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Abstract:  The effect of two cytokinins, 6-benzyleaminopurine (BAP) and kinetin (KN) and two 

auxins, naphthalene acetic acid (NAA) and indole acetic acid (IAA) each applied at 10 

concentrations with an increment of 0.5 mg/l in the in vitro shoot formation of Moris pineapple 

was evaluated in static liquid MS medium. The highest shoot formation (9 shoots per explant) 

was obtained in medium enriched with NAA but at high concentration (4.5 mg/l). The second 

best was 8 shoots per explant obtained in medium enriched with BAP at 2.0 mg/l. Out of 10 

concentrations, NAA was better than BAP at the highest 5 and less at lowest 5 concentrations 

and at all concentrations both hormones resulted in production of more shoots per explant than 

hormone free medium. Except at two concentrations, NAA and BAP were better than KN. Either 

one of these three hormones, BAP, NAA, KN could be claimed, depending on the tested range of 

concentrations, better than the others for in vitro shoot formation of Moris pineapple. All of the 

IAA concentrations, on the other hand, failed to produce more shoots than hormone free 

medium. But, the longest shoot (56 mm) obtained in medium enriched with IAA at 2.5 mg/l and 

the shortest shoots (6 mm) on medium enriched with KN at 4.0 mg/l. Seven of the IAA 

concentrations resulted in shoots longer than hormone free medium (27 mm) while the shoots 

length on the BAP, NAA and KN contained media was two times shorter than hormone free 

medium. BAP at 2.0 mg/l was the best treatment for multiplication and IAA at 2.5 mg/l was the 

best for elongation of Moris pineapple. 

Key words: Pineapple, Ananas comosus, liquid culture, in vitro multiplication. 

INTRODUCTION 

Tissue culture of pineapple were reported using 

solid medium(Bhatia and Ashwath 2002, 

Sripaoraya et al., 2003, Hamad and Taha 2008a, 

Hamad and Taha 2008c, b, Dutta et al., 2013, 

Nelson et al., 2015) Hamad,2017), semi liquid 

(Akin-Idowu et al., 2014), double phase system 

(Pérez et al., 2012), filter paper bridge 

(Mathews and Rangan 1979, 1981), direct 

placement in a  stationary liquid (Almeida et al., 

2002, Hamad and Taha 2003, Be and Debergh 

2006, Teixeira et al., 2006, Pérez et al., 2012) 

and agitated liquid culture at 50 (Kofi and 

Adachi 1993), 70(Fernando 1986), 100 

(Aydieh et al., 2000, Soneji et al., 2002, 

Zuraida et al., 2011) and 120 rpm (Zepeda 

and Sagawa, 1981). In cases in which medium 

states effect was compared, liquid was better 

than solid medium and agitated culture was 

better than the stationary one. Bioreactor 

system was also used to reduce the cost of 

pineapple in vitro culture (Escalona, et al., 

1999; Firoozabady and Gutterson, 2003; 

Scherer, et al., 2013). The most commonly 

used hormone for multiplication was BAP. It 

was used singly (Zepeda and Sagawa, 1981; 

Fernando, 1986; Aydieh et al., 2000; Almeida 

https://doi.org/10.54172/mjsc.v32i1.91
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.91&amp;domain=pdf&amp;date_stamp=2008-08-14
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et al., 2002; Be and Debergh, 2006; Hamad 

and Taha, 2008c; Akin-Idowu, et al., 2014; 

Nelson, et al., 2015) as well as in combination 

with auxins. Combinations of three hormones, 

BAP, NAA, IBA (Khatun, et al., 1997), KN, 

NAA and IBA (Mathew and Rangan, 1976; 

Rahman, et al., 2001; Soneji, et al., 2002), 

KN, NAA, IAA (Mathew and Rangan, 1981), 

BAP, IAA and IBA (Teixeira, et al., 2006), 

two hormones BAP and IAA (Gangopadhyay, 

et al., 2005;  Hamad and Taha, 2008 a and b; 

Dutta et al., 2013;) , BAP and NAA (Kofi and 

Adachi, 1993; Escalona et al. 1999; Vesco, et 

al., 2001; Firoozabady and Gutterson, 2003; 

Perez, et al., 2012; Scherer et al., 2013), and 

KN and NAA (Fitchet, 1990) were used for in 

vitro multiplication of pineapple.  

Comparison of KN and ZN (Hamad and 

Taha, 2003), and BAP and KN (Omokoio, et 

al., 2001) and BAP and NAA (Zuriada, et al., 

2011; Usman, et al., 2013) were made but at 

narrow concentration range. The effect of 

singly applied IAA, on the other hand, were 

neither reported at one fixed nor at different 

concentrations. Using of stationary liquid 

culture and application of single hormone is 

cheaper and simpler than solid medium with 

combined application of two and three 

hormones. In addition, it is well known that 

singly applied hormone could, depending on 

the applied concentrations, promote or 

suppress the in vitro shoot formation. Hence, 

when few concentrations are used for 

investigation of hormone effect, it is very 

likely that the best concentration may left out 

of comparison. The objective of this study is 

to compare the effect of two cytokinins (BAP, 

KN) and two auxins (NAA, IAA) applied 

singly each at 10 different concentrations on 

the in vitro shoot formation and elongation of 

Moris pineapple on stationary liquid MS 

medium for two months of incubation. 

MATERIALS AND METHODS 

Full strength MS medium (Murashige and Skoog, 

1962) were prepared, enriched with sucrose at 20 

g/l and divided into 41 glass jars (15 x 5 cm.) each 

received 30 ml of the medium. The jars were 

divided into five groups. The first group consisted 

of one jar, the second, third, fourth and fifth group 

each consisted of 10 jars. No hormone were added 

to the first group of jars and BAP at 0.5, 1.0, 1.5, 

2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 mg/l were added 

to the second group, KN, NAA and IAA each at 

0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 

mg/l were added to the third, fourth and the fifth 

group of jars respectively. The medium of each jar 

was adjusted to pH 5.0.  The jars were closed with 

plastic lid and the media were autoclaved at 121 
°
C and 1.5 kg/cm

2
 for 25 minutes. The content of 

each glass jar (30 ml) was dispensed under 

laminar cabinet into 3 sterilized culture tubes (10 

ml per culture) using sterilized syringe. Shoots 

obtained from Moris stock cultures were cultured 

at density of two shoots per culture tube. After 

two months of incubation under constant 

temperature of 25 
°
C and 16 hours of light 

provided by cool white fluorescent lamp, the 

multiple shoots complex was picked out of the 

culture tubes, placed over squared paper and 

separated into individual shoots for counting the 

shoots and measuring their length. The total 

shoots per culture were divided by two (explants 

density) to get the shoot formation per explant and 

the sum of the shoots length divided by the total 

shoots to get the average length of shoot.  The 

data were subjected to two ways analysis of 

variance (hormones and concentration) and the 

significance of the mean of the different 

treatments were screened by Duncan Multiple 

Range Test at p ≤ 0.05 using SPSS statistical 

package No. 11. 

RESULTS 

Analysis of variance showed significant 

differences between hormone types (p ≤ 0.000), 

concentrations (p ≤ 0.003) and significant 

interaction between the two factors (p ≤ 0.005). 

Average overall concentrations showed that BAP 

and NAA resulted in highest shoot formation (5.7 

and 5.9 shoots) and KN in intermediate shoot 

formation (4.6 shoots) and each of these 

hormones resulted in shorter shoots (16 mm). 
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Explants treated with IAA produced the fewest 

(3.8 shoots per explant) but longest (34 mm) 

shoots (Table, 1). Of all combinations, the highest 

shoot formation (9 shoots) was obtained in 

medium enriched with NAA at 4.5 mg/l and the 

lowest (2 shoots) was in medium enriched with 

KN at 4.0 mg/l while the tallest shoots (56 mm) 

was obtained in medium enriched with IAA at 2.5 

mg/l and the shortest shoots (6 mm) in medium 

enriched with KN at 4.0 mg/l. The shoot 

formation of the BAP treated explants increased 

as the BAP concentration increased up to 2.0 mg/l 

and declined afterwards. None of the BAP 

concentrations resulted in shoot formation less 

than that of hormone free medium and only one 

concentration was as effective as hormone free 

medium (Table, 1).  

BAP concentrations could be divided into five 

different groups. The first and second groups 

included only one concentration each (2.0 and 3.5 

mg/l) and resulted in higher shoot formation (8 

and 7 shoots respectively) than the other BAP 

concentrations. The third group consisted of 3 

(BAP at 1.0, 3.0 and 5 mg/l) and the fourth group 

consisted of 4 (0.5, 2.5, 4.0 and 4.5 mg/l) 

concentrations and each group resulted in 

formation of 5 and 6 shoots per explant 

respectively. The fifth group consisted of one 

concentration (1.5 mg/l) and the shoot formation 

was not different from that of hormone free 

medium (4 shoots per explant). The shoot 

formation of KN treated explants increased as the 

KN concentrations increased up to 3.0 mg/l and 

decreased afterwards. KN concentrations could be 

divided into three groups. Five concentrations 

(0.5, 1.0, 2.0, 2.5, and 3.5 mg/l) resulted in more 

(5 to 7 shoots) shoots than hormone free medium. 

Three concentrations of KN (1.5, 3.0 and 5.0 

mg/l) was as effective as hormone free medium (4 

shoots per explant) and two concentrations (4.0 

and 4.5 mg/l) produced less shoots (2 and 3 

shoots) than hormone free medium. Compared to 

other KN concentrations, KN at 2.5 mg/l was the 

best resulting in highest shoot formation (7 

shoots) among the KN treated explants.  

 The shoot formation of NAA treated explants 

increased as the NAA concentrations increased up 

to 4.5 mg/l. In fact, the highest shoot formation of 

all combinations of hormone and concentration (9 

shoots) was obtained in medium enriched with 

NAA at 4.5 mg/l. The NAA concentrations could 

be divided into 6 groups. NAA at 3.5 and at 4.5 

mg/l was the best resulting in 8 and 9 shoots 

respectively. NAA at 4.0 and 5.0 mg/l resulted in 

7 and NAA at 2.0 mg/l resulted in 6 shoots while 

NAA at 0.5, 1.5 and 2.5 mg/l resulted in 

formation of 5 shoots. NAA at 1.0 and 3.0 mg/l 

each resulted in formation of 4 shoots and was not 

different from hormone free medium. None of the 

NAA concentrations resulted in shoot rate less 

than hormone free medium and only 2 

concentrations were as effective as hormone free 

while 8 resulted in more shoots than hormone free 

medium. The highest shoot formation of the IAA 

treated explants not only did not exceed 5 shoots, 

but also required application of highest IAA 

concentrations (4.5 and 5.0 mg/l). The other 

concentrations (0.5, 2.5, 3.0, 3.5 and 4.0 mg/l) and 

(1.0, 1.5 and 2.0 mg/l) resulted respectively in 

formation of less and equal shoots as that of 

hormone free medium (3 and 4 shoots). On the 

other hand, the tallest shoot (56 mm) of all 

combinations was obtained in medium enriched 

with IAA at 2.5 mg/l and the shortest (6 mm) was 

obtained in medium enriched with KN at 4.0 mg/l 

(Table, 1). All concentrations of BAP and all of 

the NAA except at 3.0 mg/l and KN except 1.0 

mg/l resulted in shoot shorter (two time less) than 

hormone free medium. On the contrary, IAA at 4 

concentrations (low and high) had no effect and at 

the other 6 concentrations (intermediate) 

promoted the shoot elongation. The shoot length 

increased as the IAA concentration increased to a 

peak of 56 mm long at 2.5 mg/l (two times the 

shoot length in hormone free medium) and then 

declined afterward. 
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Table (1). Effect of hormone types and concentrations on the in vitro proliferation and 

growth of Moris pineapple in liquid full strength MS medium 

Conc. (mg/l) Hormones types 

 BAP KN NAA IAA Average 

Shoots per explants     

0 4 cde 4 cde 4 cde 4 cde 4 C 

0.5 6 abcd 5 bcde 5 bcde 3 de 4.75 ABC 

1 5 bcde 6 abcd 4 cde 4 cde 4.75 ABC 

1.5 4 cde 4 cde 5 bcde 4 cde 4.25 C 

2 8 ab 5 bcde 6 abcd 4 cde 5.75 AB 

2.5 6 abcd 7 abc 5 bcde 3 de 5.25 ABC 

3 5 bcde 4 cde 4 cde 3 de 4 C 

3.5 7 abc 6 abcd 8 ab 3 de 6A 

4 6 abcd 2 e 7 abc 3 de 4.5 BC 

4.5 6 abcd 3 de 9a 5 bcde 5.75 AB 

5 5 bcde 4 cde 7 abc 5 bcde 5.25 ABC 

Average 5.7 A 4.6 B 5.9 A 3.8 C  

Shoot length (mm)     

0 27 cdefgh 27 cdefgh 27 cdefgh 27 cdefgh 27 A 

0.5 13 ghi 17 fghi 14 fghi 22 cdefghi 16.5 CD 

1 11 ghi 32 bcdef 20 defghi 25 cdefgh 22 ABCD 

1.5 17 fghi 23 cdefghi 17 fghi 35 bcde 23 ABC 

2 11 ghi 17 fghi 12 ghi 29 cdefg 17.2 BCD 

2.5 14 fghi 10 hi 14 fghi 56 a 23.5 ABC 

3 14 fghi 18 efghi 23 cdefghi 46 ab 25.25 AB 

3.5 9 hi 12 ghi 11 ghi 29 cdefg 15.25 CD 

4 12 ghi 6 i 12 ghi 25 cdefgh 13.75 D 

4.5 11 ghi 9 hi 12 ghi 36 bcd 17 BCD 

5 18 efghi 11 ghi 14 fghi 39 bc 20.5 ABCD 

Average 14.3 B 16.5 B 15.9 B 33.5 A  
Data were means of 6 explants cultured at density of two explants on culture tubes containing 10 ml of liquid full strength MS medium supplemented with 
sucrose at 20 g/l and incubated for 60 days under constant temperature and 16 hours of light provided by cool white fluorescent lamps. Mean followed by 

same letters were not significantly different according to Duncan Multiple Range Test  at p ≤ 0.05. 

 

DISCUSSION 

 Indole acetic acid (IAA) is definitely out of 

choice for in vitro shoot formation but was the 

best of the tested hormones for shoot elongation 

of Moris pineapple in stationary liquid full 

strength MS medium (Table, 1). None of IAA 

concentrations resulted in more shoots than in any  

of the other three tested hormones (BAP, KN, 

NAA). In addition, out of ten concentrations only 

two of IAA concentrations resulted in more 

(promoted) while three in equal (no effect) and 5 

in less shoot formation (inhibited) than hormone 

free medium. The possibility that IAA may 

promote in vitro shoot formation not only was 

very low (20 %) but also high percentage (50%) 

of the concentrations inhibited the process of 

shoot formation. Any of the other hormones 

(BAP, NAA and KN) could be claimed better than 

the other for in vitro shoot formation of Moris 

pineapple depending on how wide the range of 

tested concentrations was and which 

concentrations included in that range. 

Comparing the three hormones each at equal 

concentrations (Table, 1) showed that if the tested 

concentrations were limited to two (1.0 and 2.5 

mg/l), KN would be the best hormone while if 

limited to three (0.5, 2.0 and 3.0 mg/l), BAP 

would be the best hormone and if limited to five 

(1.5, 3.5, 4.0, 4.5 and 5.0 mg/l), NAA would be 
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the best. Limiting the comparison to each two of 

the three hormones showed that BAP was better 

than KN at seven, equal at one and less at two, 

better than NAA at five and less at five 

concentrations. Similar, NAA better than BAP at 

five and less at five, better than KN at six, equal at 

two and less at two. KN, on the other hand, was 

better than BAP at two, equal at one and less at 

seven and better than NAA at two, equal at two 

and less at six concentrations. (Usman, et al. 

2013; Zuraida, et al. 2011) reported that either 

BAP or NAA could be better than the other for in 

vitro multiplication of pineapple depending on 

which concentrations was compared to. (Omokoio 

et al. 2001) found that KN at 4 mg/l was better 

than BAP while (Fitchet, 1990) reported that KN 

at 2 mg/l was better than BAP and ZN for Smooth 

cayenne. On the contrary, Table (1) showed that 

KN at 4 mg/l resulted in the lowest rate (2 shoots) 

and at 2.0 mg/l BAP was better than KN. (Aydieh 

et al. 2000; Almeida et al. 2002; Fernando, 1986) 

tested BAP for Queen, Perola and Mauritius 

pineapple and recommended different concentrations 

of BAP, 2.0, 1.5 and 1.0 mg/l respectively. This 

study showed that BAP at 2.0 mg/l was the best 

for Moris while at 1.5 mg/l had no effect and at 

1.0 mg/l induced little effect on shoot formation. 

The highest shoot formation (9 shoots) obtained 

using NAA at 4.5 mg/l (Table,1). BAP at 2.0 mg/l 

was the second best treatment with 8 shoots per 

explant and would be favored over using NAA at 

high concentrations (4.5 mg/l). IAA at 2.5 mg/l 

resulted in the tallest shoots (56 mm). 

(Firoozabady and Gutterson, 2003) suggested 

two-stage system for in vitro multiplication of 

Smooth cayenne pineapple. One for shoot 

formation using BAP at 3.0 mg/l and the other for 

shoot elongation using combination of BAP at 1.0 

and GA3 at  1.0 mg/l. According to this study two-

stage system would also be recommended for 

Moris pineapple but using different hormones and 

concentrations. BAP at 2.0 mg/l would be 

recommended for shoot formation and IAA at 2.5 

mg/l for shoot elongation.  The contradicting 

reports about which hormone type or 

concentration was the best may be due to the 

incorrect selection of the concentrations for 

comparison of different hormones. It is well 

known that hormone could induce three different 

kinds of effect on organ growth (promote, inhibit 

and no effect) depending on hormone 

concentration and type of organ. Nevertheless, the 

comparison of different hormones was usually 

based on equal concentrations rather than the kind 

of effect that concentrations could induce on the 

growth. Out of ten, nine of BAP and eight of 

NAA concentrations resulted in more shoots than 

hormone free (promoted).  

That is 90 % and 80 % of the used concentrations 

of BAP and NAA promoted shoot formation 

process. For KN, 5 concentrations resulted in 

more (promoted), three in equal (no effect) and 

two in less (inhibited) shoot formation than 

hormone free. That means the chance of KN for 

promoting shoot formation is only 50 % while 30 

% had no effect and 20 % of KN inhibited the shoot 

formation process. We called these concentrations 

which resulted in more, equal and less shoots than 

hormone free medium "promoting", "no effect" and 

"inhibiting" concentrations respectively and divided 

each concentration range of similar effect into most 

and least promoting, and most and least inhibiting. 

Most of the concentrations that make one hormone 

better than the other are related to whether the so 

called most promoting or inhibiting range of that 

hormone were used. If the concentrations were 

within the most promoting concentrations of one 

hormone but within the least promoting or 

inhibiting concentrations of the other, the 

comparison from the beginning is in favor of one 

over the other. For instance, at 5 concentrations 

(0.5, 1.0, 2.0, 2.5 and 3.0 mg/l) BAP resulted in 

more shoots than NAA while at the other 5 

concentrations (3.5, 4.0, 4.5 and 5.0 mg/l) NAA 

resulted in more shoots than BAP. That means the 

possibility of which one of these two hormones is 

better than the other is 50%. Similar, if the 

comparison of KN and IAA were limited to two 

concentrations (4.0 and 5.0 mg/l), IAA would be 

better than KN. In other words, for valid 

assessment of hormone suitability for in vitro 

shoot formation, the promoting and inhibiting 

concentration range of each hormone should be 

first determined and the comparison limited to the 
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most promoting concentration range of each 

hormone.  

The results (Table, 1) showed also that there are 

some cases in which different hormones could 

result in equal shoot formation at different and at 

equal concentrations, and different concentrations 

of the same hormone could result in equal rate. 

This indicated that the process of shoot formation 

could be run using different alternatives. That is 

the increase in concentration of one hormone and 

the decrease in concentration of other could 

compensate for lower or higher shoot formation 

obtained when equal concentration of the different 

hormones were used.  

Obtaining of equal rate of shoot formation at 

equal concentration of different hormones did not 

mean that the different hormones have equal 

effect. Instead, one of the medium components 

have reacted differently with different hormones 

in such way that lowered the effect of one 

hormone and increased the effect of the other to 

the point that the two hormones resulted in equal 

shoot formation. According to this study we 

suggested that the range of concentration used for 

testing hormone effectiveness for in vitro 

multiplication should be more than six 

concentrations. If fewer concentrations were used, it 

is very likely that the best concentration might be left 

out of comparison. In addition, for comparison of 

hormones, the range of promoting, inhibiting and 

those with no effect should first be determined and 

then the comparison is limited to concentration 

ranges of similar effect. However, elucidation of the 

hormone role could not be made unless 

concentrations which induced equal and those 

which induced contrading effect were first 

identified. Selection of equal concentrations of 

different hormones that induced promoting effect 

of one hormone but inhibiting effect of other and 

different concentrations of same hormone that 

induced equal effect and testing of their effect in 

medium of different pH adjustments, medium 

strength, volume and type accompanied with 

histological and biochemical analysis would be 

usefull for elucidation the mechanism of hormone 

effect.  
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 وتركيز الهرمون عمي تضاعف ونمو عزلة أناناس تأثير نوع
  (Ananas comosus (L.) Merr. )صنف موريس في بيئة موراشيج وسكوق السائمة 
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ليبيا -جامعة عمر المختار البيضاء ،قسم البستنة، كمية الزراعة  

 
.7102ريل بأ 71/ تاريخ القبول :  7102فبراير  9تاريخ الاستلام:   

Doi :https://doi.org/10.54172/mjsc.v32i1.91 

( لن وعين م ن 0.1،  0.0،  0.1،  2.0،  2.1،  7.0،  7.1،  0.0،  0.1،  1.0ثير عش ر  تركي زا) )أختبر ت اص : مخستالم 
ف    كنان اس ن نم م وريسانم وا) عزل ة لنب ا)  ى( عم IAA و  NAAين )( ون وعين م ن اكوكس KN و  BAPالس يتوكينين )

 اس   تعمال ىرم   ون ) ، pH 0.1)) ورام ف     المت   ر وحموض   تج    71 ىحت   وي عم   المس   ا ل ال MS)وس   م  موريش   يق وس   كو  )

Naphthalene Acetic Acid (NAA   8الث  ان  ) ىكعم  االع      ،نم  وا)(  9ع     نم  وا) لمعزل  ة الواح     ) ىأعم   ىأعم 
اختب ر) ف    بين عشر  تركي زا)من  ،رام ف  المتر جممي 7.1(  بتركيز BAP) ىتم الحنول عمييا ف  وسم يحتوي عمنموا)( 

لك ن  ى ن كاقل ف  حالة التركيزا) الخمسة أو  ىعم( ف  التركيزا) الخمسة اكBAP( كان أفضل من )NAAن )إف ىذه ال راسة
ن أف  ينما ع ا تركيز  ،من اليرمون  ال  خوسم  ف  نموا) أكثر مما لو استعمل إلى ىرمونين أ تركيزا) العشر  كلا اليف  كل ال
 و NAA و KNاليرمون ا) الثلاث ة  هن أي م ن ى ذألي ذا يمك ن الق ول  ،KNك ان أفض ل م ن ىرم ون NAA وBAP ىرم ون 
BAP  من الناحي ة تستعمل ف  المقارنة بينيا،  الت   التركيزا) ىعم ن اعتما اً ين الاخر يالممكن أن يعتبر أفضل من اليرمونمن

ن كل التركيزا) العش ر  م ن إحيث  ،ن الوسم ف  حالة سا مةذا كاإكناناس الا ينمح لزراعة عزلا)  IAAن ىرمون إكخرى فا
 IAAلك ن اس تعمال ىرم ون  ،من اليرمون  الخال من استعمال الوسم  وعم) نموا) أقل مما تم الحنول عميأ IAAىرمون 
نم  وا) أم  ول م  ن تم  س ف    الوس  م  إل  ىمميمت  ر( وس  بعة تركي  زا) أ )  05أم  ول نم  و ) ىلمحن  ول عم   ىرام أ ج  ممي 7.0ز بتركي  
كخ رى اأي م ن اليرمون ا) الثلاث ة  ىكوسام المحتوي ة عم اأموال النموا) ف   ف  حين كان)مميمتر(  72من اليرمون ) الخال 

رام ك  ان أفض  ل معامم  ة ج  ممي 7.1بتركي  ز  BAPن ىرم  ون أبي  ذا ف   م  ن اليرم  ون،  الخ  ال م  ول ف    الوس  م أق  ل م  ن نن  م ال
أم ول  ىرام ك ان أفض ل معامم ة لمحن ول عم ج ممي 7.0بتركي ز   IAAبينم ا ىرم ون و لمضاعفة ع   النموا) من العزلة الواح   

 نمو .

 .كناناس، المزرعة السا مة، مضاعفة نموا) العزلةا: المفتاحيةالكممات 
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Abstract: Cyclosporine A (CsA) is the most widely used immunosuppressive drug for 

preventing graft rejection and autoimmune disease. However, the therapeutic treatment induces 

several side effects such as nephrotoxicity, cardiotoxicity and hepatotoxicity. This study aimed to 

assess the protective role of lipoic acid (LA) on kidney toxicity of male albino rats induced by 

cyclosporine (CsA). Forty adult male rats were allocated into four groups: Group (I) served as a 

control group. Group (II); received treatments orally with CsA (25 mg/kg b.w.), daily for 3 

weeks. Group III: (Recovery CsA group):  treated orally with CsA (25 mg/kg b.w.), daily for 3 

weeks, then recovered for another 3 weeks. Group IV (LA and CsA group):  received LA (100 

mg/kg b. w.) orally 1 h before treatment by CsA (25 mg/kg b. w.) daily for 3 weeks. The results 

indicated that treatment of CsA caused a significant elevation in the concentrations of serum 

urea, creatinine, and uric acid which indicate injury to the kidney function. Renal 

malondialdehyde (MDA) concentration was markedly increased reflecting increased lipid 

peroxidation, whereas, reduced glutathione (GSH) and superoxide dismutase (SOD) were 

significantly decreased.  On the other hand, LA plus CsA dose-dependently inhibited activities of 

serum urea, creatinine, and uric acid. The administration of LA plus CsA exhibited significant 

reduction in lipid peroxidation while GSH content and SOD activity were enhanced significantly 

which reflect an improvement in renal toxicity. In conclusion, the results indicated a negative 

role of CsA on kidney function and oxidative stress in induction toxicity, suggested Thus, Lipoic 

acid play a positive role on toxicity of kidney induced by cyclosporine A. 

 

Key Words: Lipoic acid, cyclosporine A, oxidative stress, renal toxicity. 

 

INTRODUCTION 

As a highly potent immunosuppressive drug, 

cyclosporine (CsA) remains largely used for the 

prevention of acute rejection in solid organ 

transplantation, and for the treatment of various auto-

immune diseases. However, CsA can lead to a 

chronic form of renal damage characterized by a 

progressive and irreversible deterioration of renal 

function associated with interstitial fibrosis, tubular 

atrophy, arteriolar hyalinosis and glomerulosclerosis 

(Nankivell et al., 2004, Chapman and Nankivell 

2006).  

Alpha-lipoic acid (LA), or 1,2-dithiolane-3-pentanoic 

acid, is a naturally occurring dithiol compound 

synthesized enzymatically in the mitochondrion from 

octanoic acid. LA is a necessary cofactor for 

mitochondrial α-ketoacid dehydrogenases, and thus 

serves a critical role in mitochondrial energy 

metabolism. In addition to synthesis, LA is also 

absorbed intact from dietary sources, and it 

transiently accumulates in many tissues. There is 

growing evidence that orally supplied LA may not be 

used as a metabolic cofactor but instead, elicits a 

unique set of biochemical activities with potential 

pharmacotherapeutic value against a host of 

pathophysiologic insults. LA has a potent 

antioxidant, a detoxification agent and improve age-

associated cardiovascular, cognitive, and 

https://doi.org/10.54172/mjsc.v32i1.89
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neuromuscular deficits (Scott et al., 1994, Smith et 

al., 2004, Koh et al., 2005). This impressive array of 

cellular and molecular functions has piqued 

considerable interest among the lay public and the 

research community for the use of LA both as a 

nutritive supplement and as a pharmacotherapy. In 

light of this growing interest, we will attempt to 

provide an update on the biochemical, toxicological, 

and pharmacological mechanisms of LA. As many 

excellent reviews already exist that outline the 

metabolic role of LA as a covalently bound enzyme 

cofactor, only a brief summary of this particular 

aspect of LA function will be presented herein. 

Instead, a focus mainly on the cellular actions of 

orally supplied, nonprotein-bound LA will be 

presented. Pertinent clinical benefits of LA will also 

be discussed in light of this molecular 

mechanism(Liu et al., 2002, Shay et al., 

2009).Therefore, this study investigated the 

modulating and antioxidant activity of lipoic acid on 

renal toxicity induced by cyclosporine A in male 

albino rats. 

MATERIALS AND METHODS 

Chemicals 

 Cyclosporine A (CsA) is presented in the form of 

ampoules under traditional name Sandimmune and 

provided by Novartis Pharma (Basel, Switzerland). It 

is presented as a clear, yellow liquid supplied in 1ml 

ampoules containing 50 mg/ml and was further 

diluted with olive oil. Alpha-Lipoic acid (LA) was 

purchased in the form of a yellow powder from 

Sigma chemical company (St Louis, Missouri, USA) 

and was suspended in sterile normal saline, before 

use.  

Experimental animals 

 Male Wistar albino rats, each weighing 180 ± 20 g, 

were obtained from an animal house in Medical 

Research Center (MRC), Faculty of Medicine, Ain 

Shams University. The animals were acclimatized to 

the laboratory conditions for a period of 14 days. 

They were maintained at an ambient temperature of 

25 ± 3°C,  50 ± 20% relative humidity and 12/12 h of 

light–dark cycle and were given a standard rat feed 

and water ad libitum. All experimental procedures 

were conducted according to the ethical standards 

approved by the Institutional Animal Ethics 

Committee guidelines for animal care and use, Ain 

Shams University, Cairo, Egypt.  

Experimental protocol 

 The rats were randomly divided into four groups, 

each of eight rats as follows: 

Group I (Control): received saline (2 ml/kg b.  w.) 

and olive oil (2 ml/kg b. w.) orally for 21 days. 

Group II (CsA-treated group):  was treated orally by 

gastric gavage with CsA (25 mg/kg b.w.), daily for   

21 days.   

Group III (Recovery CsA-treated group):  was treated 

orally by gastric gavage with CsA (25 mg/kg b.w.), 

daily for 21 days and recover for another 21 days. 

 Group IV (LA and CsA-treated group):  received LA 

(100 mg/kg b. w.) orally (Jalali-Nadoushan and 

Roghani 2013) , 1 h before treatment by CsA (25 

mg/kg b. w.) daily and concurrently for 21 days.  

At the end of the experimental period, the animal 

groups were sacrificed after 24 hrs. of the last dose of 

different administrations and their blood were 

collected, by carotid bleeding, in centrifuge tubes and 

serum was obtained from the blood after 

centrifugation at 3000 rpm for 10 min. The kidney 

tissue was immediately excised, cleaned of adhering 

connective tissue, rinsed in physiological saline, 

weighed and stored at -20°C until analysis studies. 

Methods of analysis 

 Serum urea, creatinine and uric acid were estimated 

by using the method of (Fawcett and Scott 1960, 

Seeling and Wust 1969, Barham and Trinder 1972, 

Scott et al., 1994) respectively. Renal glutathione 

(GSH) was spectrophotometrically  assayed by the 

method of (Sedlak and Lindsay 1968). The activity of 

renal SOD was determined by assessing the 

inhibition of pyrogallol autoxidation (Marklund 

1985). Malondialdehyde (MDA) was determined in 

kidney by using the method of (Uchiyama and 

Mihara 1978).   

Statistical analysis 

Statistical analyses of the resulted data were done 

using InStat version 2.0 (Graph Pad, ISI, 

Philadelphia, PA, USA, 1993) computer software. 

The results were expressed as means ±SE). Multiple 

comparisons were done using one-way ANOVA 
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followed by Tukey-Kramer as a post-ANOVA test. 

Statistical significance was accepted at P< 0.001, P< 

0.01,  P< 0.05. 

RESULTS 

CsA administration caused a significant increase in 

serum urea, creatinine and uric acid concentrations   

(P<0.001) in the CsA treated groups compared to the 

control group I. These concentrations tended to be 

highly significant compared to the values of the 

control group I (Table 1). 

Table (1): The effect of LA on CsA - induced changes on 

serum urea, creatinine and uric acid concentrations. 

 

Groups 

 

Parameters 

Urea 

mg/dl 

creatinine 

mg/dl 

Uric acid 

mg/dl 

  G I (Control) 15.81± 0.22 0.73 ± 0.020 5.57 ± 0.025 

 

  G II: (CsA) 

 

44.45 ±0.43a** 1.90 ±0.02a** 8.45 ±0.04a** 

  G III: 

  (Recov.) 

33.76 ±0.291 

ab** 

1.51 ±0.035 

ab** 

6.69 ±0.045 

ab** 

 

   GIV 

  (LA &CsA) 

21.47 ±0.153 

ab** 

0.87 ±0.015 

ab** 

5.86 ±0.19 

ab** 

 

Data are expressed as means ± S.E. (n = 6 in each group). 

a: Significant change at p< 0.05 with respect to control group 

I. 

b: Significant change at p< 0.05 with respect to group II.          

*Highly significant change at p < 0.01. **Very highly 

significant change at p < 0.001.N.S: Non-significant change. 

