
Menoufia J. Agric. Biotechnology Volume 9  Issue 4 (2024):  73 –  77 

 

 

MENOUFIA JOURNAL OF 

AGRICULTURAL BIOTECHNOLOGY 
 

https://mjab.journals.ekb.eg 

 

73 

Title of Thesis            : Genetic Improvement of Some Trichoderma Isolates for Second-Generation 

Biofuel Production from Agricultural Wastes. 

Name of Applicant    :      Muhammad Alaa Eldin Muhammad El-Sobky 

Scientific Degree        : Ph. D. 

Department                : Genetics 

Field of study             : Genetics 

Date of Conferment  :  Mar.   13,  2024 

Supervision Committee:  

- Dr. Ragaa A. Eissa     : Prof. of Genetics, Fac. of Agric., Menoufia Univ. 

- Dr. A. I. Fahmi           :        Prof. of Genetics, Fac. of Agric., Menoufia Univ. 

- Dr. A. M. El-Zanaty    : Prof. of Genetics, Fac. of Agric., Menoufia Univ. 

- Dr. Kh. S. Abdel-Lateif: Prof. of Genetics, Fac. of Agric., Menoufia Univ. 

Summary 

Twenty-six isolates of Trichoderma spp. collected from various Egyptian locations were screened for 

their Cellulase activities via qualitative and quantitative tests. The main objective was to choose the best 

isolates that can degrade lignocellulosic biomass.  

First, we carried out qualitative screening of Cellulases in Congo red dye medium. Six isolates 

showed clear zones larger than other isolates namely, MNF-MAS-Tricho1, 6, 23, and ASI-MAS-

Tricho26. In addition, another qualitative test was done using 1% PASC media. Full plate radial growth 

was shown in isolates MNF-MAS-Tricho 2 ,3 ,5 ,6 ,12 ,15 ,18 ,21 , and 23 after 48 h incubation and the 

sporulation type was detected. 

 Second, quantitively enzymes activities (filter paper activity (FPase) assay, carboxymethyl cellulase 

assay for endo- β - 1,4-gluconase and cellobiose assay for β-glucosidase) were carried out for 2,3,4,6 and 

7 days in Mandel’s Media with CMC 0.5% as a substrate of Cellulases. We detected four isolates that 

showed highly significant FPase activities after seven days of incubation namely, MNF-MAS-Tricho 2, 

MNF-MAS-Tricho 3 MNF-MAS-Tricho 15 and MNF-MAS-Tricho 17(0.49, 0.47, 0.47 and 0.45 IU mL-1, 

respectively). 

Furthermore, Cellulase enzyme activities (FPase, CMCase and β-glucosidase) were measured in 

Mandel’s Media with Avicel 1% in SmF cultures for all isolates. Three isolates demonstrated highly 

significant FPase activities namely, MNF-MAS-Tricho1, MNF-MAS-Tricho 2 and MNF-MAS-Tricho 3 

(0.50, 0.39 and 0.49 IU mL-1, respectively). While MNF-MAS-Tricho 1 showed the highest significant 

CMCase activity (0.80 IU mL-1 ). Concerning β-glucosidase activity, MNF-MAS-Tricho 1 was the 

highest (0.78 IU mL-1 ), while MNF-MSH-Tricho 11 and MNF-MAS-Tricho15 were the lowest (0.36 IU 

mL-1 ).  

Cellulase enzyme activities (FPase, CMCase and β-glucosidase) were measured in SSF (Rice straw) 

for all isolates. Generally, all isolates indicated outstanding endoglucanase activity, when compared to 

FPase and β-glucosidase. Five isolates demonstrated highly significant FPase activities namely, MNF-

MAS-Tricho2, 6,12,18 and 23 (0.114 ,0.102, 0.103, 0.105 and 0.103 IU g-1 , respectively). MNF-MAS-

Tricho 13 showed the lowest FPase activity (0.06 IU g-1). While, MNF-MAS-Tricho 2,12,22 and 23 

showed the highest significant CMCase activity (0.156, 0.159, 0.176 and 0.168 IU g-1 , respectively) and 

the lowest were MNF-MAS-Tricho 8,11,14, and 16 (0.112 IU g-1 ). As for β-glucosidase MNF-MAS-

