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Abstract: Acrylamide is a potential health hazardous compound occurring in baked and fried 
food as a result of excessive dry heating during the preparation and/or processing of foods. Expo-
sure to a high level of acrylamide may cause cancer, neurotoxicity, and mutagenicity. In this 
study, an isocratic reversed-phase high-performance liquid chromatographic (HPLC) method us-
ing a C18 column was used for the determination of acrylamide in selected food. The mobile 
phase consisted of 0.1% formic acid in water: acetonitrile (98:02), and the flow rate was 1.0 mL 
min-1, elution was monitored at 200 nm. Validation in selected conditions showed that the chosen 
method is sensitive, selective, precise, and reproducible with a linear detector response for the de-
termination of acrylamide. The limit of detection (LOD), and the limit of quantification (LOQ), 
were achieved at 0.41μg mL-1 and 1.25 μg mL-1respectively. The proposed method was also ap-
plied after validation to the most popular six brands of chips and French fries available in the Lib-
yan market. Acrylamide was extracted by a simplified extraction method avoiding cleanup by sol-
id-phase extraction (SPE), then analyzed by HPLC-UV. The highest level of acrylamide was 
found in one brand of chips with a concentration of 16.33 μg mL-1, whereas only one of the 
French fries products analyzed exhibited an acrylamide concentration of 10.26 μg mL-1. 

 
Keywords: Acrylamide, Cancer, Chips, French Fries, HPLC. 

 
INTRODUCTION 

Acrylamide is a vinyl monomer widely used 
in industrial applications and drinking water 
purification (Pedersen & Olsson, 2003). It has 
long been known as a neurotoxic agent 
(Stadler & Scholz, 2004). It is rapidly ab-
sorbed following oral administration in all 
species. Moreover, orally ingested acrylamide 
is able to reach most human tissues. It can 

cross the blood/placenta barrier in a human 
placenta in an in vitro model, as well as the 
blood/breast milk barrier in vivo of lactating 
mothers (Sorgel et al., 2002). Also, it is a nat-
ural by-product of carbohydrate-rich foods at 
high temperatures above 120°C, and it is 
formed by a reaction between amino acid as-
paragine and reducing sugars such as potatoes 
when exposed to high temperature during the 
process of frying, roasting, or baking (Stadler 

mailto:osama.khreit@omu.edu.ly
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& Scholz, 2004).  On the other hand, fried 
products with a low level of acrylamide were 
not a serious concern with regards to the po-
tential health issue associated with ingested 
acrylamide as it is readily absorbed, metabo-
lized, and excreted via urine. It was only con-
sidered as a contaminant in water sources 
(Rommens et al., 2008). 

Acrylamide is considered one of the most 
common toxins in food containing high con-
centrations of hydrocarbons that have been 
subjected to high temperatures (Mottram et 
al., 2002). It is present in the daily food of 
most people’s diet. It may be found in food 
products such as potato chips, fried potatoes, 
cornflakes, or bread. Some of these products 
are attractive to children and young people 
which makes matters worse (Altunay et al., 
2016). 

Many studies have shown that the average 
daily intake of acrylamide for adults was es-
timated to be in the range of 0.2 to 1.04 µg/kg 
of body weight per day (Hartmann et al., 
2008; Konings et al., 2003; Mojska et al., 
2010; Svensson et al., 2003). However, higher 
exposure is assumed in children and adoles-
cents, reaching up to 3.4 µg/kg body weight 
daily (Vainio, 2003). The European Union 
has set a limit of 0.1 µg/L residual acrylamide 
in drinking water (Binet et al., 2015). Where-
as FAO/WHO have agreed that the "no ob-
served adverse effect level" (NOAEL) for 
acrylamide neuropathy is 0.5 mg/kg body 
weight/day, while that for fertility changes is 
four times higher than for peripheral neuropa-
thy. The estimated average chronic human di-
etary intake is in the order of 1 μg/kg body 
weight/day (Kapp, 2002). Acrylamide is me-
tabolized to form the epoxy derivative glycid-
amide which is conjugated with glutathione 
and converted into mercapturic acid as by-
products in urine, which is the primary route 
of acrylamide elimination in humans (Fuhr et 
al., 2006). Both acrylamide and glycidamide 
could bind covalently to nucleophilic sites of 
biological macromolecules. The major targets 

of these compounds seem to be the SH and 
NH2 groups of proteins and nucleic acid ni-
trogen (Fuhr et al., 2006), and its metabolites 
react with nucleophilic sites of blood protein 
haemoglobin (Hb) and form stable reaction 
products (adducts). Hb Adducts from acryla-
mide and glycidamide can be quantified to 
measure the level of human exposure to 
acrylamide (Wenzl et al., 2003).() 

Epidemiological evidence on the relation be-
tween dietary acrylamide and the risk of sev-
eral cancers has continued to accumulate dur-
ing the last years (Khan et al., 2017). Many 
studies have confirmed that human exposure 
to acrylamide may lead to neurological effects 
in humans (Calleman et al., 1994). Also, ex-
perimental animals that were administered 
acrylamide orally experienced carcinogenic 
effects such as tumours of mammary glands 
in female rats, testicular tumours in male rats, 
and increased rates of tumours of the thyroid 
gland, central nervous system, uterus, clitoral 
gland, and oral tissues (Fuhr et al., 2006). 

Acrylamide is classified as a Group 2A car-
cinogen by the International Agency for Re-
search on Cancer (IARC). It has been demon-
strated to have carcinogenic properties in an-
imals and humans (Stadler & Scholz, 2004; 
Virk-Baker et al., 2014), and it has been rec-
ognized as a carcinogen in rodents and classi-
fied as probably carcinogenic in humans (Bull 
et al., 1984). The mutagenicity of acrylamide 
was also confirmed at low concentrations in 
different mammalian cell lines (Robinson et 
al., 1984). Two separate independent studies 
have confirmed that acrylamide induced lung 
and skin tumours in mice at a dose of 2mg/kg 
per day, administered in drinking water (Liu 
et al., 2019). 

Consequently, many researchers investigating 
acrylamide content have mainly utilized gas 
chromatography-mass spectrometry (GC-MS) 
and liquid chromatography-mass spectrome-
try/mass spectrometry (LC-MS) for the de-
termination and quantification of acrylamide 
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in various foods (Elbashir et al., 2014; Galuch 
et al., 2019). Although, during the routine 
analysis of acrylamide by GC–MS, the deri-
vatization step may usually be carried out be-
fore the clean-up step, which was found to be 
expensive and time-consuming (Gertz & 
Klostermann, 2002; Nemoto et al., 2002). 
Calbiani et al. (2019) developed and validated 
a rapid method for the determination of 
acrylamide in cooked food samples by re-
versed-phase LC-MS coupled with elec-
trospray ionization. A simplified extraction 
step with acidified water and without cleanup 
was developed in this method  (Calbiani et al., 
2019).  

At present, several analytical methods are 
available for determining acrylamide content 
in snack food based on high-performance liq-
uid chromatography (HPLC). These methods 
involve the extraction of acrylamide and uti-
lized solid-phase extraction SPE cartridges 
for clean-up. The main advantage to use 
HPLC is that the removal of water after aque-
ous extraction is not necessary (Can & Arli, 
2014; Gokmen et al., 2005; Muthaiah et al., 
2018; Oroian et al., 2015). 

The objective of this study is to quantify and 
determine the level of acrylamide in chips and 
French fries collected from the Libyan market 
by assessing dietary acrylamide exposure and 
its effects on health in humans. 

MATERIALS AND METHODS 

Chemicals, reagents and solutions: All 
chemicals, analytical standards, reagents, and 
solvents used throughout this study were ana-
lytical grade and highly pure. Acrylamide 
(Purity 99.0%) was purchased from (No-
vachim-Tunisia). Also, other chemicals and 
solvents were used, including acetonitrile 
(Carlo Erba Reagents S.A.S., France) with 
purity 99.9 % (for HPLC) as a solvent; hex-
ane 95% was purchased from (Sigma-Aldrich, 
Germany). Formic aid (Riedel-Dehaen AG 
Seelze Hannover) with purity 98-100 %, 
Magnesium sulfate Anhydrous was purchased 

from FLUKA, Germany. Primary secondary 
amine (PSA) was purchased from VARIAN 
(USA), and Acetic Acid (96%) was purchased 
from PANREAC QUIMICA (Spain). Water 
was obtained in-house by Water Distillation 
Unit. 

A stock solution of acrylamide (100 µg mL-1) 
was prepared by dissolving 0.01 g in 100 mL 
of distilled water (0.10 mg mL-1). Working 
standard solutions were prepared by appropri-
ate dilution of the stock solution with distilled 
water (2.5, 5.0, 10, 15, and 20µg mL-1). 

Sample Extraction: The extraction proce-
dure of the potato chips sample entailed the 
following steps: weigh 7.5 g of thoroughly 
homogenized sample into a 50 mL centrifuge 
tube, then add 7.5 ml acetonitrile, 0.75 ml 
acetic acid, and 5ml hexane. Vortex the tube 
thoroughly for one min to solubilize/disperse 
the sample in hexane. Centrifuge the tube for 
5 min at 3700 rpm using an RT6000B centri-
fuge from Sorvall. Subsequently, discard the 
hexane layer. The supernatant was transferred 
into a clean centrifuge tube and add 375 mg 
of anhydrous Mg SO4 and 125 mg of PSA. 
Immediately, seal the tube and shake vigor-
ously for 30 seconds, and centrifuge at 3700 
rpm for 5 min. The supernatant was evapo-
rated by a vacuum rotary evaporator. The dry 
residue was reconstituted in 2 mL acetonitrile 
for HPLC analysis (Anastassiades et al., 
2003).  
The recovery experiment was performed by 
spiked 5 mg of acrylamide standard to 7.5 mg 
of thoroughly homogenized potato chips 
samples and extracted then dried. Then 10 mL 
of acetonitrile was added to reach a concen-
tration of 100 µg mL-1. The percentage recov-
eries were calculated using the following 
equation: percentage of recovery = [CE/CM× 
100], where CE is the practical concentration 
obtained from a standard solution of 100 µg 
mL-1 of each compound in acetonitrile and 
CM is the spiked concentration after extrac-
tion (Chowdhury et al., 2012). 
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Instrumentation (HPLC): The HPLC sys-
tem consisted of Thermo Series P2000 Ana-
lytical Pump, The Series 200 Autosampler, 
Series 200 UV/Vis Detector (from 190 to 
1000 nm), and 20 μL loop injector. The sta-
tionary phase represents the analytical column 
which was a Brownlee Bio C18 column of 
250x4.6 mm and 5 µm particle size. 