 

The present data showed a significant elevation in the 

level of renal MDA (P<0.001), while a significant 

reduction in renal GSH and SOD activity (P<0.001) 

was observed in CsA treated group compared to the 

control group I (Table 2).On the other hand, 

treatment with LA plus CsA caused a highly 

significant decrease in serum urea, creatinine and uric 

acid concentrations (P<0.001) in the LA plus CsA 

treated group IV compared to the CsA group II 

(Table 1).Renal MDA was restored significantly 

(P<0.001), also renal GSH content and SOD activity 

were attenuated in the LA plus CsA treated group IV 

as compared to the CsA group II (Table 2). 

 
 

Table (2):  The effect of LA on CsA – induced changes on 

renal GSH, SOD and MDA levels. 

Data are expressed as means ± S.E. (n = 6 in each group). 

a: Significant change at p< 0.05 with respect to control group I. 

b: Significant change at p< 0.05 with respect to group II. 

*Highly significant change at p < 0.01. 

**Very highly significant change at p < 0.001. 

 N.S: Non-significant change. 

DISCUSSION 

Deciphering new biological pathways that contribute 

to CsA renal toxicity is of great importance because 

they may lead to the development of early 

biomarkers of kidney injury. A significant elevation 

in serum urea, uric acid and creatinine concentrations 

were observed in CsA treated rats as compared with 

control (group I). These results are in agreement 

with(Tirkey et al., 2005) who showed that chronic 

administration of CsA caused a marked impairment 

of renal function along with significant oxidative 

stress in the kidneys. Oxidative stress promote the 

formation of a variety of vasoactive mediators that 

can affect on renal function directly by causing renal 

vasoconstriction or decreasing the glomerular 

capillary ultrafiltration coefficient and thus reducing 

glomerular filtration rate (Garcia-Cohen et al., 2000, 

Burdmann et al., 2003). CsA inhibits mitochondrial 

mediated apoptosis but also induces mitochondrial 

apoptotic cell death in the kidney (Pallet et al., 2008) 

caused ischemia induced up-regulation of endothelin 

receptors, support the potential for an important role 

for up-regulation of endothelin receptors in 

pathophysiologic mechanisms of CsA-induced 

glomerular dysfunction(Fogo et al., 1992).In this 

study, CsA treated rats (group II) showed a 

 

Groups 

 

Parameters 

Renal 

MDA 

U/g wet 

tissue 

GSH 

U/g wet 

tissue 

SOD 

U/g wet tissue 

G I 

(Control) 

30.34 ± 

0.071 

28.45 ± 

0.115 
81.31 ±  0.083 

G II: 

(CsA) 

56.20 ± 

0.049a** 

56.14 ± 

0.044a** 

63.28±0.057 

a** 

G III: 

(Recov.) 

30.32 ± 

0.062 
28.41± 0.093 

81.38 ± 

0.0859 

GIV( LA 

and CsA) 

38.28 ± 

0.058 ab** 

76.39 ±  

0.076 

ab** 

40.20 ± 0.049 

ab** 
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significant increase in the levels of renal MDA with 

excess production of hydrogen peroxide in living 

cells, accompanied with a significant decrease in 

GSH  and SOD that leads to decline in the activity of 

the antioxidant enzymes depletion of both the GSH 

and protein thiols. Similar biochemical changes were 

previously reported in other studies(Khan et al., 2006, 

Ajala et al., 2008) which then give rise to increased 

hydroxyl radical formation. The effects of reactive 

oxygen species (ROS) on cellular and extracellular 

components of organisms have been investigated 

extensively in recent years. CsA promotes the 

formation of reactive oxygen species (ROS) such as 

hydrogen peroxides. These ROS enhance the 

peroxides and reactive hydroxyl radicals.  These lipid 

peroxides and hydroxyl radical may cause cell 

membrane damage and thus destroy the cell. It also 

inhibits the activities of free radical quenching 

enzymes such as catalase, superoxide dismutase and 

glutathione peroxidase. The role of  CsA in ROS 

production was observed in the present study by 

increased amount of renal and hepatic lipid peroxides 

(LPO). The intracellular generation of hydrogen 

peroxides (H2O2) could be involved in the initiation 

of CsA toxicity in rats, caused cell membrane 

damage like lipid peroxidation which leads to the 

imbalance between synthesis and degradation of 

enzyme protein.  

The excess production of ROS may be due to its 

ability to produce alteration in mitochondria by 

blocking the permeability transition pore .Reactive 

oxygen metabolites are generated by specialized 

phagocytic cells (neutrophils) as cytotoxic agents to 

fight invading micro-organism, a process known as 

the respiratory or oxidative burst. Therefore, 

phagocytes use the membrane bound NADPH 

oxidase complex which catalyzes one electron, 

reduction of O2 into O-2. The ROMs are generated 

in a biological system via several enzymatic and non-

enzymatic pathways(Morel et al., 1991, Agar et al., 

2011).On the other hand, the present results 

illustrated that the antioxidant LA administration had 

an ameliorating effect on the changes of the 

biochemical parameters associated with CsA 

challenge. This effect was indicated by improvement 

of serum urea, uric acid and creatinine 

concentrations. These results are in agreement with 

(Sivaprasad et al., 2004) who found that 

administration of LA one hour after CsA offered 

marked protection against nephrotoxicity. This 

protection was manifested as a significant reduction 

in serum levels of urea, uric acid, creatinine and 

amelioration of apoptotic markers (Forbes et al., 

2008) Voltage-dependent anion channels (VDAC), 

known as mitochondrial porins, are membrane 

proteins encoded by nuclear gene and synthesized in 

ribosome.  

VDAC plays crucial roles in the physiological and 

pathologic processes, including energy metabolism 

and cell apoptosis. VDAC was actually more 

sensitive to oxidative stress-induced cell death (Wang 

et al., 2013). In addition, free radical scavengers may 

also be helpful in prolonging survival time of 

dopaminergic neurons (Chen and Le 2006). In this 

respect, LA could attenuate neuronal damage and 

loss through counteracting oxidative stress, possibly 

via regulating antioxidant defense system as well as 

inhibition of free radical generation(Connell and 

Saleh 2012). LA and its reduced form dihydrolipoic 

acid are present in all prokaryotic and eukaryotic 

cells and considered a vitamin, and can be 

synthesized in human cells. LA is involved in the 

regulation of carbohydrate and lipid metabolism in 

converting blood glucose into energy(Malinska and 

Winiarska 2005), improving glycemic control.In the 

present study, administration of LA prior to CsA 

treatment markedly ameliorated LPO in the rat 

kidney as manifested by decreased MDA level 

accompanied by increased GSH content and SOD 

activity. In agreement with the present findings, 

(Wollin and Jones 2003) mentioned that LA is a 

naturally occurring cofactor within pyruvate 

dehydrogenase and α-keto-glutarate dehydrogenase. 

Also, Free LA has the ability to scavenge superoxide, 

hydrogen peroxide, hydroxyl radicals, and 

peroxynitrite, and can also recycle glutathione 

(GSH), α-tocopherol and ascorbic acid. In vitro, α-

lipoic acid decreased plasma susceptibility to 

oxidation(Marangon et al., 1999), and were 

protective against haemolysis of human erythrocytes 

induced by peroxyl radicals (Constantinescu et al., 

1994) and increased GSH synthesis in isolated 

human erythrocytes (Han et al., 1997). Also, α-lipoic 

acid attenuated superoxide generation and kidney 



Al-Mukhtar Journal of Sciences 32 (1):9-16, 2017 
 

© 7102 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

13 
 

expression of NADPH oxidase in diabetic rats, and it 

was concluded that α-lipoic acid improves pathology 

in diabetes by reducing oxidative stress (Lexis et al., 

2006). Thus, LA has been shown to reduce oxidative 

stress both in vivo and in vitro studies. Reduction of 

renal GSH, SOD activity in CsA-treated rats was 

observed in this study, which was similar to the 

previous studies (Mohamadin et al., 2005). LA has 

proved to possess lipid lowering, anti-lipo 

peroxidative and antioxidant properties (Amudha et 

al., 2006). 

 It has been demonstrated to play an important role in 

regulating antioxidative capacity by increasing SOD, 

GSH and catalase activities by upregulating the gene 

expression of SOD, GSH and catalase (Hagar et al., 

2006). Reduced glutathione together with GPx          

is important in maintaining the structure of 

mitochondrial and cell membranes. In addition, 

(Huong and Ide 2008) reported that a-lipoic acid 

reduced the activities and mRNA levels of various 

lipogenic enzymes together with the mRNA levels of 

various proteins. As that Alpha-lipoic acid (α-LA), a 

naturally occurring dithiol compound, has long been 

known as an essential cofactor for mitochondrial 

bioenergetic enzymes. As an antioxidant, α-LA 

directly terminates free radicals, chelates transition 

metal ions, increases cytosolic glutathione, vitamin 

C, E levels and prevents toxicities associated with 

their loss (Singh and Jialal 2008).In conclusion, LA is 

a main active component for immuno-modulating 

and antioxidant activities, differ greatly in the 

chemical composition and physical properties, show 

the same basic multivitamins and protect the immune 

cells from oxidative damage. Thus, LA has a 

potential protective effect against CsA toxicity and is 

improving the renal function by decreasing the 

kidney tissue damage of CsA-induced nephrotoxicity 

in rats. 
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 التعرض عن الناجمة لمكمى الفسيولوجية التغيرات عمى الميبويك لـحمض للأكسدة المضاد النشاط
البيضاء الجرذان ذكور في أ-لمسيكموسبورين  

 

براهيم الزاعلورا إن  
ليبيا –قسم عمم الحيوان، كمية العموم، جامعة عمر المختار، البيضاء   

 
.2012 أبريل 22/ تاريخ القبول :  2012 فبراير 9تاريخ الاستلام:  

Doi:https://doi.org/10.54172/mjsc.v32i1.89  

 المجموعتتتة تمثتتتل: الأولتتت  المجموعتتتة مجتتتامي ، 4 إلتتت  قستتتم  والتتتت  البالغتتتة الجتتترذان ذكتتتور متتتن 40 البحتتت  ماستتتتخ ص : مخســـتالم
وتتم تجريتت  . أستتابي  3 لمت   يوميتتا   الفتم ةريت  عتتن كجتم(/ممجتتم 25) أ-السيكموستبورين بعقتار الثانيتتة المجموعتةوتتم تجريتت  . الضتابةة
. أختر  أستابي  3 لم   تعاف   فتر  ترك  ثم أسابي  3 لم   يوميا   الفم ةري  عن كجم(/ممجم 25) أ -السيكموسبورين الثالثة المجموعة

 أ-السيكموستبورين بعقتار المعاممتة متن ستاعة قبتل الفتم ةريت  عتن( كجتم/ممجتم 100) الميبويت  بحمت  تجريعهتا تم الرابعة المجموعةو 
  لالتتتة ذي ارتفتتا  فتت  تستتبب  قتت  أ-السيكموستتتبورين بعقتتار ةالمعاممتت أن إلتت  النتتتا   وتشتتتير، أستتابي  3 لمتت   يوميتتا  ( كجتتم/ممجتتم 25)

 ارتفتا  أيضا   لوحظ وق  Kالكم  وظا ف ف  ضعف إل  أ   مما ال م، ف  البولي  وحم  والكرياتينين اليوريا من كل لتركيز معنوية
، الجموتتتاثيون متتن كتتل  انخفتت حتتين فتت  البيروكستتي ية، التت هون زيتتا   يعكتتس ممتتا ممحتتوظ بشتتكل الكمتتوي (MDA) ال هيتت  مالونتت اي
(GSH)  ال ستتموتيز أكستتي  وفتتو(SOD). خفتت  إلتت  أ   أ-السيكموستتبورين متت  الميبويتت  بحمتت  المعاممتتة فتت ن أختتر  ناحيتتة متتن 
 التتت هون فتتت  كبيتتتر انخفتتتا  فضتتتلا  عتتتن الضتتتابةة، لممجموعتتتة أقتتتر  لتصتتتب  التتت م فتتت  البوليتتت  وحمتتت  والكريتتتاتينين اليوريتتتا مستتتتو 

 هتذ  متن، الكمت  تستمم تحستن مت   يعكتس ممحتوظ بشتكل SOD ونشتاة GSH. محتتو  متن ٍّكتل فت  وتحسن (MDA) البيروكسي ية
 التستمم واستحثا  الت كست ي الإجهتا  مستتو  رفت  ختلال من الكم  وظا ف عم  أ-السيكموسبورين لعقار السمب  ال ور نستنت  ال راسة
 أ.-السيكموسبورين عقار عن الناجم الكم  تسمم تقميلف   إيجاب   ورب الميبوي  حم  يقوم حين ف  الكموي،

الكموي. التسمم الت كس ي، الإجها  أ،-سيكموسبورين الميبوي ، حم  :المفتاحية الكممات  
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Abstract:  The effect of medium states (solid, semi solid and liquid) of full strength MS medium 

enriched with  6-benzylaminopurine (BAP) at 2.0 mg/l on in vitro shoots formation and shoot 

length of Moris pineapple were tested at 16 combinations of sucrose (10, 20, 30 and 40 g/l) and 

pH (5.0, 5.7, 6.0 and 6.5). The highest shoot formations (7 shoots/ explant) were obtained in 

liquid and solid media each adjusted to pH 5.0 but enriched with different sucrose 

concentrations, sucrose at 20 g/l for liquid and at 30 g/l for solid medium. Increasing the medium 

sucrose to 40 g/l or adjusting the medium to pH 6.0 caused 50 % decline in the shoot formation 

capacity in both medium states. However, while that decline could be reversed in liquid medium 

by adjusting the pH to 6.5, such pH adjustment failed to overcome the inhibitory effect of the 

sucrose at 40 g/l in the solid medium. Out of 16 combinations of sucrose and pH, liquid medium 

(no agar added) was better than solid (7.0 grams of agar /l) and semi solid (3.5 grams of agar /l) 

at 8 combinations, equal to solid at 4 and to semi solid at 5 combinations and less than solid at 3 

and than semi solid at 2 combinations. Adopting of the commonly used  combination of sucrose 

at 30 g/l and pH 5.7 not only did not fit all medium states but also resulted in lower shoot 

formation (4 shoots) than the possibly obtainable (7 shoots). Simple modification of the medium 

pH (pH 5.0 instead of 5.7) doubled the rate of shoot formation. 

 

Key words: Sucrose concentration, pH; Pineapple, Ananas comosus, Media states. 

 

INTRODUCTION 

Solid MS medium was recommended by 

several researchers for pineapple in vitro 

culture and proven to have high potential for 

production of thousands of propagules 

(Sripaoraya et al., 2003, Hamad and Taha 

2008, Pérez et al., 2009). At the same time, 

pineapple shoot on semi liquid(Akin-Idowu et 

al., 2014), static (Almeida et al., 2002, Pérez 

et al., 2012) and agitated liquid cultures 

(Soneji et al., 2002a), filter paper bridge 

(Mathews and Rangan 1979, Fernando 1986) 

and temporary immersion system (Escalona et 

al., 1999, Firoozabady and Gutterson 2003) 

were found to be much better than solid 

medium for in vitro multiplication of 

pineapple. However, these comparisons were 

made at fixed sucrose (30 g/l) and pH (5.7) in 

both medium states. For multiplication on 

solid MT medium, (Fitchet 1990) adjusted the 

pH to 5.0 while (Teixeira et al., 2006) used 

pH 6.5 during multiplication in liquid MS 

medium. At fixed sucrose(20 g/l), comparison of 

different pH adjustments during multiplication 

stage showed that liquid was better than solid 

medium and adjusting to pH 5.0 was better 

than adjusting to pH 5.7, 6.0 and 6.5 (Hamad, 

2017a). Sucrose at 20 (Soneji et al., 2002b, a) 

Smith, et al., 2002,), 35(Kofi and Adachi 

1993) and 40 g/l (Almeida, etal, 1997) were 

used for establishment and multiplication. 

https://doi.org/10.54172/mjsc.v32i1.92
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.92&amp;domain=pdf&amp;date_stamp=2008-08-14
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(Sripaoraya et al., 2003) used sucrose at 50 

g/l during establishment but decreased the 

sucrose to 30 g/l during multiplication stage. 

Comparisons of sucrose effect on pineapple 

culture were made at range of 10, 20, 30 and 

40 g/l for shoot formation (Hamad, 2017b), 

callus induction (Benega, et al., 1997) and at 

range of 0.0, 30, 60, 90 and 120 g/l for total 

fresh weight per bioreactor(Pérez et al., 

2004). Highest shoot formation and highest 

fresh weight were obtained at 30 g/l while 

either sucrose levels were equally effective 

for callus induction. Since sucrose is an 

indispensable component and both of sucrose 

and agar comprise the largest part of the 

medium components, determination of 

optimum level is not only important for in 

vitro shoot formation and growth but also as a 

cost factor. Application of extra amount 

above that required for the optimal shoot 

formation is just an avoidable added cost. The 

objective of this study is to compare the effect 

of combinations of four concentrations of 

sucrose (10, 20, 30 and 40 g/l) and four pH 

adjustments (5.0, 5.7, 6.0 and 6.5) on shoot 

formation and growth of Moris pineapple on 

three states (solid, semi solid and liquid) of 

full strength MS medium enriched with BAP 

at 2.0 g/l. 

MATERIALS AND METHODS 

Full strength MS medium were prepared from 

stock solutions and enriched with BAP at 2.0 

mg/l. The medium was divided into 4 beakers 

(750 ml each) marked A, B, C and D and 7.5, 

15.0, 22.5 and 30.0 grams of sucrose were added 

to each beaker respectively to give a sucrose 

enrichment of 10, 20, 30 and 40 g/l. The content 

of each beaker was divided into another 4 beakers 

marked with same marks (A, B, C and D) plus 

numbers from 1 to 4 and the medium pH of the 

beakers marked with 1, 2, 3 and 4 was adjusted to 

pH 5.0, 5.7, 6.0 and 6.5 respectively. The content 

of each beaker of the same sucrose and pH 

combination was divided into 9 glass jars (20 x 5 

cm) and each three jars marked with the same 

marks on the beaker plus S, E and L. Agar at 0.14 

and 0.7 grams was respectively added to each jar 

marked with S and E letter to give medium 

solidification of 7.0 and 3.5 g/l and no agar was 

added to jars with L letter. The jars were closed 

by autoclavable plastic lids and the medium was 

autoclaved at 121
 o

C and 1.5 kg / cm
2
 for 25 

minutes and kept in a culture room. One shoot 

from Moris stock cultures was cultured per each 

jar under laminar cabinet and the cultures were 

incubated under constant temperature of 25
 o

C and 

16 hours of light provided by cool white fluorescent 

lamps. After two months of incubation, the multiple 

shoot buds complex of each culture were picked 

out of the jars and separated into individual shoots 

for counting the shoots and measuring their 

length. Each jar was considered as a replicate and 

the data were subjected to ANOVA analysis and 

means separation by Duncan Multiple Range Test 

at p ≤ 0.05 using SPSS statistical package No. 11.    

RESULTS 

Analysis of variance (Table, 1) showed that the 

shoot formation and the shoot length were under 

direct effect of medium states (p ≤ 0.0166 and p ≤ 

0.0001 respectively) and sucrose concentrations 

(p ≤ 0.0002 and ≤ 0.00003 respectively). The 

sucrose effect on shoot formation and shoot length 

was influenced by a significant interaction with 

pH (p ≤ 0.0039 and ≤ 0.00001). On the contrary, 

the medium states effect on shoot formation was 

independent of pH (p ≤ 0.3936) and sucrose (p ≤ 

0.0764) while the medium state effect on shoot 

length was influenced by the medium sucrose 

content (p ≤ 0.0141) but independent of pH (p ≤ 

0.0764). Medium pH on the other hand had no 

direct independent effect on both of shoot 

formation (p 0.3031) and shoot length (p ≤ 

0.7794), but influenced both of shoot formation (p 

≤ 0.0039) and shoot length (p ≤ 0.00001) via 

interaction with sucrose content of the medium. 

Furthermore, the three factors together showed no 

significant collective interaction on shoot 

formation (p ≤ 0.1520) and shoot length (p ≤ 

0.2460). The highest shoot formation (7 shoots) 

were obtained in liquid medium enriched with 

sucrose at 20 g/l and also in solid medium 

enriched with sucrose at 30 g/l both adjusted to 
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pH 5.0. The lowest shoot formation (3 shoots per 

explant) as well as equal shoot formation (6, 5 and 

4 shoots) was also obtained in liquid and solid 

medium, but at different combinations of sucrose 

and pH (Table, 2). At fixed pH of 5.0, equal shoot 

formation (3 shoots) were obtained in both solid 

and liquid media enriched with sucrose at 10 and 

40 g/l while in media enriched with sucrose at 20 

g/l, liquid produced more shoots (7 shoots) than 

solid (5 shoots) medium. In media enriched with 

sucrose at 30 g/l, solid on the contrary produced 

more shoots (7 shoots) than liquid (5 shoots). At 

fixed pH of 5.7, solid medium enriched with 

sucrose at 10 and 40 g/l produced more shoots (4 

and 5 shoots) than liquid medium (3 and 4 shoots) 

while in media enriched with sucrose at 20 and 30 

g/l, liquid medium on the contrary produced more 

(6 and 5 shoots respectively) shoots than solid 

medium (3 and 4 shoots). At fixed pH of 6.0, 

equal shoot formation (4 shoots)were obtained in 

solid and liquid media enriched with sucrose at 10 

and 20 g/l (low sucrose enrichment) while in 

media enriched with sucrose at 30 and 40 g/l (high 

enrichment) liquid medium produced more (6 and 

6 shoots) shoots than solid medium (5 and 3 

shoots). At pH 6.5, liquid medium enriched with 

sucrose at 20, 30 and 40 g/l produced more (6, 5 

and 6 shoots respectively) shoots than solid 

medium (3, 4 and 3 shoots) and in media enriched 

with sucrose at 10 g/l equal shoot formation (4 

shoots) were obtained in both medium states. 

Table (1). Main and interaction effect of medium states, 

sucrose and pH on in vitro shoot formation and shoot length 

of Moris pineapple 

Factors Df Parameters 

  
Shoot/ 

explant. 

Shoot 

length(mm) 

  p values 

Medium states 2 0.0166 * 0.0001 ** 

Sucrose 3 0.0002 ** 3.9E-08 ** 

pH 3 0.3031 0.7994 

States*Sucrose 6 0.0764 0.0141 * 

States*pH 6 0.3935 0.6044 

Sucrose*pH 9 0.0039 ** 1.0E-05 ** 

States*Sucrose*pH 18 0.1520 0.2460 

Error 96   

Total 144   

 

DISCUSSION 

Previous studies of pineapple tissue culture 

concluded that using of semi liquid(Akin-Idowu 

et al., 2014), static liquid(Almeida et al., 2002, 

Pérez et al., 2012), agitated liquid cultures (Soneji 

et al., 2002a) and filter paper bridge (Mathews 

and Rangan 1979, Fernando 1986) resulted in 

higher shoot formation than solid medium. This 

study demonstrated that superiority of the medium 

state depended on the sucrose enrichments 

Table (2). Effect of medium states, sucrose and pH on  in 

vitro shoot formation of Moris pineapple 

Sucrose 

(g/l) 

Medium states 

pH Solid Semi Liquid 

 

Shoots per explant 

10 5.0 3 c 3 c 3 c 

 

5.5 4 bc 3 c 3 c 

 

6.0 4 bc 3 c 4 bc 

 

6.5 4 bc 4 bc 4 bc 

20 5.0 6 ab 5 abc 7a 

 

5.5 3 c 3 c 6 ab 

 

6.0 4 bc 4 bc 4 bc 

 

6.5 3 c 4 bc 6 ab 

30 5.0 7a 5 abc 5 abc 

 

5.5 4 bc 4 bc 5 abc 

 

6.0 5 abc 4 bc 6 ab 

 

6.5 4 bc 4 bc 5 abc 

40 5.0 3 c 5 abc 3 c 

 

5.5 5 abc 6 ab 4 bc 

 

6.5 3 c 3 c 6 ab 

 

6.0 3 c 3 c 4 bc 

Data were means of 3 explants cultured on full strength MS medium 

enriched with BAP at 2.0 mg/l and incubated for 60 days 

Means of the same parameters (shoot per explant and shoot length) 
followed by the same letter were not significantly different at p ≤ 0.05 

according to Duncan Multiple Range Test.  

and pH adjustments and the solid medium had a 

very critical requirement of narrow range while 

liquid medium had a wider range of sucrose-pH 

combinations (Table, 2). The highest shoot 

formation (7 shoots) was obtained in solid as well 

as in liquid medium enriched with sucrose at 30 

and 20 g/l respectively and adjusted to pH 5.0. 
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The lowest shoot formations (3 shoots) was 

obtained also in liquid and solid medium enriched 

with sucrose at 10 and 40 g/l and adjusted to pH 

5.0.  In both of solid and liquid medium the soot 

formation ranged from a minimum of 3 to a 

maximum of 7 shoots. Furthermore, in 8 out of 16 

combinations of sucrose and pH, liquid medium 

resulted in more shoots than both solid and semi 

solid media (50 % of the cases). 

 At other 5 combinations (31 %), the shoot 

formation in liquid was equal to that in solid and 

at other 3 combinations (19 %) was less than that 

of solid. At 5 combinations (31 %), the shoot 

formation in liquid medium was equal and at 2 

combinations (13 %) was less than that in semi 

solid medium. Solid medium was better than 

liquid in 3 combinations (19 %) and than semi 

solid at 5 combinations (31 %) and less than semi 

solid at 3 (19 %) of the sucrose-pH combinations. 

Hence, any of the medium states could be 

claimed better than the other depending on which 

sucrose-pH combination was used. However, 

being only 25 % of the sucrose-pH combinations 

(4 of 16) in solid and semi solid media resulted in 

more than 5 shoots (71 % of the possibly 

obtainable shoots (7 shoots) while 50 % of the 

combinations (8 of 16) in liquid medium resulted 

in more than 5 shoots (71 % of the possibly 

obtainable shoots (7 shoots) indicated that 

selection of proper sucrose and pH is critical and 

very specific in solid than in liquid medium. 

Generally, liquid state with low sucrose 

enrichment would be favored for low cost. This 

study demonstrated that sucrose at 30 g/l and pH 

at 5.7, which is the most common used 

combination for in vitro culture, is not proper for 

Moris pineapple. Table 2 showed that in solid 

medium keeping sucrose at 30 g/l and decreasing 

the pH to 5.0 and lowering both (sucrose to 20 g/l 

and pH to 5.0) resulted in 100 % increase in shoot 

formation. Similar, in liquid medium keeping the 

sucrose at 30 g/l and increasing the pH to 6.0, 

keeping pH at 5.7 and decreasing sucrose to 20 

g/l, increasing both (the sucrose to 40 g/l and pH 

to 6.5) and lowering both (sucrose to 20 g/l and 

pH to 5.0) resulted in 17 to 20 % increase in 

shoot formation. Using solid medium adjusted to 

pH 5.7, Hamad (2017b) found that proper sucrose 

concentration varied among different pineapple 

cultivars. (Sucrose at 30 g/l  for Moris and at 20 

g/l for Smooth cayenne). However, at fixed 

sucrose enrichment (20 g/l), Moris cultured in 

liquid medium adjusted to pH 5.0 produced more 

shoots than in solid medium (Hamad, 2017a). It is 

important to point out that pH adjustment was a 

simple none cost item and generally ignored 

factor that could doubled or drastically reduce the 

shoot formation (Table, 2).  

Liquid medium enriched with sucrose at 10 g/l 

and adjusted to pH 5.0 resulted in low shoot 

formation but the rate increased when medium pH 

increased while when enriched with sucrose at 20 

g/l resulted in higher shoot formation but the rate 

decreased when the medium pH increased. If this 

trend of response to pH adjustments is persisted, 

using of pH range higher than 6.5 in medium 

enriched with sucrose at 10 g/l and pH range 

lower than 5.0 in medium enriched with sucrose at 

20 g/l may improve the shoot formation and is 

suggested for future testing. The different rate of 

shoot formation at different combinations of 

sucrose enrichment and pH adjustment in same 

medium state and to the same combination in 

different medium states indicated that adopting of 

one single sucrose-pH treatment as it is commonly 

done could not lead to a valid comparison of 

medium states and investigation of the physiology 

of shoot formation. In fact, one fixed combination 

of sucrose and pH could drastically reduce the 

shoot formation in one medium state while 

doubling the shoot formation in the other one 

(Table, 2). Medium states, sucrose contents and 

pH adjustments played important role in the 

process of shoot formation. However, that role is 

not clearly understood yet. 

 It is generally assumed that the promotion effect 

of liquid medium is due to the accessibility of 

medium component to the explants. Liquid state 

was in general better than solid and sucrose at 40 

g/l inhibited the shoot formation (Table, 2). 

However, the superiority of liquid state and the 

inhibition of high sucrose content could be 

blocked and even reversed by pH adjustment. 
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Liquid medium enriched with sucrose at 20 g/l at 

all pH except 6.0 and with sucrose at 30 g/l at all 

pH except pH 5.0 resulted in more shoots than 

solid medium. Adjusting the medium enriched 

with sucrose at 20 g/l to pH 6.0 blocked the 

promotion effect of liquid medium (equal shoots 

obtained in both medium states) while adjusting 

the medium enriched with 30 g/l to pH 5.0 

reversed the situation and solid promoted more 

shoots than liquid (Table, 2). That is the pH and 

sucrose affected the ability of liquid state to 

promote shoot formation. If the superiority of 

liquid medium was due to nutrient accessibility, 

the statistical analysis (Table, 1) should have 

shown that the medium states had significant 

interaction with the other factors that reverse the 

state superiority. Table 1 showed that medium 

states affect was independent of the sucrose 

concentrations and pH adjustments. Neither the 

interaction of medium states with pH and with 

sucrose each alone nor the collective interaction 

of the three factors together was significant while 

a significant interaction was detected between 

sucrose and pH.  

This indicated that the shoot formation was 

controlled by the interaction of pH and sucrose 

more than the medium state. The interaction of 

sucrose and pH presumably resulted in either fast 

or slow uptake of sucrose or formation of 

complex that could either promote or inhibit the 

shoot formation depending on how much sucrose 

the medium contained and to what pH was 

adjusted rather than the types of medium state. In 

conclusion, this study demonstrated that in vitro 

shoot formation is controlled by the sucrose and 

pH of the medium more than the medium state. 

The medium pH adjustment which is none cost 

item and generally ignored factor is essential for 

obtaining a substantial increase in shoot formation. 

The contradicting responses to different sucrose-pH 

combinations in same and different medium states 

could help in the selection of specific combinations 

of sucrose concentrations and pH adjustments that 

would be proper for investigation of the physiology 

of in vitro shoot formation, elucidation of pH and 

sucrose roles and developing of medium for 

optimum shoot formation and elongation. 

REFERENCES 

Akin-Idowu, P. E., Akinyemi S. O. S., and 

Ibitoye D. O. (2014). Influence of 

medium type and growth regulators on in 

vitro micropropagation of pineapple 

(Ananas comosus (L.), var. Smooth 

cayenne). African Journal of Plant 

Science 8(9):450-456. 

Almeida, W. A. B. D., Santana G. S., Rodriguez 

A. P., and Costa M. A. P. D. C. (2002). 

Optimization of a protocol for the 

micropropagation of pineapple. Revista 

Brasileira de Fruticultura 24(2):296-300. 

Escalona, M., Lorenzo J., González B., Daquinta 

M., González J., Desjardins Y., and 

Borroto C. (1999). Pineapple (Ananas 

comosus L. Merr) micropropagation in 

temporary immersion systems. Plant Cell 

Reports 18(9):743-748. 

Fernando, K. (1986). In Vitro propagation of 

mauritius pineapple. Tropical Agricult.  

(Sri Lanka). 

Firoozabady, E., and Gutterson N. (2003). Cost-

effective in vitro propagation methods 

for pineapple. Plant Cell Reports 

21(9):844-850. 

Hamad, A. M., and Taha R. M. (2008). Effect of 

sequential subcultures on in vitro 

proliferation capacity and shoot 

formations pattern of pineapple (Ananas 

comosus L. Merr.) over different 

incubation periods. Scientia Horticul. 

117(4):329-334. 

Kofi, O., and Adachi T. (1993). Effect of 

cytokinins on the proliferation of 

multiple shoots of pineapple in vitro. 

SABRAO Journal 25(1):59-69. 

Mathews, V. H., and Rangan T. (1979). Multiple 

plantlets in lateral bud and leaf explant in 

vitro cultures of pineapple. Scientia 

Horticul. 11(4):319-328. 



Al-Mukhtar Journal of Sciences 32 (1): 17-23, 2017 
 

© 7102 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

22 
 

Pérez, A., Napoles L., Carvajal C., Hernandez 

M., and Lorenzo J. (2004). Effect of 

sucrose, inorganic salts, inositol, and 

thiamine on protease excretion during 

pineapple culture in temporary 

immersion bioreactors. In Vitro Cellular 

and Developmental Biology-Plant 

40(3):311-316. 

Pérez, G., Yanes E., Isidrón M., and Lorenzo J. 

C. (2009). Phenotypic and AFLP 

characterization of two new pineapple 

somaclones derived from in vitro culture. 

Plant Cell, Tissue and Organ Culture 

96(1):113-116. 

Pérez, G., Yanez E., Mbogholi A., Valle B., 

Sagarra F., Yabor L., Aragón C., 

González J., Isidrón M., and Lorenzo J. 

C. (2012). New pineapple somaclonal 

variants: P3R5 and Dwarf. Am J Plant 

Sci 3(1-11. 

Soneji, J. R., Rao P., and Mhatre M. (2002a). In 

vitro regeneration from leaf explants of 

pineapple (Ananas comosus L, Merr). 

Journal of plant biochemistry and 

biotechnology 11(2):117-119. 

Soneji, J. R., Rao P., and Mhatre M. (2002b). 