Tricho 2,6,12,18 and 23 were the highest in the same level without significant (0.15 IU g-1 ), while MNF-

MSH-Tricho1 was the lowest (0.076 IU g-1 ).  
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In SSF of wheat straw, two isolates demonstrated highly significant FPase activities namely, MNF-

MAS-Tricho2, and 18 (0.076 and 0.070 IU g-1 , respectively). MNF-MAS-Tricho 13 showed the lowest 

FPase activity (0.04 IU g-1 ). While MNF-MAS-Tricho 22 and 23 showed the highest significant CMCase 

activity (0.112 and 0.117 IU g-1 , respectively) and the lowest were MNF-MAS-Tricho 8,11,14, and 16 

(0.075 IU g-1 ). As for β-glucosidase, MNF-MAS-Tricho 2 and 23 were the highest in the same level 

without significant (0.103 IU g-1 ) while MNF-MSH-Tricho 20 was the lowest (0.070 IU g-1 ). 

 After all these tests we can compare enzyme production by SmF and SSF. Firstly, Using SmF 

production for high yield and high quality, but silt it can’t be used in second generation biofuel. 

Moreover, SmF still very expensive. Secondly, SSF are producing low yield of enzymes and can  be used 

in second generation biofuel. So, we need to improve the isolates that have high yield of enzyme and 

releasing high amount of glucose in SSF. 

 Moreover, the genetic diversity among the tested isolates was tested using rep-PCR marker. The 

polymorphism percentage ranged from 46.15 to 83.33%. (GTG)5 marker produced the maximum number 

of polymorphic loci (13 loci out of 18 loci) with about 83.33% polymorphism, followed by rep-10 with 

69.2% polymorphism. Furthermore, the polymorphism information content (PIC) values ranged between 

0.285 for Rep-10 and 0.340 for (GTG)5 with an average of 0.306. The tested primers exhibited high 

discriminating and resolving power.  

Moreover, we extract total genomic DNA to detect Cellulase genes by using Chb gene 

cellobiohydrolase (CBH), Bgl gene β-glucosidase (BGL) and Egl gene endoglucanase (EG). 

 In order to select the Trichoderma harzianum isolates to improve the cellulase production for second-

generation biofuel, we selected the best isolates in SSF for FPase and β-glucosidase activities. Moreover, 

selection of the best isolates that have high concentrations of glucose level after the incubation periods 

that refers to didn’t have feedback inhibition. After this selection we select MNF-MAS-Tricho 2, 6,12 ,18, 

and 23 to improve them with the protoplast fusion and genome shuffling. FU7 showed the highest 

number of observed colonies (45) in plate. FU1, FU5 and FU6 showed the lowest number of colonies 

(12,11 and 14, respectively). We selected 11 fusions from stability test.  

We can conclude that the protoplast fusion improves FPase enzyme activity in all fusants strains 

except (FU2.1 and FU2.2) in SmF, (FU1.1 and FU4.1) in SSF of untreated rice straw and (FU3.1 and 

FU3.2) in SSF of pretreated rice straw. CMCase enzyme activity was improved in all fusant strains except 

(FU2.2, FU3.1, FU6.1 and FU7.2) in SmF, and (FU4.1 and FU7.1) in SSF of untreated rice straw. β-

glucosidase enzyme activity was improved in all fusant strains except (FU2.2) in SmF.  

In general, the highest improvement of FPase activity was detected in SmF with about 153 % in 

FU1.1, SSF untreated rice straw, 283.8 % in FU4.2 and in SSF pretreated straw 431% in FU4.2. 

Moreover, the highest improving in CMCase was shown in SmF 200% in FU4.2, SSF untreated rice 

straw 350% (FU2.1 and FU2.2) and SSF pretreated straw 540% in FU7.1. Whereas β-glucosidase activity 

showed highest improvement in SmF 189% in FU5.1, SSF untreated rice straw, in 365.8% FU4.1 and 

SSF pretreated straw 406%. 