HPLC operating conditions used Mobile 
Phase consisted of water containing 0.1% 
Formic acid (A) and acetonitrile (B), the flow 
rate was 1.0 mL min-1, the injection volume 
20 μL, and it was detected at UV wavelengths 
of 200 nm. 

Statistical analysis: Data were analyzed us-
ing SPSS version 25 software. Statistical dif-
ferences were tested using one-way ANOVA. 
Differences were considered significant at p 
values ≤ 0.05 and then Tukey HSD analysis 
(Honest Significant Difference) was per-
formed to determine whether there were sta-
tistically significant differences at p values ≤ 
0.05 between the concentrations of the differ-
ent samples. 

RESULTS AND DISCUSSION 

Validation method: To determine the linear-
ity of the HPLC response, a standard solu-
tion of acrylamide was prepared as de-
scribed. Good linear correlations were ob-
tained between peak areas and concentration 
in the selected range of 2.5– 20 µg mL-1. 
Characteristic parameters for regression 
equations and correlation coefficients are 
given in (Table 1). The linearity of the cali-
bration curve was validated by the high val-
ue of correlation coefficients of the regres-
sion graph. 

A peak tailing (As ~1.01) was being ob-
served in chromatograms of acrylamide at all 
concentrations analyzed. Calibration stand-
ards were prepared and then demonstrated a 
linear response (R2 =0.999) over a 2.5 -20μg 
mL-1. The limits of detection and quantifica-
tion were determined to be 0.41 and 1.25μg 

mL-1for acrylamide respectively, which is 
considered quite sensitive in comparison 
with most of the previous methods. 

Intra-day precisions were determined using 
five concentration levels. The data showed 
that the method provided high levels of pre-
cision when used by the same analyst on the 
same day. Thus, the precision of the pro-
posed method was determined by running 
calibration series solutions at 2.5– 20 µgml-1 

and then was evaluated in terms of repeata-
bility and expressed as the relative standard 
deviation (RSD, %). The result of precision 
was ranged between 0.45 and 1.79 %, indi-
cating good repeatability. All validation pa-
rameters for acrylamide are summarized in 
Table 1. 
 
Table: (1). Summary of validation data for the quan-
tification of acrylamide. 

Parameter Acrylamide 
tR (min) (t0 = 1.95 mina) 3.85 

Capacity factor (k') 0.17 
Symmetry factor (As) 1.01 

LOD (μg mL-1) 0.41 
LOQ (μg mL-1) 1.25 

N (plates) 
246.94(987.76) N ex-

pressed in plates per me-
ter 

Coefficient of regression 
(R2) 

0.999 (y = 209459x-
93643) 

Precision (%RSD) N=3 
20 μgmL-1 
15 μg mL-1 
10 μg mL-1 
5.0μg mL-1 
2.5 μg mL-1 

0.45 
0.96 
1.79 
0.34 
1.42 

Accuracy of the proposed method was also 
determined, the results indicated that the ac-
curacy of the method performed in triplicate 
using 20μg mL-1 concentration level, showed 
that in most cases, the recoveries of acryla-
mide ranged from 89.05% to 92.13%, with 
RSDs less than 2.50% for the sample extrac-
tion procedure. Chromatogram of overlapped 
six concentration series obtained at the de-
sired retention time is shown in Figure: 1. 
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Figure: (1). HPLC chromatograms of acrylamide 
standards at wavelengths of 200 nm were 2.5;5.0; 
10;15;20 μg mL-1  

 
Quantification of Acrylamide in selected 
potato chips and French fries: The validat-
ed method of acrylamide was applied to ana-
lyze six food items include potato chips and 
French fries (Table 2). qualitative analysis of 
acrylamide content with HPLC was done by 
comparing the retention time of acrylamide 
standard at 20ug/mL with samples, using the 
simplified sample treatment procedure, 
without the SPE step, it was possible to iden-
tify and determine acrylamide without over-
lapping between acrylamide peak and the 
overlapping compounds and produced mini-
mum interfering peaks at the UV wavelength 
(200 nm) detection. 

The regression equation of linearity was used 
to calculate the concentration of extracted 
samples, and five standards were prepared to 
build the calibration curve that was varied ac-
cording to the expected level of acrylamide in 
food samples. All the analyzed samples have 
returned a positive level of acrylamide con-
tent. The Tiger brand was found to have the 
highest concentration of acrylamide when 
compared with the other potato chips products 
selected from the Libyan market with a statis-
tically significant difference (p < 0.001) in 
comparison with other brands, whereas the 
Doritos brand showed the lowest concentra-
tion.The qualitative analysis of acrylamide 
content with HPLC was done by comparing 
the retention time of acrylamide standard at 
20μgmL-1 with sample retention times.  The 

qualitative analysis of acrylamide was ana-
lyzed by HPLC-UV. After validation and 
standard calibration series were carried out, 
the analysis of six products collected from the 
Libyan local market was performed. Results 
of acrylamide analysis showed the presence of 
a significant amount of acrylamide in all sam-
ples analyzed with different ranges (Table2). 
There was a statistically significant difference 
at the p≤.05 level within the levels of acryla-
mide for the samples. This strongly shows the 
presence of acrylamide in the samples. The re-
sults indicate that acrylamide was detected in 
all samples, but its concentration varied signif-
icantly from (2.85 –16.33 ppm). The statistical 
analysis indicated that the concentration of 
acrylamide in selected samples was positive 
and significant (p < 0.001). Data have shown 
that the acrylamide levels significantly dif-
fered among the brands. All the samples had 
acrylamide concentrations high acrylamide 
content above the permissible limits. 

 
Table: 2. Acrylamide content in foods selected from 
Libyan market using HPLC-UV 

Product Name Acrylamide 
Contents 

Pringles sour cream and onion 
(Poland) 4.65 ppm       

Doritos sweet chili pepper 
(Egypt) 2.85 ppm 

Tiger 
(Egypt) 16.33ppm 

Lay's with chili and lemon 
flavor 

(Egypt) 
6.91 ppm 

Mr. Crunch ketchup 
(Libya) 3.25 ppm 

French fries 10.26 ppm 

In the present study, the acrylamide quantity 
of the potato chips of different brands and 
French fries ingested in humans was deter-
mined. The data shows that the tested brands 
contain a relatively high level of acrylamide. 
The highest level was about 1104 µg/66g de-
tected in the Tiger brand, followed by French 
fries 627 µg /60g, then Lays 301 µg/43g, Mr 
crunch 210 µg/65g, Pringles 185/40g, and the 
lowest was Doritos with 89 µg/32g (Figure 2). 
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The most recent toxicological data and expo-
sure levels estimated the average human expo-
sure at 1 µg/ kg of body weight /day, with 
high-intake consumers at 4 µg/kg of body 
weight/ day (Fuhr et al., 2006). In light of this 
data, there is a clear hazard of acrylamide 
from long-time exposure, particularly with 
young age people, who are more attracted to 
chips and fries and ingest a high amount on a 
daily basis. Moreover, acrylamide can be 
found in most daily diet products such as 
baked food, cornflakes, and coffee, which in-
creases the chance of more exposure and also, 
toxicity. With acrylamide, there is no doubt 
about the existence of a hazard. The Interna-
tional Agency for Research on Cancer of the 
WHO has evaluated acrylamide as possibly 
carcinogenic to humans (Stadler and Scholz, 
2004). In view of these results, the consump-
tion of acrylamide in the diet should be con-
trolled to limit its hazards to human health. 

 

 

Figure: (2). Concentration of acrylamide per small 
package unit of selected brands that are marketed in the 
local Libyan market. 

CONCLUSION 

A quantitative HPLC–UV method has been 
developed which is rapid, sensitive, and re-
producible. HPLC-UV is a method for the 
analysis of acrylamide in potato chips and 
French fries from the Libyan market using a 
simple sample preparation procedure. The 
LOQ and LOD were 1.25µgmL-1 and 0.41 
µgmL-1 respectively. The present HPLC 

method was successfully applied for the de-
termination of acrylamide content of six pota-
to chips and French fries products. Moreover, 
sample preparation comprising simplified ex-
traction provides an effective and simple 
method to extract acrylamide and remove 
most oily substances in samples before HPLC 
analysis. Validation results reveal that this 
method is suitable for routine analysis of 
acrylamide residues in food products at low 
levels because detection and quantitation lim-
its in the low concentrations and excellent re-
peatability were shown. 

More measures should be made to lower and 
control the level of acrylamide in food items, 
especially in those consumed by susceptible 
groups such as children, young adults, and 
pregnant women. 
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 الكشف والتقدیر الكمي لمستوى مادة الأكریلامید السامة في رقائق البطاطس، والبطاطس المقلیة المختارة   
  H3L&�89 من السوق اللیبي باستخدام طریقة

3حمد عبد الجلیل أم كلثوم أ،  1، عبدالرحمن الجالى²، عبدالسلام فضیل الفویرس*¹دریس خریط إسامة أ

  لیبیا البیضاء، المختار عمر جامعة ،البیطريكلیة الطب  ،والسموم دویةالأ قسم 1 
 لیبیا البیضاء، ،الصیدلة جامعة عمر المختار والسموم، كلیةدویة قسم الأ 2 

 لیبیا البیضاء، ،جامعة عمر المختار ،وقایة النبات قسم 3 

 2021أبریل  15/ تاریخ القبول:  2020دیسمبر  18تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v36i2.39

والمقلیة نتیجة التسخین الجاف المفرط  ،ضار بالصحة ، یحدث في الأطعمة المخبوزةمادة الأكریلامید هي مركب  المستخلص :
والتسمم  ،أثناء تحضیر أو معالجة الأطعمة. قد یؤدي التعرض لمستوى عالٍ من مادة الأكریلامید إلى الإصابة بالسرطان

ذات الطور ) HPLC( ا السائلة عالیة الأداءماتوغرافی، تم استخدام طریقة الكرو في هذه الدراسة والطفرات الجینیة. ،العصبي
٪ حمض 0.1لتقدیر مادة الأكریلامید في الأطعمة المختارة. یتكون الطور المتحرك من  C18المعكوس باستخدام عمود 

 عند الكشف عن طریق الكاشف فوق البنفسجى دقیقة، تم /مل 1.0ومعدل التدفق  ،)98:02الفورمیك في الماء: أسیتونیتریل (
 ،وانتقائیة ،في الظروف المختارة أن الطریقة المختارة حساسة من صحة الطریقة نانومتر. أظهر التحقق 200 طول موجى

 0.41 عند )LODتم تحقیق حد الكشف (و وقابلة للتكرار مع استجابة خطیة للكاشف لتحدید مادة الأكریلامید.  ،ودقیقة
مل على التوالي. تم تطبیق الطریقة المقترحة أیضًا بعد التحقق من /رام میكروغ LOQ( 1.25حد التقدیر( و ،مل/میكروغرام 

تم استخلاص مادة و والبطاطس المقلیة في السوق اللیبي.  ،البطاطس  لرقائقت التجاریة الستة الأكثر شیوعًا العلاما تها علىصح
ثم تم تحلیلها بواسطة ومن )، SPEالأكریلامید بطریقة استخلاص مبسطة تتجنب التنظیف باستخلاص الطور الصلب (

HPLC-UV . بتركیز  البطاطس تم العثور على أعلى مستوى من مادة الأكریلامید في علامة تجاریة واحدة من رقائقحیث
 10.26، بینما أظهر منتج واحد فقط من منتجات البطاطس المقلیة التي تم تحلیلها تركیز أكریلامید قدره مل /میكروغرام 16.33

 مل./ میكروغرام

 .جهاز الكروماتوجرافي السائل عالي الأداء، ، بطاطس مقلیةالبطاطس رقائق، سرطان، أكریلامید: الكلمات المفتاحیة
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Abstract: This study aimed to evaluate the efficacy of collagen-calcium alginate as an accelera-
tor of wound healing in a clinical case of ten horses attended at the University Veterinary Hospi-
tal (UVH) at Omar Al-Mukhtar University, having non-healing chronic wounds. The pattern of 
wound healing was evaluated both clinically and by planimetry. All cases showed healing pro-
gress after the application of the collagen-calcium alginate film. The study results suggested that 
collagen-calcium alginate film can be a better wound healing biomaterial in horses. It can be 
used as a less expensive skin substitute in order to stimulate and promote wound healing in ani-
mals especially in the case of chronic non-healing wounds.  
 
