Gomori (1955). Moreover. 

Three buffers (0.01M acetate, phosphate sodium hydroxide and 

citrate buffer pH 5 and dist. water pH 6.8). 

Extraction of crude enzyme in phosphate sodium hydroxide 

buffer. 

Fifty grams powder from Portulaca Oleracea were soaked 

in a flask (100 ml) for 24 hr at 5 ºC using 0.1 M phosphate 

sodium hydroxide buffer pH 5 with shaking for the first 3 hr and 

solutions were then centrifuged at 8000/g at 4 ºC for 15 min, The 

aqueous filtrate was used for testing clotting activity was carried 

out following the method by Gautama et al (2010) and 

(Abdalla et al., 2011). 

Proteolytic activity (PA)  

The PA of MCE was determined by according to Chopra 

and Mathur (1983). 

Milk clotting activity (MCA) 

The determined of MCA was according to Arima and 

Iwasaki (1970) the substrate (10 % skim milk in 0.01 M CaCl2) 

was prepared and the pH was adjusted to 6.5. The substrate (2.0 

ml) was pre incubated for 5 min at 37 °C, and add 0.2 ml of 



ISSN: 2537-0804                                                   eISSN: 2537- 0855 

 

Isolation, purification and characterizat...., Adel Kholif et al.
 

 

 237 

MCE, and the curd formation was observed at 37 °C while 

manually rotating the test tube from time to time, and The end 

point was recorded when discrete particles were discernible. One 

unit milk-clotting is defined as the amount of enzyme that clots 

10 ml from substrate within 40 min. Enzyme activity is 

calculated from the following equation: 

 
Where MCA is the milk-clotting units (U/ml), Vs is the 

volume of milk (ml), Vc is the volume of clotting enzyme added 

into the milk (m1), and tc is the time span to coagulation (sec) 

Protein content was determined calorimetrically at 595 

nm using, according to Bradford (1976). The proteolytic 

activity of MCE was determined by according to Chopra and 

Mathur (1983). Specific activity calculation is calculated by 

divide the determined MCA to the protein content. 

Purification of crude enzyme  

After obtaining the raw enzyme, the molecular 

purification stages are as follows: Three steps for achievement of 

crude enzyme extract purification: 

Step 1: Precipitation by ammonium sulfate 

Crude enzyme extract was precipitated by different 

concentrations of ammonium sulfate from 10 to 100 % 

saturation, according to Colowick and Kaplan (1955). Suitable 

quantity of solid ammonium sulfate was added to the supernatant 

and then cooling centrifuged at 8000 g for 0. min. The 

precipitate was collected with minimum quantity of 0.1 M 

phosphate sodium hydroxide at pH 5.  

Step 2: dialysis bag  

The supernatant fraction was dialyzed in the same buffer 

and pH using dialysis bag and kept in the refrigerator for 48 hr. 
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Step 3: Gel filtration by using sephadex G-100 

After the step of dialysis bag the enzyme extracts was 

purified by gel filtration method using Sephadex G-100 column 

successively (2.5 x 40 cm) and eluted with same buffer at a flow 

rate of 0.7 ml min-1. Five ml fractions were collected and 

assayed for enzyme activity and protein (mg/ml) at 280 nm 

reported by Dioxn and Webb (1968).  

Characterization of purified MCE 

Optimum pH 

The optimum pH of the pure enzyme was determined by 

replacing different buffers from 0.1 M citrate buffer pH 5 in the 

clotting assay with the following buffer: 0.1 M citrate buffer (pH 

4- 6), 0.1 M phosphate buffer (pH 6-7), 0.1 M Tris-HCl buffer 

(pH 8-9) and Glysine NaoH buffer (pH 10) according to Gomori 

(1955). The reaction was carried out using the milk clotting 

assay procedure. 

Optimum temperature and Thermal stability 

The optimum temperature of the pure enzyme was 

determined by incubating the reaction mixture of the clotting 

assay at different temperatures ranging from 20 to 100 °C for 10 

min. The enzyme activity was then assayed at each temperature 

to define the milk clotting enzyme optimal temperature, In 

addition to enzyme extract were heat treated for 15, 30, 45 and 

60 min in water baths set at different temperatures of 30 to 

100°C followed by rapid cooling to 37°C and analyzed 

immediately for residual enzyme activity ( ahmed et al., 2010) 

Effect of CaCl2 and NaCl concentrations 

The effect of the presence of various concentrations of 

CaCl2 and NaCl which ranged from (0 -50 mM) and (0-10%   (  

respectively, on purified MCE was studied.. 
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Effect of some salts and chelating agents  

The presence of 1 and 5 mM of MnSO4.H2O, 

BaCl2.2H2O, EDTA, MgCl2.6H2O, FeCl2.6H2O, ZnSO4.7H2O, 

CuSO4.5H2O, MgSO4.7H2O and NiSO4.xH2O effect on enzyme 

activity was studied.. 

 Production of soft cheese  

Soft cheese was manufactured out as illustrated by Abdel-

Salam (2010) with some modifications from the prepared milk. 

Cheese milk was heated 63±2 °C for 30 minutes, and cooled to 

38 °C, then divided into four portions: the first portion was made 

from raw milk using clotting plant extract as a control. Other 

three portion make from pasteurized milk using three 

coagulation enzymes as follows: animal, microbial and plant 

(T1, T2 and T3) were applied respectively, the other steps 

manufacturing of soft cheese were followed. The cheese samples 

were stored in saline solution  a refrigerator and stored carried 

out for 90 days at 4 °C and cheese was analyzed when fresh, 30, 

60 and 90 days of storage period for sensory properties, 

rheological, chemical and microbiological. 