Somaclonal variation in 

micropropagated dormant axillary buds 

of pineapple (Ananas comosus L., 

Merr.). The Journal of Horticultural 

Science and Biotechnology 77(1):28-32. 

Sripaoraya, S., Marchant R., Brian Power J., and 

Davey M. R. (2003). Plant regeneration 

by somatic embryogenesis and 

organogenesis in commercial pineapple 

(Ananas comosus L.). In Vitro Cellular 

and Developmental Biology-Plant 

39(5):450-454. 

Teixeira, S. L., Ribeiro J. M., and Teixeira M. T. 

(2006). Influence of NaClO on nutrient 

medium sterilization and on pineapple 

(Ananas comosus cv Smooth cayenne) 

behavior. Plant Cell, Tissue and Organ 

Culture 86(3):375-378. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

23 
 

7102، 73- 02(:0) 37مجمة المختار لمعموم   
 

 ليبيا. -ة عمر المختار البيضاء، كلية الزراعة، جامع abdelhamidhamad@gmail.comعبد الحميد مختار حمد : 

تأثير حالة الوسط ودرجة حموضتو ومحتواه من السكروز عمي عدد النموات المتكونة من عزلة  نبات أناناس 
 صنف موريس 

 عبد الحميد مختار حمد
 ليبيا -قسم البستنة، كمية الزراعة جامعة عمر المختار البيضاء

 
.2012بريل أ 23:  / تاريخ القبول 2012فبراير  9تاريخ الاستلام:   

Doi:https://doi.org/10.54172/mjsc.v32i1.92  

( المحتاوي MSاختبر تأثير ثلاث حاالات ) الحالاة الساا مة والةامبة والنةاة ةامبة( مان وساي  موراواي) و ساكو  ) ص: مخستالم 
ودرجة حموضة الوسي  والمعدل محتواه من السكروز ،في المتر جرامممي 7بتركيز  benzylaminopurine (BAP)-6 ىرمون عمى 

((pH  رام فاي المتار( وأربار درجاات مان الحموضاة جا 01و  31،  71،  01تركيازات مان الساكروز  ) ةتوليفة مكونة مان أربعا 01ب
pH (0.1 ،0.2 1.1  عما1.0و )الوساي الساا ل المحتاوي  لعماسات  نانااس ةانة ماوريس . أد النماوات المنتجاة مان عزلاة نباات عاد ى
فااي المتاار وكاال منيمااا حموضااتو   جاارام 31سااكروز بتركيااز  ىي المتاار والوسااي الةاامب المحتااوي عماافاا جاارام 71سااكروز بتركيااز  ىعماا

(pH  )0.1   فاي  جارام 01 ىلإزيادة تركيز السكروز نموات(،  2موات من العزلة )متوسي عدد ن ىأعم ىلحةول عما ى إلىأدوىذا
عياااء نمااوات فااي كاال ماان إ ى% ماان قاادرتيا عماا 01ن تفقااد العزلااة أ إلااى ىأد 1.1 ىلااإ( pHالمتاار أو تعااديل درجااة حموضااة الوسااي )

فاي حالاة الوساي الساا ل  ووعكسفي حين كان من الممكن التغمب عمى فقدان القدرة عمى إعياء النموات . الوسيين السا ل والةمب 
ام( جار 01المثابي لمتركياز المرتفار لمساكروز ) التاأثير ىثل ىذا التعديل فوال فاي التغماب عمام 1.0 ىلإي عديل حموضة الوستبواسية  

 اساتعمالأكثار عادد نماوات مان تمات المتحةال عميياا مان  ىاساتعمال الوساي الساا ل أعيا فانن العماومفي حالة الوساي الةامب . فاي 
ومتسااوية مار  ،توليفاات 0وات متسااوية مار الوساي الةامب فاي توليفاات وعادد نما يالوسي الةمب والوساي النةاة الةامب فاي ثماان

ن يقال مان نةاة الةامب فاي تاوليفتأو  ،الوساي الةامب فاي أربعاة توليفاات قل مانأوعدد نموات توليفات  0الوسي نةة الةمب في 
 الأنسااجةسااات زراعااة فااي درا واسااتعمالاً  لأكثاار واايوعاً االتوليفااة  اسااتعمال ة،توليفااة ماان السااكروز و درجااة الحموضاا  01جمااالي إماان 

عيااء إ ىلاإدت أبال  كال حالاة مان حاالات الوساي الثلاثاةل( لم تكن فقي غير ملا مة 0.2في المتر ودرجة حموضة  جرام 31)سكروز
ركياز الساكروز ودرجاة مان ت ىتوليفاة مثما اساتعممتنماوات( لاو  2) وا ىو بمقدور العزلاة أن تعييامم نموات( 0قل من النموات )أعدد 

مااان درجاااة  بااادلاً  0.1( pHبسااايي فاااي الوساااي وذلااات باساااتعمال درجاااة حموضاااة ) جاااراء تغييااارإن أالنتاااا ) أتيااارت  ،حموضااة الوساااي 
 . الحةول عمييا من العزلة الواحدة التي يمكن مضاعفة عدد النموات إلى ى( أد0.2الوا عة الاستعمال ) الحموضة

 
.لة الوسيا، حلأناناس اتركيز السكروز ، درجة الحموضة ، : المفتاحية الكممات
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Abstract: Optimization of sludge composting has been analysed by co-composting of sewage 

sludge with food waste by using a bin composter with regular aeration. Two bin composting 

experiments were set up to study the effect of different mixing ratios of food waste from the wet 

market to sewage sludge from Al Hadhbah waste water treatment plant which is located in 

Tripoli on some physical and chemical characteristics of the resulted compost. The selected 

ratios were 1:2 (A) and 1:3 (B) of food waste to sewage sludge respectively. Composting was 

conducted for 100 days and the sampling from the mixtures was performed each five days. 

Temperature (T), pH, electrical conductivity (EC), total organic carbon contents (TOC %) and 

total nitrogen contents (TN %) were monitored during the composting. The ratio of C/N, 

inorganic residual material (ash content) and nutrient changes as represented by potassium (K %) 

and phosphorus (P %) contents was also determined. The compost produced in this study has a 

favorable ratio of C/N (13.43 for compost A and 14. 32 for compost B). With significant amount 

of nutrients (TN %, K%, P%) The results of analysis of variance (ANOVA) revealed a 

significant effect of elapsed composting time (at the probability level of 0.05) on T, pH, TOC%, 

K% and P%. The effect of composting ratio was insignificant (at the probability level of 0.05) on 

T, TOC %, TN %, C/N and P%. The multiple comparison results using Tukey’s test showed 

significance difference between the mean values of EC and K% among the composting ratio at 

the confidence level of 95%. Generally, the compost ratio of 1:2 was found to be the most 

suitable for use as organic fertilizer. 

 

Key words: a bin composter, food waste, sewage sludge, fertilizer. 

 

INTRODUCTION 

To date, human all over the world have been 

generating more and more waste at a steadily 

increasing rate. In most parts of the world, solid 

wastes are disposed of either in open dumps or 

sanitary landfills or by incineration. Methods of 

treatment like incineration and sanitary landfilling 

are expensive. Solid waste management expresses 

the main matter where it does not have any 

organized and efficient system in managing solid 

wastes. This poor management has definitely 

brought about negative influences to the natural 

environment. By way of a result, the growing 

amount of waste has led to the exhaustion of 

natural resources that further provides a way to 

environmental risks (Kathirvale et al., 2003) 

Biodegradable wastes are certainly linked with the 

humiliating environment, especially as we shed 

light on the maddening quantity of contaminants 

being produced; they are leachate and methane 

gas. Section stores and shops have also augmented 

popularity as the responses to people's needs. In 

developing countries, the state of the wet market 

is unwell constructed. For example fruits and 

vegetable waste and food waste from restaurants 

https://doi.org/10.54172/mjsc.v32i1.90
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.90&amp;domain=pdf&amp;date_stamp=2008-08-14
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inside wet market which are products to be 

thrown away on a daily basis(Omotara et al., 

2004) Tee (2009) stated that waste created by 

local residents is 16000 tonnes of domestic waste 

per day and the average waste per capita has 

escalated to 1.44 kg from 0.45 kg a day, 

determined by the economic status of the involved 

zone. 

 The average percentage of solid waste is 45% for 

food waste, 24% for plastic waste, 7% for papers, 

6% for steel 3% for glass and 15% for others 

.(Baeyens et al. 1997) reported that the cost of 

sewage sludge treatment is high, as it has roughly 

35-50% of the total operating costs of the 

wastewater treatment. (Chooi,  1984) stated that 

sewage sludge can be dried and used as compost 

as it covers high nutrient value. In comparison, 

the sludge is able to recover soil fertility and 

products more crops by safeguarding adequate 

source of nutrients which are important to the 

soil(Rantala et al., 1999, Kuai et al., 2000). 

Therefore, cost-effective sustainable technologies 

are needed by the industries to ensure the safe 

disposal of industrial sludge. The high moisture 

content, low carbon content and high nutrient 

value of the sludge are the reason why it is usually 

dried and used as a fertilizer. Currently, sewage 

sludge disposal has been prepared through a 

number of ways such as incineration, land-filling, 

and composting(Kim et al., 2000). 

 The first method, incineration is inept as its 

moisture content is high, there is need to handle 

unsafe gas emission appropriately. Land-filling 

method is found to be very expensive because it is 

not easy to get unfilled grounds suitable for the 

purpose and also, once a landfill is opened; there 

will be a set of stringent rules and regulations that 

need to be followed (Hackett et al., 1999). Land-

filling process also produces unpleasant smell and 

some by-products. The by-products of these gases 

have a great propensity to pollute the water 

surface and similarly the ground(Yun et al., 

2000). Composting is a method of solid waste 

organization whereby the organic component of 

the solid waste stream is physically decomposed 

under measured conditions to a state in which it 

can be handled, kept and or applied to the land 

without adversely affecting the environment(Xiao 

et al., 2009). Co-composting of sludge with solid 

food waste was expected to be one choice for 

waste use and might offer several environmental 

and economic welfares. Mixing of two types of 

materials can provide better moisture content and 

more stable nutrients for the microorganisms to 

carry out the composting process(Singh et al., 

2010, Yeoh et al., 2011) reported that the co-

composting is one of the important bio-waste 

treatments in the palm oil manufacturing for reaching 

sustainable process and zero waste.Nonetheless, 

improper conditions of composting may result in 

several problems such as gas release, bad odor, low 

quality product production postponement and high 

handling cost. The wide uses of microorganisms in 

composting processes are similarly enclosed under 

clarifications of many investigators. The maturation 

process of compost can be quicker by supporting the 

microorganisms to get finial product. However, the 

microorganisms have desirable effects on the 

biological characteristics of the organic material.. 

This study focused on the investigation of the co-

composting process of sewage sludge from waste 

water treatment plant which was mixed with food 

waste from the wet market in Tripoli Libya. Two 

different ratios of mixing 1:2 and 1:3 were 

adopted for this study. The aims were to 

determine the physicochemical changes of co-

composting of food waste to sewage sludge and to 

determine the best mixing ratio of food waste to 

sewage sludge by using bin composters. 

MATERIALS AND METHODS 

Co-composting was used to produce compost 

from food waste and sewage sludge. Food waste 

samples were collected from the wet market and 

sewage sludge samples were collected from Al 

hadhbah waste water treatment plant in Tripoli 

Libya. Both samples were mixed and homogenized 

manually at different ratio of 1:2 and 1:3 (i.e., waste: 

sludge) by weight, respectively. The composter has 

measurements of 90 cm in height and 60 cm in 

diameter and was painted in black to absorb the 

sun ray. A mixture of sewage sludge and food 

wastes was prepared and poured from the top of 
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the composter. Two kgs of recycled compost were 

added to the mixture to further facilitate the 

composting process. A flow of air was created in 

the composter that aids the aeration. The final 

product of the compost was collected from the 

bottom of the composter using an opening 

designed at the bottom of the composter. This was 

achieved through constructing a number of 

uniformly distributed holes each had a diameter of 

2 cm and located at the lower side of the bin. 

Compost Analysis 

Sampling was performed by taking 100 gms of 

compost from the bin composter at different 

places(Brinton et al., 2012). The temperatures 

were measured by means of thermometer at the 

core of the reactor at the beginning of each 

experiment and every 5days for 100 days. Many 

samples of the compost were taken to determine 

pH, Total nitrogen, Potassium (K%) and 

Phosphorus (P%), Total Organic Carbon (TOC%), 

and Electrical Conductivity( EC). The pH values 

of the compost were determined using a method 

defined by (Carnes and Lossin 1970). Total 

nitrogen was determined using Kjeldahl method. 

Potassium (K%) and phosphorus (P%) were 

measured by inductively coupled plasma mass 

spectrometry. Total organic carbon TOC% was 

determined by heating the dried sample at 550 
◦
C 

for 4 hours. The organic matter was converted to 

carbon content using a factor of 54 % (Navarro et 

al., 1990). Wet density was estimated by filling 

500 mL of distilled water in a beaker with the 

material(Schulze 1962). C/N ratio was analyzed 

using CHNS-O Analyzer which is an elemental 

analyzer dedicated to the simultaneous 

determination of the percentage (%) of carbon, 

pH, nitrogen, Electrical conductivity values of the 

compost were determined using a method defined 

by(Rayment and Higginson 1992). All the 

measurements which conducted on the samples 

were performed at the beginning of each 

experiment and every 5 days for 100 days from 

June 2016 to September 2016. 

 

Statistical Analysis 

Analysis of variance without replication (ANOVA) 

was performed to statistically assess the effects of 

the elapsed composting time and the mixing ratio 

on some physical and chemical properties of the 

compost using a 95% confidence level. For more 

convenient purposes, it was suggested to use the 

intervals of 10 days rather than 5 days for the 

elapsed composting time factor. Tukey’s test was 

used to determine differences among the 

composting ratio using a 95% confidence level, as 

well. All statistical analyses were performed using 

MINITAB statistical package software (Inc 2003). 

RESULTS AND DISCUSSION 

Physicochemical analyses were conducted on raw 

materials of food waste and sewage sludge before 

mixing which is shown in Table 1. The 

parameters of initial food waste and sewage 

sludge as depicted in Table (1) are responsible for 

compost maturity. The values of these parameters 

are within their optimum range as mentioned by 

(Anwar et al., 2015). Results of co-composting of 

food waste to sewage sludge with mixing ratio of 

1:2 and 1:3 are shown in Table 2. 

 
Table (1). Parameters of initial food waste and sewage 

sludge. 

Parameters Food Waste Sewage Sludge 

pH 8.75 6.32 

Nitrogen% 1.35 1.07 

C/N 31.97 13.48 

Potassium% 1.13 0.75 

Moisture% 63.52 68.97 

Phosphorus% 0.53 1.05 

TOC% 33.27 32.42 
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Table (2). Physical and chemical parameters of initial material mixture of food waste to sewage sludge with mixing ratio 1:2 

and 1:3. 

 

Parameters Initial material mixture of food waste to Sewage Sludge 

 Ratio1:2Bin composter A Ratio1:3 Bin composter B 

Color Black Black 

Odor Smells like soil Smells like soil 

Size distribution Friable, fine and uniform Friable, fine and uniform 

Phosphorus% 1.13 0.98 

Potassium% 0.38 0.58 

pH 7.84 8.32 

Nitrogen% 2.40 1.50 

Temperature 

The initial temperatures of bin composters were 

23 and 26.5 0C for A and B, respectively as shown in 

figure 1. Temperatures of both composters increased 

significantly (at the probability level of 0.05) and 

sharply to around 43 and 42 °C, from day 2 until day 

20 of the treatment. The rapid rise in temperature 

might be due to bacterial decomposition activity 

in the compost. The thermophilic phase in the 

present stage was continued until day 25 of the 

treatment before the temperature of bin composter 

declined gradually after it got the maturity phase 

on day 40 of the treatment when the curing stage 

was started. The comparisons between the mean 

values of temperature among the compost ratio as 

determined by Tukey’s test (at the confidence 

level of 95%) indicated no significant difference. 

The final temperature of bin composters reduced 

gradually to reach 18 and 20 °C for composter A 

and B, respectively. These were observed at the 

end of the composting process which shown a 

good degree of stability (Satisha and Devarajan 

2007). 

 

 

 

 

Figure (1). Temperatures profile of composting using bin composters A and B. 
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pH 

In Figure 2, it is shown that the initial pH of the 

compost were 8.46 and 8.32 for composters A and 

B, respectively, then augmented sharply to 

maximum values of about 8.87 for composter A 

and 8.53 for composter B in the first month of 

composting. The results of ANOVA indicated that 

the effects of the elapsed composting time and the 

composting ratio were significant at the 

probability level of 0.05. Growth of pH value at 

the beginning of the composting process might be 

due to the protein mineralization which led to the 

increase in ammonia produced by the biochemical  

 

 

reactions of nitrogen-containing materials and 

varying of amino acids and peptide to the 

ammonia (Crawford, 1983; (Liao et al., 1997, 

Paredes et al., 2002). According to Tukey’s test, 

the comparisons among the compost ratio 

revealed no significant difference between the 

mean values of pH at the confidence level of 95%. 

The final values of pH were reduced to 7.01 and 

7.36 for composters A and B respectively, as 

depicted in figure 4. These values agreed with the 

study of (Sundberg et al., 2004). They stated that 

for fully developed composting, the pH frequently 

ranged from 7 to 9. 

 
Figure (2). pH profile of composting using bin composters A and B. 

Electrical Conductivity (EC)

Electrical conductivity is the ability of a 

material to transmit an electrical current and 

electrical conductivity is expressed in the 

units of dS/m. The initial concentrations of 

EC were 1.48 dS/m and 1.53 dS/m for composter 

A and B, respectively. These values augmented 

with the final concentration of 1.89 dS/m for 

composter A and 1.53 dS/m for composter B. It 

can be observed from figure 3 that composter A 

presented a significant increase (according to 

Tukey’s test at the confidence level of 95%) 

over composter B. This is a significant 

application of compost in agriculture since 

high soil salinity may prevent plant 

development and growth. The data obtained 

in this study were in the range of another 

study by (Helić et al., 2011) on composting of 

municipal solid waste with different additives 

and values of electrical conductivity with 

mixture composting of municipal solid waste, 

poultry manure and sawdust. They found that 

EC were 1.50 dS/m and 2.62 dS/m for both 

reactors, respectively.  
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Figure (3). Electrical conductivity profiles of composting using bin composters A and B. 

Total Organic Carbon 

Unlike the composting ratio, the results of 

ANOVA showed a significant effect of the 

elapsed composting time on TOC%. The 

results also revealed that TOC % decreased in 

a similar way in both composters A and B. 

The initial values of TOC% for composters A 

and B were 46.23 and 48.04% respectively, 

and dropped quite dramatically to 40.21 and 

37.08% at the end of composting as depicted 

in figure 4. Such decreasing in TOC% during 

composting time was also noted in many similar 

studies (Sampedro et al., 2007, Haque and 

Gholami 2012). However, according to Tukey’s 

test, the comparisons among the compost ratio 

revealed no significant difference between the 

mean values of TOC % at the confidence level of 

95%. 

 

 

Figure (4). TOC profile of composting using Bin Composters A and B. 

Total nitrogen 

Total nitrogen content in both composters A 

and B increased from initial values of 0.89 and 

0.86%, respectively. Composter B experienced 

a series of insignificantly statistical ups and 

downs (at the probability 0.05 level) in nitrogen 

concentration during thermophilic stage as 

shown in figure 5. Moreover, the results of 

Tukey’s test indicated that the comparisons 
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among the compost ratio revealed no significant 

difference between the mean values of total 

nitrogen at the confidence level of 95%. The 

final values of total nitrogen observed were 

1.187 and 1.30% for composter A and B, 

respectively. However, (Nutongkaew et al., 

2011) reported a similar trend in increasing of 

the total nitrogen during the composting 

process. 

 

 

 

 

Figure (5). Changes in TN profile of composting using Bin Composters A and B. 

C/N ratio 

C/N ratio decreased gradually in the first two 

weeks of composting treatment for both 

composters A and B. Such typical reductions in 

C/N ratio were statistically significant according 

to the analysis of variance (ANOVA), at the 

probability levels 0.05 during the composting 

process i.e., the elapsed composting time. 

According to Tukey’s test, the comparisons 

among the compost ratio revealed no significant 

difference between the mean values of C/N ratio 

at the confidence level of 95%. However, the 

final values for both composters were 13.43 and 

14.32%, respectively, after maturation as 

depicted in figure 6. Such final values of C/N are 

favorable for composting industries.(Van 

Heerden et al., 2002) stated that the C/N ratio 

less than 20 could be considered as a suit 

maturation level of compost. However, this 

enhances net mineralization of nitrogen in the 

soil for plant use if used as fertilizer. 

 

Figure (6). Changes in C/N ratio profile of composting using Bin Composters A and B. 
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Nutrient Changes 

Unlike P%, the analysis of variance 

(ANOVA) indicated that the effects of 

composting ratio on K% were significant at 

the probability levels of 0.05. On the other 

hand, it was found that the effects of elapsed 

composting time on both K% and P% were 

significant at the probability level of 0.05. 

Figure 7 shows that the content of K% in 

composter A increased from 1.5% to 2.97%. 

The content of P% also increased in 

composter A from 0.1% to 1.27%. Similarly, 

in the composter B the content of K% 

increased from 0.53 to 1.72% and from 0.48 

to 1.08% in terms of P%. According to 

Tukey’s test (at the confidence level of 95%), 

the comparisons between the mean values of 

K% were found to be in significant difference 

among the composting ratio. Unlike the mean 

values of K%, the mean values of P% had 

relatively no differences among the composting 

ratio. The increase of K% and P % at the end of 

composting could be attributed to a decrease in 

organic matter (Haug 1993). On the other 

hand, (Fei-Baffoe et. al., 2015) attributed the 

increase of macro elements such as K% and 

P% to the organic matter decomposition 

which is leading to the net loss of dry mass, 

which in turn, might have concentrated the 

phosphorus and potassium in the compost. 

 

Figure (7). Changes of nutrients profile of composting using bin composters A and B

Ash Content 

This test is a measure of the inorganic 

residual material gone after burning the oven-

dried compost sample at 500 ± 50°C. The 

quantity of ash was depending on the kind of 

feedstocks composted. Initial ash content of 

composters A and B were 26.79 and 28.21% 

respectively. The final values obtained in this 

study of both composters were 11.32 and 

12.23% for A and B respectively as depicted 

in figure 8. The results of analysis of variance 

(ANOVA) revealed that unlike composting 

ratio, the effects of elapsed composting time 

on ash content were significant at the 

probability level of 0.05. Similar results were 

reported by (Helić et al., 2011, Razali et al., 

2012).                      
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Figure (8). Ash content profile of composting using 

bin composters A and B. 

Table (3). Physicochemical properties of the final 

compost at two stages 

 pH C/N K% P% N% T
0
C 

Bin 

composter 

A 

7.01 13.43 2.97 1.27 1.20 43 

Bin 

composter 

B 

7.36 14.32 1.72 1.08 1.30 42 

 

CONCLUSION 

Co-composting of food waste to sewage sludge 

can be used as another way of converting these 

materials into a beneficial product using a cheap 

and easy system, which is the bin composter. 

Improved biodegradation was achieved by 

mixing food waste to sewage sludge. In 

addition, the temperature achieved in 

composting met the sanitary requirement for 

pathogen killing. The compost produced in this 

study has a C/N ratio of 13.43 and 14.32 with 

significant amounts of phosphorus, potassium 

and nitrogen. It is noteworthy that the final 

product of compost had high nutrient content 

especially P and K. Thus, the compost can be 

applied safely to the soil as a conditioner to 

enhance its chemical quality.  
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2102، 35- 24(:0) 32مجمة المختار لمعموم   
  

الكمبوست(باستخدام مستوعب التسميد ) التسميد المشترك من حماة الصرف الصحي مع النفايات الغذائية  

2*و أحمد إبراهيم خماج 1صلاح عمي خميفة التويب  

 سوق الخميس مسيحل، ليبيا  -المعيد العالي لمعموم والتقنية، قسم اليندسة الكيميائية  1
 ليبيا –طرابمس   جامعة طرابمس،  -كمية الزراعة، قسم التربة والمياه 2

 
 .2012مايو  13/ تاريخ القبول :  2012مارس  25تاريخ الاستلام: 

Doi:https://doi.org/10.54172/mjsc.v32i1.90  

التحميرررل الملرررل لسرررماد الحمررر ا المةرررنا مرررن الحمررر ا مرررا النمايرررال ال  ائيرررة باسرررتخدام مسرررتوع   أجررررل الدراسرررةص : مخستتتتالم
تجربرة الدراسرة باسرتخدام معراممتين نراتجتين مرن الخمرط المتجرانس لسرماد الحمر ا المتحةرل يويرة العاديرة. نمر ل مبوسل ما التالك

عمييا من محطة معالجة مياه الةرف الةرحي بمحطرة اليةربة بطررابمس مرا اةرلال الطعرام مرن السروق الرطر  اري طررابمس 
عينرال مرن الخمريط كرل  لخ . أ  (B)التي تملل المعاممة  3: 1ةبنسب,و  (A)والتي تملل المعاممة  2: 1ليبيا وبنس  مختممة من 

تم تقدير كل من درجة الحرارا ودرجرة التماعرل و التوةريل الكيربري و محترو  و خمسة أيام خلال كامل اترا تحةير الكمبوسل. 
ي ) ( والت يرررال الترري الكربررون العةررو( ) ( و محتررو  النيتررروجين الكمرري ) ( ونسرربة الكربررون  لررر النيتررروجين والرمرراد المتبقرر

أظيررل النترائا المتحةرل عمييرا أن الكمبوسرل النيرائي و اري عينرال الكمبوسرل.  ) (( والبوتاسيوم %حدلل اي نسبة المسمور)
( ما قيم مرتمعة من محترو   Bلممعاممة 14.32و  Aلممعاممة  13.43مرغوبة من نسبة الكربون  لر النيتروجين )  ا  احتو  قيم

(. كمرا بينررل نترائا تحميرل التبرراين أن ىنراك تر ليرا معنويررا  لرزمن التحةررير %( والمسرمور )%( والبوتاسرريوم )%ي )النيترروجين الكمر
و لك عمر كرل مرن درجرة الحررارا و درجرة التماعرل و محترو  الكربرون العةرو( ) ( ونسربة الكربرون  0.05عند مستو  معنوية 

نسرربة الخمررط اكرران ت ليرىررا غيررر معنررو( عنررد مسررتو  معنويررة بمررا يتعمررق (. واي%( والمسررمور )% لررر النيتررروجين و البوتاسرريوم )
ونسررربة الكربرررون  لرررر  عمرررر كرررل مرررن درجرررة الحررررارا ومحترررو  الكربرررون العةرررو( ) ( و محترررو  النيترررروجين الكمررري ) ( 0.05

عنررد مسررتو  لقررة  (Tukey’s test)(. وقررد أظيرررل نتررائا المقارنررة المتعررددا باسررتخدام اختبررار توكررا( %النيتررروجين والمسررمور)
 ، أن ىناك اختلااال معنوية برين متوسرطال كرل مرن درجرة التوةريل الكيربري و كر لك برين متوسرطال محترو  البوتاسريوم 55
المكونرة مرن اةرلال  2:1 لرر اسرتخدام نسربة الخمرط  وء، اإنرو باممكران المجر( بين معاملال نس  الخمرط المختممرة. وعمومرا  %)

مرا نسربة  موازنرةائيرة الساسرية لنمرو النبرال عمر منتا سماد( أكلر احتواء عمر العناةرر ال   الطعام: حم ا المجار( لمحةول
3:1. 

 .مماعل التسميد، نمايال غ ائية، حم ا الةرف الةحي، السماد :المفتاحية الكممات
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Abstract:  The volume integral of Riemann flux in the discontinuous Galerkin (DG) method is 
introduced in this paper. The boundaries integrals of the fluxes (Riemann flux) are transformed 
into volume integral. The new family of DG method is accomplished by applying divergence 
theorem to the boundaries integrals of the flux. Therefore, the (DG) method is independent of the 
boundaries integrals of fluxes (Riemann flux) at the cell (element) boundaries as in classical 
(DG) methods. The modified streamline upwind Petrov-Galerkin method is used to capture the 
oscillation of unphysical flow for shocked flow problems. The numerical results of applying 
totally volume integral discontinuous Galerkin method (TVI-DG) are presented to unsteady 
scalar hyperbolic equations (linear convection equation, inviscid Burger's equation and Buckley-
Leverett equation) for one dimensional case. The numerical finding of this scheme is very 
accurate as compared with other high order schemes as the weighted compact finite difference 
method WCOMP. 
 
Key words: Scalar conservation laws; Higher order methods, Discontinuous Galerkin; 
Divergence theorem 
 

 INTRODUCTION 

There has been a surge of researches activities in 
high order methods as spectral volume (SV) 
method, spectral difference (SD) method, the 
weighted essentially non-oscillatory (WENO) 
method and (DG) method. Most of the 
aforementioned methods have a common feature: 
they achieve high order accuracy by locally 
approximating the state variables (numerical 
solutions) as high order polynomials inside the 
element. While WENO method achieves a high 
order accuracy by approximating the state 
variables as high order polynomials over a stencil 
(groups of cells or elements). In this work, we 
concerned ourselves to the compact and weighted 
scheme which is the DG method.  

The DG method is introduced by Reed and ( Hill 
in 1973) for neutron transport problems and    

then developed for fluid dynamics by Cockburn       
and Shu in series of papers among them 
(Cockburn et al., 1989, Cockburn and Shu 1989, 
Cockburn et al., 1990, Cockburn 2001). (Huynh 
2007) introduced a flux reconstruction (FR) 
approach,  in which the formulation is capable of          
unifying several popular methods including the 
discontinuous Galerkin method, staggered-grid 
method, spectral difference method and spectral 
volume method into a single formula. The final 
mathematical form of the discretized governing 
equation is governing equation in the differential 
form. After that, (Wang and Gao 2009) extended 
(FR) approach to multidimensional flow and 
unstructured mesh under the named lifting 
collocation penalty (LCP) formulation. Therefore, 
the differences between DG and other methods lie 
in the definition of degrees of freedom (DOFs) 

mailto:irustum@yahoo.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.124&amp;domain=pdf&amp;date_stamp=2008-08-14
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and how the DOFs are updated (Wang and Gao 
2009).  

It is well known that the discontinuous Galerkin 
method is as an efficient and low error magnitude 
than the other methods. In the DG formulation, 
the boundary flux is integrated over the boundary 
of the cell or element as traditional methods like 
finite volume (FV) methods. While for its 
development the weighted function at the 
boundary of the cell can be transformed into the 
correction function 𝑔(𝜉) for (FR) or lifting 
coefficients 𝛼𝑖,𝑗 for LCP formulations. Thus 
𝑔(𝜉) and 𝛼𝑖,𝑗 are dependent on the weighted 
functions over the boundaries(Gao and Wang 
2009, Wang and Gao 2009). Therefore the 
weighted functions at the boundary play an 
important rule for boundary flux calculation in the 
DG method and its development. In general, there 
are two types of flux integrals, the first one is the 
volume integral of the physical flux over the 
entire element domain, and the second  type of 
integral is the boundary integral of the Riemann 
flux (Godunov flux) over the boundaries of the 
elements (over the surface areas of the element).  
This difficulty motivated us to introduce a new 
family of DG methods independent of the 
weighting functions at the boundaries. Therefore 
no boundary integral is needed for this new 
formulation.  
The paper is organized as follows: Section 2 
introduced the new DG method formulations. The 
verification of the new formulation is introduced 
in section 3. Finally, conclusion remarked is 
introduced into section 4. 
 
Totally Volume Integral (TVI) DG Method 
Formulation 

 Space Discretization 
For the convenience of discussion, a review for 
DG semi-discretization for partial differential 
equations (PDE) is introduced. This can be done 
by firstly considering the conservation laws in 
divergence form: 

𝑄𝑡 + ∇ ⋅ 𝑭 = 0.     (1)  

The numerical solution of Eqn. (1) is sought on 
the computational domain Ω subject to proper 
initial and boundary condition. where Q is the 
conservative variable and F is the conservative 
flux vector.  
In Eqn. (1) Q and F are scalar or column, 
representing scalar or system of equations. The 
weighted residual formulation is obtained by 
multiplying Eqn. (1) by a scalar test function 
(weighting function) W and integrating by parts 
over the domain Ω 
 
∫ [𝑊𝑄𝑡 − ∇𝑊 ⋅ 𝑭(𝑄)]𝑑𝛺 + ∫ 𝑊𝑭(𝑄) ⋅ 𝒏𝑑𝛤 =𝜕𝛤𝛺
0.                                                                      (2)       
A discretization analogue of Eqn. (2) over each 
element can be obtained by subdividing the 
computational domain Ω into N non-overlapping 

elements 𝛺 = ∪
𝑁

𝑘=1
𝛺ℎ. By applying Eqn. (2) to 

each element Ωh, the semi-discrete analogue of 
Eqn. (2.2) over the computational grid yields:  
 
∫ �𝑊ℎ

𝜕𝑄ℎ
𝜕𝑡

− ∇𝑊ℎ.𝑭(𝑄ℎ)�𝛺ℎ
𝑑𝛺ℎ +

∫ 𝑊ℎ𝛤ℎ
𝑭(𝑄ℎ).𝒏𝑑𝛤ℎ = 0,                                (3) 

 
Гh denotes the boundary of the element Ωh and n 
is outward vector normal to the boundary. Let Qh  
and Wh represent the finite element approximation 
to the analytical solution Q and the test function 
W respectively where Qh and Wh are 
approximated by a piecewise polynomial function 
of degree k, which is continuous within each 
element and discontinuous between the elements 
interfaces. 
 