Keywords: Biomaterial, Collagen-Calcium Alginate, Wound Healing, Chronic Wound. 

INTRODUCTION 

One of the most complicated biological events 
after birth is wound healing (Gopinath et al., 
2004; Schäffer et al., 2004). It is a complex 
process of replacing dead tissue with vital tis-
sue (Khaled & Ashraf, 2008; Khaled et al., 
2014). The aims of any wound treatment are 
to alleviate animal pain and discomfort, func-
tional and cosmetic recovery, economical and 
time-efficient procedures, and prompt deci-
sion-making in case of signs of delayed heal-
ing. (Ashraf & Khaled, 2008; Ballard & 
Baxter, 2000). In chronic wounds, the main 
focus of wound healing has been on the rela-
tionship between tissue degradation by excess 
inflammation and tissue synthesis induced by 
a pro-healing environment. Due to their bio-
compatibility, biodegradability, and nontoxici-
ty, natural polymers have been increasingly 
studied for health care applications (Mali et 
al., 2006). The collagen based film is a poten-
tially useful biomaterial since it is the main 

component of the connective tissue and ena-
bles the release of regulated drugs within the 
target tissues (Gopinath et al., 2004). Algi-
nates are highly absorbent gel-forming materi-
als with haemostatic properties (Blaine, 1947), 
and it has long been recognized that when a 
gel is produced on the wound surface dehydra-
tion is prevented, and rapid wound healing oc-
curs (Winter, 1962). Alginates are known to 
break down to simple monosaccharide type 
residues in contact with body fluids and be 
fully absorbed. The wound exudates turn the 
calcium into sodium salt, allowing the dress-
ing to dissolve by dissolution. Any remaining 
residual fibers inside the wound are biode-
graded, thereby eliminating the need for full 
removal (Burrow et al., 1983). With collagen-
calcium alginate biomaterial, early wound 
healing can be encouraged (Khaled et al., 
2014). The present research was carried out to 
test the efficacy of calcium alginate film for 
wound healing.  

mailto:Khaled.elhmri@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.56&amp;domain=pdf&amp;date_stamp=2008-08-14
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MATERIALS AND METHODS 

In the Central Leather Research Institute, 
Chennai, calcium alginate film was developed 
at a thickness of 0.2 mm (Figure1) (Khaled et 
al., 2016; Khaled et al., 2014; Rafi et al., 
2008). Ten horses suffering from unhealed 
wounds that attended the University Veterinary 
Hospital (UVH), Omar Al-Mokhtar University, 
were chosen. Wound characterizations for all 
horses are given in Table 1. Animals were 
treated with regular saline and povidone-iodine 
with a course of antibiotics for a period of 26 
days without signs of wound healing. Wounds 
were treated for one to two minutes with calci-

um alginate film soaked in Gentamicin solution 
(Dutch Farm Veterinary Pharmaceuticals, the 
Netherlands).  

The treatment was conducted once every three 
days, and four to five applications were admin-
istered to treat the wounds. Clinical observa-
tions, bacteriological analysis, and wound pla-
nimetry were determined for wound healing by 
square counting procedures (Richard et al., 
2000) at the boundary between the normal skin 
,the wound and the outlined region. As defined 
by Bohling et al. (2004), the percentage of epi-
thelialization, wound contraction, and total 
wound healing were determined.  

 

 
Figure: (1). Appearance of collagen-calcium alginate film (2 x 2cm sheet). 

 
Table: (1). Characterization of the wounds in examined horses  

Duration of 
Illness (days) 

Wound 
Size (cm2) Exudate Nature and site of wound Sex 

Age in 
Months 

Case 
No 

20 12.6 Purulent Right hand F 22 1 
11 7.3 Serosanguinous Left hand F 36 2 
7 14.3 Exudates  Left elders from the neck M 53 3 
12 16 Exudates Left hand F 18 4 
7 8.2 No exudate Right elders from the neck F 29 5 
24 4.8 Purulent Left man M 48 6 
18 17.8 Serosanguinous Left hand F 66 7 
26 9.8 No exudate Right hand F 40 8 
20 11.6 No exudate Left hand F 33 9 
9 8.1 Serosanguinous Right hand M 50 10 

 M= Male, F= Female 
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RESULTS 

Collagen-calcium alginate film with therapeu-
tic ultrasound massage was well tolerated in 
all the cases. No animals showed any intoler-
ance or bandage disturbance throughout the 
treatment. The formation of healthy granula-
tion tissue was observed in all cases without 
any side effects. After the first application of 
collagen-calcium alginate film, there was a 
marked reduction in wound discharge and the 
development of new shiny and bright red 
granulation tissue, which indicated angiogene-
sis and the healing of the wound. Staphylo-

coccus aureus Pseudomonas, and Klebsiella 
species were isolated from cases 1 and 7 and 
Pseudomonas from cases 5 and 6. No organ-
isms were isolated from cases 2, 3, 4, and 8. 
Staphylococcus aureus, Pseudomonas, and 
Klebsiella species were the common organ-
isms isolated from infected wounds. Wound 
planimetry indicated that all the cases showed 
progress in epithelialization, contraction, and 
wound healing. Contraction ceased when the 
epithelialization of the wound is completed 
(Table2 and Figure 2). 

 
Table: (2). Wound planimetry 
 

 
 
 

Wound healing (%) 
Characteristics 

Case 
No 5th 

(day 15) 
4th 

(day 12) 
3rd 

(day 9) 
2nd 

(day 6) 
1st 

(day 3) 

NR 
83.54 
89.38 
90.58 

45.15 
73.89 
89.43 

24.12 
32.78 
51.12 

9.32 
13.98 
23.09 

Epithelialization 
Contraction 
Wound healing 

1 

NR 
89.32 
90.53 
79.97 

56.41 
82.10 
76.28 

32.10 
41.90 
49.67 

11.67 
22.10 
34.78 

Epithelialization 
Contraction 
Wound healing 

2 

NR 
82.51 
96.32 
82.39 

60.21 
90.16 
88.01 

36.91 
51.88 
46.09 

14.82 
24.18 
22.81 

Epithelialization 
Contraction 
Wound healing 

3 

96.21 
94.01 
89.19 

83.05 
93.82 
79.98 

65.28 
82.84 
79.89 

47.32 
63.11 
39.09 

9.89 
32.98 
39.85 

Epithelialization 
Contraction 
Wound healing 

4 

89.65 
90.27 
93.78 

83.27 
85.36 
92.52 

67.95 
73.92 
79.43 

31.98 
73.52 
42.45 

18.09 
28.97 
27.11 

Epithelialization 
Contraction 
Wound healing 

5 

NR 
79.54 
82.98 
85.29 

63.63 
69.34 
78.43 

46.98 
53.97 
39.48 

11.98 
21.98 
34.50 

Epithelialization 
Contraction 
Wound healing 

6 

89.84 
92.87 
86.37 

80.12 
89.63 
79.54 

61.86 
79.49 
81.95 

31.89 
58.65 
41.96 

19.46 
34.98 
25.98 

Epithelialization 
Contraction 
Wound healing 

7 

NR 
79.73 
88.89 
84.95 

63.94 
75.89 
79.85 

42.97 
63.52 
52.90 

13.87 
27.52 
29.89 

Epithelialization 
Contraction 
Wound healing 

8 

87.97 
96.78 
92.98 

78.23 
91.99 
82.12 

59.12 
81.13 
72.89 

35.89 
61.90 
41.97 

10.86 
35.89 
32.97 

Epithelialization 
Contraction 
Wound healing 

9 

NR 
75.89 
92.98 
90.23 

60.87 
78.93 
80.31 

38.96 
58.93 
60.19 

11.98 
33.87 
39.53 

Epithelialization 
Contraction 
Wound healing 

10 
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Figure: (2) Wound characterization and healing percentages for fifteen days 
 

DISCUSSION 

In all cases, the application of collagen-calcium 
alginate film was well tolerated by the animals. 
The collagen-calcium alginate film is easy to 
apply on the wound without any adverse reac-
tion and was well accepted by all the animals. 
The application of collagen-calcium alginate 
film did not show any adhesion of the gauze 
during wound dressing. 

The colour of the wound bed in all cases was 
red while cases 2 and 5  showed a bright beefy 
red colour, which indicates healthy granulation 
tissue with neovascularisation (Taylor & Bayat, 
2003), and resistance to infection until the epi-
thelial barrier is re-established (Hosgood, 2003; 
Pope, 1993). The bright red colour observed is 
due to the microvascular network throughout 
the granulation tissue (Tonnesen et al., 2000). 
The basic fibroblast growth factor sets the stage 
for angiogenesis during the first three days of 
wound repair (Schäffer et al., 2004) and plays 
an important role in granulation tissue for-
mation and the wound healing process 
(Takehara, 2000). Granulation in all the cases 

was flat without any exuberant nature; granula-
tion tissue with a smooth surface facilitates the 
migration of epithelial cells (Pope, 1993). In 
cases 1,3,4,6,7,8,9, and 10 the granulation tis-
sue was red in colour due to neovascularisation 
(Taylor & Bayat, 2003). Mal-odour was ob-
served up to Day 12 in all cases (Taylor & 
Bayat, 2003). The presence of bacterial infec-
tion was the common cause for the mal-odour 
observed, because all the wounds were infect-
ed. Serous discharge was noticed up to Day 12 
in cases 2 and 5, and mild serous discharge was 
noticed up to Day 8 in cases 4 and 9; subse-
quently, the discharge was reduced because 
healthy vascular granulation tissue is resistant 
to infection (Hosgood, 2003; Pope, 1993). On 
Day 4, epithelialisation was significantly better 
in all cases, because collagen from the wound 
margins began to migrate to form new epitheli-
um (Rangaraj et al., 2011).  