Physicochemical properties 

According to AOAC methods (2012) it was determined 

that the treatable acidity (TA), moisture, total nitrogen (TN), 

soluble nitrogen (SN) and ash contents. The measured of pH 

values were using a digital laboratory pH meter (Jenway 3510, 

UK). The fat was determined by Gerber tubes (Gerber 

Instruments AG, Effretikon, Switzerland). And total volatile 

fatty acid (TVFA) was determined by method to Kosikowski 

(1982), and the value was expressed as ml of 0.1N NaOH/100g 

cheese. All tests were conducted in triplicate conducted. 

Textural profile analysis: 

TPA was performed on cheese samples according to 

Glibowski et al. (2008) 
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Microbiological analysis of white soft cheese samples  

For microbiological analysis of soft cheese, ten grams of 

each sample were homogenized in trisodium citrate (3 % w/v) as 

the first dilution, and then the following serial dilutions were 

done in sterile saline (0.85 % NaCl w/v). The pouring plate 

technique was used for enumerating microbes in the samples. 

The counts of L.bulgaricus, Str. Thermophiles and total counts 

were determined using MRS agar medium and the plates were 

incubated anaerobically at 37 ºC for 72 h. The counts of mold 

and yeast were detected on acidified potato dextrose agar (pH 

3.5) and the plates were incubated aerobically at 25 
o
C for 4 days 

(APHA, 1994). Finally, coliform counts were determined using 

violet red bile agar (VRBA) medium according to the method 

described by Mabrouk et al. (2021). The plates were incubated 

anaerobically at 37 
o
C for 24 h.  

Sensory evaluation: 

Organoleptically scored according to EN ISO 13299, 

(2016) method to Cheese samples stored at (0, 30, 60 and 90) 

days in refrigerated for characteristic of appearance, body and 

flavor by score (10, 40 and 50 points) respectively. Three 

replications for each treatment were done and judged cheese 

samples ordinary consumers and the specialists from members of 

staff the dairy science, national research center. 

Statistical analysis: 

Statistical analysis was performed using General Linear 

Model (GLM) according to SAS Institute (1990), Duncan’s 

multiple ranges. 

 Results and Discussion 

Activity of MCE from plant extracted under different 

buffering conditions 

For the extraction of the MCE, Portulaca Oleracea plant 

in dist. water and three extractions buffers were tried to select the 
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type of buffer solution that achieves maximum enzyme activity. 

The results of the effect of extraction methods on the MCE 

activity are presented in Table 1. Extraction of Portulaca 

Oleracea plant with 0.1 M phosphate sodium hydroxide pH 5 

gave the highest MCE activity (233.17 U/ml), Specific activity 

(10173.82) and Ratio specific MCE/Specific PA (141.33), 

compared to the dist. water and other buffers. The dist. water, 

acetate and Citrate buffers gave the highest activity were 101.81, 

118.18 and 148.23 U/ml, while Ratio specific MCE/Specific PA 

97.90, 103.66 and 125.61 to MCE, respectively. The results 

obtained agree with kholif et al., (2016) and Gutierrez et al. 

(2012) who found that the phosphate buffer solution gave the 

highest extraction of enzymes from plant sources. These results 

are in disagreement with Yousif et al. (1996), Ahmed et al., 

(2009) and Guiama et al., (2010) who found that extraction with 

5 % NaCl in 50 mM acetate buffer (pH 5.0) yielded higher MCA 

than other buffers. 

Table 1. Activity of plant extracted enzyme under different 

buffering conditions 

Type of 

buffers 

(0.1 M) 

 

pH 

 

MCE 

(U/ml) 

 

PA 

(U/ml) 

 

PC 

(mg/ml) 

 

 

Specific  

MCE  

Specific  

PA 

Ratio 

specific 

MCE/ 

Specific PA 

distilled 

Water 

6.8 101.81 1.04 0.021 4848.09 49.52 97.90 

Acetate  5.0 118.18 1.14 0..019 6220.00 60.00 103.66 

Phosphate   5.0 233.17 1.65 0..023 10137.82 71.73 141.33 

Citrate 5.0 148.23 1.18 0..020 7411.50 59.00 125.61 

PC. Protein content. PA. Proteolytic activity. MCE. milk clotting 

enzyme. 

Purification steps of MCE  

Ammonium sulphate 

In this study after the centrifugation process under cooling 

to the crude enzyme, the precipitation process with ammonium 
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sulfate comes as the first step in purifying the enzyme, where it 

is a preliminary ammonium sulphate (AS) saturation 

fractionation on MCA from Portulaca Oleracea plant.  Where 

the crude enzyme extract of 50 ml in the same buffer and pH the 

above mentioned was using different AS concentrations (10–100 

% saturation). The results showed that in (Table 2) 40 % 

saturation from AS gave the highest MCA, Sp, MCA, yield (%) 

and rate purification were 394.16, 11944.24, 33.80 and 1.18 

respectively, comparison the other concentrations from AS.  