𝑄ℎ(𝑥, 𝑡) = ∑ 𝜑𝑗𝑄𝑗(𝑡) 𝑗=𝑛

𝑗=1 and 𝑊ℎ(𝑥) =
∑ 𝜑𝑗
𝑗=𝑛
𝑗=1 𝑊𝑗,                                                      (4) 

 
Where n is the dimension of the polynomial space 
pk and 𝜑𝑗 is the basis of the polynomial. The 
expansion coefficients Qj(t) and Wj denotes the 
degrees of freedom (DOFs) of the numerical 
solution and the test function in element Ωk, 
respectively. Thus the summation in eqn. (3) is 
equivalent to the following system of n equations 
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∫ �𝜑𝑗𝑄𝑡 − 𝛻𝜑𝑗 ⋅ 𝐹(𝑄ℎ)�𝛺ℎ
𝑑𝛺ℎ + ∫ 𝜑𝑗𝛤ℎ

𝐹(𝑄ℎ) ⋅
𝐧 𝑑𝛤ℎ = 0,  1 ≤ j ≥  n,                                      (5) 
 
since the discontinuities are permitted at the 
interfaces of elements in the DG method. Because 
the approximated solution is discontinuous at the 
element boundaries, the interface flux is not 
uniquely defined. In this stage, the Riemann 
fluxes used in the Godunov finite volume method 
are borrowed.  

The normal flux function F(Qh).n appearing in the 
last terms of eqn(5) is replaced by a numerical 
Riemann flux function Fup = F(QL,QR,n) that 
depends on QL and QR which are the 
approximated solutions of the conservative state 
variables Qh at the left and right side of the 
element boundary, respectively. In order to 
guarantee consistency and conservation, the 
Riemann flux must satisfy the following 
  
 Fup = F(QL,QR,n) = F(Qh).n and -Fup= F(QL,QR,-
n)  = − F(Qh).n.                                               (6)  
 
In the present work, the Riemann flux is 
approximated by using Lax and Friedrich (LF) 
flux for nonlinear flux. This scheme is called 
discontinuous Galerkin method of degree k as 
given in the classical form, or in short notation 
DG (k) method. The surface and volume integrals 
in Eqn. (5) are calculated in case of DG method 
by using 2k and 2k+1 order accurate Gauss 
quadrature formulas, respectively.  
In order to unify the integrals (surface integral and 
volume integral), the totally volume integral of 
the upwind flux scheme for DG method is used 
for this purpose. The relation between the surface 
and volume integrals for any vector A is given by 
the divergence theorem as 
 
∯As ⋅ 𝐧d𝛤 = ∰∇. A dVv ,                                (7) 
 
where Γ and V are surface and volume of the 
problem domain. The totally volume integral DG 
method is accomplished by applying the 
divergence theorem to the last term of Eqn. (5) 
and rearranging to give the following form 

∫ �𝜑𝑗
𝜕𝑄ℎ
𝜕𝑡

− ∇𝜑𝑗𝐹(𝑄ℎ) + ∇𝜑𝑗𝐹𝑢𝑝 +𝛺ℎ

𝜑𝑗∇.𝐹𝑢𝑝� 𝑑𝛺ℎ = 0,                                       (8.a) 
 
for one dimensional case Eqn. (8.a) can be written 
as: 
                                                 
∫ �𝜑𝑗

𝜕𝑄ℎ
𝜕𝑡

− 𝜕𝜑𝑗
𝜕𝑥

𝐹(𝑄ℎ) + 𝜕𝜑𝑗
𝜕𝑥

𝐹𝑢𝑝 +𝛺ℎ

𝜑𝑗
𝜕𝐹𝑢𝑝
𝜕𝑥

� 𝑑𝛺ℎ = 0.                                         (8.b) 
 
The Riemann or upwind flux vectors are 
approximated by polynomial of order k as done 
for the state variable in Eqn. (4). 𝐹(𝑄ℎ) =
∑ 𝜙𝑖𝐹𝑖(𝑄ℎ)𝑖=𝑛
𝑖=1  𝐹𝑢𝑝 = ∑ 𝜙𝑖𝐹𝑢𝑝,𝑖

𝑖=𝑛
𝑖=1 , the last two 

terms of Eqns. (8.b) can be companied into one 
term as follows 
 
∫ �𝜑𝑗

𝜕𝑄ℎ
𝜕𝑡

− 𝜕𝜑𝑗
𝜕𝑥

𝜑𝑖𝐹𝑖(𝑄ℎ) + �𝜕𝜑𝑗
𝜕𝑥

𝜑𝑖 +𝛺ℎ

𝜑𝑗
𝜕𝜑𝑖
𝜕𝑥
� 𝐹𝑢𝑝,𝑖� 𝑑𝛺ℎ = 0.                                   (9) 

 
Equation (9) is the DG method in totally volume 
integral form. 
 
 Coordinate Transformation 
In order to achieve an efficient implementation, 
all elements are transformed from the 
computational space (x,y,z) into standard space 
(𝜁, 𝜂, 𝜉). Consequently, all partial derivatives with 
respect to the standard space are related to the 
partial derivative in the computational space as in 
the finite element methods. For one dimensional 
case, the value of the x can be obtained as: 
 
𝑥 = ∑ 𝑥𝑗𝜑𝑗(𝜁)𝑖=𝑁

𝑖=1 .                                         (10) 
 
The derivative of x with respect to 𝜁 is obtained 
as: 
 
𝜕𝑥
𝜕𝜁

= 𝑥𝜁 = ∑ 𝑥𝑗
𝜕𝜑𝑗(𝜁)

𝜕𝜁
𝑖=𝑁
𝑖=1 .                              (11) 

 
The derivatives of any function with respect to the 
standard coordinate can be written as: 
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𝜕( )
𝜕𝜁

= 𝜕( )
𝜕𝑥

𝜕𝑥
𝜕𝜁

= 𝜕( )
𝜕𝑥

𝑥𝜁,with|𝐽| = �𝑥𝜁�.     (12) 
 
Where |J| is the determinant of Jacobian matrix. 
Also, the derivatives of any function with respect 
to physical coordinates can be written as: 
 
 𝜕( )
𝜕𝑥

== 𝜕( )
𝜕𝜁

𝜁𝑥,with|𝐽−1| = |𝜁𝑥|.               (13) 
 
From equations (11) and (13), 𝑥𝜁 = 1 𝜁𝑥⁄ , with 
𝑛𝜁 = 𝜁𝑥 |𝜁𝑥|⁄ = 1. Thus no negative values of the 
Riemann flux Fup = F(QL,QR,n) at the 
boundaries. By substituting into Eqn.(9) and 
rearrangement yields: 
 
∫ �𝜑𝑗

𝜕𝑄ℎ
𝜕𝑡

− 𝜕𝜑𝑗
𝜕𝜁
𝜑𝑖�𝜁𝑥𝐹𝑖(𝑄ℎ)� + �𝜕𝜑𝑗

𝜕𝜁
𝜑𝑖 +𝛺ℎ

𝜑𝑗
𝜕𝜑𝑖
𝜕𝑥
� �𝜁𝑥𝐹𝑢𝑝,𝑖�� 𝑑𝛺ℎ = 0.                          (14) 

 
Finally after the spatial discretization is 
accomplished, equation (14) can be written into 
the following form 
 
𝑀𝑑𝑄

𝑑𝑡
= 𝑅(𝑄),                                                (15) 

 where R(Q) is the residual and M is called the 
consistent mass matrix 
 
Time Integral 
The semi-discrete equation as Eqn. (15) can be 
integrated in time using explicit methods. The 
explicit three-stage third-order TVD Runge-Kutta 
scheme RK(3,3) and five-stage forth order 
RK(5,4) are the widely used methods given in 
many references among them(Gao and Wang 
2009). The RK(3,3) can be expressed in the 
following form: 
 
Q(1) = Qn + ∆tM −1 R(Qn )                           (16.a) 

Q(2) = 3/4Q(n) + 1/4[Q(1)+∆tM −1 R(Q(1))]  (16.b) 

Qn+1 =1/3 Qn + 2/3[Q(2) + ∆tM−1 R(Q(2))]    (16.c) 

 
This method is linearly stable for a Courant 
number less than or equal to 1. 
 
 

Numerical Results  

All of the computations are performed on a 
Compaq laptop computer (2.33 GHz Intel (R) 
Core (TM) 2 CPU T7600 with 4G Bytes memory) 
using Ubuntu 14.05 Linux operating system. The 
code was written in C Language and compiled 
with the default gcc compiler. As a preliminary 
test we apply the totally volume integral 
discontinuous Galerkin method to several one-
dimensional examples involving linear advection 
equations, inviscid Burger's equation and 
Buckley-Leverett equations. 

The global error is calculated as the difference 
between the exact solutions and the numerical 
solutions. The discretize L1 norm error is given as 
 
𝐿1 = ∑ ∑ �𝑄𝑒𝑥 − 𝑄𝑖ℎ�

𝑖=𝑒𝑑𝑜𝑓
𝑖=1

𝑗=𝑁
𝑗=1 𝑡𝑑𝑜𝑓� , 

 
where N is the total number of elements, edof is 
the element degree of freedom and 
tdof=(N edof) is the total degree of freedom. 
 
Numerical Tests and Comparison. 
 
Example-1 
The first example is linear advection equation 
considered in many references among 
them(Zhang et al., 2008).  
 
𝜕𝑄
𝜕𝑡

+ 𝜕𝑭(𝑄)
𝜕𝑥

= 0,                                                (1) 
 
with F(Q) = Q. The initial condition is given as 
Q(x,0) = sin4(π x) with periodical boundary 
conditions. The exact solution is 𝑄(x, t) =
sin4�π(x − t)�. The domain [-1,1] is divided into 
N equally space elements. The approximated 
solutions are constructed from polynomials of 
orders k from 1 to 3. The RK (3,3) is used for k = 
1 and 2, while RK (5,4) is used in case of k = 3, 
where the RK methods are used for evaluating the 
time integral part. The numerical results are 
obtained at time t =1.0. Table (1) exhibits the L1 
error and order of accuracy using TVI-DG  
method. Whereas Table (2) reveals the L1 error 
and order of accuracy using weighted compact 
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method of forth and sixth order of accuracy from 
(Zhang et al., 2008). Figure(1) displays the 
numerical solution at t = 1.0 using polynomial of 
order k = 2. Figure 2 reveals L1 error of TVI-DG 
method with polynomials from 1 to 3 and the L1 

error of the weighted compact method of orders 4 
and 6 from (Zhang et al., 2008). Figure (2) and 
Table (2) show that TVI-DG method has lower 
error magnitude as compared with weighted 
compact method. 

Table (1) L1 error and the order of accuracy for 1D linear advection eqn. with periodic boundary conditions at t = 1 by using 
TVI-DG method with polynomials of orders k =1 to 3. 

k=1 k=2 k=3 

N L1 error Order L1 error order L1 error order 

10 2.90933e-01 - 6.005329e-02 - 3.991401e-03 -

20 9.40716e-02 1.628 4.146367e-03 3.856 1.021990e-04 5.287 

40 2.811773e-02 1.742 2.284089e-04 4.182 5.570254e-06 4.197 

80 4.257114e-03 2.723 2.093349e-05 3.447 3.388487e-07 4.039 

160 5.529017e-04 2.944 2.419287e-06 3.113 2.12720e-08 3.993 

Table (2) L1 error and the order of accuracy for 1D linear 
advection eqn. from (Zhang et al., 2008)   

Method   N   L1 error  L1 order 

WCOMP4 

 10 3.56e-1 -

 20 1.42e-1 1.33 

 40 2.62e-2 2.44 

 80 2.21e-3 3.57 

 160 1.64e-4 3.76 

WCOMP6 

 10 3.56e-1 -

 20 9.27e-2 1.94 

 40 7.22e-3 3.68 

 80 3.06e-4 4.56 

 160 1.10e-6 8.12 Figure (1). The numerical solution of 1D linear advection 
eqn. with initial condition Q=sin4(π x) 
at t=1.0, N=200 elements by using polynomial of order k = 
2 
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Figure (2). L1 errors for TVI-DG, with k=1 to 3 and 
weighted compact method from (Zhang et al., 2008). 

Example-2 
The second example is the linear advection 
equation, eqn. (1) with F(Q) = Q. The initial 
condition Q(0,x) = 0.0 and the boundary condition 
given as 𝑄(0, 𝑡) = 𝑠𝑖𝑛 �1

2
𝜋𝑡�. The problem is

considered in many references among them Ref. 
(Liu et al., 2010). The problem domain x ∈ 
[0,100] is divided into 200 elements. The 
approximated solutions are constructed from 
polynomials of order k from 2 to 4.Due to the 
smooth solution; there is no need for using the 
stabilization technique. The time part is evaluated 
using RK(3,3) and RK(5,4). Figures 3 to 5 display 
the numerical solutions at t = 20, 40 and 60, 
respectively. The figures demonstrate that the 
TVI-DG is a very efficient method for solving 
problems with sine wave propagation from the 
boundary to the main domain, without losses in 
the wave amplitude in case of long time intervals. 

Figure (3). The numerical solution of example 2. by using 
TVI-DG with k =2 to 4 at time t=20. 

Figure (4). The numerical solution of example 2. by using 
TVI-DG with k =2 to 4 at time t=40. 

Figure (5). The numerical solution of example 2. by using 
TVI-DG with k =2 to 4 at time t=60. 

Example-3 
The third test example is the inviscid Burger's 
equation, considered in many references among 
them(Wang et al., 2008). 

𝜕𝑄
𝜕𝑡

+ 𝜕𝐹(𝑄)
𝜕𝑥

= 0, with F(Q) = ½ Q2.                 (2) 

The initial condition is u(0, x) = sin(π x) with 
periodical boundary conditions. The problem 
domain [0,2] is divided into 150 equally spaced 
elements. The approximated solutions are 
constructed from polynomials of orders k from 2 
to 4. The RK (5,4) are used for evaluating the 
time integral part. The numerical results are 
obtained at time t = 1. Due to discontinuity, the 
modified streamline - upwind stabilization 
technique is used to capture the unphysical 
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oscillation in the flow problem. Figure (6). display 
the numerical solutions using TVI-DG method at  
t =1. The figure reveals that the TVI-DG method  
is very efficient and there is no significant 
unphysical flow in case of shock wave problems.  

Example-4 
The fourth example is Buckley-Leverett equation 
for two phase flow(Xin and Flaherty 2006). 

𝜕𝑄
𝜕𝑡

+ 𝜕𝐹(𝑄)
𝜕𝑥

= 0,with𝐹(𝑄) = 𝑄2

𝑄2+12(1−𝑄)2
.        (3) 

The initial condition is given as 𝑄(𝑥, 0) =
1, 𝑥 < 0
0, 𝑥 ≥ 0. The problem domain [-1,2.5] is
divided into 200 equal elements. The 
approximated solutions are constructed from 
polynomials of orders K from 2 to 4. The RK 
(5,4) are used for evaluating the time part. The 
numerical solution is obtained at time t = 1.0. 
Figure (7) demonstrates that the TVI-DG method 
with modified streamline upwind stabilization 
technique is very efficient and there is no 
nonphysical oscillation of the numerical solution 
for the shocked flow where the solution involves 
one moving shock wave followed by expansion 
wave(Xin and Flaherty 2006). However there is 
no closed form of the equation (exact solution), 
thus the exact solution can be obtained by using 
1000 element.  

Figure (6.) The numerical solution of example 3. by using 
TVI-DG with k =2 to 4 at time t = 1. 

Figure (7). The numerical solution of example 4. by using 
TVI-DG with k =2 to 4 at time t = 1. 

Example-5 
The fifth test example is the Buckley-Leverett 
equation with the standard parameters, considered 
in (Xin and Flaherty 2006). The standard 
parameter of the flux is 𝐹(𝑄) = 𝑄2

𝑄2+14(1−𝑄)2
. The 

initial condition is given as:  

𝑄(𝑥, 0) = 1, −.5 ≤ 𝑥 ≤ 0
0, 𝑥 ≥ 0 .

The problem domain [-1,1] is divided into 200 
equal elements. The approximated solutions are 
constructed from polynomials of orders k = 2 and 
3. The RK (5,4) are used for evaluating the time
integral part. The numerical results are obtained at 
time t = 0.4.  

Figure (8) displays the numerical solutions at time 
t = 0.4, by using TVI-DG method with k =2 and 3 
and the stabilization technique is used to capture 
the unphysical oscillation in the flow. The 
solution involves two moving shock waves each 
followed by an expansion wave (Xin and Flaherty 
2006). 
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Figure (8). The numerical solution of example 5. by using 
TVI-DG with k =2 and 3 at time t = 0.4. 

DISCUSSION AND CONCLUSIONS 

The transformation of the boundaries integrals 
into the volume integrals is introduced in this 
paper under the named TVI-DG method. Thus, 
there is no need for using the integrals of test 
functions at the boundaries as in the classical DG 
method. The totally volume integral discontinuous 
Galerkin method is used to solve hyperbolic 
conservation laws. The numerical finding 
presented that the TVI-DG scheme is very 
efficient and had lower error magnitude than the 
other high order schemes as weighted compact 
scheme. 
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Abstract: The study aims at investigating the microbial load of wet-salted fermented product (a 

traditional fermented product in Sudan named locally; fassiekh) and determination of total viable 

bacterial count, according to salt concentrations (20%, 25% and 30% of the fish weight) and 

seasons (summer, autumn and winter) variations. Fessiekh processed from popular fessiekh fish 

species (Hydrocynus  spp, local name: Kass).The isolation and identification of bacteria and 

mould were examined for the microbial quality of fassiekh. The total viable count of bacteria in 

fresh fish used as raw materials in fessiekh preparation (Hydrocynus froskalii), ranged from 

2x10
3
-5.5x10

3
cfu/g. The concentrations of salt had direct effect on the microbial quality of salted 

Hydrocynus froskalii. It was observed that the total bacterial count was increased during the first 

five days in summer and autumn while at winter season it showed increases till the tenth day, 

followed by remarkable decreasing. The counts began to decrease as salting proceeded. Five 

Staphylococcus spp (Staph.aureus, Staph.rostri, Staph.lentus, Staph.epidermidis and 

Staph.pyogen) were isolated from all samples of salted fish and appraises about 46.77% of total 

isolates. Also three species of Micrococcus were isolated (Micro.leuteus, Micro.roseus and 

Micro.lactis), and Aerococcus viridans, and they represented 36.17% & 12.9% of all isolated 

samples respectively. The viable bacteria counts of commercial fessiekh were significantly 

higher (p<0.05) when compared to the experimentally salted fish at the same salt concentrations. 

No yeasts or fungi were detected in tested samples. 

 

Key words: Salt concentration, Seasons, Microbiological analysis, Fessiekh. 

 

INTRODUCTION 

Food safety is everybody’s concern, and it is 

difficult to find anyone who has not encountered 

an unpleasant moment of food borne illness at 

least once in his lifespan. Food borne illnesses 

may result from the consumption of food 

contaminated by microbial pathogens, toxic 

chemicals or radioactive materials (Macachor, 

2016). Fish are highly perishable food items as 

they start to spoil as soon as they are harvested. 

So, processing and storage methods are vital 

factors in fish consumption. During transportation 

from point to markets, there is a great chance for 

the fish to be contaminated by bacteria (Clucas 

and Ward 1996). Preservation of fish by salt is an 

old age technology. This method of preservation 

still has popularity in many developing countries 

due to its simplicity and low cost of processing 

(Takagi et al,. 1984).Sudan has a number of large 

water reservoirs, which contains a huge wealth of 

fish of several types, and the estimated wealth was 

about 110 thousand tons. The main sources of fish 

in Sudan are the Blue Nile, White Nile, River 

Nile, lake reservoirs behind dams and irrigation 

https://doi.org/10.54172/mjsc.v32i1.93
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.93&amp;domain=pdf&amp;date_stamp=2008-08-14
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canals, as well as the Red Sea. In Sudan, nearly 

70% of the total fish landings are consumed in 

forms of fresh fish. The rest is cured either by 

salting, fermentation or sun-drying. The process 

of fish salting and fermentation is termed locally 

as ―Fessiekh‖ making. Fessiekh is a wet salted 

product, soft in texture with a strong pungent 

smell and a shiny silvery appearance. It can be 

stored for more than three months (FAO, 

1992).Fessiekh is not a truly indigenous Sudanese 

food product but it is the major fermented product 

from fish in Sudan. This product has an immense 

popularity in Egypt and is also familiar with other 

regions of the Middle East, (Makie et al., 1971). It 

is consumed after cooking together with additives 

such as peanut paste and some spices, which made 

it more acceptable and delicious. According to 

(Osman et al., 2012), the process of fassiekh 

making is about a century old, introduced to 

Sudan from Egypt during the Turko-Egyptian rule 

(1821-1885), and then transferred and established 

traditionally within families or through non-

formal training(Sulieman and Khamis 2011). 

The fermented fassiekh, normally produced in 

houses or in small-scale sectors by covering fish 

with salt in alternate layers for up to 7 days or 

less, depending on temperature, then transferred 

to be fermented with additional salt and left to 

fermentation up to 10 days (Dirar 1993, Anihouvi 

et al., 2012, El Hag et al., 2012) reported that the 

prevalence of traditional preservation methods 

employed throughout Sudan are defective and 

need efforts pertaining to their improvement and 

development. Therefore, the objective of the 

present study was to examine the microbial load 

present in salted fassiekh in order to evaluate the 

hygienic practices of fassiekh processing. 

MATERIALS AND METHODS 

Collection of samples 

 Samples of fresh fish namely Kass (Hydrocynus 

forskalii), were brought from local fish markets 

and weighed about 71kg. These samples were 

kept in polyethylene bags with crushed ice and 

transported to the Fisheries Research Center, 

where microbiological investigations were 

immediately carried out. 

Processing 

 Fresh fishes were washed, eviscerated, washed 

again and transferred to baskets to dry up while 

covered by a thin cloth to prevent insect’s 

invasions. Fish were weighed to the nearest gram 

using a dial balance (KRUPS type 875) and for 

the purpose of salting, divided into three equal 

groups. The first group was subjected to a total 

weight of salt amounting to 20% of the fish 

weight, the second to 25% and the third to 30%. 

The procedure used is called dry-salting. In this 

method, salt was applied by hand and brushing off 

the fish surface, the inner lining of eviscerated 

abdominal cavity and the gills chambers. This 

process was conducted by separating the fish 

layers by coarse salt mattresses inside a plastic 

container. When the salt penetrates the flesh, it 

extracts the fluids through plasmolysis. The 

extracted fluid (pickle) was allowed to drain 

continuously. Used salt is removed from the fish 

surfaces and the fish restocked with new dry salt 

between the layers once during the ripening 

process. During processing of fessiekh in the 

laboratory, sampling was carried out every five 

days for 7 times (about a month), the first sample 

took place after the treated fish became as a 

fessiekh product.  

The steps applied above were repeated three times 

according to the seasons of the year: summer, 

autumn, and winter  (average air temperatures 37, 

30, 27
o
C respectively). Commercial fessiekh 

samples (used for comparison) were obtained 

from Central Vegetables and Fruit market, south 

of Khartoum. 

Microbiological examination 
 Appropriate serial dilution was made by using a 

desired amount of samples (20g) and transferred 

to a sterile bottle containing 180 ml of Peptone 

water (0.1% w/v) to give 10
-1

 dilution, then 1ml 

from the bottle was transferred to a tube 

containing 9 ml of Peptone water to give 10
-6 

dilutions; then further dilutions were made          

in a similar manner. A total viable count was 

enumerated by pouring plate method using Plate 
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Count Agar (PCA) at (37 ± 1
o 

C, 48 h) and 

Mannitol Salt Agar (MSA) at  (37 ± 1
o
 C 36 - 

48h) was used as a selective and differential 

characteristic medium for identification of 

Staphylococcus and Micrococcus spp. as 

described in (Harrigan 1998). Pure colonies of 

staphylococci isolates were differentiated by 

conducting coagulase test as well as biochemical 

tests such as Urea test, Voges–Proskauer (VP)                           

test, and Sugar fermentation as described 

in(Barrow GHandFeltham 1993, Harrigan 1998). 

Potato dextrose agar was used for counting mold 

and yeast (22±1
o
C, 5 days). 

Statistical analysis 

 Data obtained were analyzed as a completely 

randomized design and the means were compared 

by T- tests described by SPSS software (Version 

13), with 0.05 level of significance. 

RESULTS AND DISCUSSION 

The total viable count of bacteria in fresh fish 

used as raw material in Fessiekh preparation 

(Hydrocynus froskalii) was presented in (Table 

1). From the results, the total viable count of 

bacteria in fresh fish (whole) ranged between 

3x10
3 

-5.5x10
3
cfu/g. The number of bacterial 

counts could be explained on the basis of 

contamination of fish during catching, handling, 

transportation, and exposure to the surrounding 

environment. It could be noticed that the total 

bacterial plate counts of the samples from gills, 

viscera and whole fish were slightly different. 

(Shewan 1977) and Gram, (1989) noted that the 

bacterial flora on newly caught fish depends on 

the environment in which it was caught rather 

than on the fish species. Among fish parts (Table 

1), the viscera contained the highest bacterial 

counts. The numbers of microorganisms in the 

gastrointestinal tract of fish were far higher than 

in the surrounding water. This indicated the 

presence of a favorable ecological niche for the 

microorganisms (FAO, 1995). 

Table (1): Total Viable Bacterial counts (cfu/g) of fresh 

Hydrocynus forskalii 

Viscera Gill Whole Seasons 

4×10
3 

2×10
3 

3.5×10
3
 Summer 

8.5×10
3 

2×10
3 

5.5×10
3
 Autumn 

4.5×10
3 

2.5×10
3 

3.5×10
3
 Winter 

 

 On the contrary, authors believed that the 

microflora of the gastrointestinal tract was merely 

a reflection of the environment and the food 

intake. Liston, (1980) stated that the total number 

of organisms fall in the range of 10
2
-10

7
cfu/cm

2
 

on the skin surface. Microbial contents of species 

after salting with different concentrations varied 

with time (Table 2). 

 
Table (2): Total Viable Bacterial counts (cfu/g) of salted samples during different seasons 

Salt  

concentration 
20% 25% 30% 

Seasons Summer Autumn Winter Summer Autumn Winter Summer Autumn Winter 

0 day 2×10
3
 4×10

3
 12.5×10

3
 5×10

3
 2×10

3
 7.5×10

3
 3×10

3
 1×10

3
 8.5×10

3
 

5 1.5×10
3
 4.5×10

3
 15×10

3
 3.5×10

3
 3×10

3
 12.5×10

3
 2.5×10

3
 2×10

3
 7.5×10

3
 

10 1×10
3
 4.5×10

3
 14.5×10

3
 1×10

3
 1×10

3
 10×10

3
 0.5×10

3
 1×10

3
 7.5×10

3
 

15 4.5×10
3
 2.5×10

3
 14×10

3
 3.5×10

3
 1×10

3
 5×10

3
 4.5×10

3
 0.5×10

3
 4.5×10

3
 

20 3.5×10
3
 1×10

3
 10×10

3
 1.5×10

3
 2×10

3
 5×10

3
 1.5×10

3
 0.5×10

3
 2.5×10

3
 

25 1.5×10
3
 0.5×10

3
 3.5×10

3
 0.5×10

3
 2×10

3
 3.5×10

3
 0.5×10

3
 0.5×10

3
 1.5×10

3
 

30 0.5×10
3
 0.5×10

3
 2×10

3
 0.5×10

3
 1×10

3
 1.5×10

3
 0.5×10

3
 0.5×10

3
 1.5×10

3
 

 

There was an increase in the case of total viable 

bacterial counts during the first five days (average 

temperatures 30
o
C, and 37

o
C) and ten days at 

temperatures 27
o
C. (Tsai et al., 2005), found that 
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total viable bacterial count of mackerel fish salted 

and sold in Taiwan markets ranged between 

4.3x10
2
 and 5x10

5
cfu/g. On the other hand, (Gun 

et al., 1996) reported that bacterial counts were 

4.7x10
3
cfu/g and 5x10

5
cfu/g on the beginning 

and the end of storage period respectively, at 

storage period of trout preserved by salt for 9 

weeks. The findings of this study are confirming 

the findings of ( Gun et al., 1996; (Tsai et al., 

2005).  

The decreasing of the total viable bacterial counts 

with time could be explained on the basis that in a 

short processing period as that in the case of 

Fessiekh, it is hard to believe that the substrate 

for microbial growth comes from the degradation 

of the protein. It is more likely the microbial 

growth occurs as a result of attacking proteinaceous 

and other soluble nitrogenous compounds contained 

in the fish juice. This is substantiated by the 

observation that the growth occurs during the 

zero and ten days after the salted fish became a 

product, and then the counts drop steadily, this 

occurs with salt penetration inside the muscle and 

that sodium chloride has been used as a 

preservative for a long time. Also, the early 

increase occurred while fish were wet and the 

provision of salt promoted the growth of 

halotolerant and halophilic bacteria in fish. As the 

fish became drier, there was a decrease in water 

activity and this together with the accumulated 

salt in the flesh resulted in suppression of 

bacterial growth. Birch et al., (1986) reported that 

when moisture content or water activity was 

lowered, the amount of water available for 

supporting microbial growth was reduced. The 

primary objectives of high levels of salt used in 

fish fermentation are to select the halophilic 

organisms, which will affect the degradative 

process on the organic compounds in the fish 

muscle to bring about the desired flavors in the 

product (FAO, 1992). Similarity, (Dirar 1993) 

mentioned that the salt and the mats used in the 

fessiekh fermentation process might contribute 

important halotolerant strains. (Eltom 1989) 

reported that after the addition of the salt in 

Fessiekh fermentation, the viable bacterial count 

rose to 1.8 x 10
8
cell/g on the fourth day followed 

by decreasing to 8.6 x 10
5
 cell/g on day twelve. 

This pattern of rising and fall in the microbial 

count was observed during fish fermentation by 

different researchers (Hamed et al., 1973;(Ahmed 

et al., 2010, El Hag et al., 2012).The bacterial 

genera isolated from salted fish (Hydrocynus 

froskalii) were Micrococcus spp (38.17) and 

Aerococcus spp (12.9%) while Staphylococcus 

spp was found in all samples of salted fish with a 

record about (46.77%) and Staphylococcus 

aureus was the most dominant species isolated as 

shown in (Table 3). 

 

 
Table (3): Bacterial groups isolated from salted samples 

Microorganisms Days 

Staphylococcus aureus+ Staphylococcus pyogenes+ Staphylococcus rostri 0 

Staphylococcus aureus+Staphylococcus lentus+Micrococcus roseus+ Micrococcusleuteus 5 

Staphylococcus aureus+  Staphylococcus pyogenes  + Micrococcus roseus+        Micrococcus leutus 10 

Staphylococcus aureus+Micrococcus leutus +Aerococcusviridans Staphylococcus epidermidis 15 

Staphylococcus aureus   + Aerococcusviridasn 20 

Staphylococcus aureus+  Micrococcus roseus+Micrococcus leutus 25 

Staphylococcus aureus+Micrococcus leuteus+ Micrococcus lactis 30 
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The obtained result was in disagreement with (El 

Hag et al., 2012) who found that Staphylococcus 

xylosus species were the dominant bacteria  

isolated from salted Kawara fish (Alestes spp) 

during storage. (Goja 1993) reported that 

Staphylococcus saccharolyticus was predominant 

species of Staphylococci isolated from the salted 

fassiekh produced in Ed Dueim city. 

Staphylococcus spp can reach high levels 

(>10
5
cfu/g) in products prepared with hands 

under bad conditions and can cause food 

poisoning (Varnam & Evans, 1991).  Also, 

(Vishwanath et al., 1998) reported that 

Staphylococcus aureus grew well in salted food 

and in low water activity. Although (Hernandez-

Herrero et al., 1999) reported that,  

Staphylococcus aureus was not identified as an 

indigenous flora of fish culture and in fish 

hunting from clean water. (Eltom 1989) found 

that the most commonly encountered bacterial 

genera in Fessiekh fermentation were Bacillus, 

Staphylococcus and Micrococcus. Bacillus and 

Micrococcus have also been reported to be 

present in fermented fish in many countries of 

South East Asia (Saisithi et al., 1966, Goja 1993, 

Ahmed et al., 2010) Mackie et al., 1971; Hassan 

et al., 1972; Goja, 1993; Ahmed et al. , 2010; 

Goja, 2013) 

The viable bacteria counts of commercial 

Fessiekh presented in (Table 4), were significantly 

higher (p<0.05) when compared to the laboratory 

prepared samples at different salt concentrations 

(Table 5). 

 

Table (4): Total viable bacterial counts (cfu/g) and commonly isolated bacteria from commercial fessiekh 

Days Viable bacterial counts (cfu/g) Dominant microorganisms 

0 3x10
4
 Micrococcus luteus 

5 21x10
3
 Micrococcus luteus 

10 21x10
3
 Micrococcus luteus 

15 20x10
3
 Staphylococcus aureus 

20 15x10
3
 Micrococcus luteus 

25 12x10
3
 Staphylococcus aureus 

30 12x10
3
 Micrococcus luteus 

 
Table (5): Comparison between viable bacterial counts (cfu/g) of commercial and experimental fessiekh at different salt 

concentrations during the study. 

Salted fish (fessiekh) Mean of viable count T- Test Sign 

Hydrocynusspp 20% salt 

Commercial fessiekh 

2714.29 

13285.71 
-3.111 

 

** 

Hydrocynusspp 25% salt 

Commercial fessiekh 

1428.57 

13285.71 
-3.550 

 

** 

Hydrocynusspp 30% salt 

Commercial fessiekh 

785.71 

13285.71 
-3.741 

 

** 

** High significant differences

 

 According to (Sugumar et al., 2004)unhygienic 

handling is one of the main factors contributing to 

poor quality of fish in the retails; this could be due 

to the quality of fish used for Fessiekh, and the 

amount of salts added and the techniques used in 

commercial production. No yeast or mould was 

detected in our fresh and salted samples. 