The percentage of wound contraction on post 
wound Days 4 and 8 of all cases showed no 
significant difference, this may be because of 
an inherent property of fibroblasts that appears 
early in the process of wound contraction after 
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some time, do not contract as forcefully as 
those that appear later (Bohling et al., 2004). 
All the cases showed a maximum mean per-
centage of total wound healing from Days 4 to 
8; this is in concurrence with the results of 
Bohling et al. (2004) but differs from the find-
ings of (Swaim et al., 1993). Staphylococcus 
aureus, Psudomonous, Klebsiellasp Escherich-
ia coli is the common infection in wounds 
(Kumar et al., 2006). All wounds can be con-
taminated regardless of the precautions taken 
(Arul Jothi et al., 2006). Collagen-calcium al-
ginate film is a biocompatible protein that does 
not interfere with the body’s normal immuno-
logic response and can be used in non-healing 
chronic wounds, which require a trigger to 
stimulate the normal healing process. 

CONCLUSION 
The present study has shown that collagen-
calcium alginate film can be used as a wound-
healing stimulant to promote the healing of 
chronic wounds in animals. This is a promising 
finding because collagen-calcium alginate film 
is an inexpensive biomaterial as a skin substi-
tute to stimulate wound healing in animals 
where the cost of treatment is a major consid-
eration. 
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غیر  امزمن اجرح م الجروح في الخیول التي تعانيالتئا ؛ لتسر�علجیناتأالكالسیوم  فعال�ة الكولاجینهدف الدراسة تقی�م المستخلص : 
. تــم تقیــ�م نمــط التئــام جامعــة عمــر المختــار )UVH(�انــت موجــودة فــي المستشــفى الب�طــري الجــامعي  ، هــذه الخیــولقابــل للشــفاء

ألجینــات.  الإكلین�كــي. أظهــرت جم�ــع الحــالات تقــدماً جیــداً فــي الشــفاء �عــد دهــن غشــاء الكــولاجین الكالســیوم ى المســتو الجــروح علــى 
و�مكـن  ،أفضل في التئام الجروح في الخیـولاقترحت نتائج الدراسة أن فیلم الكالسیوم الكولاجین ألجینات �مكن أن �كون مادة حیو�ة 

 .لتئام الجروح المزمنة التي لا تلتئم في الحیواناتتحفیز الأقل تكلفة  اجلد� بد�لا استخدامه

 .المادة الحیو�ة ، الكولاجین الكالسیوم ألجینات ، التئام الجروح ، الجروح المزمنة:  الكلمات المفتاح�ة
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Abstract: This study targets to assign the total carbon stock of Ashaavieen Nature Reserve, Msalla-
ta, Libya, assisting its potential carbon market value based on different global market sources. 
Northern and Southern sites were adopted representing the dominant tree species; (Pinus halepen-
sis, Ziziphus lotus, and Ceratonia siliqua). The samples were conducted across the summer and 
winter of 2020 to get an annual average. These samples were classified into leaves, stems, bark 
(aboveground), and roots (belowground). The soil samples were collected at 0-10 cm, 10-20 cm, 
and 20-30 cm depth. Organic carbon content was assessed based on the Loss on Ignition method 
(LOI). The results have shown that the bark has recorded the highest carbon content rate, followed 
by the stem, leaf, and root. Also, the carbon in soil samples has a direct relationship with depth in 
the order of (0-10 cm) > (10-20 cm) > (20-30 cm). Total carbon stock was 870.47 (t/ha/yr) and 
1858.21 (t/ha/yr) in Northern and Southern sites. Total tree coverage of the study area was estimat-
ed at 91.26 hectares, while the potential carbon market value ranged from 0.72 t0 32.09 million 
USD. 
 
 Keywords: Ashaavieen Nature Reserve, Carbon Stock, Carbon Market Value, Loss on Ignition. 

INTRODUCTION 
 

Forest ecosystems could play a vital role in 
global carbon regulation and climatic change 
mitigation (Li et al., 2019). But, the rapid 
growth in social and economic levels fright-
eningly harms those ecosystems as it shrinks 
at alarming rates. Forestlands in the Arab Re-
gion cover nearly 6% of the total forest cov-
erage worldwide. About 217 thousand  ha. 
Libya containing 6 million tons of carbon in 
forest living biomass alone (El-Baha et al., 
2010).  

(FAO & UNEP, 2020) has emphasized that 
approximately 420 million hectares of for-
estlands were lost since 1990 due to conver-
sion to other land uses. Mathematically, if 
this repulsive stress continues, all forest eco-
systems would disappear in 290 years.  

The significance of carbon stock evaluation 
comes due to the direct relationship between 
forest regression and carbon stock retraction. 
(Van der Werf et al., 2009) have reported that 
deforestation contributes approximately one-
fifth of the yearly GHGs emissions.  

Ashokri (2020) find out that Pinus halepensis 
is the most dominant species with an Im-
portance Value Index (IVI) of 66.64%, fol-
lowed by Ziziphus lotus and Ceratonia sili-
qua about 11.78% and 11.77%, respectively. 
The highest biomass value was Pinus 
halepensis at 7888.27 t ha¹־.  
Aboveground, belowground biomass, and soil 
carbon are the most significant contributors 
to the total ecosystem carbon. The forest soil 
participates in more than two-thirds of the 
total carbon stored in the forest ecosystem 
due to a strong relationship between plant 

mailto:haalshukri@elmergib.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.34&amp;domain=pdf&amp;date_stamp=2008-08-14
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biomass and terrestrial carbon (Ahmed, 
2018).  

The global carbon market establishment is 
vital as an effective tool for global climatic 
change mitigating and testing the efficiency 
of climate protection. It is also to confirm 
that the significance of forest ecosystems is 
not limited by the goods they provide. Based 
on (Lin, 2020), the traded volume of global 
carbon markets has reached 8.7 billion tons 
worth about 260 billion USD. This study 
aims to determine the total carbon stock and 
its potential carbon market value of the study 
area. 

MATERIALS AND METHODS 

This study was carried out at the Nature Re-
serve of Ashaavieen, Msallata, Libya 
(32.589128º N, 13.865004º E) fig (1), which is 
about 90 km far from the capital city. The total 
area of Ashaavieen Reserve is about 496 ha 
(Ashokri, 2020). Two sites (N and S) were 
chosen based on the presence of the selected 
species. The samples were collected through 
summer and winter.  

These samples were taken out from the living 
parts of four trees. These parts are the leaf, 
stem, bark, and root for each species (Pinus 
halepensis, Ziziphus lotus, and Ceratonia sili-
qua). The leaf samples were taken by the leaf-
cutter (Corona TP 6881).  

The stem samples were obtained via drilling 
until the stem center, while the bark samples 
were stripped with a keen knife at the chest 
height (1.5 m). These samples were dried at 70 
ºC to ensure stable readings of weight. Then 
the samples were grinded and placed into plas-
tic containers to be transferred to the Muffle 
Furnace. Plant biomass total carbon stock was 
estimated using the following equation: 

Organic Carbon Content (t ha¹־) = mean 
organic carbon content of the highest two 
living parts (%) * total Biomass (t ha¹־). 

 

Figure: (1) Study Area (Alhusein et al., 2017). 

The soil samples were collected using 5 cm in 
diameter PVC pipe from three depths (0-10 
cm), (10-20 cm), and (20-30 cm) as scarce dif-
ferences after the depth of 30 cm (Balesdent et 
al., 2018). The soil samples were dried and 
sieved using a 2 mm sieve. These samples were 
then kept in plastic containers before being 
placed into the Muffle Furnace. Soil Carbon 
content was estimated using the following for-
mula: 
 
Soil Carbon (Mg ha¹־) = bulk density (g cm־
³)* soil depth interval (cm)*C%. 

 
According to (Perera & Amarasinghe, 2013), 
the total carbon was calculated by adding up 
the mean carbon content of the living parts and 
the total soil carbon of the chosen year (t ha C 
yr ־  ¹). The total carbon stock for the whole 
study area was estimated based on the follow-
ing equation:  

Total Ecosystem Carbon Stock of a targeted 
area (Mg) = total carbon (Mg ha¹־) * Area 
(ha). 
Total tree coverage of the study area was esti-
mated using ArcGIS 10.8 
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The total carbon stock of the ecosystem was 
converted into CO₂ equivalents (as CO₂ is 
the most common GHG in the atmosphere), 
and the following formula was utilized: 

Total Potential CO₂ Emissions per hectare 
(CO₂e) = total carbon stock of the ecosystem 
* 3.67 (conversion Factor) based on (Kauffman 
& Donato, 2012). 

The potential carbon market value was calcu-
lated by multiplying the total ecosystem carbon 
stock with carbon unit price (based on the car-
bon unit price of the market used) as follows: 
Potential Carbon Market Value (USD) = total 
ecosystem carbon stock (Mg) * carbon unit 
price (USD) 
 

RESULTS & DISSCUSSION 

The results indicated that the bark has the 
highest organic carbon content within living 
parts, around 61.12% ± 2.5 at the Northern 
site and about 66.00% ± 4.01 at the Southern 
site.  In comparison, the roots have the lowest 
at 42.77% ± 1.12 and 45.30% ± 1.82 at North-
ern and Southern sites, respectively. The car-
bon content was high in the bark, followed by 
the stem, leaf, and root, respectively (Figure 
2); this agreed with (Madeira et al., 2002). 

 

Figure: (2). Carbon Distribution in Living Parts. 

Total biomass carbon stock was higher in the 

Southern site than in the Northern Site at 
322.50 and 190.42 (t/ha/yr). This could be a 
result of the positive relationship between bi-
omass and carbon stock of an ecosystem 
(Wassihun et al., 2019). 

 The results also show that approximately 72% 
and 79% of the total carbon stock was stored 
in the soil. It is estimated at roughly 680.07 in 
N and 1535.71 (t/ha/yr) in S (Table: 1). This 
result is similar to (Edmondson et al., 2015) 
that indicates soil contributes around 75% of 
the total ecosystem carbon stock.   

The contain of carbon storage in soil was high 
in upland soil (0-10 cm), then depth (10-20 
cm) and depth (20-30 cm) as a consequence of 
the carbon content goes in parallel with depth 
(Lawrence et al., 2015).  