Although. The results obtained indicated that the degree of 

saturation of AS greatly affected MCA, specific activity, total 

activity, Sp. MCA, yield (%) and rate purification. Accordingly, 

the range of 40 % was selected for potential purification of the 

MCE from this plant. These results are in conformity with the 

findings of Isam et al. (2009) and kholif et al. (2016) who found 

the highest MCA, and specific activity with saturation range of 

35–55%; Ahmed et al. (2009) who reported the highest total 

activity, yield and purification fold with saturation range of 40-

55%; Duarte et al. (2009) who found the best MCA at saturation 

of 40-60 %; Ahmed et al. (2010) who found the highest MCA, 

specific activity, total activity, yield (%) and degree of enzyme 

purification at saturation of 40-50 %. However, Chaiwut et al. 

(2007), Demir et al, (2008).  

Dialysis bag  

As an alternative to rennet, the proteolytic capacity must 

be less than the coagulating capacity of the enzyme so that 

defects such as off-flavor and bitter taste do not occur in the 

cheese. Therefore, it was necessary to choose the appropriate 

concentration of ammonium sulfate, which gives the highest 

coagulating capacity and the lowest proteolytic capacity. In this 

step, after the enzyme precipitated by AS at 40 % saturation is 

the best for MCE. The enzyme is stored in the dialysis bag in the 
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same buffer and pH at 4 
o
C for 24 hr to remove the remaining 

salts and then determine the activity of MCE .Enzyme activity 

was determined after step of dialysis bag, where activity gave 

(373.17 U/ml), yielded 16.04 % and 1.26 rate purification. This 

results agreement with kholif et al (2016). 

Sephadex G-100 

The third stage of the partially purified of MCE is using 

chromatographed in a column of Sephadex G-100. Where it 

showed the purification only one peak with MCE (at fraction 30) 

as shown in Table 2 and Fig. 1 which was obtained when the 

dialyzed pooled fraction was loaded on to Sephadex G-100 

column equilibrated with 0.1 M phosphate sodium hydroxide 

buffer  pH 5. Purification results of the enzyme from Portulaca 

Oleracea plant using different purification means resulted in 

3.77 rate purification with a yield of 6.59 % and specific activity 

of 38442.5. A simple purification procedure was developed in 

this study to obtain a very active and stable enzyme from 

Portulaca Oleracea plant. Results are in agreement with Calvo 

and Fontecha (2004) who showed only one peak from extract of 

hygienized kid rennet past and Albizia julibrissin, respectively 

while Egito et al. (2007) reported several proteolytic bands in 

Albizia seed extract and one diffuse proteolytic bands from 

sunflower seed extract. However, the findings of Abdalla et al. 

(2010), who concluded that two peaks with PA, were eluted 

from purification of Jacaratia. 
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 Table 2. Purification step of MCE from Portulaca Oleracea plant. 
Purification 

steps 

Volume 

(ml) 

MCE 

(U/ml) 

PC 

(mg/ml) 

Sp. 

MCE 
TA TP 

Yield 

(%) 

Rate 

purification 

Crude extract 50 233.17 0.023 10137.82 11658.50 1.15 100.0 1.00 

Ammonium 

sulfate 40 % 
10 394.16 0.033 11944.24 3941.60 0.33 77734 0703 

Dialysis bage 5 737.07 0.006 003937677 039.73. 0.00. 09740 0709 

Sephadex G -100 5 0.7733 0.040 730007. 39373. 74740  97.6 7733 

MCE=Milk clotting enzyme, PC=Protein content, TA=Total activity, TP=Total 

protein Sp. =Specific activity. 

 

 
Fig. 1. Gel filtration for the chromatography of MCE from 

Portulaca Oleracea on a Sephadex G-100 column (40 x 2.5 cm) 

the column was equilibrated with 0.1 M acetate buffer, pH 5.0 at 

a flow rate of 0.7 ml min-1 and 5 ml fractions 

 

Characterization of purified MCE 

Optimum pH 

pH always is one of the most important properties in 

enzyme production, as it directly affects  a significantly on 

enzyme activity. The results indicated that the MCE retains its 

activity in the pH range from (4 -7) where activity ranges 

between (53.3 to 62.0 % U/ml) and highest MCA was observed 

at pH 6 was (100 % U/ ml) (Fig. 2). Similar behavior of 

optimum pH was reported for MCE from Bacillus subtilis 
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MTCC 10422; and Solanum elaeagnifolium fruit seeds the 

enzyme optimal activity at pH 6.0 and  5.9 Kumari Narwal et 

al., (2016) and kholif et al., (2016), respectively, optimum pH of 

purified MCE from Streptomyces pseudogrisiolus NRC 15 was 

determined as 6.5 (El-Sayed 2013). Highest MCA of religiosin 

B was observed at pH 6.0 (Kumari et al., 2012).  

 

 
Fig. 2. Effect of pH values on purified MCE from Portulaca 

Oleracea plant 

Optimum temperature 

Temperature is an important property for determining 

enzyme function, as it greatly affects enzyme activity. Showed 

from the results in Fig. 3 the effect of different temperatures at 

rang from (20 -100 °C) on purified MCA from Portulaca 

Olerace. It was found that the enzyme maintains its activity in a 

wide temperature range from 20-70 °C, where the activity at 20 

°C was 65.54% and at 70°C was 50 %, and the MCE activity 

increased as the temperature increased from 20 to 40 °C, Where 

it gave at 40 °C activity 100 %, then the enzyme activity began 

to gradually decrease until 70 °C, followed by the activity 
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rapidly decreased where the enzyme activity decreased sharply 

until 80 °C , this is due to denaturation of the protein by thermal. 

