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ABSTRACT 

The use of alkaline protease as commercial catalysts has increased significantly in 

recent years. Often main industrial and commercial uses, like the food fabric and medical 

diagnostics industries depend heavily on the protease enzyme. The free movement of 

enzymes is constrained in the cell immobilization technique and a continuous fermentation 

method can be used. The procedure was usually used with different carriers, such as 

chitosan, agar and alginate, to create alkaline proteases. In conjunction to the 

encapsulation of an enzyme using an Encapsulator instrument, we attempted to use this 

technique to examine the implementation of individual matrices to immobilize the protease 

enzyme. This enzyme was previously recovered from Bacillus Pseudofirmus Mn6 

EU315248. Some physical characteristics of the immobilized enzyme such as activity 

temperature, pH effect and operational stability were assessed. Results revealed that the 

maximum pH stability attained throughout the chitosan matrix-entrapped enzyme, when 

incubated at pH of 10.5 for 15min. is nearly 200%.  The protease enzyme immobilized in 

chitosan, displayed excellent stability when incubated at 50
o
C for 1h with a local detergent. 

The enzyme retained its maximal activity even after 1h of incubation with the majority of 

the tested detergents. Washing performance of the immobilized alkaline protease was also 

applied on two types of dirty cloth spots, i.e. blood and chocolate spots. Results confirmed 

that the immobilized protease enzyme must be used as one of the ingredients in the 

detergents industry. 
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 INTRODUCTION 

Enzymes are effective in the industrial and pharmaceutical processes, as well as in 

the sector of biotechnology (Sharifi, et al., 2019). In 2010, the supplementary market 

demand for industrial enzymes was 3.3 billion dollars, whereas in 2015 it was 4.94 billion 

dollars (BBC Research Report 2011).  

Proteases are one of the biggest and most complex enzyme classes recognized up 

till now. Such enzymes hydrolyze proteins into small peptides or free amino acids. Alkaline 
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proteases are among the most prominent classes of industrial enzymes in detergents, 

clothing and meat sectors. They comprise 35% revenue of the microbial enzymes 

(Ramnani, et al., 2005). Grebshova et al., (1999); Moreira et al., (2002) reported that the 

application of proteases to the detergents significantly increased the washing benefits, by 

eliminating protein including blood and eggs, subsequently reducing pollution. Based on 

their expression at various pH values, proteases are graded as acidified, acidic and/or 

alkaline (Al-Shehri, et al., 2004).   Lopez, et al., (1997) defined immobilization as a term 

used to describe large variety of spherical perforations of the cells or particles attached 

and\or immobilized. It can be applied to every biocatalyst type of animal or plant cells, 

including enzymes and cell organs. The study of Peinado, et al., (2006) pointed that, the 

different types of immobilization technologies have widespread use in pharmaceutical, 

agricultural, food, biotechnological sectors, as well as in biosensor industries.  Currently, 

the majority of cleaning products is based on similar structures, and involves the use of 

similar ingredients. Previous study of Susumu, et al., (1998) reported that the formulation 

of detergents of high consistency usually contain one or more enzymes, in order to improve 

their effectiveness.  

Recent study of Sharifi, et al., (2019) demonstrated that enzyme immobilizations 

have more advantages over free enzymes, as the simplicity of products separation facilitates 

the implementation of the enzymes and supports an efficient response technology. On the 

other hand, the reuse of enzymes offers cost benefits, which are often an important 

requirement for enzyme-catalyzed processes. According to Melo et al., (2017), the 

characteristics of immobilized enzymes are based upon the features of both the enzyme and 

the carrier. The unique dynamic existence of the former guarantees a defined enzyme with 

distinguished chemical, biological, mechanical and kinetic properties. 