The results illustrate that the assessment of 
carbon distribution over seasons was higher in 
summer than winter in both sites as primary 
productivity is related to temperature levels 
(Ontl & Schulte, 2012). 

Table: (1). Ecosystem Carbon Stock in both Study Sites. 

Carbon Stocks 
Northern Site 

(t/ha/yr) 
Southern Site 

(t/ha/yr) 
Carbon Stock in Liv-
ing Parts (ABG & 
BG) 

190.42 322.50 

Soil Carbon Stock 680.07 1535.71 

Total 870.49 1858.21 

 

The potential carbon market value is ranged 
from 0.72 to 23.09 million USD (Table 2) 
based on the estimation of the total tree cover-
age, which was around 91.26 ha. 

 
 
 
 
 

Table: (2). Price of Carbon Stocks Based on Some Global Markets. 
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Ecosystem Carbon Stock 
(T C yr¹־) Voluntary Market GHGs Initiative EU ETS 

(N Site) 870.49*91.26 ha = 
(79440.91) 

79440.41*6 USD = 
(746642.46) 

79440.41*9.69 USD = 
(769777.57) 

79440.41*191.80 USD =  
15.23 mil) 

(S Site) 1858.21*91.26 ha = 
(169580.24) 

169580.24*6 USD = (1,02 
mil) 

169580.24*9.69 USD = 
(1.68 mil) 

169850.24*191.80 USD = 
(32.57 mil) 

(Average) 
1319.35*91.26 ha = 

(120403.88) 

120403.88*6 USD = 
(722423.28) 

120403.88*9.69 USD = 
(1.16 mil) 

120403.88*191.80 USD = 
(23.09 mil 

 

CONCLUSION 
The study concludes that organic carbon con-
tent in three parts was high in the bark, then 
stem, leaf and root. The soil carbon constitutes 
about three-quarters of the total ecosystem car-
bon stock and the highest amount in the third 
layer (20-30 cm). The carbon storage amount 
over seasons was higher in summer than in 
winter. The potential carbon market value of 
the study area was in the range of 0.72 – 32.09 
million USD. 
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 السوſیة لمحمیة الŶŬافیین الطبیŶیة، مسلاتة، لیبیا تſƊیمتحدید تƀدیر مخ±ون الكربون و 

ÄكرŬال Äالضاو Ƒحسام عل 
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قیمتهــا تحدیــد و  ،ین الطبیعیــة، مســلاتة، لیبیــاالشــعافیتهــدف الدراســة إلــى تحدیــد إجمــالي مخــزون الكربــون فــي محمیــة : المسººتخلص
 N(ویرمـز لهـا بــجنـوبي و¢خـر  ،شـمالي مـوقعینتحدیـد المحتملة فـي سـوق الكربـون بنـاءً علـى مصـادر السـوق العالمیـة المختلفـة. تـم 

. تــم أخــذ العینـــات )Ceratonia siliquaو Ziziphus lotusو Pinus halepensis( أنــوا¹ الأشــجار الســائدة هــاتمثلل) Sو
 ،وسـیقان ،أوراق إلـى المجمعـة العینـات تصـنیف تـم كمـا .للسـنةللحصـول علـى متوسـط  2020 لسـنة وشتاء ،الموسمیة خلال صیف

 دیرســم. قــ 30-20وســم،  20-10ســم،  10-0التربــة علــى عمــق  عینــات تجمعــ). الأرض تحــت( وجــذور ،)الأرض فــوق( ولحــاء
النتــائج أن محتــوى الكربــون فــي الأجــزاء الحیــة  ). أظهــرتLOI( الاحتــراقمحتــوى الكربــون العضــوي بنــاءً علــى طریقــة الخســارة فــي 

الكربــون فــي عینــات التربــة لــƌ علاقــة  نســبة. كمــا أوضــحت النتــائج أن علــى الترتیــب جــذرو  ســاق ورقــة ثــم قــراءةأعلــى  ســجل اللحــاء
 ربـونسـم). بلـź إجمـالي مخـزون الك 30-20( ثـم )سم 20-10( ویلیƌ العمق )سم 10-0(اعلى في عمق وكان  ،مباشرة مع العمق

 الغطـاءقـدرت و (طـن / هكتـار / سـنة) علـى التـوالي.  1858.2(طـن / هكتـار / سـنة) و 870.47 والجنـوبي ،الشـمالي قعینفي المـو 
ملیـون  32.09 إلـى 0.72هكتـار بینمـا تراوحـت القیمـة السـوقیة المحتملـة للكربـون مـن  91.26لمنطقـة الدراسـة بــ لشجري الإجمـالي ا

 .دولار أمریكي

 حمیة الشعافیین الطبیعیة، مخزون الكربون، القیمة السوقیة للكربون، الخسارة في الاحتراق.م: المفتاحیةالكلمات 
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Abstract: Cognitive Radio (CR) can be defined as a technology that allows users to change 
the transmission parameters as required to increase the spectrum efficiency. Because of this 
mechanism, some threats emerge. Two major threats are found in CR. The first is the Primary 
User Emulation Attack (PUEA), where the attacker is able to transmit at a forbidden time slot 
effectively, emulating the signals of the primary user. This makes all the system users believe 
that the spectrum is occupied by a good primary user.  The second threat is known as the 
spectrum sensing data falsification attack (SSDF). In this case, the attackers send false obser-
vation information, intentionally or unintentionally, to the fusion center (FC), causing it to 
make the wrong decision. In this study, the scheme presented  was based on a users' reputa-
tion for secure spectrum access in cognitive radio networks. Each Secondary User (SU) per-
forms local sensing and then forwards the sensing results to the main fusion center FC. The 
FC makes the final decision about the presence of the primary user based on the proposed ap-
proach. The schemes substantially reduce the effect of cognitive users with low reputation 
values while improving the impact of cognitive users with the high reputation values on the 
final decision. It has been verified that the proposed approach can improve the sensing per-
formance under the impact of a different number of reliable and unreliable users in a CR net-
work. Results based on simulation show that the proposed scheme outperforms the traditional 
majority scheme despite a high number of malicious users. 
 
Keywords: Cognitive Radio CR; Users’ Trust; Primary User; Primary User Emulation Attack 
(PUEA); Cooperative Spectrum Sensing. 

INTRODUCTION 

Spectrum sensing and spectrum sharing are 
important functionalities of CR, which ena-
bles the secondary users to monitor the fre-
quency spectrum and detect vacant channels 
to use (Yadav et al., 2012). A procedure in 
the CR known as cooperation spectrum sens-
ing involves many users that sense this spec-
trum and send reports to a base station known 
as a fusion center FC. The FC is able to pro-
cess and manipulate those reports to make a 
final decision about the absence or presence 
of primary users. This kind of cooperation 
gives a chance to some adversary nodes that 

aim to falsify the results of the sensing 
(Pawelczak et al., 2006).  

The disadvantages of cooperation spectrum 
sensing that compromise and limit the coop-
eration outcome are the control channel 
bandwidth, consumption of the energy, and 
reporting delay. Malicious users presented in 
the cooperation system will decrease the 
overall system performance (&abriü et al., 
2005; Zhao, 2007). 

There are some previous contributions related 
to this work. For example, a method known 
as clustering and soften hard combination is 

mailto:m.ammar@zu.edu.ly
https://doi.org/10.54172/mjsc.v36i2.35
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.35&amp;domain=pdf&amp;date_stamp=2008-08-14
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presented to perform a significant trade-off 
between the overhead saving and perfor-
mance increase. The cluster cooperative spec-
trum sensing has some disadvantages, such as 
in the case when the SUs that have good lo-
cation correlation are grouped into the same 
cluster in order to decrease the consumption 
of the energy for data transition to the clus-
ter-head CH. So, it is very likely that many 
SU within a cluster can be affected by shad-
owing or attacker’s distribution. Hence CH 
may take incorrect group decisions about the 
primary’s user availability and then send it to 
the fusion center misleading the final deci-
sion (Cabric et al., 2004; Yucek & Arslan, 
2009). This paper uses both the terms ’trust’ 
and ‘reputation’ to refer to the same meaning.   

The mentioned problems are discussed in this 
paper and tackled by considering a reputation 
value for each user in the network, where the 
final decision is taken at the FC to increase 
the performance of the network. Based on 
this mechanism, the security of the cognitive 
network is improved by increasing the sens-
ing performance. 

COOPERATIVE SPECTRUM SENSING 
CHALLENGES 

The challenge in cooperative spectrum sens-
ing is to combine the detections of many 
nodes that might have different sensing times 
and different sensing results to make accurate 
detection of the spectrum. This leads to the 
development of a powerful sharing algorithm 
for cooperative spectrum sensing crucial to 
increase the detection performance in cogni-
tive radio networks. A strong and smooth CR 
communication that combats malicious be-
haviors of users, trust management is im-
portant for SUs to assess the trustworthiness 
of users (Tkachenko et al., 2006; Yucek & 
Arslan, 2009). 

Ri (reputation values) are performed by the 
FC and these values represent the trustwor-
thiness for the ith CR user based on local 

sensing difference Di, sensing location factor 
Pi, and control channel condition Ci. This tar-
gets to reduce the impact of malicious CR 
users on the final fusion decision and im-
prove the performance of cooperative spec-
trum sensing in CR networks. These values 
reduce the effect of cognitive users with low 
reputation values while increasing the impact 
of cognitive users with the high reputation 
values on the final decision. 

CR SIMULATED NETWORK STRUC-
TURE 

The scenario of the simulated CR network is 
presented in Figure 1. The network consists 
of:  
- A number of good cognitive users (second-
ary users).  
- A number of malicious users (attackers).  
- A Fusion Center FC.  The main task of the 
FC is to use the reports sent from the good 
and malicious users to decide on whether the 
primary user is present or not (Dutta & 
Arora, 2018). 
 

 

Figure (1).  Cognitive radio simulated model 
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USERS' REPUTATION PROCEDURE 

The reputation scheme makes a final decision 
about the presence of malicious users based 
on both the users’ reputation values and the 
number of users, rather than the number of 
users alone. The algorithm in this scheme 
considers that highly trusted users contribute 
more to the final decision in order to make 
more accurate sensing. This approach pre-
sents a flexible reputation model for distrib-
uted cooperative spectrum sensing against 
malicious users by benefiting from the users’ 
reputation that describes the behavioral char-
acteristics of both malicious and good users. 
The algorithm is shown below. Each user has 
a different weight (reputation) depending on 
the type of CU. Good CUs are assigned with 
higher weights. Users with a reputation value 
over a predefined threshold are considered 
reliable users (good users).  