 The results of genome shuffled indicated higher improving in SH1 in SSF of pretreated straw in 

CMCase 560% (0.56 IU/g) higher than the lower parent, and 412.9 % FPase (0.266 IU/g) from lower 

parent. The improvement was detected in each SSF and SmF. Moreover, Improvement reached 310 % in 

β-glucosidase (0.62 IU/g) higher than the lowest parent. Finaly, it was clear that the glucose concentration 

in pretreated straw SSF was the highest (10.1 mg/ml). 

The bioethanol production by fermentation process started by the addition of Saccharomyces 

cerevisiae cells 8x108 cfu /mL. The glucose was consumed rapidly during the first 4 h of fermentation, 

and then it was highly consumed after 72 h this increased ethanol production which was significantly 

higher after 7 days. whereas the bioethanol was the lowest showed in SmF (2.23 ± 0.05g/l, 0.02 g/g) and 

shown maximum ethanol production by the saccharification of SSF (4.20 ± 0.13 g/l , 0.04 g/g). 
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اٌخغغ١ٓ اٌٛسارٟ ٌبعض عضلاث اٌخش٠ىٛد٠شِا لإٔخاس اٌض١ً اٌزأٟ ِٓ اٌٛلٛد اٌغ١ٛٞ ِٓ اٌّخٍفاث  عٕٛاْ اٌشعاٌت:

 اٌضساع١ت

 ِغّذ علاء اٌذ٠ٓ ِغّذ اٌغبىٟ اعُ اٌباعـذ :

 ٛس اٌفٍغفت فٝ اٌعٍَٛ اٌضساع١تدوخ اٌذسصت اٌع١ٍّت:

 اٌى١ّ١اء اٌغ٠ٛ١ت اٌضساع١ت  اٌمغُ اٌعٍّٝ :

 35/5/4246حاس٠خ ِٛافمت ِضٍظ اٌى١ٍت : 

 و١ٍت اٌضساعت، صاِعت إٌّٛف١ت   ،اٌٛسارتأعخار  ٝ    ـــــسصاء عبذ اٌعض٠ض ع١غأ.د.  ٌضٕت الإششاف:

 و١ٍت اٌضساعت، صاِعت إٌّٛف١ت   ، ارتاٌٛسأعخار    عبذ اٌفخاط ِٕذٞ اٌضٔاحٟ  أ.د. ا.د [

 و١ٍت اٌضساعت، صاِعت إٌّٛف١ت   ، اٌٛسارتأعخار   ٟ ــــعبذ اٌّض١ذ إبشا١ُ٘ فّٙأ.د.  

 و١ٍت اٌضساعت، صاِعت إٌّٛف١ت   ،اٌٛسارتأعخار    ذــــــخاٌذ صلاط اٌذ٠ٓ ِغّأ.د.  

 العربي الملخص

صّعٙا ِٓ ِٛالع ِصش٠ت ِخخٍفت حُ فغصٙا ٌٕشاط ٌٙذَ اٌغ١ٍ١ٍٛص ِٓ خلاي فطش اٌخش٠ىٛدسِا حُ  عخت ٚعششْٚ عضٌت ِٓ

الاخخباساث إٌٛع١ت ٚاٌى١ّت. واْ اٌٙذف اٌشئ١غٟ ٘ٛ اخخ١اس أفضً اٌعضلاث اٌخٟ ٠ّىٓ أْ حؤدٞ إٌٝ حغًٍ اٌىخٍت اٌغ٠ٛ١ت 

 .اٌٍضٕٛع١ٍٍٛص٠ت

عج عضلاث ِٕاطك ٚاضغت أوبش ِٓ أظٙشث  .CMCأٚلاً، لّٕا بئصشاء اٌفغص اٌٛصفٟ ٌٍعضلاث فٟ اطباق ِع 

بٕغبت  PASC بالإضافت إٌٝ رٌه، حُ إصشاء اخخباس، ٚصفٟ آخش باعخخذاَ ٚعائظ48 ٚ 45ٚ 3ٚ8 اٌعضلاث الأخشٜ ٟٚ٘