Protease immobilization into proper support structures serves a vital role in diverse areas of 

the development and detergent factories. Elnashar et al., (2014) added that enzyme 

immobilization enables quick isolation and reuse of the enzyme from the products. Indeed, 

it is necessary to properly choose the immobilization methods and materials, to reduce its 

disadvantages. Previous study of Bommarius and Paye, (2013) revealed that enzymes are 

typically immobilized using the strategies of direct adsorption, ionic attachment, covalent 

bindings, cross-linking and entrapment. The entrapment approach was regarded as the most 

applicable among these reported methods, which involves the entrapment of an enzyme 

within a semi-permeable membrane capsule used in aqueous solutions. The protease 

enzyme was obtained from Bacillus pseudofirmus Mn6 EU315248 during the study of 

Abdel-Fattah, et al., (2009). In this study, the efficiency of various matrices including; agar, 

sodium alginate and chitosan, for immobilization of the alkaline protease was 

investigated. Moreover, the temperature, pH, stability, reusability and fitness of the 

immobilized enzyme when used as a practical detergent have been also investigated, in 

order to provide modern basis for future application of the immobilized enzymes. 
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Material and Methods 

Chemicals, reagents and culture media 

All reagents used in this study were of analytical grade from MERCK (Germany), 

Sigma (USA), and Fluka (Switzerland). 

Enzyme production and preparation 

The purified alkaline protease (kept in lypholized form) was obtained from Bacillus 

pseudofirmus Mn6 during the study of Abdel-Fattah, et al., (2009). 

Enzyme immobilization using different matrices 

Immobilization using Calcium alginate  

About 0.9 g sodium alginate was suspended in 30 ml of boiling water to form a 

solution concentration of 3%, autoclaved at 121°C for 15 min. The suspension was stirred 

for 10 min. using a glass rod, allowed to cool to ambient temperature. This was held in a 

sterile syringe, and released drop wise into a cool 0.2 M CaCl2 solution with continuous 

agitation. Spherical beads were formed and kept at 4°C for 1 h. All processes were 

aseptically carried out under a laminar flow cabinet according to Johnsen, et al., (1986). We 

monitor for the impact of varying temperatures ranging from 40°C to 80°C on the 

immobilized protease enzyme and correlate it with free enzymes under different pHs values 

(9, 9.5,10, 10.5 and 11). 

Agar immobilization (Ram, et al., 2012). 

The molten agar (2 %), which has been held at 40 
o
C poured in flat Petri-plates, 

with a particular quantity of the enzyme suspension (equated to 0.03 g of lyophilized 

formulation weight). Let the agar to solidifying then cut into discs. Sterile 0.1 M phosphate 

buffer (pH 7.0) was added and kept at 4 
o
C for 1 hour. After curing, the phosphate buffer 

was rinsed and cleaned with distilled water 3-4 times and kept in the fridge. The impact of 

various temperatures of about 40 °C to 80°C is measured and also under different pH 

values (9, 9.5,10, 10.5 and 11) tested on immobilized protease enzyme and compared with 

free enzyme. 

Chitosan immobilization (Rezakhani, et al., 2014). 

Preparation of solutions 

500 mL (5%) Chitosan solution with 100 mL 1 M NaOH was developed. A 

hygienic syringe was inserted to the previous chitosan solution and drop-wise into the 

NaOH solution, a magnetic agitator was applied to the solution. It produced beads of nearly 
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3 mm width. The beads have been washed many times with sterile water to get rid of the 

excess NaOH. 

After that, alkaline protease activity tested for the immobilized constructs under pH 

values varies from 9 to 11 (at 55 °C) with a 50 mm buffer of Na Phosphate and measured 

also under temperatures between 40 °C and 90 °C (pH 10.5) was carried out to examine the 

impact of pH and temperature on the immobilized preparation of alkaline protease 

production. 