Two hypotheses are presented in this work. If 
the primary user is present (H1) or not present 
(H0). 
Some variables used in this algorithm are as 
follows: 
Ldi =Local decision of user i 
N = The number of Secondary Users 

MODEL ALGORITHM BASED ON US-
ERS’ REPUTATION SCHEME 

The following algorithm represents the main 
steps of the proposed approach: 
Begin 
Ri   5eputation of user i, Ȝ   Threshold of 
trustworthiness  
Ldi = Local decision of user i 
 if Ldi = 1 spectrum is occupied 
 if Ldi = -1 spectrum is unoccupied 
Ri , i=1: to N 
For  i =1: to N do 
If  Ri !  Ȝ then 
User i is a reliable SU 
         Add user i to reliable SU list 
Else User i is a malicious user 
         Add user i to Malicious users’ list 

End if 
End for 
For  i=1: to N do 
Take a final decision according to the equa-
tion below 

1 1

0

0N

ii
H if L Rdidecision 
H if otherwise

=
­ >°= ®
°̄

∑
 

 End for 

RESULTS AND DISCUSSION 

MATLAB Program is used to simulate and 
test the proposed algorithm. First, it is im-
portant to compare our proposed scheme with 
the traditional majority scheme that takes the 
final decision based on a majority vote. Fig-
ure 2 shows the maximum number of mali-
cious users the CR network can tolerate to 
make a correct decision based on the tradi-
tional scheme. 

It’s clear that in the traditional majority 
scheme, the maximum number of malicious 
users does not exceed 50% of all users. Thus, 
it is vital to design a procedure that can toler-
ate more malicious users in the network to 
make better decisions regarding the presence 
of the primary user.  

Additionally, results based on our proposed 
scheme are presented. Let the reputation val-
ue of good SUs be denoted by Į, and let the 
reputation value for malicious users be de-
noted by ȕ. M is the total number of users, 
and finally, K is the number of malicious us-
ers. 

 
Figure (2). Users’ ratio based on conventional role 
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Figure 3 shows the relationship between M 
and .. Į and ȕ in this case are chosen to 
evaluate the network under low-value param-
eters (Į 0.6 and ȕ 0.2). It¶s crucial to check 
how many malicious users the network can 
tolerate. For example, from figure 3, if the 
total number of users M is 29, it’s found that 
the maximum number of malicious users the 
system can tolerate to make a correct deci-
sion is 22, which means there are only 7 good 
users who were able to make a correct sense.  

 
 
Figure (2)، 8sers number when Į 0.6 and ȕ 0.2 
 
It is clear from figure 3 that the ratio of good 
SUs the system needs to make a correct sense 
is at least 24% of all users. This means that 
the system can tolerate about 76% of mali-
cious users.  Figure 4 shows the good users’ 
ratio when Į 0.6 and ȕ 0.2 based on the 
proposed algorithm. 

 
Figure (4). Users’ ratio  based on proposed trust  ap-
proach 

CONCLUSION 

This paper has studied and focused on the 
users’ trust mechanism because the users’ 
trustworthiness is a crucial factor in the CR 
detection system. CRNs have a unique securi-
ty problem that is not faced by a conventional 
wireless network. The main objective of any 
preventive security mechanism is to reduce 
and eliminate the impact of some operations 
performed by adversary users. 

The proposed scheme outperforms the tradi-
tional majority scheme in terms of malicious 
user toleration. In fact, the traditional majori-
ty scheme can tolerate only about 50% of all 
users to make a correct decision while in the 
reputation-based scheme the system can tol-
erate about 76% of malicious users to make a 
correct final decision. 
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تقنیـة تسـمŢ للمسـتخدمین  بōنهـا Cognitive Radio (CR) یمكن تعریف شبكات الرادیـو المعرفیـة الذكیـة المعروفـة بـــ المستخلص:
هنـاك هجومـان رئیسـیان  الأمنیـة،دیـدات بتغییر بیانات الإرسال على النحو المطلوب لزیادة كفاءة التردد. هذه الآلیـة تنـتج بعـض الته

حیـث یكـون المهـاجم  Primary User Emulation Attack (PUEA) الأول هو هجمـات محاكـاة المسـتخدم الأساسـیة ،CR في
غیــر الآمــن، والمســمى بغیــر الشــرعي قــادرًا علــى الإرســال فــي فتــرات زمنیــة محظــورة بحیــث یحــاكي بشــكل فعــال إشــارات المســتخدم 

والهجــوم  شـرعي.رعي ممــا یجعـل جمیــع المسـتخدمین فــي النظـام یعتقــدون أن التـردد مشــغول مـن قبــل مسـتخدم أساســي الأساسـي الشـ
حیـث یرسـل  Spectrum Sensing Falsification Attack (SSDF) الثـاني المعـروف بــهجمات تزویـر بیانـات استشـعار التـردد

 Fusion Center مركـز الانـدما¬ الرئیسـي قصـد إلـىن غیـر المهـاجمون معلومـات استشـعاریة خاطئـة قـد تكـون عـن قصـد، أو عـ

(FC)  یجعـل وهـذا FC فـي هـذا العمـل ، تـم  تقـدیم مخطـط یسـتند إلـى سـمعة المسـتخدمین للوصـول الآمـن إلـى .یتخـذ قـرارا خاطئـا
بŐعـادة توجیـƌ  محلـي، ثـم یقـوم باستشـعار (Secondary User SU) ثـانويالتـردد فـي شـبكات الرادیـو المعرفیـة. یقـوم كـل مسـتخدم 

القرار النهائي بشكل جماعي بشōن إذا ما كان التردد مشغولا من  FC لذلك یتخذ ،FC نتائج الاستشعار إلى مركز الاندما¬ الرئیسي
قبل مستخدم شرعي، أو غیر شرعي. تقلل هـذه المخططـات المقترحـة فـي هـذا العمـل بشـكل كبیـر مـن تـōثیر المسـتخدمین الإدراكیـین 

تـم التحقـق  .مـع تحسـین تـōثیر المسـتخدمین الإدراكیـین ذوي القیمـة العالیـة للسـمعة علـى القـرار النهـائي المنخفضة،عة ذوي قیمة السم
تـōثیر عـدد مختلـف مـن المسـتخدمین الموثـوق بهـم وغیـر الموثـوق بهـم  الشـبكة تحـتمن أن هذا النهج المقتـر­ یمكـن أن یحسـن أداء 

المحاكاة أن المخطط المقتر­ یتفوق على مخطط الأغلبیة التقلیدي على الرغم مـن وجـود تظهر النتائج المستندة إلى  .CR في شبكة
 .عدد كبیر من المستخدمین الضارین في الشبكة

هجــوم محاكــاة المســتخدم الأساســي، الاستشــعار عــن  الأساســي،المســتخدم  المســتخدمین،ثقــة  المعرفــي،الرادیــو  المفتاحیººة:الكلمººات 
 التعاوني.التردد 
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Abstract: The effect of medium states (liquid, semi solid, solid), pH (5.0, 5.5, 6.0, 6.5) and sucrose 
concentrations (10, 20, 30, 40 g/l) on in vitro rooting of pineapple cultured in full strength MS en-
riched with IBA at 0.5 mg/l were investigated. According to average overall sucrose concentrations, 
overall pH adjustments, and at each combination of equal sucrose and pH, liquid medium was al-
ways super than solid and semisolid. The tallest plantlets (66 to 71 mm) obtained in liquid medium 
enriched with sucrose at 10 and 20 g/l both adjusted to pH 6.0; sucrose at 20 g/l and adjusted to pH 
6.5 and sucrose at 30 g/l and adjusted to pH 5.0. All of the above combinations except sucrose at 20 
and pH 6.0  resulted in 100% rooting. Sucrose at 30 g/l and pH 5.0 resulted in two times more (11 
roots per shoot) and three times longer roots (39 mm) than the other treatments (5 roots each about 
14 mm long). Each rooting parameter had different optimum combinations of medium state, sucrose 
and pH adjustment. For any parameter, proper pH adjustment could reduce the optimal sucrose en-
richment from 30 to 20 and even to 10 g/l. Hence, pH adjustment is suggested as an important ap-
proach for reduction of in vitro rooting medium cost. 

Keywords: Medium state; pH; Sucrose; In vitro rooting; Tissue culture; Ananas comosus 

INTRODUCTION 

In vitro rooting of pineapple were reported in 
medium solidified with phytagel at 2.5 g/l 
(Ko et al., 2006), agar at 6 (Rahman et al., 
2001), agar at 7 (De Almeida et al., 1997) 
and 8 g/l (Akbar et al., 2003), in liquid medi-
um using filter paper bridged (Soneji et al., 
2002), sponge matrix (Gangopadhyay et al., 
2005), Luffa matrix (Dutta et al., 2013), in 
static liquid medium; (Be & Debergh, 2006; 
Hamad et al., 2013); Hamad, 2019) and ex 
vitro in potting mix (Escalona et al., 1999; 
Liu et al., 1989). The effect of  both of liquid 
and solid medium at full and half strength 
enriched with different auxin types and con-
centrations on the in vitro rooting of pineap-
ple were compared (Hamad et al., 2013). 
Several other factors such as different combi-
nation of hormone types, concen-trations and 
medium strength (Bhatia & Ashwath, 2000; 
Firoozabady & Gutterson, 2003), shoot ages 

and cultivars (Hamad et al., 2013) , mix of 
commercial sugar with sucrose (Dutta et al., 
2013) were found to induce significant effect 
on the in vitro rooting responses of pineap-
ple. Medium pH adjustment in all of these 
cases was kept fixed at pH 5.7, and sucrose 
enrichments, on the other hand, most of the 
cases kept fixed at 30 g/l. In some cases, su-
crose at 20 (Ko et al., 2006; Sunitibala Devi 
et al., 1997) and 40 g/l (De Almeida et al., 
1997) in solid medium and  at 20 (Soneji et 
al., 2002) and 35 g/l \ (Kofi & Adachi, 1993) 
in liquid medium was used for rooting.  

In few cases the sucrose effect on rooting was 
compared at 2 \ (Mengesha et al., 2021), 3 
(Zaied, 2007) and 4 (Almobasher, 2016; 
Hassan et al., 2018) different concentrations 
in solid medium and at 2 (Be & Debergh, 
2006) and 6 (Hamad, 2019) different concen-
trations in liquid medium. (Hassan et al., 
2018; Zaied, 2007) reported that rooting oc-
curred in solid MS medium with no sucrose 
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enrichment but the best rooting was in medi-
um enriched with sucrose at 20 g/l. On the 
contrary, (Mengesha et al., 2021) reported 
that no rooting could be obtained and shoots 
died in solid MS devoid of sucrose and 
(Almobasher, 2016) not only reported no 
rooting in solid MS medium devoid of su-
crose but also in medium enriched with su-
crose at 10 g/ l and both found best root for-
mation and length in medium enriched with 
sucrose at 20 g/l. (Dutta et al., 2013) recom-
mended  mix of commercial sugar at 2% with 
sucrose at 1 % in liquid with luffa support 
and Be and (Be & Debergh, 2006) recom-
mended sucrose enrichment of 30 g/l for liq-
uid MS medium. Hamad (2019) found that no 
rooting could be obtained in liquid MS medi-
um enriched with sucrose at 5 g/ l and the 
optimum concentration ranged from 10 to 30 
g/ l depending on the rooting parameters used 
for evaluation and varied according to the 
length of incubation period. In all of these 
studies of pineapple in vitro rooting, the me-
dium pH was fixed at 5.7. The effect of dif-
ferent combinations of sucrose, medium 
states and pH adjustments still yet to be test-
ed. 