عاعت ٚحُ  61بعذ اٌخغض١ٓ ٌّذة  45ٚ 43ٚ 31ٚ 37ٚ 34ٚ 5ٚ7ٚ8ٚ 4%. ٚلذ ظٙش ّٔٛ شعاعٟ واًِ فٟ اٌعضلاث 3

 .اٌىشف اشىاي ٚطب١عت اٌخضشرُ

 (FPase, CMCase and β-glucosidaseرا١ٔاً، حُ اخخباس ٔشاط الإٔض٠ّاث و١ّا فٟ اٌخخّشاث اٌغائٍت ِٓ خلاي )  

راث أ١ّ٘ت  FPase وشو١ضة. اوخشفٕا أسبع عضلاث أظٙشث أٔشطت CMC 0.5٪ أ٠اَ فٟ ٚعائظ ِأذي ِع 7ٚ 4،5،6،8ٌّذة 

ٚعذة د١ٌٚت/ ًِ،  2.67ٚ  2.67، 2.67، 2.60وأج )   37ٚ  37ٚ 5ٚ 4وب١شة بعذ عبعت أ٠اَ ِٓ اٌغضأت ٟٚ٘ اٌعضٌت سلُ 

 عٍٝ اٌخٛاٌٟ(

 Avicel( فٟ ٚعظ ِأذي باعخخذاَ FPase ٚCMCase ٚβ-glucosidaseعلاٚة عٍٝ رٌه، حُ ل١اط أٔشطت إٔض٠ُ )  

ٟ اٌعضٌت سلُ راث أ١ّ٘ت وب١شة ٚ٘ FPaseفٟ ِضاسع اٌخخّشاث اٌغائٍت ٌض١ّع اٌعضلاث. أظٙشث رلاد عضلاث أٔشطت  1%

ٚعذة  CMCase (2.12أعٍٝ ٔشاط ُِٙ ٌـ  3ٚعذة د١ٌٚت ًِ، عٍٝ اٌخٛاٌٟ(. ب١ّٕا أظٙش  2.60ٚ 2.50، 2.72) 4ٚ5ٚ 3

ٚعذة د١ٌٚت / ًِ(، فٟ ع١ٓ واْ اٌعضلاث سلُ  2.71٘ٛ الأعٍٝ )3، واْ β-glucosidase(. ف١ّا ٠خعٍك بٕشاط 3-د١ٌٚت ًِ

 / ًِ(.ٚعذة د١ٌٚت  2.58ٚ الأدٔٝ ) 37ٚ  33

( فٟ اٌخخّشاث اٌصٍبت )لش الأسص( ٌض١ّع FPase ،CMCase ٚβ-glucosidaseحُ ل١اط ٔشاط إٔض٠ُ ٘ذَ اٌغ١ٍ١ٍٛص )

. FPase ٚβ-glucosidaseاٌعضلاث. بشىً عاَ، أشاسث ص١ّع اٌعضلاث إٌٝ ٔشاط إٔذٚصٍٛوا١ٔض ِخ١ّض، باٌّماسٔت ِع 

، 2.325، 2.324، 2.336) 45ٚ 8،34،31، 4اٌعضلاث سلُ  راث أ١ّ٘ت وب١شة ٟٚ٘ FPaseأظٙشث خّظ عضلاث أٔشطت 

ٚعذة د١ٌٚت/ صُFPase (2.28  .)ألً ٔشاط  35ٚعذة د١ٌٚت / اٌضشاَ، عٍٝ اٌخٛاٌٟ(. أظٙش اٌعضٌت سلُ  2.325ٚ 2.327

ٚعذة د١ٌٚت / اٌضشاَ،  CMCase ( ُِٙ2.378 ،2.370 ،2.378 ٚ2.381أعٍٝ ٔشاط  44ٚ45ٚ 34ٚ 4ب١ّٕا أظٙش اٌعضٌت 

 4ٚعذة د١ٌٚت/ صُ(. أِا بإٌغبت ٌـٍعضلاث سلُ  2.334) 38، ٚ 36ٚ 33ٚ 1عٍٝ اٌخٛاٌٟ( ٚواْ أدٔٝ ٔشاط فٟ اٌعضلاث سلُ 