The optimal temperature for the MCE activity was at 40 °C. 

These results to MCA are in agreement with Kumari Narwal et 

al. (2016) and kholif et al (2016); the activity of purified 

enzyme from B. subtilis MTCC 10422 starts and Solanum 

elaeagnifolium fruit seeds increasing with the increase in 

temperature and gets maxima at 45 and 40 
o
C ,respectively. (El-

Sayed, 2013), the MCE demonstrated activity at 45
o
C, (Wang 

,2009); the highest MCA of our purified MCE was at 36°C and 

this result differs from the MCE produced by Nocardiopsis sp., 

which showed the maxim  activity at 55 
o
C. Cavalcanti et al., 

(2004) mentioned that, the maximum MCA was recorded at 

65°C for Rhizomucor miehei (Walsh and Li, 2000) Bacillus 

sphaericus (El-Bendary et al., 2007).  

 

 
 

Fig. 3. Effect of temperatures on purified MCE from 

Portulaca Oleracea plant 
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Effect of CaCl2 concentrations  

Addition of calcium chloride to milk prior to curdling was 

found to favor not only the rate of reaction but also the extraction 

of clear whey, so Calcium chloride is an important factor in 

cheese making. Appropriate concentrations of CaCl2 may be 

added. To study this effect, CaCl2 was added in different 

concentrations from 1 to 50mM. As shown in Fig. 4. It was 

found that the enzyme activity increases with increasing CaCl2 

concentration even 25 mM from CaCl2, Where the enzyme gave 

activity (164 %), then the enzyme activity decreases gradually 

with increasing the concentration of CaCl2 up to 30mM to give 

activity (96 %) and then a sharp decline occurred in the activity 

of the enzyme up to 50 mM to give activity (51 %). These results 

show similar behavior with Abdalla et al. (2010). The clotting 

activity increased with increasing calcium chloride 

concentration, while coagulation time decreased, calcium not 

only creates iso-electric conditions but also creates ion bridges 

between phosphate moieties of casein micelles (Sun et al., 

2014).According to El-Sayed (2013).  
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Fig. 4.   Effect of Ca Cl2 concentrations on the purified MCE 

from Portulaca Oleracea plant 

 

Effect of NaCl concentrations  

Sodium chloride is one of the most important additives 

usually  used in cheese making, and is usually used in Egypt 

during the process of cheese manufactured because because it 

gives a distinctive taste to produce as a preservative.it protects 

milk against spoilage by microorganisms. Different 

concentrations of range from (0-10 % NaCl) were used in this 

study on the purified MCA. Results showed a gradual reduction 

in MCA observed when increasing the NaCl concentration above 

2 %. As shown in Fig. 5 The enzyme activity gradually increased 

with increasing sodium chloride concentration up to 2 % NaCl. 

The results showed that at a concentration of 1 % NaCl the 

enzyme gave an activity of 134.86 %, and at a concentration of 2 

% NaCl, the enzyme gave an activity of 139.2. Indicated that the 
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enzyme activity decreases gradually with increasing the 

concentration of sodium chloride and then a sharp decline in the 

activity of the enzyme up to 10% NaCl to give activity 8 % 

occurred. The findings are in agreement with the results obtained 

by Abdalla et al. (2010) indicated that with increasing sodium 

chloride concentration, the clotting activity decreased and 

coagulation time increased. Wahba et al. (1995) found that 

addition of NaCl to milk resulted in a marked decrease in 

clotting activity; Shehata et al. (1996) proposed that the relative 

MCA of bacterial-coagulation decrease as the concentration of 

NaCl in milk increased up to 15 %.  

 

 
Fig. 5.  Effect of NaCl concentrations on the purified MCE 

from Portulaca Oleracea plant 

 

Effect of different metal ions and other materials  
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effect of monovalent and divalent ions at different concentrations 

(1 and 5 mM) on the activity of the purified MCE used in this 

study was investigated (Fig. 6). The results showed the effects of 

different metal ions on clotting activity always exhibit 

differently. Some metal ions and other materials were added in 

concentrations (1and 5 mM), found that at concentration 1mM 

Ba
+2

 and Fe
+2

 are activators and give activity 135.89 and 110.40. 

Whereas Mn
+2,

 EDTA, Zn
+2

, Cu
+2

, Mg
+3

 and Ni
+2

 are inhibitors 

of the purified MCA. on the other hand, the Ba
+2

 at 1mM, while  

Ba
+2

 , Mg
+2

  at 5 mM were the most effective, The Mg
+3

,Ni
+2

 at 

both 1 and 5mM were the most inhibitors of the purified MCA. 

This results agreement with kholif et al., (2016), and contrary to 

our results El-Bendary et al., (2007) reported that Fe+2 ion did 

not show any effect on the enzyme activity.     