Cost of rooting stage (Hamad, 2019) was ex-
pected to be three times cost of multiplication 
stage (Hamad, 2017a and b). In large scale 
production, the cost of medium during root-
ing could be decisive factor for feasibility of 
micropropagation. Sucrose and agar made the 
largest portion of the medium components 
and are very important items of the medium 
cost. Rooting could occur in solid and liquid 
medium. That is complete elimination of agar 
cost is possible. On contrary, sucrose is an 
obligatory requirement for in vitro rooting 
and indispensable component of the medium 
(Almobasher, 2016; Mengesha et al., 2021); 
Hamad, 2019). Reduction of sucrose cost 
could be done either by using of cheap su-
crose alternatives (Dutta et al., 2013; 
Mengesha et al., 2021; Nelson et al., 2015) or 
by using the most possible minimum concen-
tration. In fact, (Dutta et al., 2013) reported 

that compared to solid media enriched  with 
sucrose at 30 g/l using of mix of commercial 
sugar with sucrose in liquid media with luffa 
matrix reduced the chemical cost of multipli-
cation by 15 % and rooting cost by 62 %. Su-
crose is just a one of several factors that 
could have independent and interaction effect 
on rooting (Hamad, et al 2013; Hamad, 
2019). Minimum sucrose concentration that 
would maintain highest response for each 
rooting parameter is expected to be different 
at different combinations of other root effect-
ing factors such as medium state and pH ad-
justments. The objective of this study is to 
compare the effect of different pH adjust-
ments (5.0, 5.5, 6.0 and 6.5) and agar concen-
trations (0.0, 3.5, 7.0 g/l) on the rooting re-
sponses of Queen pineapple to different con-
centrations of sucrose (10, 20, 30, 40 g/l). 
The goal is to determine the pH of liquid me-
dium that maintained the highest rooting re-
sponses at lowest sucrose concentration.  

MATERIALS AND METHODS 

One and half liter of MS medium (Murashige 
& Skoog, 1962) was enriched with IBA at 0.5 
mg/l and divided into 4 beakers each received 
312 ml and marked A, B, C, and D. Sucrose 
at 10, 20, 30 and 40 g/l were added to beakers 
A, B, C and D respectively. The content of 
each beakers divided equally (78 ml) into 4 
glass jars marked with the same beaker sym-
bol plus 1, 2, 3 and 4. The content of jars 
numbered 1, 2, 3 and 4 adjusted to pH 5.0, 
5.5, 6.0 and 6.5 respectively. Then the con-
tent of each jar divided equally (26 ml) into 
another 3 glass jars marked with same sym-
bol plus H, S and L. Agar at 3.5 and 7 g/l 
added to glasses marked with H and S respec-
tively, and the glass marked L without agar. 
The glasses covered with autoclavable plastic 
lid and the medium was then sterilized at 
121O C and 1.5 kg/cm2 for 25 minutes. The 
content of each glass dispensed under laminar 
into 3 culture tubes marked as glass. Three 
shoots from stock cultures were cultured per 
each culture tube. The cultures incubated un-
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der photo-period of 16 hours of light and 
constant temperature of 25O C. After 60 days 
of incubation, the cultures removed from the 
incubation room, the shoots picked out of the 
cultures and placed over squared paper, for 
counting of the roots and measuring the root 
and shoot length. Each tube was considered 
as one replicate and the data except shoot 
length (plantlet height) were transformed to 
square roots (x+1) before analysis of vari-
ance.  Analysis of variance and Duncan Mul-
tiple Range Test for significant of treatments 
at p ≤ 0.05 were computed using S3SS statis-
tical package No. 11. 

RESULTS 

Analysis of variance (Table 1) showed that 
sucrose had significant independent (direct) 
and dependent (indirect) effect via interaction 
with pH in all rooting parameters, and de-
pendent (indirect) effect via interaction with 
agar (medium state) in two of the rooting pa-
rameters (root number and plantlet height). 
But the interaction in case of the other two 
parameters (rooting percentage and root 
length) was not significant. Medium state 
(agar) had significant independent effect (di-
rect) in all rooting parameters except rooting 
percentage and dependent (indirect) effect via 
interaction with sucrose in two of rooting pa-
rameters (root number and plantlet height). 
Medium pH, on the other hand, did not have 
significant independent (direct) effect on any 
of the rooting parameters and did not interact 
significantly with agar concentrations (medi-
um state).  However, medium pH did have 
dependent (indirect) significant effect via in-
teraction with sucrose in all rooting parame-
ters, and via collective interaction with both 
of sucrose and agar (medium states) on all 
rooting aspects except the plantlets height. 
Overall sucrose concent-rations and pH ad-
justments (Table 2), liquid medium resulted 
in taller plantlets (51.06 mm), more (5.38 
roots) and longer roots (18.25 mm) than solid 
medium (39 mm tall plantlets, 3.13 roots per 
shoots, 10.96 mm long each) but the rooting 

percentage of liquid (69.4 %) and solid (59 
%) medium were not significantly different 
(Table 2).  Similar, overall medium states and 
pH adjustments, the largest number (5.4 
roots), longer roots (16.25 mm) and highest 
rooting percentage (76.3 %) obtained in me-
dium enriched with sucrose at 20 and 30 g/l. 
However, sucrose at 20 g/l resulted in tallest 
plantlets (52.8 mm) and sucrose at 30 g/l re-
sulted in an intermediate plantlet height 
(48.08 mm). Sucrose at 10 and 40 g/l resulted 
in the lowest rooting percentage (47.0 %), 
fewest (2.1 roots) and shortest (6.7 mm long) 
roots, but the plantlets on medium enriched 
with sucrose at 10 g/l was taller (42.33 mm) 
than that in medium with 40 g/l (31.9 mm). 
Overall medium states and sucrose, the pH 
adjustments of medium had no significant 
effect on any of the rooting parameters. On 
the other hand, overall pH adjustments, liquid 
medium enriched with sucrose at 30 g/l  re-
sulted in highest rooting percentage (88 %) 
and more (8.8 roots) and longest roots (29 
mm ) while semi solid enriched with sucrose 
at 10 g/l resulted in lowest rooting percentage 
(31.3 %), and fewest (1 root per shoot) and 
shortest roots (5.3 mm). However, the tallest 
plantlets (63 mm), on the other hand, ob-
tained in liquid medium enriched with su-
crose at 20 g/l while the shortest plantlets (28 
and 30 mm) obtained in semi solid and liquid 
medium enriched with sucrose at 40 g/l. No 
significant different on plantlet height on sol-
id medium enriched with sucrose at 10 and 
40 g/l and semi solid enriched with sucrose at 
10 g/l  

Comparing of all combinations of sucrose, 
pH and medium states (Table 2) showed that 
the tallest plantlet (70 and 71 mm) was ob-
tained in liquid medium enriched with su-
crose at 10 and 20 g /l and adjusted to pH 6.0 
and the most stunted plantlets (15.0 mm) ob-
tained on semi solid enriched with sucrose at 
40 g/l and adjusted to pH 5.0 and pH 6.0. On 
the other hand, all shoots (100 %) could be 
rooted in liquid media enriched with sucrose 
at 10 g/l and adjusted to pH 6.0; sucrose at 20 
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g/l and pH 5.0 and pH 6.5; sucrose at 30 g/l 
and pH 5.0 and on semi solid media enriched 
with sucrose at 20 g/l and adjusted to pH 6.5; 
sucrose at 30 g/l and pH 5.0 and sucrose at 40 
g/l and pH 6.5. However, 100 % rooting ob-
tained in liquid medium could be reversed to 
22 % if enriched with sucrose at 10 g/l and 
adjusted to pH 5.5 and that of semi solid re-
versed to 11 % if enriched with sucrose at 40 
g/l and adjusted to pH 5.0 and 6.0. Contrary, 
none of the combinations in which solid me-
dium was used irrespective of sucrose and pH 
and none of the combination in which the 
media adjusted to pH 5.5 irrespective of su-
crose and medium states resulted in 100 % 
rooting. The highest rooting percentage in 
solid media was 89 %, obtained in medium 
enriched with sucrose at 20 g/l and adjusted 
to pH 5.0 and sucrose at 30 g/l and pH 5.0 
and pH 5.5. Highest root formation (10-11 
roots) obtained in liquid medium enriched 
with sucrose at 20 and 30 g/l and adjusted to 
pH 5.0 and pH 5.5 and in solid medium en-
riched with sucrose at 30 g/l and adjusted to 

pH 5.0. The lowest root formation (1 root) 
obtained in almost all (75 %) of the combina-
tions in which the sucrose enrichment was 10 
g/l and in 50 % of the combinations in which 
sucrose enrichment was 40 g/l. The longest 
root (39 mm) obtained on liquid medium en-
riched with sucrose at 30 g/l and adjusted to 
pH 5.0 and the shortest (3.0 mm) on semi sol-
id medium enriched with sucrose at 10 g/l 
and adjusted to pH 6.5; sucrose at 40 g/l and 
adjusted to pH 5.0 and pH 6.0 and on solid 
medium enriched with sucrose at 10 g/l and 
adjusted to pH 5.5. 

 

 

 

 

 

 

Table. (1). Significant of main and interaction effect of medium states, sucrose concentrations and  pH of full strength 
MS medium on the in vitro rooting of Queen pineapple. 