ٚعذة د١ٌٚت /  2.37فىأج الأعٍٝ فٟ ٔفظ اٌّغخٜٛ بّع٠ٕٛت ) 45فاٌعضٌت سلُ  β-glucosidase. اِا بإٌغبت 31ٚ 34ٚ 8ٚ

 ٚعذة د١ٌٚت / صُ( . 2.278٘ٛ الأدٔٝ )3صُ( ب١ّٕا واْ اٌعضٌت سلُ 
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 2.278) 31ٚ 4عاٌٟ الأ١ّ٘ت ّٚ٘ا اٌعضٌت سلُ  FPaseفٟ اٌخخّشاث اٌصٍبت ِٓ لش اٌمّظ، أظٙشث عضٌخاْ ٔشاط 

(. ب١ّٕا أظٙش 3-ٚعذة د١ٌٚت صُ 2.26) FPaseألً ٔشاط 35اٌعضٌت سلُ Mٚعذة د١ٌٚت/ صُ، عٍٝ اٌخٛاٌٟ(. أظٙش  2.272ٚ

ٚعذة د١ٌٚت/ صُ، عٍٝ اٌخٛاٌٟ( ٚواْ أدٔٝ ٔشاط  2.334 ٚ2.337ُِٙ ) CMCase أعٍٝ ٔشاط 45ٚ 44اٌعضلاث سلُ 

٘ٛ  45ٚ 4، فمذ واْ اٌعضٌت سلُ β-glucosidaseٚعذة د١ٌٚت/ صُ( . أِا بإٌغبت ٌـ  2.277) 38ٚ 36ٚ  33ٚ  1اٌعضٌت لُ 

ٚعذة د١ٌٚت/  2.272٘ٛ الأدٔٝ ) 42 ٚعذة د١ٌٚت/ صُ( ب١ّٕا واْ اٌعضٌت سلُ 2.325الأعٍٝ فٟ ٔفظ اٌّغخٜٛ بذْٚ ِع٠ٕٛت )

 صُ(.

بعذ وً ٘زٖ الاخخباساث ٠ّىٕٕا ِماسٔت إٔخاس الإٔض٠ُ بٛاعطت اٌخخّشاث اٌغائٍت ٚاٌخخّشاث اٌصٍبت. أٚلاً، اعخخذاَ إٔخاس   

ٌٛلٛد اٌخخّشاث اٌغائٍت ٌٍغصٛي عٍٝ إٔخاص١ت عا١ٌت ٚصٛدة عا١ٌت، ٌٚىٓ اٌطّٟ لا ٠ّىٓ اعخخذاِٗ فٟ اٌض١ً اٌزأٟ ِٓ ا

اٌغ١ٛٞ. ٚعلاٚة عٍٝ رٌه، اٌخخّشاث اٌغائٍت لا حضاي ِىٍفت ٌٍغا٠ت. را١ٔاً، ٠ٕخش اٌخخّشاث اٌصٍبت   إٔخاصًا ِٕخفضًا ِٓ 

الإٔض٠ّاث ٠ّٚىٓ اعخخذاِٗ فٟ اٌض١ً اٌزأٟ ِٓ اٌٛلٛد اٌغ١ٛٞ. ٌزٌه، ٔغٓ بغاصت إٌٝ حغغ١ٓ اٌعضلاث اٌخٟ ٌذ٠ٙا إٔخاص١ت 

 ١ت عا١ٌت ِٓ اٌضٍٛوٛص فٟ اٌخخّشاث اٌصٍبت.عا١ٌت ِٓ الإٔض٠ُ ٚحطٍك وّ

. ٚحشاٚعج ٔغبت حعذد Rep-PCRعلاٚة عٍٝ رٌه، حُ اخخباس اٌخٕٛع اٌٛسارٟ ب١ٓ اٌعضلاث اٌّخخبشة باعخخذاَ ِعٍّاث 