Enzyme Formulation 

 Encapsulation of protease enzyme in chitosan beads using InotechEncapsulator 

In an attempt to produce protease enzyme-chitosan beads as a pre-industrial step, 

enzyme-chitosan solution was sprayed in NaOH solution (1M) using Inotech Encapsulator 

IER-50 (Switzerland). At 550Hz and 1.40 kV, the process was calibrated. In order to 

evaluate the effectiveness of the technique, the beads were monitored for proteolytic 

activity and for loading capacity of the beads. Loading capacity (%) was calculated from 

the following equation: 

Loading capacity (%) = A1/A0x100 

Where, A0 = total activity of added enzyme 

A1 = total activity of actual entrapped enzyme 

Detergent application 

The protease (0.5 U / ml) at a concentration of 7 mg / ml was incubated over 1 h 

with different natural detergents, such as Master, Persil, Ariel, Oxi and a commercial 

detergent. Adequate aliquots have been discarded at various times duration, and standard 

test protocols have assessed the residual enzyme activities. It was contrasted with the 

controls that incubated without any detergent in identical conditions. In addition, all 

detergent solutions used were assayed for alkaline protease activity without incubating the 

enzyme to eliminate the possibility of protease (if present) embedded as a detergent 

component. 

Distaining of blood-stained and chocolate fabric 

Application of blood and chocolate stains to a white cotton fabric (4 cm
2
 x 4 

cm
2
) using a modified method (Kumar and Bhalla, 2004) was evaluating for protéase 

washing performance. The stained parts would dry up at 55
o
C in the microwave. They have 

been kept in glass bottle which contained 100 U / mL of either tested free protease 

enzyme or immobilized in chitosan in equal amounts, then complete with 20ml  glycine 
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buffer pH 10 and incubated into the glass container with  60
◦
C for 30 minutes. Under 

identical situations a control test was performed, with the exception of the addition of no 

enzymes. The elimination of stain was visually checked. 

 Assay of alkaline protease enzyme activity 

Alkalin protease assessments by adding a 50 mM Glycine NaOH buffer pH 10, to1 

% of bovine milk casein and incubated with 0.5 % NaCl at 60
◦
C, according to the 

quantitative measure of (Anson, 1938). The enzyme amount, which yielded 1μmol of 

tyrosine per minute in the assessment conditions, was denoted as one unit of enzyme 

activity. 

 Reusability of immobilized enzyme 

In order to minimize the expense of the enzyme, the reusability of the immobilized 

enzyme is very significant. When keeping in mind its fit for various applications, this is an 

important factor. The beads were re-used with the glycine-NaOH buffers (0.1 m, pH 10) 

and placed in the new reaction mixture around 10 minutes at 60ºC to assess the re-usability 

of the immobilized chitosan matrix enzyme and then were checked with proteolytic action. 

 Results 

As mentioned in material and methods different matrices were used for 

immobilization of the alkaline protease, then the effect of both temperature and pH values 

were illustrated in each case compared to free enzyme. 

The ability of specific matrices with alkaline protease entrapment methods in this 

research was investigated. The matrices used were agar, calcium alginate and chitosan 

(Figure1 b, c and d), respectively. Each form was prepared as described in material and 

method section. 
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Figure 1.(a) Free lyophilized enzyme, (b) Immobilized protease in Ca-alginate, (c) 

Immobilized protease in agar, (d) Immobilized protease in chitosan. 

Incubating the enzyme at 1 h at pH 10.5 and specific temperatures (50, 55 and 60 
o
C) (Figure 2). Thermal stability of the enzyme has been tested. The thermal stability 

pattern of protease was shown that the immobilized enzyme beads (casein 1%) is incubated 

with the substrate at variables in temperature of 40 to 90
o
C to study the effect of the 

temperature on the operation of the investigated alkaline protease enzyme. Relative activity 

(%) of the protease tests (Figures 2, a, b, c, and d) revealed that on all three separate 

matrices, the maximal thermal temperature for each free and immobilized enzyme was 

60
o
C.The proportion of the relative activity was estimated as the average of percentage of 

activity of the enzyme after incubation to its initial activity. In addition, the enzyme 

retained about 60% of its activity at 90ºC in case of using chitosan as a matrix. However, it 

was greatly deactivated at the same temperature in case of the free enzyme and also, 

alginate and agar often used as immobilization matrices. 