 

CONCLUSION 

From the results, it may be concluded that the 

total viable bacterial counts of Hydrocynus 

froskalii after salting were decreased due to the 

course of salting. It was seen that the main factors 

affecting fessiekh quality are related to the 

amount of salt used for the process. The final 



Al-Mukhtar Journal of Sciences 32 (1): 46-53, 2017 
 

© 7102 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

51 
 

quality can be largely attributed to the effect of 

various conditions upon the fermenting agents 

and activities. Commercial fessiekh samples 

contained higher microbial load than 

experimentally prepared products. Therefore, 

strict control measures are recommended to be 

applied for producers, and a good guidance 

should be provided for household producers. 
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7102، 52- 64(:0) 27مجمة المختار لمعموم   

.ليبيا –عمر المختار  -جامعةكلية الموارد الطبيعية وعلوم البيئة   egbalosman1@gmail.com :. قبال عثمان احمدإ *     

 

مفسيخممح عمى الحمولة الميكروبية لسم وتركيزات الاتأثير المو   
 

*¹قبال عثمان احمدإ    ²محمد الطاهر عميو   
ليبيا –عمر المختار  جامعة ،وم البيئةكمية الموارد الطبيعية وعم ،قسم الموارد البحرية ¹  

السودان –الخرطوم –البحوث السمكية مركز ²  
 

.2017 جولاي 27/ تاريخ القبول :  2017 فبراير 26تاريخ الاستلام:   
Doi:https://doi.org/10.54172/mjsc.v32i1.93  

 ،الدراسة إلى التعرف عمى الميكروبات الموجودة في  السيما الممميا والمخمير واليري يعيرف محمييا باسيم ال سييخ تهدف:  المستخمص
٪ ميين وزن اأسييماا( ورلييا 30٪، 25٪، 20بتراكيييز مختم يية ) ةاا المممحييسييمد الكميي  لمبكتريييا الموجييودة فيي  اأفقييد تييم تحديييد العييد

كاس  المعروف محميا ف  السودان باسم والا اسماأتم إعداد ال سيخ لنوع من و   ،خلال المواسم المختم ة )الصيف، الخريف والشتاء(
(Hydrocynus froskalii)   فحص خميرة الع ن في  ال سييخ لمعرفية نوعيية المحتيوي الميكروبي  وكرلا تم عزل وتعريف  البكتيريا

المستخدمة كمادة  (Hydrocynus froskalii)ازجة البكتيريا الحيوي ف  اأسماا الطن إجمال  عدد أظهرت النتائج أ  .ف  ال سيخ
بعييد  Hydrocynus froskalii   ثييم ترييير المحتييوي الميكروبيي  لسييمكة 2x103-5.5x103خييام فيي  إعييداد ال سيييخ. تراوحييت ميين

كانييت انياا زييادة ممحوظيية في  إجميال  العييدد الحييوي البكتييري خييلال و خيلال فتييرة التممييا والمواسيم. ورليا المختم يية  اكييز التممييا بتر 
بيدأ العييد البكتييري في  الانخ ييات كمميا تقيدمت عممييية  في  الشييتاء. ىلصييف والخرييف والعشييرة أييام اأولياأييام الخمسية اأوليى فيي  ا

  ,Staphylococcus spp  (Staph. aureus, Staph. rostri, Staph.lentus نيواع مين جينس أ ةخمسي تزليع   والتممييا. 
Staph.epidermidis & Staph.pyogen (، 46.77حييث بمريت حيوال  ) اأسيماا المممحية( والتي  عزليت مين جميين عينيات٪

وصيمت  (Micro .leuteus, Micro.roseusو    Micro.lactis) Micrococcus spp جنس  نيواع مين أ ةثلاثيأيضيا   تزليع  و 
 ٪(. العدد الحييوي البكتييري لم سييخ التجياري كيان عالييا  12.9لى )إ  Aerococcus spp  ريايوصمت بكت ف  حين ٪(38.17لى )إ
((p<0.05 و التجاريأسواء من فسيخ التجربة ال طريات  عزل أي نوع مني  خ التجربة. لم بالمقارنة من فسي. 

 .سيخم ، التحميل الميكروبيولوج ، ال تركيز المما، الموس :المفتاحية الكممات
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Abstract:  This study aimed at determining the prevalence of anti- Brucella antibodies in small 

ruminants in Al- Jabal Al- Akhdar area, Libya. Nine regions were selected for the investigation 

(Al- Goba, Al- Wasata, Side Kahled, Lamloda, Al-Hesha, Marawa, Al-Gagab, Gandola and Ain 

Mara). Seroprevalence was assayed using the Rose – Bengal Plate Test (RBPT).  Four hundred 

blood samples were collected randomly from 247 sheep and 153 goats with a history of abortion 

and reproductive disorders, during the period from January 2015 to June 2016. Approximately 

10 ml blood sample was taken from each animal, in vacutainers. Serum samples were separated 

and subjected to examination by the RBPT. Samples showing visible agglutination within 4 

mins. were regarded as positive for anti- Brucella antibodies. Data were analyzed statistically by 

the Chi- square test using the SpSS software,  at p ≤ 0.05 level of significance. Out of the 400 

ovine and caprine sera tested, 125 (38%) were positive for anti – Brucella antibodies by the 

RBPT (Table 3). The rate of seropositivity was higher in goats (69.3%) than in sheep (18.6%) 

(Table 2). There were variations in seroreactivity from different regions.  For instance, sera from 

Al- Hesha and Gandola exhibited 100% positivity, whereas those from both species in Al- Gagab 

were remarkably sero-negative (0%) (Table 3). Striking differences were shown by the sera from 

Gandola and Ain- Mara. Where all the caprine sera from Gandola were positive for anti – 

Brucella antibodies, all the 18 sera from Ain- Mara were serologically negative. Serum reactivity 

from both goats and sheep in other regions ranged between 60 and 83.3% in goats and 11.5 and 

23.3% in sheep (Table 3). It can be concluded that the prevalence of anti- Brucella antibodies is 

high in small ruminants of Al- Jabal Al- Akhdar, Libya and may indicate a possible existence of 

Brucellosis in goats and sheep.    

Keywords: Rose Bengal test, Small ruminants, brucellosis. 

 

INTRODUCTION 

Brucella is a Gram - negative facultative intracellular 

organism responsible for a variety of disease 

conditions and has a zoonotic significance. 

Brucellosis is caused by bacteria of the genus 

Brucella and is reported worldwide causing abortion, 

infertility, retained placenta, endometritis in 

females and to a smaller extent, orchitis, and 

infection of the accessory sex glands in males 

(Mustafa et al., 2011). Ten species are recognized 

within the genus Brucella. There are six 

‘classical’ species: B. abortus, B. melitensis, B. 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.121&amp;domain=pdf&amp;date_stamp=2008-08-14
mailto:nawara.belgasim@omu.edu.ly
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https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.121&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v32i1.121
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suis, B. ovis, B. canis and B. neotomae and other 

four species have been recognized more recently 

(Atluri V.L. et al., 2011). Brucellosis is a 

worldwide re-emerging zoonosis that causes 

severe disease in humans, with non-specific 

clinical signs affecting numerous organs (Seleem 

et al., 2010). 

 Contact with infected animals, ingestion of 

contaminated animal products and handling of 

Brucella isolates in laboratories are risk factors. 

Brucellosis in livestock and humans is still 

common in the Middle East, Asia, Africa, South 

and Central America, the Mediterranean Basin 

and the Caribbean. B. melitensis is particularly 

common in the Mediterranean basin, and it has 

also been reported from Africa, India, and Mexico 

(Kassahun et al., 2010). Ovine brucellosis can be 

divided into classical brucellosis and ram 

epididymitis. Ram epididymitis is caused by non-

zoonotic agent B. ovis, while classical brucellosis 

is caused by B. melitensis and constitutes a major 

public health threat equal to caprine brucellosis 

(Acha and Szyfres 2003). About 500,000 new 

human cases of brucellosis are reported annually 

worldwide making it the most common zoonosis 

(Seleem et al., 2010). Status of the disease in 

small ruminants in a country can be known only 

through effective sero-monitoring using 

serological tests and random sampling methods 

for the disease. The economic importance of 

brucellosis in sheep and goats requires the use of 

sensitive and rapid diagnostic methods. 

 Diagnosis of B. ovis and B. melintensis infection 

is based on clinical examination, serological tests, 

biotechnological techniques, and cultural isolation 

(Webb et al., 1980). The laboratory isolation and 

identification of Brucella organisms are the most 

reliable methods of diagnosis but are not always 

successful. And they are not practicable in terms 

of time and labor for field and laboratory 

personnel when large numbers of animals are 

involved and also cumbersome and pose a great 

risk to the laboratory personnel. The 

biotechnological procedures require trained 

persons and the establishment of advanced 

laboratories. Consumption of unpasteurized milk 

and milk products from cows, small ruminants or 

camels is considered to be the main route of 

infection as well as an occupational hazard 

(Almuneef et al., 2004). In the North African 

region, as in sub-Saharan countries, social and 

economic factors play a major role in the spread 

of brucellosis (Makita K et al., 2008). Brucellosis 

is considered to be endemic in Libya (Pappas et 

al., 2006), although little information is available; 

previous studies are limited to food-producing 

animals such as cattle and goats (Gameel et al., 

1993) and reports of human brucellosis in Libya 

are limited to a few cases (Tiller et al., 2009). 

MATERIALS AND METHODS 

Study area 

 A total of 400 blood samples were randomly 

collected from nine different regions of Libya (Al- 

Goba, Al- Wasata, Side Kahled, Lamloda, Al-

Hesha, Marawa, Al-Gagab, Gandola and Ain 

Mara); 247 samples from sheep and 153 samples 

from goats (Table 1). The samples were collected 

during the period from January 2015 to June 

2016. 

Serum sample collection and submission 

Approximately 10 ml of blood was collected from 

each animal using a Vacutainer and needle. The 

sample containers were tilted horizontally, 

overnight at room temperature to allow clotting. 

Serum from each animal was decanted into a 

single sterile cryogenic vial, labeled and 

transported to the laboratory of clinical pathology, 

Omer Almukter University, for investigation. The 

sera were stored at −20°C until tested. 

Samples  

A total of 400 serum samples of small ruminants  

comprising 247 from sheep and 153 from goats 

(Table 1), having the history of abortion and 

reproductive disorders like endometritis, retention 

of placenta, infertility and repeat breeding, were 

randomly collected from nine different locations. 

All the serum samples were tested for the 

presence of Anti-Brucella antibodies by using the 

serological test Rose Bengal Plate Test (RBPT). 
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Table (1): Samples distribution from different regions in Al- Jabal Al- Akhdar , Libya. 

Animal 

species 

No. of 

samples 

Regions 

Al- Goba Al- Wasata Sidi Khaled Lamluda Al-Heisha Mrawh Al-Gagab Qandula Ain Mara 

Sheep 747 039 73 1 31 6 76 5 1 08 

Goats 053 45 31 01 9 6 71 1 8 75 

Total 400 084 53 01 39 07 46 5 8 43 

 

RBPTprotoc

 The RBPT (Cromatest, Spain) was performed 

according to the procedure described by Alton et 

al., .(1988). To perform the test, antigen and 

serum were thawed and then brought to room 

temperature. The bottle containing antigen was 

shaken well to ensure homogenous suspension. 

Then, one drop (0.03 ml) of serum sample and 

one drop of antigen were put on the same slide 

using different micropipettes and mixed 

thoroughly using a spreader. The slide was rotated 

for 4 min. and observed immediately. Then after 

further 4 min. for results, a result was considered 

positive when there was noticeable agglutination 

after 4 min.  

Data analysis 

All data were analysed by Chi–square test, using 

the SPSS statistical software. All statistical tests 

were conducted at p < 0.05 level of significance. 

RESULTS 

The sero-prevalence of brucellosis in small 

ruminants is summarized in (Table 2). A total of 

400 serum samples (from 247 sheep and 153 

goats) were collected and tested. Of the 400 ovine 

and caprine sera tested, 152 (38%) were positive 

for Anti-Brucella antibodies by RBPT. Rates of 

seropositivity were higher in goats (69.3 %) than 

in sheep (18.6%) (Figure 1). Consequently, the 

incidence rate of brucellosis based on RBPT 

showed a high percentage of positive reactors in 

the overall prevalence of Brucella seropositivity 

among goats. 

 

 

 

 

Table (2): Prevalence of Anti-Brucella antibodies in small 

ruminants species assayed by the Rose Bengal test, Libya. 

Animal 

species 

Animals 

tested 

Seropositive 

animals 

Proportion of positive 

animals 

Goats 153 106 69.3 % 

Sheep 247 46 18.6 % 

Total 400 152 38% 

 

 

Figure (1): Prevalence of Anti-Brucella antibodies in small 

ruminants species assayed by the Rose Bengal test, Libya. 

Test sera from Al-Hesha and Gandola 

municipalities showed the highest seropositivity 

(100%), whereas test sera from both species in Al-

Gagab exhibited remarkable seronegativities by 

the RBPT (0%). It is worth mentioning that only 5 

ovine samples from Al- Gagab were collected and 

investigated. Striking differences were exhibited 

by the caprine sera from Gandola and Ain- Mara. 

Where the caprine samples from Gandola showed 

100% seropositivity, all the 18 ovine sera from 

Ain-Mara were serologically negative compared 

to 52% positivity by the 25 caprine samples from 
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the same region. It is also noticeable that the 6 

caprine serum samples from Al-Hesha were 100% 

positivity whereas the 6 ovine samples from the 

same area gave 50% seropositivity. Serum 

reactivity from both goats and sheep from other 

regions ranged between 60 - 83.3% in goats and 

11.5 - 23.3% in sheep (Table 3) (Figure 2).

Table (3): The incidence rate of Brucellosis among small ruminants at different regions in Al- Jabal Al- Akhdar , Libya. 

Region 
Number of samples Positivity of samples 

Animals Species 

Goats (153) Sheep (247) 

No % No % No Pos % No Pos % 

Al- Goba 
184 46% 56 30.4% 45 28 62.2% 139 28 20.1% 

Al- Wasata 
53 13.3% 30 56.6% 30 25 83.3% 23 5 21.7% 

Side Kahled 
10 2.5% 7 70% 10 7 70% 0 0 0% 

Lamloda 
39 9.6% 14 35.9% 9 7 77.8% 30 7 23.3% 

Al-Hesha 
12 3% 9 75% 6 6 100% 6 3 50% 

Marawa 
46 11.5% 15 32.6% 20 12 60% 26 3 11.5% 

Al-Gagab 
5 1.3% 0 0% 0 0 0% 5 0 0% 

Gandola 
8 2% 8 100% 8 8 100% 0 0 0% 

Ain Mara 
43 10.8% 13 23.3% 25 13 52% 18 0 0% 

Total 400 100% 152 38% 153 106 69.3% 247 46 18.6% 

 

Figure (2): The incidence rate of Brucellosis among small ruminants at different regions in Al- Jabal Al- Akhdar , Libya. 
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DISCUSSION 

The prevalence of brucellosis observed in small 

ruminants in Al-Jabal Al-Akhdar in Libya was 

lower than most values reported in other African 

countries. This may be attributed to the low level 

of intensification, breed differences, flock size 

and composition, or the tests used to make the 

diagnosis. Brucellosis is a worldwide zoonotic 

disease that is recognized as a major cause of 

heavy economic losses to the livestock industry 

and poses a serious human health hazard (Ocholi 

et al., 2005). In the present study, Table (2) 

shows the incidence of brucellosis among small 

ruminants in Al-Jabal Al-Akhdar in Libya by 

using RBPT. The incidences of brucellosis were 

69.3 % and 18.6 % in goats and sheep 

respectively.  

A local serological survey at the Al Jabal al 

Gharbi University in the western mountains 

region in 1997 found that 8.5% of sheep and 

28.4% of goats were positive for brucellosis 

(Elarbi 1997). The obtained result was nearly 

similar to that recorded by Samaha et al., .(2009) 

but lower than that reported by Ali and 

Mahdey.(2010), Holt et al., .(2011) and DaSilva 

et al., .(2014). A higher seroprevalence in goats 

than in sheep has also been described by other 

authors (Gargouri et al., 2009), Prevalence values 

between two- and fourfold higher in goats have 

been described in Eritrea (Omer et al., 2000), 

East Morocco, Tunisia and Egypt (Benkirane 

2006) and Nigeria (S.I.B. et al., 2006), and 

between one and two-fold higher in Sudan, the 

United Arab Emirates (Benkirane 2006) and in 

Kenya (Ndarathi and Waghela 1991). In other 

countries, a higher prevalence has been detected 

in sheep. For example, Somalia (Andreani et al., 

1983), Jordan (Benkirane 2006) and Oman 

(Ismaily et al., 1988). Programs and control 

measures have been undertaken in many 

countries in North Africa and the Near East (e.g. 

Egypt and Kuwait) (Samaha et al., 2009). 

However, underreporting and under diagnosis of 

other food-borne pathogens are  problems around 

the Mediterranean (Gargouri et al., 2009), 

particularly in North African countries where 

communication with local authorities is 

problematic and most of the available information 

is unpublished or limited to seminars and 

workshops (Refai 2002). 

 Generally, goats are more susceptible to Brucella 

infection than sheep, and this could be partly due 

to the fact that sheep excrete the organism for 

shorter periods compared with goats. This may 

reduce the potential for spread of the disease 

within and between sheep flocks (Radostits et al., 

2000). The prevalence and severity of disease 

may vary with the breed, geographic location, 

type of diagnostic test, husbandry and 

environmental factors (Amin et al., 2005). 

Another interesting result of our study is that 

individual seroprevalence was significantly higher 

in goats than in sheep. Our results are consistent 

with others reported by Coelhoa  and 

Coelho.(2013) who found that goats are more 

susceptible to the infection than sheep. However, 

these results are in contrast with (Reviriego et al., 

2000). In addition, the results from this study 

indicate that Brucellosis is more prevalent in 

Gandola (100%) followed by Al-Hesha (75 %) 

than in other investigation districts (Table. 3). 

 The difference in infection rates between 

different districts in Al-Jabal Al-Akhdar 

governorate may be due to the difference in 

applied management in each area, failure, or 

absence of vaccination program in some herds. 

Differences between the prevalence of Brucellosis 

obtained in this study and those obtained by other 

authors may be attributed to various factors such 

as the season during which this study was 

performed, the area from which animals were 

examined, as well as the evolutionary changes in 

the animal husbandry which affect the rate of 

exposure and the different serological tests used 

confirmed by bacterial isolation. 

CONCLUSION 

Brucellosis is still a major disease of worldwide 

distribution. There are many factors involved in 

both human and animal brucellosis that make the 

control and eradication of this disease an 
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important challenge. We conclude that in Al-

Jabal Al-Akhdar in Libya, Brucellosis 

seroprevalence is high in small ruminants. Our 

data highlight the need for further researches, 

including the isolation and characterization of the 

causative agents, reliable epidemiological studies 

and the need to implement a transparency policy 

and effective control measures in Libya. Today, 

we have very powerful tools to fulfill the 

requirements: excellent serological methods, very 

effective immunogens and an overall knowledge 

of the pathogenesis of this disease. 
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.، ليبياقسم طب وجراحة الحيوان، كمية الطب البيطري، جامعة عمر المختار، البيضاء ¹  
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 .2017 غسطسأ 4 / تاريخ القبول : 2017 مايو 25تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v32i1.121  

استقصدداء احتمددال وجددوت ااجسددام المضدداتة لمبكتريددا المسددببة لمددرم البروسدديلا  دد  المجتددرات  ىهدد ا التراسددة  لددهددت ت صإ:إمخستتتالم
) القبدة، الوسديطة ، سديتي خالدت ، لممدوتة ،  :هد  ،جدراء التراسدةليبيا. اختيدرت تسدعة مواقد  لإ –ضر الصغيرة    منطقة الجبل ااخ

ة جراء التراسة. جمعت أربعمائة عينة تم عشوائيختبار روز بنقال بالطبق لإ عين مارة(.  استختم الهيشة ، مراوة ، القيقب ، قنتولة و 
ضدطرابات الجهداز التناسدم  و لدل خدلال ا  ز، لهدا تداريخ مرضد  مادل الإجهدام و عاس مدن المدأر  153س من ااغندام و أر  247من 

ختبدار بواسدطة اختبدار لإوخضدعت ل ،مدن كدل الحيواندات مدل مدن الدتم 10خد ت حدوال  أ. 2016حت  يونيدو  2015الفترة من يناير 
تقددائق موجبددة لوجددوت ااجسددام المضدداتة لبكتريددا البروسدديلا.  4. اعتبددرت عينددة المصددل التدد  أعطددت تراصددا )تلازنددا( خددلال روز بنقددال

تددائ  % ن38عيندة بنسددبة  152تددم اختبارهدا أتهددرت  عينددة 400وع   لتحميددل البياندات. مددن مجمدChi – Squareاسدتختم اختبددار  
%(. اتضد  أن 18.6مصدال الضد ن )%( عنهدا  د  أ69.3 د  أمصدال المداعز ) أعمىيجابية كان موجبة م  ملاحتة أن معتل الإ

% 100سدبة شة وقنتولة نيجابية    اامصال من مناطق التراسة المختمفة. مالا: أتهرت اامصال من الهي   نسبة الإ ل تباينا  هنا
%(. تهرت تباينات لا تة لمنتر  د  نتدائ  اامصدال مدن قنتولدة وعدين مدارة 0معت من القيقب سمبية بنسبة )ج   الت كانت يجابية، و  

ريددا البروسددديلا أعطددت كدددل بوجددوت ااجسدددام المضدداتة لبكت ئعزيدددة مددن قنتولدددة تفدداعلا موجبددا يدددوم فدد  حددين أعطدددت كددل اامصددال الم
خدري مددن عز والضدد ن  د  المنداطق الإا. تراوحددت نسدبة التفاعميدة المصدمية  دد  كدل مدن المدسدمبيا   مدارة تفداعلا  مدن عددين  8الدداامصدال 

وجددوت ل أن هندال احتمدالا   مدن هد ا التراسدةويسدتنت  %  د  أمصدال الضد ن.  23.3-11.5 ىعز  لدا%  د  أمصدال المد 60-83.3
 ىبددل ااخضددر ب ليبيددا ، ممددا يشددير  لددرات الصددغيرة  دد  منطقددة الجااجسددام المضدداتة لمبكتريددا البروسدديلا بمعددتلات عاليددة  دد  المجتدد

 احتمال وجوت مرم البروسيلا    الض ن والماعز.

 .(جهام السريترات الصغيرة، مرم البروسيلا )الإالروزبنقال، المج : اختبارالكمماتإالمفتاحية
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Abstract: A pot experiment was carried out at the greenhouse of Faculty of Agriculture (Saba 

bacha), Alexandria University. The experiment was conducted to investigate the role of Glomus 

intraradices fungi in the effects on the growth and water requirement of pot-grown corn (Zea 

mays L.). Four water regimes (20%, 30%, 40% and 50% of the available soil water content) were 

conducted. The Arbuscular Mycorrhizal Fungi AMF inoculation could significantly increase 

plant growth (including plant height, leaf area, and fresh and dry mass), enhance relative leaf 

water content, transpiration rates and stomatal conductance, and improve plant drought tolerance. 

The water consumption of the mycorrhizal plants producing 1 g of dry matter was 20%–35% of 

water content conditions. These findings indicate that the mycorrhizae enhanced the water 

utilization efficiency. 

 

Keywords: G. intraradices, corn plant (Zea mays L.), drought resistance. 

 

INTRODUCTION 

Glomus can be associated with the roots of most 

plants and can strongly impact water retention 

properties and the subsequent drought responses 

of its hosts. Previous work indicated that 

mycorrhizal associated citrus rootstocks exhibited 

higher root hydraulic conductivity than non-

mycorrhizal plants, resulting in enhanced drought 

resistance ((Graham and Syvertsen 1984). The 

effects  of The Arbuscular Mycorrhizal Fungi 

(AMF) on water absorption and utilization in 

apple, cherry and birch-leaf pear trees were 

studied under normal water status and drought-

stressed conditions(Liu and Luo 1988, Liu 1989a, 

b, Wu et al., 2006). Under normal water 

conditions, AMF enhanced the relative leaf water 

content and transpiration rates and decreased 

stomatal resistance in apple and cherry trees. 

Under drought conditions, AMF also enhanced 

stomatal conductance, transpiration rate and 

relative leaf water content, and decreased leaf 

water potential and the permanent wilting point. 

When mycorrhizal and non-mycorrhizal plants 

were watered under continuous drought 

conditions, the pressure inflation of mycorrhizal 

plants recovered fast and the plants exhibited an 

enhanced growth compared with the 

nonmycorrhizal plants(Liu and Luo 1988, Liu 

1989a, b, Kaya et al., 2003, Pinior et al., 2005, 

Wu et al., 2006). Plant growth Promoting 

rhizobacteria (PGPR) may also contribute to 

drought amelioration(Rubin et al., 2017). Corn (Z. 

mays L) is an important crop and one of two 

sources for cereal flour used in the world for 

making bread. For example in Egypt, the average 

area of corn in 1999 was 1.648 million feddan 

which produced 5.438 million tons. Although 

Corn is relatively drought-resistant (ACSRT,1999), 

regular access to water sources ensures adequate 

corn production. Previous research indicated that 

AMF could improve drought resistance in different 

plants.  In the current study, Corn seedlings were 

used to study the mechanism underlying drought 

tolerance and water retention in seedlings inoculated 

with AMF under various soil water content 

https://doi.org/10.54172/mjsc.v32i1.94
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.94&amp;domain=pdf&amp;date_stamp=2008-08-14
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conditions. The findings here provided a rationale 

cause for applying mycorrhizae to cereal flour. 

MATERIALS AND METHODS 

The mycorrhizal inoculum, (Glomus 

intraradiaces) used as stock culture prepared 

from Faculty of Agriculture., Ain Shams 

University of Cairo. Seeds of corn (Zea mays L) 

were surface-sterilized for 3 min in 0.1% HgCl2 

solution, then washed three times in water and 

soaked for 24 h in water at 40°C. Seeds were 

subsequently germinated at 28°C in an incubator. 

Water tests were conducted in plastic test pots, 

each containing 3 kg of sandy loam and has the 

following general properties: pH, 8.00; organic 

matter, 2.34 g kg
-1

 ,the available nitrogen content 

was 45.22 mg kg
-1

available P, 3.5 mg kg
-1

 soil. 

The procedures used for soil analysis were those 

described by(Page and Page 1982). In this soil, 

the maximum water holding capacity was 16%. 

All soil samples were steam-sterilized at 121°C 

for 2 h. Water control began after the seeds were 

sown. The eight treatment groups included 

inoculated or non-inoculated seeds maintained in 

soil with water content controlled at 20%, 30%, 

40% or 50% of the available water. All 

experiments were conducted in a greenhouse in 

the specimen garden at Agriculture faculty (Saba 

bacha), Alexandria University.  

The mycorrhizal treatments were carried out by 

adding 50g of inoculum per pot of these 

treatments which was placed below the seeds. 

Non Mycorrhiza treatments received the same 

quantity of autoclaved inoculums.(Khan et al., 

2003) Inoculum (50g) was consisted of external 

mycelium, spores and colonized roots mixed with 

soil. Five of corn seeds were sown in each pot. 

After the seeds sprouted, two plants were selected 

from each pot based on their growth level. During 

the experiment, the evaporated water per pot was 

measured daily by weighting pots, and the young 

seedlings were provided with a specific amount 

of water so that the  water content in the soil was 

maintained at 20%, 30%  40%  or 50% of the 

available water, respectively. After 60 days, the 

plants were harvested. Root samples for 

determination of root colonization with AM fungi 

were cleared with 10% KOH and stained with 

0.05% trypan blue in lactophenol as described by 

(Phillips and Hayman 1970), and microscopically 

examined for AMF colonization by determining 

the percentage of root segments containing 

arbuscules and vesicles using a gridline intercept 

method(Giovannetti and Mosse 1980). 

 The plant height, the number of leaves, the 

fresh and dry weight of leaves, shoots, and 

roots per pot were measured. Leaf water 

saturation deficits were calculated by the 

saturation water content method. (Baker, 

2010), transpiration rates and stomatal 

conductance were measured by a photosynthesis 

surveying instrument (Dutra et al., 1996). The 

content of proline in leaves was measured with a 

Daojin UV-120 spectrometer (Pinior et al., 

2005). Water requirement (ml) was calculated 

through measuring the water consumption 

yielding 1 g of dry matter plants per pot. 

Statistical analysis 
Data were subjected to analysis of variance using 

the ANOVA procedures according to (Snedecor 

and Cochran 1972)  Statistical significance was 

determined at P < 0.05. 

RESULTS AND DISCUSSION 

The AM fungi root colonization was noted in roots 

of corn, No colonization occurred in non-

mycorrhizal corn seedlings. In the AM-inoculated 

plants, 96% of roots were colonized when the water 

content of the soil was at 50%of the available water. 

When the water content decreased, the percentage of 

AMF colonization likewise decreased. Specifically, 

the AM colonization of plants at 20% of the 

available water was less than that of plants at 30%, 

40% and 50% of the available water (Table 1). The 

percentage of colonized seedlings remained above 

76.8%. These results indicate that when corn 

seedlings are inoculated with G. intraradiaces, 

they are highly susceptible to colonization. These 

findings are consistent with the previous 

conclusion from field studies reporting a high 
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natural occurrence of AMF mycorrhizal fungi in 

Malus hupehensis plant(Liu 1989a).  

This colonization by AM fungi may explain, in 

part, the ability of corn plant to resist the damage 

of stressed conditions. The plant height, the 

number of leaves, and the fresh weight and dry 

weight of mycorrhizal-inoculated plants were 

greater than those of the non-mycorrhizal-

inoculated plants grown under the same soil water 

content conditions (Tables 2 and 3). Thus, the 

mycorrhiza significantly promoted corn seedling 

growth. The growth of mycorrhizal plants grown 

at 20% of the available water did not differ 

significantly from the growth of non-mycorrhizal 

plants grown at 30%of the available water. When 

compared with the non-mycorrhizal plants, the 

dry weight of mycorrhiza plants increased by 

78%, 100% 121% and 150% at soil water contents 

of 20%, 30%, 40% and 50%of the available water, 

respectively. 

 
Table (1). Mean percentage of mycorrhizal colonization in 

corn seedlings under various treatment conditions 

Inoculation 

The available  

Water content  

of soil/% 

Mycorrhizal 

colonization/% 

Glomus 

intraradiaces 

 

20% 76.8c 

30% 82.6b 

40% 95.2a 

50% 96.1a 

non-  

inoculated 

 

20% 0 

30% 0 

40% 0 

50% 0 

 

 

 

 

 

 

Table (2). Effect of fungi on the growth of corn seedlings 

under various soil water contents 

Inoculation 

The available 

water content 

of soil/% 

Plant height/cm 
Numbers of 

leaves 

Glomus 

intraradiaces 

20% 8.69d 10.20c 

30% 14.32c 13.65b 

40% 16.40b 14.12b 

50% 19.20a 16.84a 

non-  

inoculated 

 

20% 6.74e 6.43d 

30% 7.96d 7.87d 

40% 10.12f 9.89c 

50% 11.85f 10.34c 

 

Mycorrhizal plants can significantly increase corn 

seedlings growth. When the soil water content 

was at 20% of available water, the mycorrhizal 

plant dry weight was 78% of the weight of non-

mycorrhizal plants. Moreover, when the soil water 

content was 50% of available water, the 

mycorrhizal plant dry weight was 150% of the 

weight of non-mycorrhizal plants. This effect of 

mycorrhiza on the growth of corn seedlings is 

more effective than its impact on the growth of 

other plants such as peach and Avena sativa(Khan 

et al., 2003). The fresh weight and the dry weight 

of mycorrhizal plants grown under the condition 

of 20% of available water were not significantly 

different from the weights of non-mycorrhizal 

plants grown in that of 30% and 40% water 

content.  

Mycorrhizal corn seedlings required less water 

than the non-mycorrhizal plants to produce 1 g of 

dry matter. Specifically, when compared with the 

non-mycorrhizal plants, mycorrhizal plants 

required less water at 20%, 24%,28% and 35%of 

available water when grown in soil with a water 

content of 20%, 30% , 40% and 50%of available 

water , respectively (Fig. 1). These findings 

indicate that the mycorrhizae enhanced the water 

utilization efficiency. Leaf water saturation 

deficits in the mycorrhizal plants were lower than 

in the non-mycorrhizal plants grown under identical 

water content conditions.   

Proline is an osmoregulatory key element in plants 

experiencing conditions of water stress. Under some 
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conditions, various plants produce a large amount of 

proline to enhance osmosis and prevent dehydration. 

Thus, the quantity of proline produced can reflect 

the degree of water stress(Pinior et al., 2005). Our 

results in table (4) shows that concentration of 

proline in leaves increased as the soil water content 

decreased. Furthermore, proline concentrations in 

the mycorrhizal plant leaves were significantly 

lower than in the non-mycorrohizal plant leaves. 

These results suggested that the quantity of 

proline in corn leaves increased as the water 

content of the soil decreased. When grown under 

the same water conditions, mycorrhizal plant 

leaves contained less proline than the non-

mycorrhizal plant leaves. Thus, under the same 

degree of water deprivation, the mycorrhizal 

plants are less physiologically stressed than the 

non-mycorrhizal plants. Notably, when the soil 

water content was 40% or 50%of available water, 

the stomatal conductance in the mycorrhizal 

plants was significantly higher than that in the 

non-mycorrhizal plants. When the soil water 

content was at 20%of available water, the 

stomatal conductance in mycorrhizal plants was 

still higher than that in the non-mycorrhizal 

plants, but the difference did not reach 

significance. Furthermore, when compared with 

the non-mycorrhizal plants grown under the same 

water content conditions, the mycorrhizal plants 

exhibited higher transpiration rates (Table 4). 