  

 
Fig. 6. Effect of different inhibitors and activators on the 

purified MCE from Portulaca Oleracea plant. 
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Effect of thermal stability 

In order to know the thermal stability of the enzyme, we 

must study the effect of different temperatures and at different 

times on the enzyme activity. Where the enzyme was incubated 

for 15-60 mins and the temperatures from 30-100 °C. The 

enzyme activity is stable at temperature from 30 to 60 °C on the 

all incubation times and there were no significant differences in 

enzyme activity at all times. Then slightly decreased in activity 

at all times at 60-70 °C. Then it began a sharp decrease in 

activity of enzyme at incubation at 70 to 80°C at all times of 

incubation until the disappearance of enzyme activity completely 

at 90 °C (Fig. 7). This result was similar to the result of (Isam et 

al., 2009), the thermo stability of the enzyme was found to be up 

to 70 ºC. Wang et al. (2009) the activity of enzyme is stable at 

40°C for 60 min, and loss of 20 % of  enzyme activity when 

Incubation at 45 °C for 20 min, while it was fully inactivated 

upon heating for 20 min at 60 °C.   

 
 

Fig. 7. Effect of thermal stability on the purified MCE from 

Portulaca Oleracea plant 
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Chemical of cheese properties 
    The composition of cheeses samples determined during 

storage time is presented in Table (3). All samples retained more 

moisture except soft cheese sample make by microbial rennet 

(T2) at fresh time. It was also reported that the moisture content 

of the cheese samples decreased with the increase in storage time 

until the end storage time.  The moisture in all cheese treatments 

decreased during storage, and the control sample made from raw 

milk and plant extract had the highest moisture values at the end 

of the storage period, giving a moisture of 64.06 compared to the 

other of the samples made from pasteurized milk and different 

coagulations, giving 63.78, 63.57 and 63.45 for T1, T2 and T3 

respectively. In all cases, control treatment making by row milk 

had lowest pH and on the contrary high acidity values as 

compared to soft cheese making by pasteruzaid milk during 

storage and in the end storage period. The pH values gradually 

decreased under the action of lactic acid starter activity in 

converting lactase sugars into lactic acid during storage and on 

the contrary in acidity. TN content of all cheese treatments 

increased, and the lowest TN content (2.81%) was in the control 

sample, and the treatment T3 gave the highest TN content (3.01 

%) at the end of the storage period. On the other hand, the 

equivalent TN increased as the ripening period extended. The 

loss of water and the rise in the cheese's total solids are the 

causes of the apparent increase. Results in Table (3) mention 

that, the level of SN in all treatments were high significantly 

0.49, 0.52, 0.57 and 0.59 % for T1, T2 and T3 respectively, and 

control sample were significantly lower 0.49 %, but were 

increased during ripening period of cheese in all treatments. The 

TVFA same approach was followed during the storage period. It 

increased in all treatments with significant differences during 

storage and its content at the end of the storage period was 17.00, 
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16.34, 15.33 and 19.69 for control, T1, T2 and T3 respectively. 

The ash content represents mainly the salt content of the cheese, 

as well the minerals from the milk captured into the cheese. Very 

slight increase of salt concentration for treatments as results of 

ripening the increase in due to the different in total solid content 

of the cheese. Fresh and ripened cheese contained (4.09/4.23), 

(4.08/4.24), (4.02/4.31) and  (4.06/4.26) cheese for control, T1, 

T2 and T3  treatments respectively, these results are similar to 

what was mentioned Abou-zeid (2015) where indicated that the 

level of soluble nitrogen, non protein nitrogen and TVFA in the 

control treatment were lower than those of the other treatments. 

Table 3. Changes of chemical composition of soft cheese with 

different coagulations during storage 

Parameter 

Storage 

period 

(Days 

Treatments 

Control T1 T2 T3 

Moisture 

(%) 

Fresh 65. 773
a
±0.08 65.720

a
±0.47

 
65. 703

a
±0.74

 
65.25

a
±0.62

 

30 65719
ab

±0.27 64.94
b
±0.57

 
64787

b
±0.24

 
64.39

b
±0.27

 

60 64751
b
±0.82

 
64. 770

c
±0.33

 
64. 707

c
±0.19

 
64.02

c
±0.22

 

90 64.09
c
±0.56

 
63.78

d
±0.52

 
63757

d
±0.48

 
63.45

d
±0.56

 

SE  0.29 0.25 0.29 0.30 

pH 

Fresh 5.85
a
±0.03

 
5.89

a
±0.01

 
5.81

a
±0.01

 
5.75

a
±0.01

 

30 5.60
b

±0.04
 

5.53
b
±0.04

 
5.59

b
±0.01

 
5.32

b
±0.55

 

60 5.29
c
±0.04

 
5.34

c
±0.10

 
5.13

c
±0.12

 
5.16

bc
±0.02

 

90 5.09
d

±0.10
 

4.75
d
±0.10

 
4.83

d
±0.07

 
4.55

bc
±0.03

 

SE  0.039 0.06 0.035 0.059 

Titratable 

acidity 

(%) 

Fresh 0.88
d

±0.01
 

0.86
d
±0.03

 
0.87

d
±0.01

 
0.83

d
±0.01

 

30 1.12
c
±0.04

 
1.24

c
±0.09

 
1.34

c
±0.04

 
1.44

c
±0.10

 

60 1.53
b

±0.15
 

1.72
b
±0.20

 
1.70

b
±0.04

 
1.85

b
±0.20

 

90 1.82
a
±0.13

 
1.94

a
±0.02

 
1.89

a
±0.10

 
1.97

a
±0.02

 

SE  0.057 0.039 0.038 0.14 

TN (%) 

Fresh 0.62
d
±0.07

 
0.34

d
±0.19

 
0.81

d
±0.10

 
0.65

d
±0.11

 