  

(b) (a) 

(d) (c) 
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Figure 2.Effect of temperature on Bacillus pseudofirmusM6 alkaline protease enzyme 

activity; (a)free enzyme, (b) immobilized protease in Ca-alginate, (c) immobilized protease 

in agar, (d)immobilized protease in chitosan. 

 

 

 

 

 

 

 

 

 

Figure 3.Effect of pH on Bacillus pseudofirmusM6 alkaline protease enzyme stability; (a) 

free enzyme, (b) immobilized protease in Ca-alginate, (c) immobilized protease, (d) 

immobilized protease in chitosan. 
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Results showed that the chitosan beads formulated using Inotech Encapsulator had a 

high loading capacity as they could trap about 92% of the protease enzyme. The beads were 

removed and washed after every application with the Glycine-NaOH buffer (0.1 M, pH 10) 

to create reusability of the immobilized enzyme in the chinosan matrix and included in the 

10min new reaction solution at 60
o
C and reassessed for proteolytic operation. The outcome 

showed that the chitosan-entrapped enzyme retained about 95% of its original activity after 

reusing for 3 cycles (Figure4), and this indication for the complete stability of chitosan as a 

matrix at 60◦C for at least 30min. 

 

 

 

 

 

 

 

 

Figure 4. Reusability of the protease enzyme immobilized in chitosan beads. 

To study the compatibility of the immobilized enzyme on the different matrices 

with detergents, Incubation of free and immobilized enzymes with  different marketing 

detergents such as Leader, Persil, Ariel, Oxi and commercial detergent at 7 mg / mL for 1 h 

was allowed for testing the establishment of protease in economic detergents. In the past, 

the residual behaviors were calculated and linked to the free enzyme. This was compared to 

the control that was incubated without a detergent under the same conditions. 

Results (Figure 5 a, b,c and d) showed that the immobilized protease in all matrices 

showed higher residual activities when incorporated with the commercial detergent 

(without Trade mark) compared with that of the free enzyme(Venugopal and 

Saramma,2006). In addition, protease immobilized in chitosan showed the highest relative 

activity (%) reaches up to 151.8% when incorporated with Oxi detergent (Trade mark) 

rather than it reached to 133.8% of its relative activity when incubated with Persil 

detergents (Trade mark) compared with the protease enzyme immobilized in both agar and 

alginate that gives the lowest activities. 
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Figure 5. Effect of some commercial detergents on protease enzyme activity; (a) free 

enzyme, (b)immobilized protease in Ca-alginate, (c) immobilized protease in agar, (d) 

immobilized protease in chitosan. 

Both of free and chitosan-immobilized enzyme was tested for their applicability in 

removal of blood and chocolate stains. To do this, blood and chocolate individually colored 

into white cotton cloths and oven dried for 2 hours at 55
o
C. Each piece of cloth was then 

incubated with either the free or chitosan beads-immobilized enzyme at 60ºC. Results were 

compared with that of the control which contained the cloth piece incubated with only the 

buffer. The results (Figure 6) revealed that the immobilized enzyme had higher efficiency 

than the free enzyme. This is due to its high stability in high temperature and pH values. In 

addition, it could completely remove the chocolate stain after incubating with the cloth for 

2h, while it could remove the blood stain after only 30min. 
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Figure 6. Application of protease in removal of stain: (a) chocolate stain; (a1) control, 

(a2) using free enzyme, (a3) using chitosan-immobilized enzyme, (b) blood stain; (b1) 

control, (b2) using free enzyme, (b3) using chitosan-immobilized enzyme. 