Stress from dehydration can cause stomata close, 

and a decrease in stomatal conductance and 

transpiration rates in leaves, which may prevent 

the roots from absorbing and transporting 

water(Kaya et al., 2003). This may eventually 

result in a decrease in the dry weight of plants.  

Our study indicated that mycorrhizae may 

improve stomatal conductance, transpiration rates 

in leaves and biomass, and significantly enhance 

drought tolerance in corn seedlings.  Findings in 

the current study suggest three mechanisms by 

which mycorrhizae enhance drought tolerance in 

plants. First, hyphae can absorb soil water 

directly. Under drought-stressed conditions, 

hyphae can utilize the soil water that is not 

accessible by the roots. Thus, the water supply to 

the plant is improved and effectively enhancing 

drought tolerance. Second, hyphae can absorb 

nutrients including phosphorus, zinc and many 

other elements. In this way, plant nutrition can be 

improved, and plant growth can be increased 

likewise. Ultimately, the mycorrhizal plants have 

more roots capable of absorbing water. Finally, 

mycorrhizae can regulate the balance of internal 

hormones in plants to indirectly influence water 

metabolism in the affected plant (Murakami-

Mizukami et al., 1991, Dutra et al., 1996, Lu et 

al., 2007). 

 

 

Fig. (1) The amount of water required to produce 1 g of dry matter in AM and non-AM corn seedlings grown in the soil water 

content of 20%, 30%,40% and 50%; respectively 
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Table (3).Effect of AM fungi on the biomass of corn seedlings under various soil water contents (gpot
-1

) 
 

 
Table (4). Effect of AM fungi on water physiology of corn seedlings 
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7102، 36- 32(:0) 27مجمة المختار لمعموم   
 

جامعة بنغازي، ليبيا. –كلية العلوم )المرج(   abdelhakeemibanni64@gmail.com عبد الحكيم سعد بني:*  

 

(Zea mays L.) عمى مقاومة الجفاف ونمو نبات الذرة G. intraradices   ثيرات فطرأت  
 

 عبد الحكيم سعد عاشور بني*،  صلاح الحاج عمر ، يونس عمى الطيب وحافظ الشريف
 ليبيا -جامعة بنغازى، المرج ،قسم النبات، كمية العموم ¹

 
 .2012غسطس أ 9/ تاريخ القبول :  2012مارس  9تاريخ الاستلام: 

Doi:https://doi.org/10.54172/mjsc.v32i1.94  

 لاختبىار فريىية رور فطىرسىكنررية )سىابا بااىا( جامعىة اإ فى  وىوبة زجاجيىة بكميىة الزرا ىةأجريت هذه التجربة ص : مخستالم
رة  فىي تربىة ممقحىة مقاومة الجفاف ونمو نبات الذرة، ولتحقيق ذلك تم تنمية نباتات الذ يف intraradices Glomus الميكوريزا

يافة أربعة أنظمة من المحتوى المائي ن المىا  االمتىاح، أويىحت النتىائ  م  %00و %40و %30و %20 بفطر الميكوريزا وا 
وزن  معنويىىة مختمفىىة  مىى  نمىىو نبىىات الىىذرة مىىن حيىىث )ارتفىىاع النبىىات، مسىىاحة الورقىىة، ميكىىوريزا ل ىىا تىى  يراتن  زلىىة فطريىىات الأ

لنبىىات  مىى  مقاومىىة النبىىات الطىىازج والجىىاف( باإيىىافة نلىى  تحسىىين المحتىىوى المىىائي فىىي الورقىىة، ومعىىرلات النىىت  وبالتىىال  قىىررة ا
واحىىر جىىرام مىىن المىىارة الجافىىة نتىىاج إقميىىل  G.intraradicesبفطىىر النباتىىات الممقحىىة  ين الاسىىت لاك المىىائأالجفىىاف، ولىىوحظ 

النباتىىات غيىىر الممقحىىة تحىىت نفىىس الظىىروف، ونسىىتنت  مىىن هىىذه الرراسىىة نن لفطىىر الميكىىوريزا بالمقارنىىة مىى   %35ىىى %20بنسىىبة  
 آليات حماية النباتات من الجفاف.

 ، مقاومة الجفاف.(Zea mays L) نبات الذرة، G. Intraradices  الكممات المفتاحية :
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، جامعة عمر المختار، البيضاء   hamdiosh@yahoo.comنورة إبراهيم الزاعل:  ليبيا –، كمية العموـ
 

 

سيولوجية ونسيجية عمى تأثير  الهيدروكورتيزون عمى الكمى فدراسات   
النيوزيلانديةالأرانب البيضاء  في    

 زينب عمي شعيب و  ، عبدالسلاـ موسى بوالحاج *براهيـ الزاعؿإ نورة
، جامعة عمر المختار قسـ عمـ ليبيا –الحيواف، كمية العموـ  

 
 .2017 أبريؿ 25/ تاريخ القبوؿ :  2017 فبراير 9تاريخ الاستلاـ: 

Doi:https://doi.org/10.54172/mjsc.v32i1.126  
 

 وظػػا ؼ بعػػض مػػف كػػؿ عمػػى الصػػوديوـ سكسػػينات الفيػػدروكورتيزوف عقػػار تػػيرير اختبػػار الدراسػػة هػػذ  اسػػتفدفت :صمخستتتالم 
 شػػممت. Newzealand White Rabbits  البيضػاء النيوزيلانديػػة الأرانػب فػػي لمكمػى النسػػيجى التركيػب عمػػى وكػذلؾ الكمػى

 وأخػػر  ضػػابطة مجػػامي  4 إلػػى تقسػػيمفا وتػػـ جػػراـ، 2500  -1500 مػػابيف يتػػراوح بػػوزف الػػذكور مػػف أرنػػب 30 عمػػى التجربػػة
 10 بجرعػػة الفيػػدروكورتيزوف بعقػػار الأرانػػب معاممػػة بعػػد. الحقػػف مػػدة حسػػب عمػػى وذلػػؾ مختمفػػة  زمنيػػة لفتػػرات بالػػدواء معاممػػة

 فػػي معنويػػة غيػػر زيػػادة وحػػدرت. أسػػبوع لمػدة المعاممػػة الأرانػػب أوزاف تغيػػر إلػػى يػػىد  لػـ العقػػار أف تبػػيف يػػومي بشػػكؿ كجػػـ/مجػـ
 الأرانػب أوزاف في معنوي غير ا  انخفاض سجمت الفجا ية المعاممة ولكف بالتدريج، والمعاممة أسبوعيف لمدة المعاممة الأرانب أوزاف

 الصػػوديوـ وأيونػػات البػػروتيف الكمػػي، الألبػػوميفالكريػػاتينيف،  اليوريػػا، تركيػػز فػػي معنػػوي ارتفػػاع سػػجؿ .الحقػػف قبػػؿ بوزنفػػا مقارنػػة
 تركيػز فػي معنػوي فػرؽ وجػود فػي تركيػز اليوريػا وعػدـ بسػيط معنػوي انخفػاض لػوحظ ولكػف أسػبوع، لمػدة المعاممة والبوتاسيوـ بعد

فػي حػػيف كانػػت هنػاؾ زيػػادة معنويػػة فػي البػػروتيف الكمػػي . أسػػبوعيف لمػػدة المعاممػة والبوتاسػػيوـ بعػػد الصػوديوـ وأيونػػات الكريػاتينيف
 مقارنػػة تتغيػػر لػػـ الفجا يػػة المعاممػػة فػػي وسػػةمػػ  ملاحظػػة أف المعػػايير المدر والألبػػوميف قػػد سػػجمت بعػػد أسػػبوعيف مػػف المعاممػػة. 

 لمقشػرة النسػيجي الفحػص التدريجيػة أظفػر المعاممػة بعػد الطبيعية المعدلات إلى عادت ولكنفا أسبوعيف لمدة المعاممة بالمجموعة
 لمػػػدة المعاممػػػة المجموعػػػة فػػػي الممفوفػػػة القاصػػػية الأنيبيبػػػات بعػػػض تجػػػاويؼ داخػػػؿ الاصػػػطباغ حامضػػػية مػػػادة ظفػػػور الكمويػػػة

. الجامعػػة الأنيبيبػػات بعػػض تجػػاويؼ داخػػؿ المػػادة نفػػس وجػػود المعػػاممتيف المجمػػوعتيف فػػي الكمػػوي النخػػاع أظفػػر كمػػا. أسػػبوعيف
 التغيػرات نفػس مشػاهدة وتػـ. الجامعػة للأنيبيبػات المبطنػة  الخلايػا مػف العديػد سػيتوبلازـ فػي فجوات ظفرت المعاممة مدة وبزيادة

 ولكػف تػدريجيا   معاممتفػا إيقػاؼ تػـ التػي المجموعػة وكػذلؾ فجية ، فيفا المعاممة إيقاؼ تـ التي الأرانب كمى في المرضية النسيجية
 .الأخيرة المجموعة في أخؼ بصورة التغيرات هذ  ظفرت

 الفيدروكورتيزوف ، الكمى ، فيسيولوجي ، نسيجي ، الأرانب.   :المفتاحية الكممات

 المقدمة

فػػػي عػػػلاج العديػػػد  إف كرػػػرة اسػػػتخداـ العقػػػاقير الاسػػػتيرويدية   
 ،مػػػف الأمػػػراض الحػػػادة والمزمنػػػة، أصػػػبئ مػػػف الأمػػػور الشػػػا عة

ف معظػػػػػـ هػػػػػذ  الأمػػػػػراض دا مػػػػػة التكػػػػػرار وتسػػػػػتوجب إوحيػػػػػث 
العػػػلاج بشػػػكؿ يػػػومي ولفتػػػرات طويمػػػة ومتكػػػررة  لػػػذا كػػػاف مػػػف 
الضروري التعرؼ عمى الآرار الجانبية لفذ  العقاقير، ومف هنا 

عمػػى  تػيرير هػػذ  العقػاقير تػـ اقتػراح مشػػروع هػذا البحػػث لدراسػة

ختيػػػار االتركيػػػب النسػػػيجى لمكمػػػى ووظا ففػػػا الحيويػػػة. وقػػػد تػػػـ 
عقػػػػػػار هيػػػػػػدروكورتيزوف سكسػػػػػػينات الصػػػػػػوديوـ كمرػػػػػػاؿ لفػػػػػػذ  

هػػػػػػػػػػي  Glucocorticoidsالعقػػػػػػػػػاقير. الجموكوكورتيكويػػػػػػػػػػدات 
مجموعػػػػػػة هرمونػػػػػػات إسػػػػػػترويدية أهمفػػػػػػا هرمػػػػػػوف الكػػػػػػورتيزوؿ 

Cortisol ربوهيػػدرات، ومػػف هنػػا وتػػىرر أساسػػا  عمػػى تمريػػؿ الك
(. ووظػػػا ؼ الفيػػػدروكورتيزوف 2005جػػػاءت التسػػػمية  خميػػػؿ، 

رفػ  مسػػتو  الجموكػػوز فػي الػػدـ مػف خػػلاؿ تخميػػؽ  هػػية الر يسػ
  وهػػػػػػػػػػو اصػػػػػػػػػػطناع الكبػػػػػػػػػػد Gluconeogenesisالجموكػػػػػػػػػػوز 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.126&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.126&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v32i1.126
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لمجموكػػػوز مػػػف مصػػػادر غيػػػر سػػػكرية مرػػػؿ الأحمػػػاض الأمينيػػػة 
ات والأحمػػػػػػػػاض الدهنيػػػػػػػػة، والمسػػػػػػػػاعدة فػػػػػػػػي أيػػػػػػػػض البروتينػػػػػػػػ

، كمػػػػا تسػػػػاعد هػػػػذ   (Lipworth 1999 والكربوهيػػػػدرات 
الفرمونػػات فػػي تمكػػيف الفػػرد مػػف مقاومػػة الأنػػواع المختمفػػة مػػف 

والصػػػػدمات التػػػػي يتعػػػػرض لفػػػػا  خميػػػػؿ،  Stressesالضػػػػغوط 
الإسػػػترويدية أساسػػػا فػػػي الكبػػػد (. ويػػػتـ هػػػدـ الفرمونػػػات 2012

ويحدث الفدـ في الكمية وتفرز معظـ النواتج في البوؿ  خميؿ، 
(.  تمكػػػػف البػػػػاحروف مػػػػف تصػػػػني  الاسػػػػتيرويدات التػػػػي 1997

تتميػػػز بفعاليتفػػػا العاليػػػة بالمقابمػػػة مػػػ  الاسػػػتيرويدات الطبيعيػػػة. 
ف لفػػػػػا ألفػػػػػة كبيػػػػػرة لممسػػػػػتقبلات الخاصػػػػػة بالقشػػػػػرانيات إحيػػػػػث 

وجػػػودة فػػػي خلايػػػا الجسػػػـ، وتبقػػػى فتػػػرة أطػػػوؿ فػػػي السػػػكرية الم
الػػػدـ. ومػػػف الفرمونػػػات الاسػػػتيرويدية المصػػػنعة الدكسػػػاميرازوف 

(. 1990والبريدونيسػػػػػػػػػػػػػػػولوف  محيػػػػػػػػػػػػػػػي الػػػػػػػػػػػػػػػديف و خػػػػػػػػػػػػػػػروف، 
والفيػػدروكورتيزوف هػػو جموكوكورتيكويػػد صػػناعي يسػػتخدـ عمػػى 

 Elshennawy نطػػاؽ واسػػ  لعػػلاج العديػػد مػػف الأمػػراض 
and Elwafa 2011).  وقد أجريت بعػض الدراسػات لمتحقػؽ

مػػػػف شػػػػدة التػػػػيريرات السػػػػمبية لمفيػػػػدروكورتيزوف  كمرػػػػاؿ لعقػػػػار 
الجموكوكورتيكويد الصػناعي، عمػى بعػض أعضػاء الجسػـ مرػؿ 

، الجوانػػػػػػب التناسػػػػػػمية (2001و خػػػػػػروف،  Gloor البنكريػػػػػػاس 
الغػػػدة ،(Piffer and Pereira 2004 لإنػػػاث الف ػػػراف 

و خػػػػػػػػػػػػػػػػػػػػػػروف،  Rodrigues-Mascarenhas ةالتيموسػػػػػػػػػػػػػػػػػػػػػػي
، جفػػػػػػػاز (2008و خػػػػػػػروف،  Gevorgyan ، الكبػػػػػػػد (2006

قشػػػػػػػػػػػرة الغػػػػػػػػػػػدة الكظريػػػػػػػػػػػة   -النخػػػػػػػػػػػامي  -تحػػػػػػػػػػػت المفػػػػػػػػػػػاد 
 Yarushkina 2008) ، والحصػػػػيف Tata and 

Anderson 2010).  يسػتخدـ الجموكوكورتيكويػد عمػى نطػاؽ
واسػػ  فػػي عػػلاج أمػػراض الكمػػى، ومػػ  ذلػػؾ فػػ ف الأطبػػاء أقػػؿ 

التػػيريرات الفسػػيولوجية لفرمػػوف الكػػورتيزوؿ عمػػى الكمػػى بدرايػػة 
 Mangos  ،المراجػػػػ  المتاحػػػػة  فونظػػػػرا  لا، (2003و خػػػػروف

والدراسػػات السػػابقة عمػػى تػػيرير الفيػػدروكورتيزوف عمػػى التركيػػب 
النسيجي لمكمى قميمة جدا ، لذلؾ ف ف الدراسة الحالية تفدؼ إلى 
إلقاء الضوء عمى مرؿ هذ  التػيريرات عمػى أنسػجة هػذا العضػو 

  لػػػى اختبػػػارإتفػػػدؼ هػػػذ  الدراسػػػة  فػػػي ذكػػػور الأرانػػػب البالغػػػة.
روكورتيزوف سكسػػينات الصػوديـ عمػػى وظػػا ؼ تػيرير عقػػار هيػد

دراسػة التػيريرات النسػيجية المرضػػية التػي قػد تنػتج مػػف ، و الكمػى

معرفػػة مػػد   لػػىإضػػافة ، بالإاسػػتخداـ هػػذا العقػػار عمػػى الكمػػى.
 ارتباط الأرر الضار لفذا العقار بطوؿ الفترة الزمنية لممعاممة.

 المواد وطرق البحث

اسػػػػػتخدمت فػػػػػي هػػػػػذ  الدراسػػػػػة الأرانػػػػػب حيوانتتتتتات التجتتتتتارب: 
تػػػػـ  التػػػػى ،Newzealand White Rabbitsالبيضػػػاء  

تربيتفػػػا لفتػػػرة قبػػػؿ بػػػدء الدراسػػػة لغػػػرض التػػػيقمـ عمػػػى الظػػػروؼ 
 البي ية الجديدة وضماف خموها مف أي أمراض.

هيػػػػػدروكورتيزوف سكسػػػػػينات الصػػػػػوديوـ  العقتتتتتار المستتتتتتخد : 
Hydrocortisone sodium succinate مػادة صػمبة  ىهػ

الػػػذوباف فػػػػي  ةشػػػػديدالرا حػػػة و  ةة بيضػػػاء المػػػػوف عديمػػػمتجانسػػػ
ممميجػػػػراـ، vials 100المػػػػاء والكحػػػػوؿ، ويوجػػػػد فػػػػي أمبػػػػولات 

 Ali ممميجػػػػػػػػػػػػراـ  1000ممميجػػػػػػػػػػػػراـ،  500ممميجػػػػػػػػػػػػراـ،  250
 وذلؾ عف طريؽ شركة سيجما لمكيماويات  (2000و خروف، 

.Sigma Chemical Company 

تـ حقف الأرانب بعد تحديػد أوزانفػا  تحديد الجرعة المستخدمة:
 ،(Walker and Schnitzer 1980  مج/كجػـ10بجرعػة 

جرعػة  وهػيعف طريؽ الحقف العضمي ولفترات زمنية مختمفػة  
كجػػـ، وتػػـ ذبػػئ  70يتعاطاهػػا انسػػاف وزنػػه  يتعػادؿ الجرعػػة التػػ

 الحيوانات بعد كؿ فترة زمنية.

أدخمػػت الأرانػػػب التجربػػة بػػػوزف يتػػراوح مػػػابيف تصتتمي  التجربتتتة:
، ا  أرنبػػ 30جػػراـ، وشػػممت هػػذ  التجربػػة عػػدد  2500 -1500

لى مجامي  ضابطة وأخػر  معاممػة بالػدواء لفتػرات إتـ تقسيمفا 
 زمنية مختمفة  وذلؾ عمى حسب مدة الحقف:

أرانػػػػب وقسػػػػمت إلػػػػى  10: تػػػػـ اسػػػػتخداـ الأولػػػػىالمجموعػػػػة  -
أرانب وحقنػت مػرة واحػدة يوميػا    Control 5مجموعة ضابطة

، Water for injectionبماء مخصص لمحقف  ماء مقطر( 
أرانػػب تػػـ حقنفػػا يوميػػا  بالفيػػدروكورتيزوف  5ومجموعػػة معاممػػة 

مجػػػـ / كجػػػـ وذبحػػػػت 10سكسػػػينات الصػػػوديوـ حسػػػب الػػػوزف 
 أياـ مف بداية المعاممة.  7بعد
أرانػػػػب وقسػػػػمت إلػػػػى  10تػػػػـ اسػػػػتخداـ  المجموعػػػػة الرانيػػػػة: -

أرانػػب وحقنػػت يوميػػا  بمػػاء   Control 5مجموعػػة ضػػابطة
أرانػػػب حقنػػػت يوميػػػا   5مخصػػػص لمحقػػػف ، ومجموعػػػة معاممػػػة 
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مجـ/كجػػـ وذبحػػت 10بالفيػػدروكورتيزوف سكسػػينات الصػػوديوـ 
 مف بداية المعاممة. ا  يوم 14بعد 

أرانػػػب وتػػػـ حقنفػػػا يوميػػػا   5: تػػػـ اسػػػتخداـ لمجموعػػػة الرالرػػػةا -
مجـ/كجػػػػـ لمػػػػدة 10بالفيػػػػدروكورتيزوف سكسػػػػينات الصػػػػوديوـ  

أيػػاـ بػػدوف حقػػف رػػـ  6مػػف بدايػػة المعاممػػة رػػـ تركػػت  ا  يومػػ 14
 ذبحت.

أرانػػػب وتػػػـ حقنفػػػا يوميػػػا   5تػػػـ اسػػػتخداـ  المجموعػػػة الرابعػػػة: -
 14مجـ/كجػـ لمػدة 10بالفيدروكورتيزوف سكسينات الصوديوـ 

مػػػف بدايػػػة المعاممػػػة رػػػـ حقنػػػت تػػػدريجيا بجرعػػػات تنازليػػػة  ا  يومػػػ
  2½مجػػـ لمػػدة يػػوميف رػػـ  5مجػػـ لمػػدة يػػوميف ، رػػـ  7½وهػػي 

 مجـ لمدة يوميف رـ الذبئ.

بعػػد تحديػػد وزف الأرانػػب قبػػؿ وبعػػد عمميػػة الفحتتص الهتتا ر : 
قػػد تظفػػػر عميفػػا طػػػواؿ  سػػريريةالحقػػف وملاحظػػة أي أعػػػراض 

جربة تػـ ذبحفػا وتجميػ  الػدـ فػي أنابيػب خاصػة كمػا تػـ فترة الت
 استخراج الكمى.

    :الفسيولوجيالفحص 

تػـ تقػدير اليوريػا باسػتخداـ جفػاز  فحص اليوريتا فتي التد :  -
Beckman-BUN-Analyzer 2   وباسػػػتخداـ مجموعػػػة

،  Beckman,Ireland يرلنديػػةالآكواشػػؼ مػػف شػػركة بيكمػػاف 
  -حيث تمر اليوريا الموجودة في المصؿ بالتفاعؿ التالي :

 H2O             (NH4)2CO3          NH4+ HCO.    +Urea              

ونتيجػػة هػػذا التفاعػػؿ هػػو تحػػوؿ اليوريػػا مػػف صػػورة غيػػر أيونيػػة 
( ، وقػػػد أخػػػذت القػػػراءة  إلػػػى صػػػورة أيونيػػػة  كربونػػػات الأمونيػػػوـ

 مؿ مف الدـ . 100لكؿ  بالميممجراـ
يتفاعػػؿ الكريػػاتينيف فػػي الظػػروؼ القاعديػػة مػػ  الكريتتاتينين:  -

Picric acid  جفػاز باسػتخداـأحمػر،  ا  مكونػا  معقػدLinear   
ومجموعػػػة  الإسػػػبانية Biosystems المصػػػن  مػػػف قبػػػؿ شػػػركة

مػػف الكواشػػؼ المجفػػزة مػػف نفػػس الشػػركة، ويمكػػف قيػػاس معػػدؿ 
الضػو ي عنػد طػوؿ  صػاصالامتتكويف هذا المعقد بزيػادة شػدة 

نػػانوميتر ويتناسػػب طرديػػا  مػػ  تركيػػز الكريػػاتينيف   405مػػوجي 
يحتػػوي عمػػى  Standardالموجػػود فػػي العينػػة باسػػتخداـ ضػػابط 

يمكػػػف قيػػػاس تركيػػػز الكريػػػاتينيف فػػػي  .كريػػػاتينيف معمػػػوـ التركيػػػز
 مؿ مف الدـ. 100العينة بوحدة قياس ممميجراـ لكؿ 

 

Creatinine + Picric acid               Red addition complex       

باسػػتخداـ جفػػاز مستتتوأ ويونتتات الصتتوديو  والبوتاستتيو :   -
2 Beckman- Na+ &  K+ - Analyzer  ومجموعػة

 يرلنديػػػػػػػػػػةالآكواشػػػػػػػػػػؼ مجفػػػػػػػػػػزة مػػػػػػػػػػف قبػػػػػػػػػػؿ شػػػػػػػػػػركة بيكمػػػػػػػػػػاف 
Beckman,Ireland وقػػػػد تمػػػػت عمميػػػػة القيػػػػاس عنػػػػد طػػػػوؿ ،

نػػػانوميتر وأخػػػذت القػػػراءة مباشػػػرة مػػػف لػػػػوح  545مػػػوجي قػػػدر  
 العداد الرقمي بالمممي موؿ لكؿ لتر.

وفيػػه تػػـ أخػػد قطػػ  مػػف الكمػػى ووضػػعت : النستتيجيالفحتتص  
مربػػػػػػػػت فورمػػػػػػػػاليف : فػػػػػػػػورا  فػػػػػػػػي المربتػػػػػػػػات النسػػػػػػػػيجية التاليػػػػػػػػة

%Formalin 10  محمػوؿ بػػواف- Bouin's fluid  محمػػوؿ
. تػػـ Susa fluidمحمػػوؿ سػوزا    Zenker's fluid -زنكػر 

تمرير العينات في المحاليؿ الكحولية التصاعدية رـ الترويػؽ و 
التشػػػػػفيؼ  بػػػػػالزايميف رػػػػػـ طمػػػػػرت العينػػػػػات فػػػػػي شػػػػػم  البػػػػػرافيف 
المنصػػفر وصػػبت فػػي قوالػػب الشػػم  وتركػػت حتػػى تصػػمبت رػػـ 

إلػػػى شػػػرا ئ  Microtome  الشػػػمعيقطعػػػت بجفػػػاز التقطيػػػ  
ة ،  ميكػػػػروف وربتػػػػت عمػػػػى شػػػػرا ئ زجاجيػػػػ 6-4رقيقػػػػة بسػػػػمؾ 

وصػػػػػػػػبغت الشػػػػػػػػرا ئ بصػػػػػػػػبغة الفيمػػػػػػػػاتو كسػػػػػػػػميف  والايوسػػػػػػػػيف 
Harries  haematoxyline and eosin (H&E) ، وقػد تػـ

 Bancroft and)حفػظ وتمريػر العينػات وصػبغفا اسػتنادا  إلػى

Gamble 2008) بعػد الصػبت تمػت تغطيػة الشػرا ئ بغطػاء .
بعد وض  قطرات مػف مػادة كنػدا بمسػـ  Cover slideزجاجي 

Canada balsam  رـ تـ فحػص وتصػوير الشػرا ئ النسػيجية
مػػزودة بةلػػة (  Olympusالمصػػبوغة بواسػػطة مجفػػر ضػػو ي  

 Olympus Camedia C-(7070.تصوير نوع  
 حممت النتا ج إحصا يا  باستخداـ برنامج  التحميل الإحصائي: 

Minitab 13 وذلؾ عف طريؽ تحميؿ التبايف الأحادي One 
way Analysis of Variance (ANOVA)   عنػد مسػتو

 .(Ott,1984) وفقا لما ذكر  (0.05) احتمالية 

 جتتالنتائ

بعػػػػػػػػد معاممػػػػػػػػة الأرانػػػػػػػػب بعقػػػػػػػػار : الهتتتتتتتتا ر  وولًا: الفحتتتتتتتتص
مجـ/كجػػػػػـ بشػػػػػكؿ يػػػػػومي لمػػػػػدة  10الفيػػػػػدروكورتيزوف بجرعػػػػػة 

pH>12 

37oC 

 

Urease 
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الأرانػب كرػرة التبػوؿ، كمػا لػوحظ  أسبوع وأسبوعيف، لػوحظ عمػى
بػػػالعيف المجػػػردة بعػػػد ذبػػػئ الحيػػػواف انتفػػػاخ فػػػي المرانػػػة البوليػػػة 

( مقارنػػة بالمجموعػػة الضػػابطة  شػػكؿ 1واحتقػػاف بالكبػػد  شػػكؿ 
2 .) 

 
صورة ضو ية لأرنب معامػؿ لمػدة أسػبوعيف يوضػئ احتقػاف الكبػد ( 1شكل )

  *( وانتفاخ المرانة البولية   **(

 
صػػػػػورة ضػػػػػو ية لأرنػػػػػب بالمجموعػػػػػة الضػػػػػابطة يوضػػػػػئ المػػػػػوف ( 2شتتتتتكل )

 الطبيعي لمكبد  *(وعدـ انتفاخ المرانة  **(

عػػػػػػػػدـ التغيػػػػػػػػر فػػػػػػػػي أوزاف الأرانػػػػػػػػب المعاممػػػػػػػػة لمػػػػػػػػدة أسػػػػػػػػبوع 
(، 0.19±1.74بوزنفػػػا قبػػػؿ الحقػػػف  ( مقارنػػػة 1.72±0.17 

كما حدث زيادة فػي أوزاف الأرانػب ولكػف لػـ تصػؿ الػي مسػتو  
( 0.63±2.13المعنويػة فػي الأرانػب المعاممػة لمػدة أسػبوعيف  

( وذلػػؾ عنػػد مسػػتو  0.71±1.64مقارنػػة بوزنفػػا قبػػؿ الحقػػف  
كمػػػػػػػا سػػػػػػػجمت نتػػػػػػا ج المعاممػػػػػػػة الفجا يػػػػػػػة ، (0.05) احتماليػػػػػػة

 نفػػػا كانػػػت غيػػػر معنويػػػةألا إفػػػي الػػػوزف  ا  ( انخفاضػػػ2- جػػػدوؿ
(، و 0.83±1.99( مقارنة بوزنفا قبؿ الحقف  1.63±0.37 

بالزيػػػػادة المعنويػػػػة فػػػػي  تليسػػػػالأوزاف فػػػػي لػػػػوحظ زيػػػػادة كػػػػذلؾ 
( مقارنة بوزنفا قبؿ 0.289±2.11الأرانب المعاممة بالتدريج  

 .(0.05)( عند مستو  احتمالية 0.53±1.77الحقف  

الأرانب  فيتيرير عقار الفيدروكورتيزوف عمى وزف الجسـ   ( :1جدول )
 سا  بالجراـ.يلمدة أسبوع وأسبوعيف مق

 العينة
عدد 

 المعاملات
(N) 

الانحراؼ ± المتوسط 
 القياسي

X  ±S.D 

الفروؽ 
 المعنوية عند

0.05 

 a 0.19± 1.74 5 المجموعة الضابطة
 a 0.179± 1.72 5 معاممة لمدة أسبوع

 a 0.719± 1.64 5 الضابطة المجموعة
 a 0.63±  2.14 5 معاممة لمدة أسبوعيف

   الحػػػػػػػػروؼ المختمفػػػػػػػػة تعنػػػػػػػػي وجػػػػػػػػود فػػػػػػػػروؽ معنويػػػػػػػػة عنػػػػػػػػد مسػػػػػػػػتو
  0.05احتمالية

 

يقاؼ الإتيرير عقار الفيدروكورتيزوف عمى وزف الجسـ  بعد ( : 2جدول )
 سا  بالجراـ.يالأرانب  مق فيالتدريجي والفجا ي 

 العينة
 

 المعاملاتعدد 
(N) 

الانحراؼ ± المتوسط 
 القياسي

X  ±S.D 

الفروؽ 
 المعنوية عند

0.05 

 a 0.531± 1.77 5 المجموعة قبؿ الحقف
 a 0.289± 2.11 5 المعاممة التدريجية

 a 0.838±  1.99 5 المجموعة قبؿ الحقف
 a 0.372±  1.63 5 المعاممة الفجا ية

   الحػػػػػػػػروؼ المختمفػػػػػػػػة تعنػػػػػػػػي وجػػػػػػػػود فػػػػػػػػروؽ معنويػػػػػػػػة عنػػػػػػػػد مسػػػػػػػػتو
  0.05احتمالية

 ثانياً: الفحص الفسيولوجي 
( أظفػرت 3مػف خػلاؿ الجػدوؿ   مستوأ اليوريا في المصتل: 

نتػػػػا ج التحميػػػػؿ الإحصػػػػا ي وجػػػػود فػػػػرؽ معنػػػػوي عنػػػػد مسػػػػتو  
الأرانػػػػػب  لػػػػػد الػػػػػدـ بفػػػػػي مسػػػػػتو  اليوريػػػػا   (0.05)احتماليػػػػة 

مػػػؿ 100ورتيزوف المقاسػػة بػػالممميجراـ لكػػؿ المعاممػػة بالفيػػدروك
معنػػػػوي فػػػي تركيػػػػز اليوريػػػا بعػػػػد  ارتفػػػاعسػػػػجؿ  كمػػػامػػػف الػػػػدـ، 
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( مقارنػػػػػػة بالمجموعػػػػػػة 54.9±22.8المعاممػػػػػػة لمػػػػػػدة أسػػػػػػبوع  
معنػوي بسػيط  انخفػاضلػوحظ  كما(، 39.8±14.8الضابطة  

( مقارنػة بالمجموعػة 34.9±7.1بعػد المعاممػة لمػدة أسػبوعيف  
إلا أف المعاممػػػة التدريجيػػػة والفجا يػػػة  .(40±11.4الضػػػابطة  

 لى معدلفا الطبيعي.إرجعت 

 تيرير عقار الفيدروكورتيزوف عمى مستو  اليوريا في مصؿ( : 3جدول )
 مؿ مف الدـ. 100 سا  بالممميجراـ / يالأرانب لمدة أسبوع وأسبوعيف مق

 العينة
عدد 

 المعاملات
(N) 

الانحراؼ ± المتوسط 
 القياسي

X  ±S.D 

الفروؽ المعنوية 
 عند

0.05 
 a 14.809±  39.80 5 المجموعة الضابطة
 b 22.760±  54.9 5 معاممة لمدة أسبوع
 a 11.379±  40.00 5 المجموعة الضابطة
 b 7.109±  34.86 5 معاممة لمدة أسبوعيف

 0.05الحروؼ المختمفة تعني وجود فروؽ معنوية عند مستو  احتمالية  

( نتػػا ج 4يوضػػئ الجػػدوؿ  مستتتوأ الكريتتاتينين فتتي المصتتل: 
نػػػػب التحميػػػػؿ الإحصػػػػا ي لمسػػػػتو  الكريػػػػاتينيف فػػػػي مصػػػػؿ الأرا