30 0.78
c
±0.08

 
2.06

c
±0.18

 
2.04

c
±0.06

 
0.52

c
±0.03

 

60 0.93
b
±0.03

 
0.35

bc
±0.07

 
0.33

b
±0.04

 
0.39

b
±0.06

 

90 0.31
a
±0.03

 
0.63

a
±0.11

 
0.32

a
±0.04

 
7.41

a
±0.06

 

SE  0.034 0.078 0.048 0.039 

SN (%) Fresh 0.24
d

±0.02
 

0.03
d
±0.02

 
0.34

d
±0.05

 
0.77

d
±0.05
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30 0.39
c
±0.02

 
0.77

c
±0.08

 
0.47

c
±0.05

 
0.03

c
±0.01

 

60 0.40
b

±0.01
 

0.08
b
±0.05

 
0..0

b
±0.06

 
0..7

b
±0.06

 

90 0.06
a
±0.04

 
0..0

a
±0.06

 
0..7

a
±0.07

 
47.6

a
±0.05

 

SE  0.013 0.033 0.033 0.027 

TVFA 

(0.1 ml NaOH/ 

100g) 

Fresh 6.00
d
±2.0

 
14.66

d
±1.5

 
6.11

 d
±3.1

 
04.45

d
±3.1

 

30 10.33
c
±2.5

 
00.33

c
±2.5

 
00.00

c
±2.7

 
07.02

c
±1.6

 

60 00.34
b

±2.5
 

0..00
b
±2.0

 
07.66

b
±8.3

 
09.10

b
±2.2

 

90 03.00
a
±2.0

 
09.34

a
±6.4

 
0..33

a
±5.6

 
06.69

a
±2.9

 

SE  1.49 2.04 2.87 3.44 

Ash 

(%) 

Fresh 4.49
d

±0.02
 

4.48
c
±0.02

 
4.42

c
±0.02

 
4.46

d
±0.03

 

30 4.06
c
±0.03

 
4.09

b
±0.02

 
4.49

b
±0.04

 
4.0.

c
±0.04

 

60 4.02
b

±0.03
 

4.06
b
±0.02

 
4.07

b
±0.03

 
4.00

b
±0.03

 

90 4.03
a
±0.03

 
4.04

a
±0.04

 
4..70

a
±0.04

 
4.09

a
±0.07

 

SE  0.016 0.017 0.026 0.025 

Control, soft cheese making from raw milk and plant extraction. 

T1, T2 and T3 soft cheese making from pasteurized milk and 

animal rennet, microbial rennet, and plant extract, respectively 

SE, standard error 

a, b, c..: The same small letter in in each column (cheese period) 

mean no significant difference (P≤ 0.05). 

Textural profile analysis 

 In Table 4 shows the calculated rheological parameters of soft 

cheese treatments which manufactured from pasteruzaid milk by 

different coagulations compared to those of control cheese 

manufactured by raw milk and extraction plant when fresh and 

after 90 days old soft cheese Hardness (N), Cohesiveness (area 

B/A), Springiness (mm), Gumminess (N) and Chewiness 

(N.mm) took the same trend between all treatments that were 

increased by increasing the storage period. Fresh soft cheese 

treatment T3 with plant extracted had lower hardness, 

springiness, gumminess, and chewiness and cohesiveness than 

T1, T2 and control respectively. This was correlated with the 

moisture content, and correlated with type coagulation enzyme. 

In general, during the first days of storage, values for the 

parameters tended to increase gradually at rates that were 
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influenced by moisture loss. These results agree with that 

reviewed by Abou-zeid (2015), Katsiari et al (2002), Fox et al 

(2000) and Bryant et al (1995), and are partially confirmed by 

those results of Youssef et al. (2019) , Awad et al. (2003) and 

(Kim et al., 2017). Also (El-Shibiny et al., 2018) found that the 

low moisture content during ripening lade to increase a 

consequence hardness significantly.  

Table 4: Textural profile analysis of soft cheese with different 

coagulation during storage 

  
Treatment

s 
 Ripening 

Period 

(day 

Textural 

properties 
T3 T2 T1 Control 

2.6
 b

±0.01 1.8
 b

±0.04 2.8
 b

±0.012 3.9
 b

±0.021 fresh Hardness 

N 6.60
 a

±0.03 17.5
 a

±0.07 9.30
 a

±0.02 23.9
 a

±0.03 90 

0.401
 a

±0.07 0.634
 a

±0.02 0.579
 a

±0.05 0.637
 a

±0.08 fresh Cohesiveness 

(B/A area) 0.343
 b

±0.08 0.505
 b

±0.06 0.272
 b

±0.02 0.105
 b

±0.01 90 

0.593
 a

±0.09 0.797
 a

±0.07 0.642
 a

±0.07 0.641
 a

±0.02 fresh Springiness 

Mm 0.583
 b

±0.02 0.532
 b

±0.02 0.326
 b

±0.04 0.546
 b

±0.05 90 

0.507
 b

±0.02 1.507
 b

±0.05 1.621
 b

±0.04 2.484
 b

±0.04 fresh Gumminess 

N 2.246
 a

±0.06 8.378
 a

±0.02 2.529
 a

±0.02 2.509
 a

±0.02 90 

0.441
 b

±0.02 1.404
 b

±0.07 1.041
 b

±0.09 1.592
 b

±0.02 fresh Chewiness 

N/mm 1.319
 a

±0.04 4.720
 a

±0.02 1.824
 a

±0.02 1.369
 a

±0.01 90 

Control, soft cheese making from raw milk and plant extraction. 