 Discussion 

In particular, increase in temperatures speed the action of the enzyme, because at 

higher temperatures, molecules migrate much quickly, so that it will be possible that the 

enzyme can interact with a substrate rapidly. It was concluded that the best temperature 

recorded to be 50
o
C for the enzyme when captured in alginate beads (Anwar, et al., 

2009).  From Figure 2 the temperature of 60
o
C for immobilized enzymes has been 

established as being the highest and safest temperature for enzyme operation. Many 

researchers recorded that the optimum temperature was as high as 50 °C (Shaheen, et al., 

2008; Boominadhan, et al., 2009). On the other hand the ideal temperature of protease 

activation has been documented at 37°C. for Bacillus pumilus SG2 and Bacillus sp. 

CFR3001 proteolyticus  (Sangeetha, et al., 2010; Nagalakshmi, and Ramesh,2009; 

Bhaskar, et al., 2007). 

The detergent contained proteases should be highly active at high pH values in 

order to be effective while washing. To evaluate the pH stability of the free and 

immobilized enzyme, buffers of specific pH values were used. The substrate was incubated 

into each of the free and immobilized enzymes for 1h and aliquots were taken every 15min 

to check the residual proteolytic activity. Results revealed that the free enzyme has the least 

pH stability as it lost its whole activity after incubation for 15min in either pH 10.5or 11. 

On the other hand, use of each of the three matrices for enzyme immobilization increased 

pH stability. The enzyme showed its highest stability when immobilized on chitosan 
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matrices followed by Ca-alginate and agar. Using chitosan as a matrix for enzyme 

immobilization caused the enzyme activity to be raised to about 200% of its original 

activity when incubated at pH 10.5 for 30min. In addition, it reached over 150% of its 

original activity after incubation in pH 10 for 15min. (Figure 3 a, b, c and d). It has been 

reported that their heavy dependence on the extracellular pH for cell proliferation and 

enzyme activity would be an important feature of many microorganisms (Kumar, and 

Takagi, 1999).This is very relevant for their potential use in detergent compositions 

(Kalisz, 1988), since the pH of the cleaning detergents is usually 9.0–12.0. This is also very 

significant. Such results match many recent reports of pH optimum of 10.0-10.5 (Banik, 

and Prakash, 2004). 

As shown from results, enzyme formulation using Inotech Encapsulator had a high 

loading capacity where they trap about 92% of the protease enzyme that is in agreement of 

that finding of (Bilal, et al., 2017) who analyzed immobilization by enclosures of 

horseradish peroxidase (HRP) in chitosan beads directed at the deterioration of clothing 

dyes. After preincubation, the granules of chitosan showed a maximum 

immobilization yield of about 92.54 %. Inotech Encapsulator is built on the creation of 

beads of a polymer that are reconstituted via a nozzle and manage automated factors (i.e. 

cutting or friction forces) to improve the correct washing medium at an orifice or disperse 

the extruder fluid that the polymer provides when passing through the nozzle. By using 

Inotech Encapsulator the beads are effectively intensified into spherical shapes / capsules 

after construction (Stark,  and Stockar, 2001; Wyss,  and  Marison, 2005). It has been used 

at the industrial scale, allowing the production of enough equal amounts of droplets (later 

made in spheres / capsules). There are 6 main options to insert an object (s) in a sheath 

relation linked to its encapsulated form, Conservation / stabilization of the incapsulant in 

response to unpredictable ecosystem reaction and/or possible positions (Security, 

Maintenance, and Handling, including protection as observed by Ghenem and Ghaly, 2004; 

Anjaniet al., 2007; Caruso, et al., 2000). Adopted the leakage capabilities of the 

encapsulating content, including protection, handling and storage as reported (Li, et al., 

2009). 

In consideration of the cost cutting of enzyme processing, the reusability of the 

immobilized enzyme is remarkably effective. This is an important aspect of understanding 

the economic vitality (Zhang et al., 2005; Wu, and Ma, 2008; Tao et al., 2006). The study 

concluded enhanced protease activity, due to immobilization gives higher level of operating 

stability and efficiency (Fortin, and Vuillemard, 1990; Kukubu, et al., 1981; Ramakrishna, 

et al., 1992; Anisha, and Prema, 2008).  