ِٛلعًا ِٓ أصً  35اٌغذ الألصٝ ٌعذد اٌّٛالع ِخعذدة الأشىاي ) 5(GTG)%. أٔخضج علاِت 15.55إٌٝ  68.37الأشىاي ِٓ 

%. علاٚة عٍٝ رٌه، 80.4ِع حعذد الأشىاي بٕغبت  32-% ِٓ حعذد الأشىاي، ح١ٍٙا ِٕذٚب15.55لعًا( ِع عٛاٌٟ ِٛ 31

. 2.528بّخٛعظ  5(GTG)ٌـ  Rep-10 ٚ2.562ٌـ  2.417( ب١ٓ PICحشاٚعج ل١ُ ِغخٜٛ ِعٍِٛاث حعذد الأشىاي )

ٌٍىشف عٓ ص١ٕاث ٘ذَ  PCRرٌه، لّٕا اعخخذاَ أظٙشث اٌبادئاث اٌخٟ حُ اخخباس٘ا لٛة ح١١ّض ٚعً عا١ٌت. علاٚة عٍٝ 

 Bgl، ص١ٓ  Chbاٌغ١ٍ١ٍٛص باعخخذاَ ص١ٓ 

ٌخغغ١ٓ إٔخاس أض٠ّاث ٘ذَ اٌغ١ٍ١ٍٛص ٌٍٛلٛد اٌغ١ٛٞ  Trichoderma harzianumِٓ أصً اٌخغغ١ٓ حُ أخخاب عضلاث   

. علاٚة عٍٝ رٌه، FPase ٚβ-glucosidaseِٓ اٌض١ً اٌزأٟ، لّٕا باخخ١اس أفضً اٌعضلاث فٟ اٌخخّشاث اٌصٍبت لأٔشطت 

فئْ اخخ١اس أفضً اٌعضلاث اٌخٟ حغخٛٞ عٍٝ حشاو١ض عا١ٌت ِٓ ِغخٜٛ اٌضٍٛوٛص بعذ فخشاث اٌغضأت اٌّشاس إ١ٌٙا ٌُ ٠ىٓ ٌٙا 

 ٌخغغ١ٕٙا ِٓ خلاي أذِاس اٌبشٚحٛبلاعج ٚخٍظ اٌض١َٕٛ. 45، 8،34،31ٚ، 4حزب١ظ اٌخغز٠ت اٌشاصعت. بعذ ٘زا الاخخ١اس ٔخخاس 

ألً عذد ِٓ اٌّغخعّشاث  FU1 ٚFU5 ٚFU6( فٟ اٌٍٛعت. أظٙشث 67أوبش عذد ِٓ اٌّغخعّشاث اٌّشصٛدة ) FU7أظٙش 

 أذِاصًا ِٓ اخخباس اٌزباث. 33، عٍٝ اٌخٛاٌٟ(. ٌمذ اخخشٔا 36ٚ 34،33)

ٚ  FU2.1عخزٕاء )فٟ ص١ّع علالاث إٌّصٙشاث با ٠FPaseّىٕٕا أْ ٔغخٕخش أْ أذِاس اٌبشٚحٛبلاعج ٠غغٓ ٔشاط إٔض٠ُ 

FU2.2( ، فٟ اٌخخّشاث اٌغائٍت )FU1.1  ٚFU4.1( ٚ فٟ اٌخخّشاث اٌصٍبت ِٓ لش الأسص غ١ش اٌّعاٌش )FU3.1  ٚ

FU3. .)4 ُفٟ اٌخخّشاث اٌصٍبت ِٓ لش الأسص اٌّعاٌش. حُ حغغ١ٓ ٔشاط إٔض٠ )CMCase  فٟ ص١ّع اٌغلالاث اٌّذِضت

( فٟ اٌخخّشاث اٌصٍبت ِٓ لش FU4.1  ٚFU7.1اٌخخّشاث اٌغائٍت، ٚ )( فٟ FU2.2 ،FU3.1 ،FU6.1  ٚFU7.2ِاعذا )

( فٟ اٌخخّشاث FU2.2فٟ ص١ّع علالاث اٌّذِضت ِا عذا ) β-glucosidaseالأسص غ١ش اٌّعاٌش. حُ حغغ١ٓ ٔشاط أض٠ُ 

 اٌغائٍت.