T1, T2 and T3 soft cheese making from pasteurized milk and 

animal rennet, microbial rennet, and plant extract, respectively. 

a, b, c..: The same small letter in in each column (cheese period) 

mean no significant difference (P≤ 0.05). 

Microbiological analysis 

The results of microbial (log cfu/ml) counts (total count, 

L.bulgaricus, Str. Thermophiles, total coliform group, yeasts and 

molds and Spore forming counts) of soft cheese treated 

manufactured by different coagulations during storage at 4 ℃  

for 90 days are presented in Table 5. The data shows the mean 

values of some microbiological properties of soft cheese treated 
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with different coagulation. The results indicated that in fresh 

storage, the total counts were 5.28, 4.22, 4.18, and 4.09 log cfu/g 

and then decreased for all treatments at the end of the storage 

time: 5.48, 4.18, 3.26 and 3.44 log cfu/g for control, T1, T2, and 

T3, respectively, as a result of the soft cheeses ageing and 

salting. (El-Rebody et al., 2014) found that the total counts 

decrease in the cheese samples that have been matured for 120 

days (2.05 x10
5
 ± 1.0

3
 x10

5
). According to (El Neenay et al., 

2013), LAB was found to be 8×107 cfu/g in fresh of enzyme 

modified cheese slurry. In other enzyme modified cheese slurry, 

LAB count ranged from 9.6 ×10
5
 cfu/g to 2× 10

8
 cfu/g7 On the 

other hand, the total number of L.bulgaricus and Str. 

Thermophiles increased at the fresh time and during storage until 

30 days, then the number began to decrease until 90 days, as 

shown in Table 57 while in all treatments of soft cheese 

manufactured by different coagulation, molds and yeasts were 

not detected in the fresh product or after 30 days of storage at 4 

℃, whereas they appeared after 60 days in treatment control, T1 

and T2 and increased up to 90 days of storage at 4 ℃, While 

molds and yeasts appeared in the T3 treatment only after 90 

days.  In all treatments. Additionally, their counts at the end of 

the storage period were 3.68, 1.36, 1.43 and 1.03 log cfu/g for 

control, T1, T2 and T3, respectively. By (El Neenay et al., 

2013), who indicated that by examination of enzyme modified 

cheese for yeasts and molds, data revealed that the counts were 

decreased after 2 weeks of the storage period for all treatments7 

While coliform bacteria were not found in all samples of soft 

cheese manufactured by different coagulation during storage 

time at 4 ℃, this is due to the hygienic conditions set during the 

manufacturing process and storage, according to (Saad et al., 

2022). 
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Table 5: Microbiological Properties of soft cheese with 

different coagulation during storage. 
Storage days control T1 T2 T3 

L.bulgaricus 

Zero 5.45
b

±0.52
 

5.21
a
±0.37

 
5.83

a
±0.17

 
5.45

a
±0.42

 

30 6.74
a
±0.06

 
5.63

a
±0.11

 
5.94

b
±0.36

 
5.75

b
±0.40

 

60 6.35
b

±0.27
 

5.22
b

±0.34
 

5.30
c
±0.10

 
4.88

bc
±0.17

 

90 5.04
c
±0.26

 
4.83

c
±0.39

 
4.80

d
±0.17

 
4.77

c
±0.20

 

SE 0.17 0.17 0.11 0.18 

Str. Thermophiles 

Zero 6.29
b

±0.19
 

6.05
b

±0.17
 

5.84
b
±0.13

 
6.17

a
±0.10

 

30 7.07
a
±0.29

 
6.40

a
±0.20

 
6.38

a
±0.21

 
6.47

a
±0.19

 

60 6.55
bc

±0.13
 

5.84
b

±0.15
 

5.72
c
±0.44

 
5.88

b
±0.24

 

Zero 5.17
d

±0.19
 

4.74
d

±0.21
 

4.42
e
±0.10

 
4.32

d
±0.26

 

SE 0.13 0.11 0.13 0.14 

Total Bacterial Counts 

Zero 5.28
b

±0.25
 

4.22
ab

±0.14
 

4.18
b
±0.14

 
4.09

ab
±0.24

 

30 5.71
a
±0.13

 
4.37

a
±0.44

 
4.50

a
±0.33

 
4.42

a
±0.42

 

60 5.93
a
±0.07

 
4.64

a
±0.50

 
4.41

ab
±0.29

 
4.37

ab
±0.23

 

90 5.48
a
±0.43

 
4.18

ab
±0.12

 
3.26

c
±0.50

 
3.44

b
±0.25

 

SE 0.16 0.19 0.17 0.20 

Mold and yeasts counts 

Zero 0.00
c
±0.00

 
0.00

c
±0.00

 
0.00

c
±0.00

 
0.00

b
±0.00

 

30 0.00
c
±0.52

 
0.00

c
±0.41

 
0.00

c
±0.00

 
0.00

b
±0.00

 

60 1.88
b

±0.52
 

0.63
b

±0.41
 

0.75
b
±0.25

 
0.00

b
±0.40

 

90 3.68
a
±0.22

 
1.36

a
±0.30

 
1.43

a
±0.37

 
1.03

a
±0.33

 