From our study it was illustrated that immobilization of protease in chitosan is the 

highest matrix over Agar and Alginate that reaches to 151.8% relative activity by 

immersion in Oxi detergent but gives about 133.8% of its relative activity by immersion 

with Persil detergent which in line with (Kumar, and Bhalla, 2004).  

 

https://infoscience.epfl.ch/search?f1=author&as=1&sf=title&so=a&rm=&m1=e&p1=Stark%2C%20Daniel&ln=en
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Surprisingly; blood stains have been more effectively removed than eggs while 

blood penetrates more readily into the tissues. Nevertheless, our negotiated result could be 

clarified by the higher protein content of blood (Vasconcelos et al., 2006). 

The researchers indicate that in the coming day’s revenue research required in order 

to achieve the maximum efficiency in biotechnological encapsulation technique for 

pharmaceutical applications. The encapsulation strategy has clearly demonstrated efficient 

and creative in managing and guiding vast unbelievable outcomes and concepts. 

Conclusion 

The current research recorded immobilization in three distinct matrices.  When the 

protease enzyme was immobilized into the chitosan matrix, it resulted in optimum enzyme 

stabilization. The studied properties make the immobilized protease obtained from Bacillus 

pseudofirmus Mn6 a good candidate for additives in laundry detergents. The product of this 

study could be used as detergent or detergent additives. It consists mainly of a biocatalyst 

namely “alkaline protease”. The final product was found or prepared in a usable form stable 

at room temperature for 40 days and working optimally at 60
◦
C and under alkaline pH 10. 

The immobilized enzyme form in chitosan showed improved characteristics concerning 

temperature (up to 90
◦
C) and pH (up to 11) stabilities and high compatibility to work with 

many tested detergents. In future mixed enzymes can be used in one formulation optimized 

to work as detergent or /detergent additives. This study confirms the use of formulated 

detergents which comprise immobilized proteases for household washing. Proteolyses 

enzymes could be an ideal solution for use in formulas of the detergent. 
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 مع التطبيق المحلي داخل كبسولةتضمين إنسيم البروتياز 

سٕسٍ‏عجذ‏انهطٍف
*
‏َبدٌخ‏عجذ‏انًحسٍ,راٍَب‏احًذ‏,سعبد‏عجذ‏اندهٍم‏,‏

-الاسكُذرٌخ-ثزج‏انعزة‏اندذٌذح-الاثحبس‏انعهًٍخ‏ٔ‏انزطجٍمبد‏انزكُٕنٕخٍخيذٌُخ‏‏-رطٌٕز‏صُبعبد‏انزكُٕنٕخٍب‏انحٌٍٕخ

 يصز

  ,sghany2000@yahoo.comsabdellatif@srtacity.sci.egالبريذ الالكتروني للباحث الرئيسي : 

 لخص :الم

‏إنى‏رعًٍٍ‏ ‏ثبلإظبفخ ‏انجزٔرٍبس، ‏اَشٌى ‏نزثجذ‏حزكخ ‏انًخزهفخ ‏رأثٍز‏انًٕاد ‏الاسزمصبء‏ْٕ‏دراسخ كبٌ‏انغزض‏يٍ‏ْذا

‏ ‏ٔلذ ‏انزطجٍك. ‏يٍ ًُغهف‏نًشٌذ ‏ان ‏ثبسزخذاو ‏كجسٕنخ ‏داخم ‏انحزكخالإَشٌى ‏شم ‏ثٕاسطخ‏ٔاسزخذيذ‏أسبنٍت‏انزشبثك‏يع

‏ٔانكبنسٍٕو ‏ٔانشٍزٕسبٌ أخبر، ‏الاندٍُبد ‏ٔ ‏انُشبغ‏. ‏درخخ ‏انًغهف‏يثم ‏نلإَشٌى ‏ثعط‏انخصبئص‏انفٍشٌبئٍخ ‏رمٍٍى رى