، لش الأسص غ١ش FU1.1% فٟ 375فٟ اٌخخّشاث اٌغائٍت بغٛاٌٟ  FPaseبشىً عاَ، حُ اوخشاف أعٍٝ حغغٓ فٟ ٔشاط 

. علاٚة FU4.2%فٟ 653 ٚفٟ اٌمش اٌّعاٌش ِغبماً اٌخخّشاث اٌصٍبت FU4.2% فٟ 415.1اٌّعاٌش اٌخخّشاث اٌصٍبت، 

، ٚلش الأسص غ١ش اٌّعاٌش اٌخخّشاث FU4.2%فٟ 422 فٟ اٌخخّشاث اٌغائٍت CMCaseعٍٝ رٌه، ظٙش أعٍٝ حغغٓ فٟ 

-β. فٟ ع١ٓ أظٙش ٔشاط FU7.1% فٟ 762 ِغبماً اٌخخّشاث اٌصٍبت( ٚاٌمش اٌّعاٌش FU2.1 ٚFU2.2% )572 اٌصٍبت

glucosidase فٟ 310 أعٍٝ حغغٓ فٟ اٌخخّشاث اٌغائٍت%FU5.1 ٟلش الأسص غ١ش اٌّعاٌش اٌخخّشاث اٌصٍبت، ف ،

587.1 %FU4.1 628 ٚاٌمش اٌّعاٌش ِغبماً اٌخخّشاث اٌصٍبت.% 
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بٕغبت  CMCaseفٟ اٌخخّشاث اٌصٍبت ٌٍمش اٌّعاٌش ِغبماً فٟ  SH1أشاسث ٔخائش خٍظ اٌض١َٕٛ إٌٝ حغغٓ أعٍٝ فٟ  

ٚعذة د١ٌٚت / صُ( ِٓ الاب الألً. حُ  2.488) FPase٪ 634.0ٚعذة د١ٌٚت / صُ( أعٍٝ الاب الأعٍٝ، ٚ ٪2.78 )782

-β% فٟ 532اٌىشف عٓ اٌخغغٓ فٟ وً اٌخخّشاث اٌصٍبت ٚاٌخخّشاث اٌغائٍت. علاٚة عٍٝ رٌه، ٚصً اٌخغغٓ إٌٝ 

glucosidase (2.84  أعٍٝ ِٓ الاب الألً. ٚأخ١شا، واْ ِٓ اٌٛاضظ أْ حشو١ض اٌضٍٛوٛص فٟ اٌمش )َٚعذة د١ٌٚت/صشا

 ٍِغُ / ًِ(. 32.3اٌّعاٌش ِغبما واْ الأعٍٝ )

. حُ اعخٙلان اٌضٍٛوٛص بغشعت Saccharomyces cerevisiaeبذأ إٔخاس الإ٠زأٛي اٌغ١ٛٞ بع١ٍّت اٌخخ١ّش بئضافت خلا٠ا 

عاعت، ِّا أدٜ إٌٝ ص٠ادة إٔخاس الإ٠زأٛي ٚاٌزٞ واْ  74عاعاث ِٓ اٌخخ١ّش، رُ حُ اعخٙلاوٗ بشىً وب١ش بعذ  6أٚي خلاي 

صُ /  2.27±  4.45أ٠اَ. فٟ ع١ٓ واْ الإ٠زأٛي اٌغ١ٛٞ ٘ٛ الأدٔٝ اٌّٛضظ فٟ اٌخخّشاث اٌغائٍت ) 7أعٍٝ بشىً ٍِغٛظ بعذ 

صُ  2.26صُ / ٌخش،  2.35±  ٠6.42زأٛي عٓ طش٠ك حغىش اٌخخّشاث اٌصٍبت )صُ / صُ( ٚأظٙش ألصٝ إٔخاس ٌلإ 2.24ٌخش، 

 / صُ(.

 

 

 

 

 

 