SE 0.21 0.22 0.14 0.13 

Spore forming counts 

Zero 0.00
d

±0.00
 

0.00
d

±0.00
 

0.00
c
±0.00

 
0.00

b
±0.00

 

30 0.00
d

±0.00
 

0.00
d

±0.00
 

0.00
c
±0.00

 
0.00

b
±0.00

 

60 1.54
c
±0.12 1.03

c
±0.05 0.00

c
±0.00 0.00

b
±0.00 

90 2.43
b

±0.35 1.50
b

±0.42 1.01
b
±0.18 0.06

a
±0.11 

SE 0.26 0.24 0.22 0.17 

Coliform counts 

Zero ND ND ND ND 

30 ND ND ND ND 

60 ND ND ND ND 

90 ND ND ND ND 
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Control, soft cheese making from raw milk and plant extraction. 

T1, T2 and T3 soft cheese making from pasteurized milk and 

animal rennet, microbial rennet, and plant extract, respectively. 

ND= not detected . SE, standard error 

a, b, c..: The same small letter in in each column (cheese period) 

mean no significant difference (P≤ 0.05). 

Organoleptic properties of soft cheese  

          The sensory attributes of soft cheese are the most 

important criteria that determine demand consumer and increase 

the acceptability demand on this commodity. The current section 

of the study deals with the evaluation of these sensory attributes 

using (15 persons) 10 persons from dairy science department. 

National research centre, and 5 person’s ordinary consumers as 

panelists representing Product judging panel. The jury was 

trained on cheese transactions and informed of the characteristics 

required for judging7 

     Appearance the first parameter that the consumer experience 

when tasted the products and the final score is 10 points in figure 

(3-A). Indicates that during the whole storage period (90 days) in 

saline solution at 4 C all treatments of soft cheese got the 

acceptable score significantly (p≤0.05). The corresponding 

scores  at fresh time ranged between 6.49 for control 

manufactured from raw milk and extracted plant to 7.06 for T3  

manufactured from pasteruzaied milk and extracted plantat. 

while The corresponding scores  at the end of the storage period 

were from 7.82 for T1 to 8.72 for T3 and  little change in the 

color was observed, which was still in the acceptable score 

range. The change in color may be due to a loss a little moisture. 

However, after 90 days, T3 sample with got the high score 

significantly (p≤0.05) comparison to other samples7 

     In this parameter Body &Texture the whole score is 40 

points. The Body &Texture of soft cheese is very important 
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parameter that makes the consumer prefer it and because it and 

determines the structural composition of the cheese. Table figure 

(3-B) indicate that these parameters that the texture of the all 

samples was acceptable significantly (p≤0.05) at the fresh and 

the end of the ripening period 7 

However, we observed a significant differences (p≤0.05) in 

texture among the treatments, where the T3 most acceptable 

(37.42), followed by samples T2 got score (35.09) followed by 

T1 and control sample at their end storage time. The reason may 

be due to using the different of coagulations in the samples with 

a loss of a little moisture, which leads to an increase in the 

smoothness of texture. 

         In this parameter the flavor, which has the largest share of 

consumer acceptance of soft cheese, the whole score is 50 points 

in fig (3-C). Indicates that soft cheese samples with all 

treatments at the zero were acceptable significantly (p≤0.05) 

comparison control treatment (39.34) and T3 got high score 

(41.67) at fresh time comparison with other treatments. On the 

other hand, preference increases in flavor for all cheese samples 

during storage time until the end of storage. At the end of the 

storage period, the samples were evaluated as: 42.47, 46.47, 

43.81 and 45.47 for control, T1, T2 and T3 respectively. 

     Over all, putting the three evaluations (appearance, texture 

and flavor) all together in fig (3-D) We end up with a final 

conclusion which indicates that all samples at zero time got 

preferred score significantly (p≤0.05). On the other hand, 

increase in all attributes during storage time, and after storage for 

90 days, the T3 sample maintained the preferred status (91.61) 

followed by the scores 84.99, 89.83 and 86.72 for control, T1 

and T2 samples, respectively. There were significant differences 

(p≤0.05) between all samples during the storage time. These 
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results were in agreement with Maarse, (1991), Pino et al., 

(2007) and EL Ahwal,. et al. (2019). 

 

 

  
Fig 8 , (A-D). Sensory evaluation of soft cheese with different 

coagulation during storage. 
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Control, soft cheese making from raw milk and plant extraction. 

T1, T2 and T3 soft cheese making from pasteurized milk and 

animal rennet, microbial rennet, and plant extract, respectively  

Conclusion 

This study deals with the isolation, extraction, separation 

and purification of MCE from Portulaca oleracea. The enzyme 

was purified by economical and inexpensive methods, and the 

plant source from which this enzyme was extracted is available 

in large quantities as it is a weed or agricultural waste: it can be 

used for the production of pure enzyme on a large scale. The 

enzyme was found to be stable in the presence of inhibitory 

substances such as metal ions and active over a wide range of 

temperatures and pH; thus, this enzyme can be used as an 

effective alternative to animal and microbial rennet. The enzyme 

is resistant to autolysis and can be stored at 4 °C for a long time 

without significant loss of its activity. Moreover, the high milk-

coagulating activity of the enzyme can pave the way for its use 

in the manufacture of many types of cheese, as well as other 

food and biotechnological industries. 
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