ٔلذ‏رى‏دراسخ‏رأثٍز‏درخخ‏انحزارح‏عهى‏َشبغ‏‏.ٔالاسزمزار‏انزشغٍهً  (pH)ٔدرخخ‏انحزارح‏ٔرأثٍز‏انزلى‏انٍٓذرٔخًٍُ

ح‏انشٍزٕسبٌ‏أظٓز‏بدالإَشٌى‏ٔاسزمزار‏درخخ‏انحًٕظخ‏نكم‏إَشٌى‏حز‏ٔغٍز‏يعجأ.‏أظٓزد‏انُزبئح‏أٌ‏الإَشٌى‏انًحذ‏ثً

‏022ٔلذ‏ٔصم‏إنى‏حٕانً‏ .(pH) عهى‏َطبق‏ٔاسع‏يٍ‏لٍى‏انزلى‏انٍٓذرٔخًٍُ (pH) أعهى‏ثجبد‏نهذرخخ‏انٍٓذرٔخًٍُ

ح‏رى‏بدح‏انشٍزٕسبٌ‏أفعم‏يبددلٍمخ.‏ٔكبَذ‏ي‏51نًذح‏‏٪52.1‏يٍ‏َشبغّ‏الأصهً‏عُذيب‏رى‏رحعٍُخ‏فً‏درخخ‏انحًٕظخ‏

.‏ٔلذ‏رًذ‏دراسخ‏اسزمزار‏الإَشٌى‏فً‏ٔخٕد‏ثعط‏انًُظفبد‏انزدبرٌخ‏انًزبحخ‏ثٓذف‏اخزٍبرْب‏نزدزثخ‏انذفعبد‏انًزكزرح

اسزغلال‏الإَشٌى‏فً‏صُبعخ‏انًُظفبد.‏يٍ‏انًزٕلع‏أٌ‏ٌكٌٕ‏انجزٔرٍبس‏اندٍذ‏يسزمزًا‏فً‏ٔخٕد‏انًُظفبد‏انزدبرٌخ.‏فً‏

‏ٔا ‏الاسزمزار ‏رشٍزٕسبٌ ‏فً ‏رغهٍفخ ‏رى ‏انذي ‏انجزٔرٍبس ‏إَشٌى ‏أظٓز ‏انذراسخ، ‏انًُظفبد‏ْذِ ‏ٔخٕد ‏فً ‏يًزبسٌٍ نزٕافك

درخخ‏‏12انًزٕفزح‏يحهٍب‏ً)انشعٍى،‏ثزسٍم،‏آرٌٍم،‏أٔكسً،‏ردبري(‏يمبرَخ‏ثبلاَشٌى‏انحز‏عُذ‏حعبَزّ‏فً‏درخخ‏حزارح‏

سبعخ‏يٍ‏‏5يئٌٕخ‏نًذح‏سبعخ‏ٔاحذح.‏حبفع‏الإَشٌى‏حٕل‏َشبغّ‏انكبيم‏يع‏يعظى‏انًُظفبد‏انزً‏رى‏اخزجبرْب‏حزى‏ثعذ‏

‏ ‏كًب ‏انذو‏رحعٍُخ. ‏ثمع ‏ًْٔب ‏انمًبش‏انًزسخخ، ‏ثمع ‏يٍ ‏انمهٕي‏عهى‏َٕعٍٍ ‏انجزٔرٍبس ‏لاَشٌى ‏انغسٍم ‏رطجٍك‏كفبءح ٌزى

‏ٔانشٕكٕلارّ.‏أظٓزد‏انُزبئح‏أٌ‏إَشٌى‏انجزٔرٍبس‏انًغهف‏ٌدت‏أٌ‏ٌكٌٕ‏أحذ‏الإظبفبد‏فً‏صُبعخ‏انًُظفبد.

 انًُظفبد‏،‏انُسجىانُشبغ‏‏،‏يكٌٕ‏انكجسٕلاد،‏انزسكٍٍ‏،‏ثزٔرٍٍشالكلمات المفتاحية: 
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