مػؿ مػف 100سا  بالممميجراـ لكؿ يالمعاممة بالفيدروكورتيزوف مق
لػػوحظ وجػػود فػػروؽ معنويػػة بػػيف الأرانػػب المعاممػػة لمػػدة و الػػدـ ، 

فػػػي تركيػػػز  معنػػػوي ارتفػػػاعسػػػجؿ و أسػػػبوع والأرانػػػب الضػػػابطة ،
( مقارنػػػػػة 1.7±0.3الكريػػػػػاتينيف بعػػػػػد المعاممػػػػػة لمػػػػػدة أسػػػػػبوع  

(، كمػػػا لػػػوحظ عػػػدـ وجػػػود 0.56±0.2بالمجموعػػػة الضػػػابطة  
فرؽ معنوي فػي تركيػز الكريػاتينيف بعػد المعاممػة لمػدة أسػبوعيف 

(، فػػػي 0.6±0.3( مقارنػػػة بالمجموعػػػة الضػػػابطة  0.3±0.8 
معػػػػػدلفا ى لػػػػػإجيػػػػػة والفجا يػػػػػة عػػػػػادت يالمعاممػػػػػة التدر إفّ حػػػػػيف 

 .(0.05)الطبيعي وذلؾ عند مستو  احتمالية 

تيرير عقار الفيدروكورتيزوف عمى مستو  الكرياتينيف  في ( : 4جدول )
 مؿ مف الدـ.100 /سا  بالممميجراـيالأرانب لمدة أسبوع وأسبوعيف مق مصؿ

 العينة
عدد 

 المعاملات
(N) 

الانحراؼ ± المتوسط 
 القياسي

X  ±S.D 

الفروؽ 
 المعنوية عند

0.05 
 a 0.2302±  0.56 5 المجموعة الضابطة
 b 0.2612± 1.67 5 معاممة لمدة أسبوع

 a 0.3000±  0.60 5 المجموعة الضابطة
 a 0.3416±  0.76 5 أسبوعيف معاممة لمدة

 0.05الحروؼ المختمفة تعني وجود فروؽ معنوية عند مستو  احتمالية  

يوضػئ التحميػؿ الإحصػا ي مستوأ تركيتز ويونتات الصتوديو : 
( مػػػد  تػػػيرير الفيػػػدروكورتيزوف عمػػػى مسػػػتو  5فػػػي الجػػػدوؿ  

سػػا  بػػالمممي ي(  فػػي الأرانػػب مق+Naتركيػػز أيونػػات الصػػوديوـ  
لأيونػػػات  معنػػػوي ارتفػػػاعمػػػوؿ، حيػػػث أوضػػػحت النتػػػا ج وجػػػود 
مقارنػػة ( 138.6±0.89الصػوديوـ بعػػد المعاممػػة لمػػدة أسػػبوع  

(، إلا أف المعاممػػػة لمػػػدة 135.5±2.3بالمجموعػػػة الضػػػابطة  
في مستو  تركيػز أيونػات الصػوديوـ  ارتفاعأسبوعيف أدت إلى 

لػػػػػػػػى مسػػػػػػػػتو  المعنويػػػػػػػػة إولكػػػػػػػػف هػػػػػػػػذا الارتفػػػػػػػػاع لػػػػػػػػـ يصػػػػػػػػؿ 
( مقارنػػػػػػػػػػػػػػػػػػػػػػػػػػة بالمجموعػػػػػػػػػػػػػػػػػػػػػػػػػػة الضػػػػػػػػػػػػػػػػػػػػػػػػػػابطة 2.5±136.6 
. إلا أف المعاممػػػة التدريجيػػػة والفجا يػػػة رجعػػػت 1.5±134.2) 
 .(0.05)فا الطبيعي وذلؾ عند مستو  احتمالية لى معدلإ

: تيرير عقار الفيدروكورتيزوف عمى مستو  تركيز أيونات ( 5جدول )
 سا  بالمممي موؿ  / يالأرانب لمدة أسبوع وأسبوعيف مق الصوديوـ في مصؿ

 مؿ مف الدـ. 100

 العينة
عدد 

 المعاملات
(N) 

الانحراؼ ± المتوسط 
 القياسي

X  ±S.D 

المعنوية  الفروؽ
 عند

0.05 
 a 2.26±  135.5 5 المجموعة الضابطة
 b 0.89± 138.6 5 معاممة لمدة أسبوع
 a 1.52± 134.2 5 المجموعة الضابطة

معاممة لمدة 
 أسبوعيف

5 136.6  ±2.53 a 

  0.05الحروؼ المختمفة تعني وجود فروؽ معنوية عند مستو  احتمالية  

 

( يبػػػػيف تػػػػيرير 6جػػػػدوؿ  مستتتتتوأ تركيتتتتز ويونتتتتات البوتاستتتتيو :
( +Kالفيػدروكورتيزوف عمػػى مسػػتو  تركيػػز أيونػػات البوتاسػػيوـ  

معنػػػوي فػػػي تركيػػػز  ارتفػػػاع سػػػجؿسػػػا  بػػػالمممي مػػػوؿ ، حيػػػث يمق
أيونػػػػػػػػات البوتاسػػػػػػػػيوـ فػػػػػػػػي الأرانػػػػػػػػب المعاممػػػػػػػػة لمػػػػػػػػدة أسػػػػػػػػبوع 

لا إ(، 5.5±0.9( مقارنػػػػة بالمجموعػػػػة الضػػػػابطة  0.5±6.9 
ي عػػدـ وجػػود فػػرؽ معنػػوي أف المعاممػػة لمػػدة أسػػبوعيف أدت إلػػ

(. فػػػي 5.2±0.6( مقارنػػػة بالمجموعػػػة الضػػػابطة  0.9±6.3 
جيػػػػػة والفجا يػػػػػة عػػػػػادت الػػػػػي معػػػػػدلفا يالمعاممػػػػػة التدر إفّ حػػػػػيف 

 .(0.05)الطبيعي وذلؾ عند مستو  احتمالية 
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: تيرير عقار الفيدروكورتيزوف عمى مستو  تركيز أيونات ( 6جدول )
 سا  بالمممي موؿ/ يالأرانب لمدة أسبوع وأسبوعيف مق البوتاسيوـ في مصؿ

 مؿ مف الدـ.100

 العينة
عدد 

 المعاملات
(N) 

الانحراؼ ± المتوسط 
 القياسي

X  ±S.D 

الفروؽ المعنوية 
 عند

0.05 
 a 0.957± 5.48 5 المجموعة الضابطة
 b 0.517±  6.91 5 معاممة لمدة أسبوع
 a 0.665±5.20 5 المجموعة الضابطة

لمدة  معاممة
 أسبوعيف

5 6.27±0.945 a 

 0.05الحروؼ المختمفة تعني وجود فروؽ معنوية عند مستو  احتمالية  

أظفػػػر الفحػػػص النسػػػيجي لمقشػػػػرة الفحتتتص النستتتتيجي ثالثتتتاً:  
لكمػػى أرانػػب المجموعػػة الضػػابطة   Renal cortexالكمويػػة 

  Renal cortexالتركيػػػػب الطبيعػػػػي لمكريػػػػات الكمويػػػػة 
 Proximal convolutedالدانيػػػة الممفوفػػػة ،الأنيبيبػػػات 

tubules  والأنيبيبػػػػػػػػات القاصػػػػػػػػية الممفوفػػػػػػػػةDistal 
convoluted tubules  وفػػػي المجموعػػػة  3 شػػػكؿ .)

المعاممة لمدة أسبوع لـ تظفر تغيػرات واضػحة فػي قشػرة الكميػة 
بينمػػػػا ظفػػػػرت مػػػػادة حامضػػػػػية  ايوسػػػػينية( الاصػػػػطباغ داخػػػػػؿ 

الممفوفػػػػة فػػػػي المجموعػػػػة  تجػػػػاويؼ بعػػػػض الأنيبيبػػػػات القاصػػػػية
( التركيػب 5(. يوضػئ  شػكؿ 4المعاممة لمدة أسػبوعيف  شػكؿ 

مػف أرنػب المػيخوذ Renal medulla الطبيعػي لنخػاع الكميػة 
المجموعػػػػػػػة الضػػػػػػػابطة، حيػػػػػػػث ظفػػػػػػػرت الأنيبيبػػػػػػػات الجامعػػػػػػػة 

Collecting tubules   أنويػػةمبطنػػة بخلايػػا مكعبػػة ذات 
أظفػػػػػرت كمػػػػػى الأرانػػػػػب فػػػػػي المجمػػػػػوعتيف  فػػػػػى حػػػػػيفكرويػػػػػة، 

المعاممتيف بالفيدروكورتيزوف ظفور مػادة حامضػية الاصػطباغ 
داخؿ تجاويؼ بعض الأنيبيبات الجامعة، وبزيادة مدة المعاممة 
ازداد انتشػػػػػػػار هػػػػػػػذ  المػػػػػػػادة فػػػػػػػي كمػػػػػػػى المجموعػػػػػػػة المعاممػػػػػػػة 
بالفيدروكورتيزوف لمدة أسبوعيف علاوة عمى ظفور فجوات في 

العديػػػػد مػػػػف الخلايػػػػا  المبطنػػػػة للأنيبيبػػػػات الجامعػػػػة  سػػػػيتوبلازـ
(. وتػـ مشػاهدة نفػس التغيػرات النسػيجية المرضػية فػي 6 شكؿ 

كمػػى الأرانػػب التػػي تػػـ إيقػػاؼ المعاممػػة فيفػػا بالفيػػدروكورتيزوف 
فجية ، وكذلؾ المجموعة التي تـ إيقػاؼ معاممتفػا تػدريجيا  ولكػف 

 كمػاالأخيػرة، ظفرت هذ  التغيرات بصورة أخؼ في المجموعػة 
قمػػت الفجػػوات داخػػؿ الخلايػػا المبطنػػة للأنيبيبػػات الجامعػػة كمػػا 

قػػػؿ انتشػػػار المػػػادة الحامضػػػية داخػػػؿ تجػػػاويؼ هػػػذ  الأنيبيبػػػات 
 مقارنة بالمجموعة المحقونة لمدة أسبوعيف.

 
قطاع في القشرة الكموية لأرنب بالمجموعة الضابطة يوضئ ( 3شكل )

والأنيبيبات القاصية  P)الدانية الممفوفة  ( ، الأنيبيبات Cالكرية الكموية  
 .H&E×)400( . صبغة  Dالممفوفة  

 
نب معامؿ لمدة أسبوعيف يظفر لأر قطاع في القشرة الكموية  (4شكل )

(  داخؿ تجاويؼ بعض الأنيبيبات القاصية Aمادة حامضية الاصطباغ  
 .H&E×)400الممفوفة . صبغة  

 
قطاع في النخاع الكموي لأرنب بالمجموعة الضابطة يبيف  (5شكل )

 .H&E×)400( . صبغة  Cالأنيبيبات الجامعة  
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نب معامؿ لمدة أسبوعيف يوضئ لأر قطاع في النخاع الكموي  (6شكل )

( داخؿ تجاويؼ بعض الأنيبيبات Aظفور مادة حامضية الاصطباغ  
المبطنة لفذ  الأنيبيبات  ( في سيتوبلازـ الخلاياVالجامعة وظفور فجوات  

 . H&E×)400. صبغة  

 المناقشة

لقد أد  حقف الأرانب بعقػار الفيػدروكورتيزوف إلػى كرػرة التبػوؿ 
كما لوحظ  بالعيف المجردة بعد ذبئ الحيواف انتفاخ فػي المرانػة 
البوليػة ولكػػف فػي هػػذا البحػػث لػـ نلاحػػظ العطػش الشػػديد. تتفػػؽ 

الػػذيف لاحظػػوا  ،(1984و خػػروف،  Baas مػػ هػػذ  المشػػاهدات 
أف الآرػػار المترتبػػة عمػػى زيػػادة الكػػورتيزوؿ فػػي وظػػا ؼ الكمػػى 

% وزيػػادة معػػدؿ 23زيػػادة كميػػة البػػوؿ بنسػػبة  هػػيفػػي الكػػلاب 
( أف لفػػػػػػػػذ  1998الترشػػػػػػػػيئ الكبيبػػػػػػػػي. وأفػػػػػػػػاد زايػػػػػػػػد وتػػػػػػػػوني  

لمبوؿ في حالة احتفاظ الجسـ بالماء لأف  ا  مدر  ا  الفرمونات تيرير 
لفػػا فعػػلا  مضػػادا  لمفرمػػوف المضػػاد لإدرار البػػوؿ عمػػى الكميػػة، 
وتعمػػػؿ عمػػػى سػػػحب السػػػوا ؿ مػػػف الخلايػػػا إلػػػى خػػػارج الخلايػػػا 
والػػدـ. ومػػف المريػػر للاهتمػػاـ أف بعػػد إعطػػاء الجرعػػة العلاجيػػة 

التبػػوؿ  أسػػابي  لاحػظ البػاحروف كرػرة 3مػف ديكسػاميرازوف لمػدة 
Polyuria ا  شػػػديد ا  وعطشػػػ Polydipsia  خػػػلاؿ فتػػػرة العػػػلاج

، ومػ  ذلػؾ ف نػه بعػد (2005و خػروف،  Abraham  بيكممفػا
إيقػػػاؼ العػػػلاج بالديكسػػػاميرازوف فقػػػد توقفػػػت حالػػػة كرػػػرة التبػػػوؿ 

أيػػػػاـ واعتبػػػػر البػػػػاحروف أف هػػػػذ  الملاحظػػػػات  7والعطػػػػش بعػػػػد 
علامػػػػػػػػػػػػة مػػػػػػػػػػػػف علامػػػػػػػػػػػػات الشػػػػػػػػػػػػفاء بعػػػػػػػػػػػػد التوقػػػػػػػػػػػػؼ عػػػػػػػػػػػػف 

. فػػػػػػػػػػػػػػػي حػػػػػػػػػػػػػػػيف (2005و خػػػػػػػػػػػػػػػروف،  Abraham العػػػػػػػػػػػػػػػلاج
ء الكػػػػػػػورتيزوؿ أف إعطػػػػػػػا (2003و خػػػػػػػروف،  Parker لاحػػػػػػػظ

يىدي إلى زيادة التبوؿ، ولكف ليس له تيرير عمػى شػرب المػاء، 
أف  ( 1998زايػػػد وتػػػوني  وعمػػػى النقػػػيض مػػػف ذلػػػؾ فقػػػد قػػػرر 

هرمونػػػػات القشػػػػرانيات السػػػػكرية تسػػػػبب حجػػػػز المػػػػاء، وأضػػػػاؼ 
 Boykin  ،أف الكػػػورتيزوؿ يعمػػػؿ كفرمػػػوف  (1978و خػػػروف

.Antidiuretic hormoneمضػػػػػػػػػاد لإدرار البػػػػػػػػػوؿ 
أشارت نتا ج هذ  الدراسة إلى زيادة في وزف الأرانػب  

لضػابطة. مػف المعػروؼ ولكنه غير معنوي مقارنة بالمجموعة ا
 أف الفرمونات الاستيرويدية تسبب احتباس السوا ؿ في الجسـ.

إف الإفػػراز المفػػرط لمقشػػرانيات السػػكرية يسػػبب مػػرض كوشػػنج  
 Cushing's disease ويسػبب هػذا المػرض التعػب وفقػداف )

كتمػػة العضػػمة نتيجػػة لمتحويػػؿ المفػػرط للأحمػػاض الأمينيػػة إلػػى 
عػػادة توزيػػ  دهػػوف الجسػػـ مسػػببا  مػػا يسػػمى بالوجػػه  الجموكػػوز واا

. بػػالرغـ  Moon Faceالقمػػري أو الوجػػه الػػذي يشػػبه القمػػر 
نه  تػـ اقتػراح أف هػذ  السػمنة أمف أف السبب غير معروؼ إلا 

لتحفيػػػػز المفػػػػرط لاسػػػػتفلاؾ الغػػػػذاء بحيػػػػث يصػػػػبئ ناتجػػػػة مػػػػف ا
إنتػػاج الػػدهوف فػػي بعػػض الأنسػػجة أسػػرع مػػف تحممفػػا فػػي تمػػؾ 

عمػى  ا  (. كمػا أف للاسػتيرويدات تػيرير Negi, 2009الأنسػجة  
 Kawai تػػػػػػػراكـ الػػػػػػػدهوف خصوصػػػػػػػا  فػػػػػػػي الخلايػػػػػػػا العظميػػػػػػػة

، وقد لوحظ بالعيف المجردة بعد ذبئ الحيواف (1985و خروف، 
ازديػػاد كميػػة النسػػيج الػػدهني حػػوؿ الكبػػد والكمػػى فػػي المجموعػػة 

أف  (1985و خػػػػػػػروف،  Kawai المعاممػػػػػػػة بالتػػػػػػػدريج، وأفػػػػػػػاد 
 Fatty liverالفرمونات الاستيرويدية تىدي إلى الكبد الدهني 

 في أربعة أسابي .

فػػي مسػػتو  اليوريػػا فػػي  ا  أوضػػحت نتػػا ج هػػذ  الدراسػػة ارتفاعػػ 
الأرانػػػػب مصػػػػؿ دـ الأرانػػػػب المعاممػػػػة لمػػػػدة أسػػػػبوع، وأدت فػػػػي 

المعاممػػة لمػػدة أسػػبوعيف إلػػى انخفػػاض معنػػوي. وعمػػى العكػػس 
ف  مستو  اليوريػا، كػاف ضػمف النطػاؽ الفسػيولوجي ف مف ذلؾ 

الطبيعػػػي، ولػػػػـ يتػػػيرر بالمعالجػػػػة بالجموكورتيكويػػػد فػػػػي أي مػػػػف 
وربمػػػػا  ،(2005و خػػػػروف،  Abraham  الحيوانػػػػات المعالجػػػػة

فػػػػي دـ الأرانػػػػب المعاممػػػػة   مسػػػػتو  اليوريػػػػا فػػػػيتعػػػػود الزيػػػػادة 
بالفيػػػدروكورتيزوف إلػػػى التػػػيريرات الجانبيػػػة لمػػػدواء عمػػػى نسػػػيج 

أظفػػػر الفحػػػص و الكمػػػى. وتعضػػػد دراسػػػتنا الحاليػػػة هػػػذا التعميػػػؿ 
النسيجي لكمية الأرانب المعاممة حدوث انسداد لتجاويؼ بعض 
الأنيبيبػػػػػات الكمويػػػػػة فػػػػػي أمػػػػػاكف متفرقػػػػػة مػػػػػف القشػػػػػرة والنخػػػػػاع 
بواسطة مادة حامضية الاصطباغ، عػلاوة عمػى ظفػور فجػوات 

 ،في سيتوبلازـ العديػد مػف الخلايػا المبطنػة للأنيبيبػات الجامعػة
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وظػا ؼ الكمػى يسػبب احتجػاز وهذا م  العمػـ بػيف القصػور فػي 
مكونػػػػػات البلازمػػػػػا التػػػػػي تخػػػػػرج بواسػػػػػطة الكميػػػػػة مرػػػػػؿ اليوريػػػػػا 

 Carlton  ،ولمكورتيزوؿ تيرير مباشر عمى (1995و خروف .
إخػػػراج أيونػػػات الفيػػػدروجيف عػػػف طريػػػؽ الكمػػػى  وهػػػذا لتحفيػػػز 
إخػػػػراج أيونػػػػات الأمونيػػػػا مػػػػف خػػػػلاؿ تربػػػػيط إنػػػػزيـ جموتػػػػامينيز 

و خػروف،  Renal glutaminase enzyme (Tai الكمػوي
. ولفػػػػذ  الفرمونػػػػات تػػػػيرير مػػػػدر لمبػػػػوؿ لأف لفػػػػا فعػػػػلا  (1981

 Antidureticمضػػػػادا  لمفرمػػػػػوف المضػػػػػاد لإدرار البػػػػػوؿ 
hormone (ADH)  عمػى القنػوات الجامعػةCollecting 

ducts ،مما أد  إلى تناقص إعادة امتصػاص المػاء واليوريػا ،
وربمػػا أد  هػػذا التنػػاقص فػػي إعػػادة امتصػػاص اليوريػػا إلػػى قمػػة 

انخفػػاض تركيػػز  بنػػاء عميػػهيوريػػا فػػي النخػػاع الكمػػوي، و دوراف ال
، إف (1984و خػػروف،  Baas اليوريػػا فػػي الػػدـ بعػػد أسػػبوعيف 
مينيػػة فػػي البلازمػػا وزيػػادة نقػػؿ الأالزيػػادة فػػي تركيػػز الأحمػػاض 

مينيػػػة إلػػػى خلايػػػا الكبػػػد بواسػػػطة الكػػػورتيزوؿ قػػػد الأالأحمػػػاض 
 مينيػػػةالأجعػػػؿ خلايػػػا الكبػػػد تزيػػػد مػػػف عمميػػػة إزالػػػة المجموعػػػة ت

Deamination   مينيػػػة وبالتػػػالي زيػػػادة الأمػػػف الأحمػػػاض
(.تبػيف الدراسػة الحاليػة وجػود (Negi, 2009مونيػا واليوريػا الأ

مػدة ارتفاع معنوي في الكرياتينيف في مصػؿ الأرانػب المعاممػة ل
 أسبوع رـ رجوعفا إلى معدلفا الطبيعي في الأسبوع الراني.

 و Methionineيػػػػػػػتـ إنتػػػػػػػاج الكريػػػػػػػاتينيف فػػػػػػػي الكبػػػػػػػد مػػػػػػػف  
Glycine  وArginine فػي العضػػلات الفيكميػة تػػتـ فسػػفرتة .

، الػػػذي هػػػو عبػػػارة عػػػف مخػػػزوف Creatinephosphateإلػػػى 
 ا  السػػكرية تػػيرير  . وبمػػا أف لمقشػػرانياتATPمفػػـ لمطاقػػة لإنتػػاج 

عمػػػػى هػػػػدـ البروتينػػػػات فػػػػي خلايػػػػا الجسػػػػـ وخصوصػػػػا  خلايػػػػا 
العضػػلات وطرحفػػا فػػي البلازمػػا فمػػف المتوقػػ  ملاحظػػة زيػػادة 

 Mandal فػػي معػػدؿ الكريػػاتينيف فػػي الػػدـ. وهػػذا يتفػػؽ مػػ  
عمػػى تقميػػؿ  ا  الػػذي لاحػػظ أف لمقشػػرانيات السػػكرية تػػيرير (2007

محتػػو  البػػروتيف والكريػػاتينيف فػػي عضػػلات الجػػرذاف وبالتػػالي 
سػجؿ فػي هػذ  الدراسػة ارتفػاع معنػوي فػي  انطلاقفػا إلػى الػدـ.

تركيػػػػز أيونػػػػات الصػػػػوديوـ بعػػػػد أسػػػػبوع مػػػػف المعاممػػػػة،  إلا أف 
المعاممػػة لمػػدة أسػػبوعيف أدت إلػػى ارتفػػاع تركيػػز هػػذ  الأيونػػات 
لكػػػػػف هػػػػػذا الارتفػػػػػاع لػػػػػـ يصػػػػػؿ إلػػػػػى المعنويػػػػػة عنػػػػػد المقارنػػػػػة 
بالمجموعػػة الضػػابطة.  كمػػا أشػػارت النتػػا ج إلػػى وجػػود ارتفػػاع 

أيونات البوتاسيوـ بعد المعاممة لمدة أسػبوع، وعػادت  في تركيز
هذ  الايونات إلى معدلفا الطبيعي بعد أسبوعيف مػف المعاممػة. 
بقػػػػػاء  تعمػػػػػؿ الجػػػػػرع المتزايػػػػػدة مػػػػػف الكػػػػػورتيزوؿ عمػػػػػى حجػػػػػز واا
. يػػػػىدي اسػػػػتمرار  الصػػػػوديوـ داخػػػػؿ الجسػػػػـ وطػػػػرح البوتاسػػػػيوـ

وزيػػػػػػادة  Edemaإعطػػػػػػاء هػػػػػػذ  الجػػػػػػرع العاليػػػػػػة إلػػػػػػى الخػػػػػػزب 
صػػػػػػوديوـ ونقػػػػػػص البوتاسػػػػػػيوـ فػػػػػػي الػػػػػػدـ والقػػػػػػلاء الأيضػػػػػػي ال

Metabolic alkalosis  ،1990 محيػػي الػػديف و خػػروف .)
ويتجمى الضعؼ فػي وظػا ؼ الأنيبيبػات الكمويػة فػي اضػطراب 
التفاعػػػؿ مػػػ  الإلكتروليتػػػات والػػػذي يمكػػػف أف يػػػىدي إلػػػى زيػػػادة 

، وعمػػػػػػى (2010و خػػػػػػروف،  Smets امتصػػػػػػاص الصػػػػػػوديوـ 
إلػػى أف (1984و خػػروف،  Baas النقػػيض مػػف ذلػػؾ فقػػد أشػػار 

والبوتاسيوـ في البلازما قد انخفضت نتيجػة تركيزات الصوديوـ 
 لزيادة الكورتيزوؿ في الكلاب.

أف إعطاء الكورتيزوؿ يقمؿ  (2003و خروف،  Parker وجد  
ف إخػػػػراج الصػػػػوديوـ  ولكنػػػػه لػػػػيس لػػػػه تػػػػيرير عمػػػػى مسػػػػتو  مػػػػ

الإلكتروليتػػات فػػي البلازمػػا. وأفػػاد نفػػس البػػاحريف أف فقػػد المػػاء 
 Müller يىدي إلى زيادة تركيز الصوديوـ في البلازما. وأكد 

and O'Connor 1958)  أف الكورتيزوؿ يساعد عمى إخراج
البوتاسػػػػػػيوـ بواسػػػػػػطة الكميػػػػػػة. ومػػػػػػف جفػػػػػػة أخػػػػػػر  فقػػػػػػد وجػػػػػػد 

 Abraham  ،أف نسػػػػػػػػػػػػػػػػػػػػبة الشػػػػػػػػػػػػػػػػػػػػوادر (2005و خػػػػػػػػػػػػػػػػػػػػروف
 الأكتروليتات( كانت ضمف النطاؽ الفسيولوجي الطبيعي، ولػـ 
تتػػػػػػػيرر بالمعالجػػػػػػػة بالجموكورتيكويػػػػػػػد فػػػػػػػي أي مػػػػػػػف الحيوانػػػػػػػات 

وعمػػى مسػػتو  الفحػػص النسػػيجي لمكمػػى فقػػد أدت  المعالجػػة.
ينية( المعاممػػػػػػة بالعقػػػػػػار إلػػػػػػى ظفػػػػػػور مػػػػػػادة حامضػػػػػػية  إيوسػػػػػػ

 Acidophillic (eosinophilic) materialالاصػػطباغ 
داخػػػؿ تجػػػاويؼ بعػػػض الأنيبيبػػػات الكمويػػػة فػػػي كػػػؿ مػػػف القشػػػرة 
والنخػػػػػاع الكمػػػػػوي. وتػػػػػـ وصػػػػػؼ هػػػػػذ  المػػػػػادة بواسػػػػػطة شػػػػػيفيؿ 

 .  Hyaline casts( عمى أنفا قوالب زجاجية 1982 

كمػػػا تػػػـ تفسػػػير وجػػػود هػػػذ  المػػػادة عمػػػى أنفػػػا بػػػروتيف مخػػػاطي 
Mucoprotein   نتيجة لنخر الأنيبيبات الكموية وزيادة نفاذيػة

في حيف تـ .(Jubb 1985 الشعيرات الدموية المكونة لمكبيبة 
عمػػػػى أنفػػػػا  (1982و خػػػػروف،  Levenson تفسػػػػير  بواسػػػػطة 

نتيجػػػة لزيػػػادة  Proteinaceous materialمػػػادة بروتينيػػػة 
تػػدفؽ البػػروتيف إلػػى الراشػػئ الكبيبػػي رػػـ تجميعػػه خػػارج الكبيبػػة، 
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 وهػذا ربمػا يسػبب ضػيؽ أو انسػداد الحيػز المحفظػي. وقػد أكػد
(Carlton  1995وف، و خػػر)  كبيػػرة مػػف بػػروتيف  أف كميػػة

البلازما ترشئ خػلاؿ حػاجز الترشػيئ الكبيبػي المتضػرر ويفػوؽ 
ذلػػػػؾ كميػػػػة البػػػػروتيف الممتصػػػػة. وفػػػػي الجفػػػػة الأخػػػػر  اعتبػػػػر 

 DiScala  ،عف وذمة، أف هذ  المادة عبارة  (1967و خروف
مػػف معػػدؿ الترشػػيئ  كػػؿ  وفػػي الجػػرذاف والكػػلاب والأغنػػاـ يػػزداد 

بواسػػطة  Renal blood flowالكبيبػػى وتػػدفؽ الػػدـ الكمػػوي 
(، ,2000و خػػػػػػػػػػػػػػػروف McDougallالجموكوكورتيكويػػػػػػػػػػػػػػػدات  

أف الجموكوكورتيكويدات تػىرر  (2010و خروف،  Smets وأكد
عمػى وظيفػػة الكمػى بشػػكؿ غيػػر مباشػر مػػف خػلاؿ التػػيرير عمػػى 
الجفػػػػاز القمبػػػػي الوعػػػػا ي، ومباشػػػػرة  عػػػػف طريػػػػؽ تيريرهػػػػا عمػػػػى 

نفػا تسػبب زيػادة معػدؿ اا و وظا ؼ الكبيبات والأنيبيبػات الكمويػة  
الترشػػػػيئ الكبيبػػػػي فػػػػي الإنسػػػػاف والأغنػػػػاـ والجػػػػرذاف والكػػػػلاب. 

و خػػػروف،  Cassano وعمػػػى النقػػػيض مػػػف كػػػؿ ذلػػػؾ فقػػػد أقػػػر 
1964 ،Katz  ،ادة تتواجد نتيجة أف هذ  الم (1975و خروف

ترسػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػيب عديػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػدة السػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػكريات المخاطيػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػػة 
Mucopolysaccharides  لة عػػػػػف مسػػػػػىو كمػػػػػا أنفػػػػػا تعتبػػػػػر

 نقص الراشئ الكبيبي والتغيرات الأخر  في وظا ؼ الكمى.
 الخلاصة

مػػػف خػػػلاؿ هػػػذ  الدراسػػػة التػػػي تضػػػمنت  اختبػػػار تػػػيرير عقػػػار 
مػػف وظػػا ؼ كػػؿ  الفيػػدروكورتيزوف سكسػػينات الصػػوديوـ عمػػى 

لمكمػػػػػى فػػػػػي الأرانػػػػػب  النسػػػػػيجيالكمػػػػػى وكػػػػػذلؾ عمػػػػػى التركيػػػػػب 
البيضاء نجد أنه مػف الضػروري الإشػارة إلػى أهػـ الاسػتنتاجات 

المعاممػػػػة بالفيػػػػدروكورتيزوف سكسػػػػينات  وهػػػػى: أفوالتوصػػػػيات 
الصػػوديوـ فػػي الأرانػػب قػػد أدت إلػػى ارتفػػاع معنػػوي فػػي تركيػػز 

الكمػػػػػي، الألبػػػػػوميف، مػػػػػف اليوريػػػػػا، الكريػػػػػاتينيف، البػػػػػروتيف  كػػػػػؿ  
، وهػػػذا قػػػد يشػػػير إلػػػى احتمػػػاؿ  أيونػػػات الصػػػوديوـ و البوتاسػػػيوـ
عواقػػػب سػػػمبية لمجموكوكورتيكويػػػدات.   لػػػذا ينبغػػػي أف يسػػػتخدـ 
الفيدروكورتيزوف في المجالات الطبية بحذر وتحت احتياطػات 
وقيود. ويجب موازنة الفوا د والضرر الػذي يمكػف أف ينػتج عػف 

فػػي  Homeostasisوالربػػات الػػداخمي ذلػػؾ فػػي عمميػػة الاتػػزاف 
فػػػي الوقػػػت ذاتػػػه فػػػ ف الفيػػػدروكورتيزوف قػػػد أد  إلػػػى  ، الجسػػػـ

تػػػػيرير واضػػػػئ عمػػػػى التركيػػػػب النسػػػػيجي لمكمػػػػى، اشػػػػتممت هػػػػذ  
 Degenrative changesالتغيػػػرات عمػػػى تغيػػػرات تنكسػػػية 

في العديػد مػف الخلايػا المكونػة  Necrotic changesونخرية 
لفػػذ  الأعضػػاء. وقػػد تػػنعكس هػػذ  التغيػػرات عمػػى وظػػا ؼ هػػذ  
الخلايػػا  ممػػا قػػد يػػىدي إلػػى نقػػص وعػػوز فػػي أدا فػػا وكفاءتفػػا. 

لابد أف يوض  في الاعتبار المضاعفات التي ربمػا  بناء عميهو 
قػػػد تنػػػتج فػػػي وظػػػا ؼ بعػػػض الأعضػػػاء أرنػػػاء العػػػلاج بواسػػػطة 

والتػػػي يجػػػب أف ينظػػػر إليفػػػا خػػػلاؿ عمميػػػات  الجموكوكورتيكويػػػد
بػػالرغـ مػػػف أف  ، المعالجػػة لحمايػػػة صػػحة الإنسػػػاف مػػف  رارهػػػا

إفػػراز الكػػورتيزوؿ كاسػػتجابة لمضػػغوط هػػو وظيفػػة طبيعيػػة، إلا 
أف إفػػراز الكػػورتيزوؿ لفتػػرات طويمػػة بسػػبب التػػوتر المػػزمف ربمػػا 
يػػػػىدي إلػػػػى تغيػػػػرات فسػػػػيولوجية معنويػػػػة. وهػػػػذا مػػػػا قػػػػد تسػػػػببه 

وكوكورتيكويػػػدات والتػػػي تعتبػػػر إحػػػد  هػػػذ  الضػػػغوط ولفػػػا الجم
  رار جانبية واسعة.
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Abstract:  This study aimed to test the effect of hydrocortisone sodium succinate drug on blood 

serum components and kidneys tissues in white rabbits.The experiment included 30 male rabbits 

weighing between 1500-2500g. They were divided into 4 control and treated groups, for different 

periods of time, depending on the duration of injection. Treatment of the rabbits with 

hydrocortisone dose of 10 mg/kg daily did not lead to change in the weights of rabbits treated for a 

week. Non significant increase occurred in the weights of rabbits treated for two weeks and treated 

gradually, but in sudden treated group a non significant decrease in rabbits weights was recorded in 

comparison with their weights before injection .A significant increase in the concentration of urea, 

creatinine, total serum protein, albumin, sodium and potassium ions after treatment for a week, but 

a significant reduction was noted in the concentration of urea and no significant difference was 

noted in the concentration of creatinine, sodium and potassium ions after treatment for two weeks. 

While there were a significant increase in the total serum protein and albumin after two weeks of 

treatment. Noting that, in the suddeny treated group, the biochemical parameters did not change 

compared to that present in the two weeks treated rabbits. While, in the gradually treated group, 

most of the biochemical parameters returned to their normal values  . Histological examination of the 

renal cortex showed acidophilic material accumulated in the lumina of some distal convoluted 

tubules in the group treated for two weeks. The renal medulla also showed the presence of the same 

material inside the collecting tubules in the both treated groups. With the increase of the duration of 

treatment; the intracytoplasmic vacuoles appeared in many of the cells lining the collecting tubules. 

The same histopathological changes were observed in the kidneys of rabbits that their treatment was 

suddenly stopped, as well as the group that their treatment was gradually stopped, but these changes 

became low in the last group. 

 

Keywords: hydrocortisone, kidney, physiological, histological, rabbits. 
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التضادية عمى بعض الفطريات الممرضة لمنبات وىي  Pythium oligandrumقدرة الفطر  اختبرفي ىذه الدراسة ص : مخستالم
Botrytis cinerea ،Fusarium oxysporum ،Alternaria ocharcenus  وSclerotinia sclerotioum ،Fusarium 

solani  و Rhizctonia solani  باستخدام تقنيات  الزرع المزدوج والطبق المسموم براشح الفطر، بينت النتائج حدوث تثبيط في
فعالية راشح الفطر المضاد في خفض نمو الفطريات  بزيادة  ىإلالنمو الطولي لجميع الفطريات المختبرة، كما أشارت النتائج 

 التركيز المستخدم.

 .الراشح الفطري، التضاد، فطريات ممرضة لمنبات ،Pythium oligandrum  :المفتاحية  الكممات

 المقدمة

مميزة تجعمو  خصائصP. oligandrum  الفطريمتمك    
قادراً عمى كبح نمو ونشاط بعض الممرضات النباتية 

(Benhamou  ،1997وآخرون ،Le Floch  ،وآخرون
2007 ،Vesely 1979) لقدرتو التنافسية العالية وقابميتو ،

التضادية عمى تثبيط نمو الفطريات الممرضة، إلا أن التأثير 
يعتمد عمى نوع الفطر  P.oligandrum لفطر المضاد

الممرض و كثافة المضاد والنبات العائل. من الصفات المميزة 
ليذا الفطر أنو غير قادر عمى إنتاج المضادات الحيوية 

(Benhamou  ،1997وآخرون) ولا يمتمك أي صفات تجعل ،
 McQuilken, Mark P)منو فطراً ضاراً لمنبات العائل

، ولا ينجم عنو أي تموث ، غير ممرض(1998وآخرون، 
لمبيئة، ىذه الأسباب جعمتو مؤىلًا لاستخدامو في مجال 
المكافحة لأنو يؤثر مباشرة عمى الممرضات بواسطة التطفل، 

 Foley and )التنافس عمى المكان والغذاء أوالتضاد 
Deacon, 1986؛Jones and Deacon, 1995 ؛

Benhamou 1997 ,وآخرون Rey ؛ 1998  وآخرون 
Wulff فطر  (2005وآخرونP.oligandrum ىيتطفل عم 

Phytophthora parasitica  اً دور  تؤدى، وينتج انزيمات 

، ووصفت العديد من (2000وآخرون،  Picard)في التضاد 
نو متطفل بواسطة اختراقو لييفات أب ىذا الفطر الدراسات

؛  Laing and Deacon, 1991) الفطريات الممرضة

Ribeiro and Butler, 1995؛Orlikowski and 

Jaworska-Marosz, 2003)  . 
تررأثير عمررى الرتررب الفطريررة المختمفررة  P. oligandrumلفطررر 

، (1991وآخرررررون،  Bradshaw-Smith) الفطريررررات الاسرررركية
، (2012وآخرررررررررررررررون،  Benhamou)الفطريررررررررررررررات البيضررررررررررررررية 

مرى التراكيرب ، وع(2012وآخررون،  Ikeda)فطريات البازيديرة وال
، وقرررد سرررجل (2005وآخررررون،  Rey)السررراكنة مثرررل السكميروشررريا

والعديرررد  P.oligandrum ي  وجرررود تفررراعلات برررين الفطرررر البيضررر
 P.ultimum)من الفطريات المحمولة بالتربرة والممرضرة لمنبرات 

P.aphanidermatum ،Fusarium oxysporum  ،

Verticillium albo-atrum ،R.solani  و 

P.megasperma  (Benhamou,   1999 ,وآخرررون ، )
 ، Septoria ،Fusariumضرررررررررررررررررررررررد  يضرررررررررررررررررررررررا تفررررررررررررررررررررررراعلاتأ

Rhynchosporium  وHelminthosporium (HÝSEK 
 .alternata A. ، spp. Fusarium  ،F، وضررد (2004

culmorum ،F.  oxysporum ،F. solani ،

Gliocladium ،P. irregulare،  R. solani  و

Trichoderma (Patkowska 2008)   ،كذلك ضد B. 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.125&amp;domain=pdf&amp;date_stamp=2008-08-14
mailto:nwboshakoa@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v32i1.125&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v32i1.125
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cinerea ،Alternaria spp ، Ascochyta spp ،

Fusarium spp  ،Peronosplasmopara spp   ،

Phoma spp ،P. infestans ،P.viticola  ،

Puccina spp. ،Pythium spp. ،R.solani ،S. 

sclerotiorum ،U. necator  وVerticillium 

spp(Kabaluk  ،3111وآخرون). 

 المواد وطرق البحث

المسررتخدم فرري ىررذه الدراسررة  P. oligandrumمصرردر الفطررر  
عررررزل محميررررا مررررن تربررررة حقررررول منطقررررة راس الترررررب وفقررررا لمررررا ذكررررره 

(Mohamed and Akila 2014) ي  عرداد مترشرحو الفطرر إ، ترم 
يررررام مررررن أ 10بيئررررة ثمانيررررة خضررررروات لمرررردة بتنميررررة الفطررررر عمررررى 

البيئرررة  ىإلرررجيررردا، حيرررث نقرررل  يالتحضرررين جفرررف النمرررو الميسرررميوم
وفقررررررررا لمررررررررا ذكررررررررره  أعرررررررردت  يالسررررررررائمة جموكرررررررروز اسرررررررربارجين الترررررررر

(cM ,nekliu cM  ،1992وآخرررررررون)فررررررري دوراق  ة، وموزعرررررر
xu,R  مرن التحضرين تمرت عمميرة  اً يوم 21مل، بعد 100بمعدل

 ou. 1راق ترشيح  أو الترشيح باستخدام شاش جاف ومعقم، يميو 
 nahtahi عنررد ليررو إحررين الحاجررة  ىإلررخررزن  ي  ، المترشررح الفطررر
 م.° 4

ر الفطريرررات فررري ىررذه الدراسرررة اختبرر :الفطريااات الممرضاااة لمنبااات 
 A.ocharcenusفطررر ي( وىرر1موضررحة فرري الشرركل )ال ةالتاليرر

(Ao) مررررن جميوريررررة مصررررر العربيررررة بواسررررطة )أجرررررى،  المسررررتورد
متحصرل عمييرا مرن مصرادر محميرة فالفطريرات  يمرا براقأ(، 2010

لمررض المفحرة المبكررة عمرى  المسبب  A.solani  وتشمل:  الفطر
المسربب    B.cinerea (Bot)(، فطرر 1997الطماطم)محمرد، 

 (، فطرررر2014ربرررد، مررررض العفرررن الرمرررادي عمرررى البصرررل )الأل
F.oxysporum (F1) المسرربب لررذبول الفيرروزارمى عمررى شررتلات

المسررربب  F.solani (F2)(، 2009دريرررس، ا  طمررراطم )محمرررد و 
 Fusarium sp (F3)(، ةعفرن جرذور الفرول )بيانرات غيرر منشرور ل

بررذور البررازلاء   المعزولررة مررن  S.sclerotiorum (Sc) و فطررر
المسرررربب لمرررروت بررررادرات  Pythium sp (،2015، ليا)عبرررردالع

 ،R.solani، (Mohamed and Ibrahim 2009) خيرارال
(Rhiz)  المعزول من بذور الفاصوليا (El-Gali ،2003.) 

 
متحصل عمييا والفي الدراسة  المستخدمةلفطريات الممرضة (:ا1شكل )

 من مصادر محمية

تررررم التضرررراد معمميررررا بررررين :اختبااااار تضاااااد المسااااتعمرات الفطريااااة 
وفقرا لطريقررة  الفطريررات الممرضرة معرراً  و  P.oligandrumالفطرر

(Bala  ،2009وآخررون ،Sinclair and Dhingra 1995) 
 ميسيميوم الفطررمم من  5 ، بحقن قرص قطره  ونفسالوسط عمى 

P. oligandrum  سرم مرن حافرة  2.7يرام، يبعرد مسرافة أ 3عمرره
كررررررات لكررررل م 4سررررم مررررن الفطررررر الممرررررض، بمعرررردل 3الطبررررق و 

لكررل الفطريررات المدروسرررة،  طبرراق الشرراىدأ ىإلررمعاممررة، بالإضررافة 
 ي  الطررولمسررافة النمررو م، °25مررى درجررة حرررارة طبرراق عحضررنت الأ
والمقارنررة لمفطريررات الممرضررة ومنيررا طبرراق المعاممررة الأ فرريحسرربت 

وآخرررررون،  Hajieghrari)حسرررربت نسرررربة التثبرررريط بتطبيررررق معادلررررة
2008): 

 = ] )النموالطررولي مى لمفطررر الممرررضنسرربة تثبرريط النمررو الميسرريميو 
ر الممررررررررض الفطررررررر النموالطرررررررولي -طرررررررر الممررررررررض )الشررررررراىد( الف

 100*الفطر الممرض )الشاىد( [  )المعاممة(/ النموالطولي
 ىعمر عُقرممترشرح الفطرر    P. oligandrum تاأثير راشاف رطار

طبرررررراق ث طبقرررررت تقنيررررررة الأالبرررررارد بواسررررررطة  مرشرررررح زايررررررتس، حيرررررر
 تحرروي والترري (Sinclair and Dhingra 1995)المسرمومة  

تركيررزات  ليررودكسررتروز اجررار والمضرراف إالوسررط الغررذائي بطرراطس 
% (، ثررم صرربت  9.6و 4.8، 2.4)  مختمفررة مررن الراشررح الفطررري

أقرررراص  تمرررل/ طبرررق وتركرررت لتتصرررمب، ووضرررع15طبررراق فررري الأ
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مرم  فري مركرز كرل الطبرق،  وغمفرت  5الفطريات الممرضة بقطرر  
م، أمررا أطبرراق الشرراىد °25طبرراق بشررمع البرررافميم وحضررنت  عنرردالأ
 قررريسيئرررة جموكررروز اسررربارجين، مرررن ب ونفسرررالتركيرررز لييرررا إ ضررريفأف

لكرررررل فطرررررر باسرررررتخدام المسرررررطرة وقيررررراس قطررررررين  يالنمرررررو الطرررررول
ة تثبرررريط النرررراتج عررررن حسرررراب نسررربب وانتيررررتمتعامررردين لممسررررتعمرة ، 

 .المترشح الفطري  

 جاالنتائ

تشررير النتررائج المبينررة : P. oligandrumاختبااار تااأثير الفطاار 
 ىعمر P. oligandrumالترأثير الممحروظ لمفطرر  ىإل( 2بالشكل )

 .Aطباق الاجار، حيث سجل توقرف نمرو الفطريات المختبرة في أ
ocharcenus، B. cinerea ،S. sclerotiorum  R. 

solani ،(F1) F. oxysprum ،  (F2) F.solani و 
Fusarium sp (F3)  عنرررررررد تلامسررررررريا مرررررررع فطرررررررر 

P.oligandrum الفطرررررررررررررررررررر، يتضررررررررررررررررررح مررررررررررررررررررن النتررررررررررررررررررائج أن        
P.oligandrum  غطرررررى الطبرررررق حترررررى تلامرررررس مرررررع الفطريرررررات
، كمرا سرجل فري مسرافة ثتبريط بينيرا أوم وجرود ىالرة الممرضة، وعد

جسررررررررررررام حجريررررررررررررة لمفطرررررررررررررين  أىررررررررررررذه الدراسررررررررررررة عرررررررررررردم تكررررررررررررون 
S.sclerotiorum وR. solani  الشراىد. وعنرد   طبراقأمقارنرة ب
فري وجرود الفطرر  أولمفطريرات الناميرة منفرردة  حساب النمو الطرولي

أن وجرود   أظيررت نترائج التحميرل الإحصرائيأيام،   7المكافح بعد 
توقررف نموىررا الميسرريميومى معنويررا لجميررع   ىإلرردى أالفطررر المضرراد 

(  وسرجل انخفراض نمرو كرل 3الفطريات كما ىو موضح بالشركل )
مرررم 24و  19.5 ىإلررر( B.cinerea و F.oxysporumمرررن )
 .Aمرررررم لكرررررل مرررررن الفطررررررين 29ز و ا، ولرررررم يتجررررراليالترررررو  ىعمرررر

ocharcenus  وF.solani نموووو، فررري حرررين وصرررلsolani  
R. ، Fusarium sp  وS.sclerotiorum 36،  39 ىإلرر 
 (.4)شكل  اليمم عمى التو  34و

 
والفطريات  P. oligandrum (Po)فطر تضاد بين  (2الشكل )

 A.ocharcenus (Ao)  يالوسط الغذائ يأطباق تحو المختبرة عمى 
،( Bot)  B.cinerea،( Sc) S.sclerotiorum ( Rhiz) R. 

solani ،( F1) F.oxysporum ،(F2) F.  solani و 
Fusarium sp (F3)  طباق الشاىدأبمقارنة 

 
 .Pنمو الطولى لمفطريات الممرضة في وجود فطر القطر  (3شكل )

oligandrum النامية عمى  الوسط الغذائي (PDA )عندLSD 5%)   
 .Ao: A طباق.أ 4(، التكرار 3.656 التركيز= الفطريات*الزمن*

ocharcenus, Bot: B. cinerea ,Sc: Sclerotinia 

S.sclerotioum , Rhiz: R. solani, F1: F.oxysporum, F2: F. 

solani, F3: Fusarium sp,   
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 عمى النمو الطولي P. oligandrumلفطر نسبة تثبيط  (4شكل )

:   (LSD 5%.  عندممرضة النامية عمى  الوسط الغذائيمفطريات الل
 .Ao: A طباق.أ 4(، التكرار 5.106= الفطريات*الزمن*التركيز

ocharcenus, Bot: B. cinerea ,Sc: Sclerotinia 

S.sclerotioum , Rhiz: R. solani, F1: F. oxysporum, F2: 

F. solani, F3: Fusarium sp, 

 

بينرت   :دور راشف الفطر ري تثبيط نمو الكائنات الممرضاة
                 ( أن لمراشرررررررررررح  الفطررررررررررررى1النترررررررررررائج المدونرررررررررررة فررررررررررري جررررررررررردول )

P. oligandrum  ترررأثيراً عمرررى النمرررو الميسررريميومي لمفطريرررات
الممرضرررة لمنباتررررات الناميررررة عمرررى الأطبرررراق المسررررمومة بالمترشررررح 

أزمنرة تحضرين متباينرة، حيرث أنخفرض نموىرا الميسريميومي خلال 
 .F : أيرررام، وظيرررر ترررأثيره بوضررروح عمرررى كرررل مرررن 3بعرررد 

oxysporum ،S.sclerotioum  و R.solani 5، وبعررد 
، Fusarium spو  A.ocharcenus ،F. solaniأيام عمرى 
،   مرررن .cinerea Bفطووورأيرررام كررران الترررأثير عمرررى  7بينمرررا بعرررد 

أن لمتراكيررررز  ىجيررررة أخرررررى فالنتررررائج المبينررررة بالجرررردول تشررررير إلرررر
العاليررررة تررررأثيراً ممحوظرررراً عمررررى النمررررو الفطررررري، وأن زيررررادة تركيررررز 
المترشررررح فرررري البيئررررة يررررؤثر عمررررى النمررررو الطررررولي مقارنررررة بأطبرررراق 

أيرررررام مرررررن  7و 5الشررررراىد،  وكررررران الترررررأثير أكثرررررر وضررررروحاً بعرررررد 
قررررل أ% كرررران 2.4ن التركيررررز أ ةالتحضررررين، والجرررردير بالملاحظرررر

%، 2.4بنسربة  Fusarium spيرام عمرى الفطرر أ 3تثبيطراً بعرد 
 7% و بعرررد 3.9بنسرربة   B.cinerea رفطرر ىأيررام عمرر 5وبعررد 
%. وكران أعمرى تثبيطراً 15.1بنسربة  F. solaniفطور ىأيام عمر

%، 55أيررررام حيررررث بمرررر   3بعررررد  F.oxysporumالفطررررر  ىعمرررر
% ، فررري حرررين أصررربح 45أيرررام بنسرربة 5بعرررد  F.solani  وفطررر

 ىأيرررام بنسررربة وصرررمت إلررر 7بعرررد  عمرررى ىرررذا الفطررررأعمرررى تثبيطررراً 
61.7  .% 

 المناقشة

 P. oligandrumفاعميرررة الفطرررر  ىشررارت نترررائج الدراسرررة إلرررأ
مؤديرا  ،عمى الممرضات النباتية المختبرة تحت الظروف المعمميرة

توقررف نمررو ىررذه الفطريررات عنررد تلامسرريا معررو، وعرردم وجررود   ىإلرر
فطرررر الىالرررة أو مسرررافة ثتبررريط برررين جميرررع الفطريرررات الممرضرررة و 

المختبررررررررررررررررررررررررر و عرررررررررررررررررررررررردم تكررررررررررررررررررررررررون أجسررررررررررررررررررررررررام حجريررررررررررررررررررررررررة 
مقارنررة بأطبرراق  .solani  Rو  S.sclerotiorumللفطوور  

حصرائي  أن وجرود الفطرر اىد، كما أظيررت نترائج التحميرل الإالش
P.oligandrum معنويررررا  يتوقررررف نموىررررا الميسرررريميوم  ىدى إلررررأ
إظيرررررار قدرترررررو  ىتختمرررررف مقررررردرة الفطرررررر عمررررر لجميرررررع الفطريرررررات،

أو أجنررراس فطريررررة  ونفسررررالجرررنس التضرررادية حسرررب الأنررررواع مرررن 
أخرى أو حسب طبيعة تأثيره عمييا تطفميرة أو تضرادية حسرب مرا 

،لررذا تتفررق  (Takenaka, S and Kawasaki 1994)ذكرر
أكرد أن  يالرذ (Jones and Deacon 1995)ىرذه النترائج مرع 

 ، Phialophora ،   B.cinereaموو الفطرر يثرربط نمررو كررل 
Botryotrich piluliferum  ،F.culorum  ،F. 

oxsporium  ،T. aureoviride  ،P. cinnamomi،   
R.solani  ،Pythium spp.  ،V.dahlia و 

P.parasitica  (Al-Rawahi and Hancock, 1998 ؛
Picard  قرررردرة ىررررذا  ىتوصررررموا إلررررالررررذين ( 2000 ,.وآخررررون
  T.aureovirideنمووووووووووووووووووو فررررررررررررررررررىالتررررررررررررررررررأثير  ىعمررررررررررررررررررالفطر 

،P.graminicola ،P.vexans ،R. solani  ،Botrytis  

spp  ،Fusarium spp. (Laing and Deacon 1991) ،
، وفسرررر (1998وآخررررون،  Rey) B. cinereaوضرررد فطرررر 

 .Pالتفاعرررررل برررررين الفطريرررررات الممرضرررررة والفطرررررر المضررررراد 
oligandrum ره المباشرررر يالناميرررة معررراً عمرررى أطبررراق بتررررى بترررأث

خفرررررررض معررررررردل  ىمؤديرررررررا إلررررررر طيرررررررارةنتررررررراج مرررررررواد إفررررررري 
عررررردد كبيرررررر و ، (1991وآخررررررون،  Bradshaw-Smith)النمرررررو

 الفطررر ن المقرردرة التضررادية ليررذاأمررن الدراسررات السررابقة ذكرررت 
 ،   P.ultimum ، R.solaniنررو فطررر فعررال ضررد أعاليررة و 

Mycocentrospora acerina (Lutchmeah and 
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Cooke 1984)وضرررد ،F.oxysporum, P.ultimum 
P.aphanidermatum,  V.albo – atrum، R.solani ، 

P.megasperma(Benhamou 1111، وآخررررون)،  ويحرررد مرررن
 ،P.ultimum ،T.roseum  ،B.piluliferumنشررراط كرررل مرررن: 

F.culmorum ،R.solani  ،Phialophora (Foley and 

Deacon 1986)  تنررراقص نمرررو ىإلرررمرررؤدى oxysporum F. 

؛ Laing avd Deacon, 1991) عنرد الرتلامس المباشرر بينيمرا 

Le Floch  وعررزا  (2005 ن وآخرررو(El-Katatny  ،وآخرررون
       أن فطررررر ىتوقرررف النمررررو عنررررد منطقررررة التقررراء الفطرررررين إلرررر (2006

P.oligandrum  نزيمررررات محممررررةً لمجرررردر الخمويررررة و مررررواد إينررررتج
 تنررافس ىإلرر اأشررارو  فقررد (1995وآخرررون،  Mulligan)أمررا طيررارة،

P.oligandrum  عمررررررررررررررررررررررى الاجررررررررررررررررررررررار مررررررررررررررررررررررعB.cinerea، 
Phialophora sp وF. culmorum،   وفسرر أسرباب سريطرتو

عمرررى أطبررراق  النرررامى معرررو الفطريرررات الممرضرررة لقدرترررو التنافسرررية 
؛ Al-Rawahi andHancock, 1997عمررى المكرران والغررذاء)

LeFloch ؛ 2007وآخرررررررررررررررررررونVallance ؛ 2009وآخرررررررررررررررررررون
Gerbore 2014 وآخرون). 
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 زمنة تحضين مختمفةأعند تراكيز و  P. oligandrumلمفطريات الممرضة المعاممة براشح فطر النمو الطولي (1جدول )

 النمو الطولى )مم( ونسبة التثبيط )%( خلال ازمنة التحضين مختمفة*

كيز
لتر
ا

 

 يامأ 3 يامأ5 يامأ7 الفطريات
 يالنمو الطول )%( التثبيط   يالنمو الطول التثبيط )%(   يالنمو الطول التثبيط )%(

 ±80.8 3.8   ±70.0 .0  *31.5 1.8± 0.0 

A. ocharcenus 
25.7±3.1 ±60.0 2.5 40.0±3.8  ±42.0 2.6 4.2 ±3.3 1.0 ±30.2 2.4 
32.3±7.5 ±54.7 6.0 47.6±2.1  ±36.7 1.4 14.3±4.2 1.3±27.0 4.8 
43.9 ±3.7 ±45.3 3.0 50.7 ±2.9 ±34.5 2.0 29.6 ±4.8 ±22.2  1.5 9.6 

  ±84.2 1.4     ±56.2 9.8  0.6±32.7 0.0 

B. cinerea 
18.8 ±7.5  ±68.3 6.3 3.9±1.8 ±54.0  1.0 7.7 ±2.3 ±30.2 0.8 2.4 
33.3 ±1.5 ±56.2 1.3 5.4 ±1.0  ±53.2 0.6 9.8 ±2.6 ±29.5 0.9 4.8 
43.6±3.0 ±47.5 2.5 17.0 ±5.1 ±46.7 2.8 25.1 ±10.7 ±24.5 3.5 9.6 

 85.0 ± 0.0  85.0 ±0.0  55.3  0.6± 0.0 

S. sclerotioum 

23.1 ±0.7 65.3 ± 0.6 23.1 ±0.7 65.3 ±0.6 24.6±4.6 43.0 ± 2.6 2.4 
27.5 ±1.8 61.7 ± 1.5 27.5 ±1.8 61.7 ±1.5 26.9 ±2.7 41.7 ± 1.5 4.8 

29.4 ±1.2 60.0 ±  1.0 29.4 ±1.2 60.0 ±1.0 33.3 ±1.8 38.0 ± 1.0 9.6 

 85.0 ± 0.0  85.0 ±0.0  55.7 ± 3.1 0.0 

R. solani 
29.0 ±1.8 60.3 ± 1.5 29.0 ±1.8 60.3 ±1.5 23.4 ±4.1 42.7  ± 2.3 2.4 
25.9 ±1.2 63.0 ± 1.0 25.9 ±1.2 63.0 ±1.0 25.2 ±1.0 41.7 ± 0.6 4.8 
31.4 ±0.7 58.0 ± 1.0 31.8 ±1.2 58.0 ±1.0 31.2 ±1.0 38.3 ± 0.6 9.6 

 77.5 ± 4.3  67.3 ±2.0  31.5 ± 1.8 0.0 

F. oxysporum 
15.1 ±2.7 65.8 ± 2.1 31.9 ±4.3 45.8 ±2.9 6.7 ±3.7 36.7 ± 1.4 2.4 
16.1  ±3.2 65.0 ± 2.5 40.3±4.8 40.2 ±3.2 20.3 ±2.6 31.3 ± 1.0 4.8 
9.0   ±2.3 70.5 ± 1.8 52.5 ±1.3 32.0 ±0.9 55.0 ±3.2 17.7 ± 1.3 9.6 

 85.0 ± 0.0  60.0 ±5.0  33.0 ± 1.0 0.0 

F. solani 
30.2 ±4.8 59.3 ± 4.0 45.0±1.7 33.0 ±1.0 8.1 ±4.6 31.3 ± 2.1 2.4 
40.0 ±1.2 51.0 ± 1.0 40.0±1.7 36.0 ±1.0 16.2  ±1.7 27.7 ± 0.6 4.8 
61.7 ±1.7 46.0 ± 1.0 45.9 ±1.2 23.0 ±1.0 38.4±1.7 20.3 ± 0.6 9.6 

 85.0 ± 0.0  56.0 ±2.6  42.7 ± 2.3 0.0 

Fusarium sp 
29.0  ±1.8 60.3 ± 1.5 25.0±3.1 42.0 ±1.7 2.4 ±1.4 41.7 ± 0.6 2.4 
25.9  ±1.2 63.0 ± 1.0 25.6 ±1.0 41.7 ±0.6 10.2 ±1.4 38.3 ± 0.6 4.8 
31.8   ±1.2 58.0 ±  1.0 32.1±1.8 38.0 ±1.0 11.0  ±2.3 38.0 ± 1.0 9.6 

  ينمو الطول LSD نسبة التثبيط  
 الفطريات  1.055492 1.702014
 الزمن  0.690982 1.11423
 التركيز  0.797877 1.11423

 الفطريات*الزمن  1.828166 2.947974
 الفطريات*التركيز  2.110985 2.947974
 التركيز*الزمن  1.381964 1.929902

الفطريات*الزمن*    3.656333 5.106041    
 التركيز

 (SD  ±)القطر*
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أن ىرررررررررذه الصرررررررررفة  (2012وآخررررررررررون،  Benhamou)واعتبرررررررررر 
 .P.oligandrum يمتمكيا  فطر يمن نقاط القوة الت

لمفطريرررررررات الناميرررررررة عمرررررررى  بينرررررررت نترررررررائج قيررررررراس النمرررررررو الطرررررررولي
وجررررود تررررأثير  إلرررري ياطبرررراق مسررررمومة بتراكيررررز مررررن الراشررررح الفطررررر 

لممترشرررررررررح   عمرررررررررىن التركيرررررررررز الأأ، و يعمرررررررررى النمرررررررررو الميسررررررررريميوم
نمررررررو جميررررررع الانررررررواع الفطريررررررة المختبرررررررة، فأعطررررررت  ثرررررربط 9.6%

ىرررررررررررذا  فسرررررررررررربأطبررررررررررراق الشررررررررررراىد، مقارنرررررررررررة  اً معنويررررررررررراً انخفاضررررررررررر
  الفطرررررررررالمررررررررواد الكيميائيرررررررة المنتجررررررررة بواسررررررررطة  إلررررررررينخفررررررراض الأ

P.oligandrumحتواء ىرررررررذا الراشرررررررح عمرررررررى مرررررررواد سرررررررامة ، كرررررررأ
(Benhamou  ،2012وآخرررررررررررررررررون)نزيمررررررررررررررررات المحممررررررررررررررررة ، والإ

نتررررررررررراج بعرررررررررررض المثبطرررررررررررات الميتابولزميرررررررررررة ا  لمجررررررررررردر الخمويرررررررررررة و 
(Takenaka, Shigehito  ،2003وآخررررررررون)  مرررررررن برررررررين

و   cellulasesنررررررزيم  إ، proteases نررررررزيمإنزيمررررررات تمررررررك الإ
، 2006وآخررررررررررون،  glucanase(El-Katatny نرررررررررزيم إ

Horner  ،نررررررررررررررررررررررررررررررررررزيم إو  (2012وآخرررررررررررررررررررررررررررررررررررونCellulose 
(Takemoto2007، وآخررررررون) وقرررررد عرررررزا (Benhamou 

يفترررررررررررررررررس عوائمررررررررررررررررو  P.oligandrumالفطوووووووووووووووور أن  (2009
 :نزيماتما الإأ، نزيمات محممةوجود الإ في الفطرية

 endo - chitinase ،ß-glucanase ،protease ،ß-

glucosidase  وcellobiohydrolase  ،يفرزهوووووووووووووووووووووووووووووووا ف

لتعمررررل عمررررى تحطرررريم الجرررردر الخمويررررة ل جسررررام الحجريررررة الفطوووور 
sclerotia فطريررررررررررررررررررات الممرضررررررررررررررررررة  المنتجررررررررررررررررررة بواسررررررررررررررررررطة  ال

(Boominathan and Sivakumaar 2012)  . 
 المراجع

 . اختبررررار المستخمصررررات النباتيررررة فرررري(2012جررررى، محمررررد )أ
أنررواع مررن الفطريررات الممرضررة لمنبررات. رسررالة   تثبرريط

ماجسرررتير، قسرررم النبرررات، كميرررة العمررروم، جامعرررة سررربيا، 
 ، ليبيا.سبيا 

ل لوقايرررة البصررر ةمنرررآ(.بررردائل 2014مينرررة امبرررارك )أربرررد، الأ
صررررررررابة بفطررررررررر العفررررررررن الرمررررررررادى المخررررررررزون مررررررررن الإ

Botrytis cinerea  رسرررالة ماجسرررتير، قسرررم وقايرررة
النبات، كمية الزراعة، جامعة عمرر المخترار، البيضراء 

 ، ليبيا.

( عرررررزل وتعريرررررف مسرررررببات 2015) ي، عرررررازة عمرررررلياعبررررردالع
أعفان قرون البازلاء الفطرية ومكافحتيا بالطرق الفيزيائية. 
. رسررررالة ماجسررررتير، قسررررم وقايررررة النبررررات، كميررررة الزراعررررة، 

 جامعة عمر المختار، البيضاء ، ليبيا.

 منرررة عقيمرررة، محمرررد، نررروارة عمررري و الجرررالي، زىررررة آالمبرررروك، 
 نمررو وتكرراثر ( دراسررات فسرريولوجية عمررى2015إبررراىيم )
. المجمررة الميبيررة لعمرروم Pythium oligandrumفطررر 

 .41-13: 5وقاية النبات 

(. دراسرررة لمررررض المفحرررة المبكررررة 1999محمرررد، نررروارة عمرررى )
عمررررى نبررررات الطمررررراطم بمنطقررررة الجبرررررل الاخضررررر. رسرررررالة 
ماجستير، قسرم وقايرة النبرات، كميرة الزراعرة، جامعرة عمرر 

 المختار، البيضاء ، ليبيا.

(. اختبرار   2009.)ةدريرس، جميمرة عطيرإ.  ينوارة عمر محمد،
فاعميرررررررررة بعرررررررررض المستخمصرررررررررات النباتيرررررررررة عمرررررررررى النمرررررررررو 

نبررات الجررراثيم   Fusarium    للفطوورالميسرريميومى وا 

oxysporiumوفطرر   Altrenaria alternata  مجمرة
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Abstract: In this study, the antagonism effect of P. oligandrum against some plant pathogenic fungi 

such as A. ocharcenus, B. cinerea, F. oxysporum, F. solani, R. solani and S. sclerotiorum was studied. 

By using dual culture and poisoned plates techniques. Direct confrontation between the colonies of P. 

oligandrum and all pathogenic fungi resulted in an inhibition their growth. The results of the activity 

fungus filtrate at different concentrations indicated to  the radial  growth inhibition of all pathogenic 

fungi at all concentrations of the antagonist filtrate, and increased the inhibition with concentration 

increase. 
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