Rooting parameters (p values) df Factors Root length Root No. Rooting % 3lantlet height 
5.14E-05** 9.09E-07** 0.1310 0.0001** 2 Medium states 
7.59E-09** 1.53E-12** 0.0001** 5.19E-08** 3 Sucrose conc. 
0.1909 0.4395 0.5973 0.8404 3 pH  
0.1382 0.0055** 0.4861 0.0103* 6 State*Sucrose 
0.4854 0.2666 0.2698 0.5682 6 State*pH 
0.0004** 1.23E-06** 0.0238 ** 1.07E-05** 9 Sucrose*pH 
0.0038** 2.39E-05** 0.0085** 0.2315 18 State*Sucrose*pH 
    96 Error 
    144 Total 
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Table (2). Effect of medium states, sucrose concentrations and pH of full strength MS medium on the in vitro 
rooting of Queen pineapple  

Medium states  pH  Sucrose (g/l) 
(Agar/l)  10 20 30 40 Average 
3lantlet height (mm) 
Liquid 5 55 bc 56 bc 66 ab 22 ef 49.75 AB 
(0.0 g/l) 5.5 61 abc 57 bc 60 abc 22 ef 50 AB 
 6 70 a 71 a 56 bc 31 cdef 57 A 
 6.5 38 cde 68 ab 38 cde 46 cd 47.5 AB 
 Average 56 AB 63 A 55 AB 30.25 D 51.06 
Semi solid 5 52 bcd 53 bc 56 bc 16 f 44.25 AB 
(3.5 g/l) 5.5 32 cdef 42 cd 55 bc 24 ef 38.25 B 
 6 38 cde 65 ab 48 bcd 15 f 41.5 AB 
 6.5 27 def 52 bcd 27 def 58 abc 41 AB 
 Average 37.25 CD 53 AB 46.5 BC 28.25 D 41.25 
Solid 5 33 cdef 36 cde 51 bcd 32 cdef 40.5 AB 
(7 g/l) 5.5 28 def 42 cd 56 bc 27 def 38.25 B 
 6 30 cdef 43 cd 27 ef 42 cd 35.5 B 
 6.5 44 cd 39 cde 37 cde 48 bcd 42 AB 
 Average 33.75 CD 42.5 BCD 42.75 BCD 37.25 CD 39.06 
 Grand aver 42.3 52.8 48.08 31.91 43.7 
Rooting %       
Liquid 5 44.3 abcde 100 a 100 a 33.3 abcde 69.4 NS 
(0.0 g/l) 5.5 22.3 de 89 abc 96.3 ab 37 abcde 61.2 NS 
 6 100 a 44.3 abcde 77.7 abcd 78 abcd 75 NS 
 6.5 33.3 abcde 100 a 78 abcd 78 abcd 72.3 NS 
 Average 49.98 BCD 83.08 AB 88.0 A 56.58 ABCD 69.41 
Semi solid 5 66.7 abcde 77.7 abcd 100 a 11 e 63.8 NS 
(3.5 g/l) 5.5 22 bcde 55.7 abcde 55.7 abcde 44.3 abcde 44.4 NS 
 6 22 bcde 89 abc 77.7 abcd 11 e 49.9 NS 
 6.5 14.7 de 100 a 55.7 abcde 100 a 67.6 NS 
 Average 31.3 D 80.6 AB 72.3 ABC 41.6 CD 56.42 
Solid 5 33.3 abcde 89 abc 89 abc 44.3 abcde 63.9 NS 
(7.0 g/l) 5.5 22 bcde 77.7 abcd 89 abc 55.3 abcde 61 NS 
 6 44.3 abcde 77.7 abcd 44.3 abcde 89 abc 63.8 NS 
 6.5 78 abcd 33.3 cde 33.3 cde 44.3 abcde 47.3 NS 
 Average 44.4 CD 69.4 ABC 63.9 ABCD 58.3 ABCD 59 
 Grand Aver 41.89 77.69 74.78 52.16 61.63 
Root number       
Liquid 5 1 hi 10 ab 11 a 1 hi 5.75 AB 
(0.0 g/l) 5.5 1 hi 10 ab 11 a 3 defgh 6.25 A 
 6 5 abcdef 3 defgh 7 abcd 4 cdefg 4.75 B 
 6.5 1 hi 6 abcde 6 abcde 6 abcde 4.75 B 
 Average 2 CDE 7.3 AB 8.8 A 3.5 CD 5.38 
Semi solid 5 1 hi 3 defgh 8 abc 0 i 3 CD 
(3.5 g/l) 5.5 1 hi 2 efghi 3 defgh 2 efgh 2 D 
 6 0 i 7 abcd 6 abcde 1 hi 3.5 BC 
 6.5 0 i 5 abcdef 2 efgh 4 cdefg 2.75 CD 
 Average 0.5 E 4.25 CD 4.75 BC 1.75 DE 2.81 
Solid 5 1 hi 5 bcdef 11 a 1 hi 4.5 B 
(7 g/l) 5.5 1 hi 2 efgh 7 abcd 4 cdefg 3.5 BC 
 6 2 efgh 2 efgh 1 hi 6 abcde 2.75 CD 
 6.5 4 cdefg 1 hi 1 hi 1 hi 1.75 D 
 Average 2 CDE 2.5 CDE 5 BC 3 CD 3.12 

 Grand aver 1.5 4.68 6.18 2.75 3.77 
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Medium states  pH  Sucrose (g/l) 
(Agar/l)  10 20 30 40 Average 
Root length (mm)      
Liquid 5 14 bcd 24 abc 39 a 8 cde 21.3 A 
(0.0 g/l) 5.5 9 cde 27 abc 28 abc 6 cde 17.5 AB 
 6 16 abcd 12 bcd 37 ab 12 bcd 19.3 A 
 6.5 4 de 20 abcd 12 bcd 25 abc 15.3 AB 
 Average 10.8 CD 20.5 AB 29 A 12.8 BCD 18.25 
Semi solid 5 9 cde 14 bcd 24 abc 3 e 12.5 AB 
(3.5 g/l) 5.5 4 de 11 bcd 8 cde 7 cde 7.5 B 
 6 5 de 25 abc 14 bcd 3 e 11.8 AB 
 6.5 3 e 25 abc 8 cde 15 bcd 12.8 AB 
 Average 5.3 D 18.75 AB 13.5 BC 7 CD 11.15 
Solid 5 10 bcd 15 bcd 26 abc 6 cde 14.3 AB 
(7.0 g/l) 5.5 3 e 14 bcd 24 abc 7 cde 12 AB 
 6 7 cde 11 bcd 6 cde 14 bcd 9.5 AB 
 6.5 12 bcd 7 cde 7 cde 6 cde 8 B 
 Average  8 CD 11.8 BCD 15.75 BC 8.3 CD  10.96 
 Grand aver 8.03 17.01 19.41 9.36 13.45 
 

Means of each rooting parameter followed by small letters and overall average followed by capital letters were not significantly different at p 
≤ 0.05 according to Duncan Multiple 5ange Test.  
NS. (Not significant). 
 

DISCUSSION 
 
3revious reported studies of in vitro rooting 
assessed the rooting treatment based on one 
parameter, rooting percentage (Bhatia & 
Ashwath, 2000), root number (Danso et al., 
2008). In some cases two parameters, root 
number and length (Almobasher, 2016; 
Aydieh et al., 2000; Khatun et al., 1997) and 
in few cases three parameters: rooting per-
centage, root number and length (Amin et al., 
2005; Soneji et al., 2002) were used for as-
sessment of rooting treatments. Results (Ta-
ble, 2) showed that assessment of rooting 
treatment based on one or two parameters 
could not be claimed as best rooting treat-
ment. Different combinations of sucrose, pH 
and medium state could be recommended 
based in which parameter was used for as-
sessment of treatments. Out of 48 combina-
tions, seven resulted in 100 % rooting, five in 
tallest plantlets (65 to 71 mm), five in highest 
root number (10 – 11 roots) and two in long-
est roots (37, 39 mm). Not only at any fixed 
pH and medium state, different rooting pa-
rameters have different optimal sucrose en-
richment and each single rooting parameter 
could have several optimum combinations of 
pH, medium state and sucrose enrichment but  

 
also combination which optimum for one pa-
rameter could suppress or promote another 
one, two or three rooting parameter. Two 
combinations (liquid enriched with sucrose at 
10 g/l, pH 6.0; sucrose at 20 g/l, pH 6.5) was 
optimal for rooting percentage (100 %) and 
plantlet height (68 and 70 mm) but sup-
pressed root number from 11 to 5 and 6 roots 
and root length from 39 to 16 and 20 mm re-
spectively. Other two combinations (liquid 
enriched with sucrose at 20 g/l pH 5.0 and 
sucrose at 30 g/l, pH 5.5) was optimum for 
rooting percentage (100 and 96 %) and root 
number (10 and 11 roots) but suppressed the 
plantlet height from 70 to 56 and 60 mm and 
root length from 39 to 24 and 28 mm respec-
tively. Semi sold medium enriched with su-
crose at 20 g/l and adjusted to pH 6.5, su-
crose at 30 g/l and pH 5.0 and sucrose at 40 
g/l and pH 6.5 was optimum only for rooting 
percentage (100 %). Liquid medium enriched 
with sucrose at 20 g/l and adjusted to pH 6.0 
was optimum only for plantlet height (71 
mm). Liquid medium enriched with sucrose 
at 20 and 30 g/l and adjusted to pH 5.5 and 
solid medium enriched with sucrose at 30 g/l 
and adjusted to pH 5.0 was optimum only for 
root number (10 to11 roots). Liquid medium 
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enriched with sucrose at 30 g/l and adjusted 
to pH 6.0 was optimum only for root length 
(37 mm). 

Generally, in vitro rooting is done for propa-
gation purposes or physiological studies and 
best treatment should be judged based on pa-
rameters that serve the goals of propa-gators 
and physiologist. For propagation purposes 
selection of rooting treatment will be in favor 
of low cost and particular parameter quality 
which is very essential for higher survival of 
acclimatization. Assess-ment based on one 
parameter will be in favor of liquid over solid 
medium; lower over higher sucrose; shorter 
and fewer over longer and more roots for 
easy handling of acclimatization stage. If as-
sessment based on rooting percentage (100 
%) the cheapest combination was sucrose at 
10 g/l and pH 6.0  and if for tallest plantlets 
(70 mm) the cheapest was also liquid medium 
enriched with sucrose at 10 and pH 6.0. For 
highest roots number (10 roots), the cheapest 
one was liquid medium enriched with 20 g/l 
and adjusted to pH 5.0 and 5.5. Two treat-
ments resulted in longest roots, 39 and 37 
mm. (liquid enriched with sucrose at 30 g/l 
adjusted to pH 5.0 and pH 6.0) and both were 
of equal cost (equal sucrose enrichment).  If, 
more than one parameters included for as-
sessment of rooting treatments, the choice 
will be compromise between possible best 
response of both parameters and low cost of 
the treatment. For both of rooting percentage 
(100 %) and plantlet height (70 mm), the best 
conciliation for both parameters, and low cost 
would be liquid medium enriched with su-
crose at 10 g/l and adjusted to pH 6.0. For 
rooting percentage (100 %) and root number 
(10 roots), the best compromise between best 
results and low cost would be liquid medium 
enriched with sucrose at 20 g/l and adjusted 
to pH 5.0.  None of the combinations was 
best for three and only one combination (liq-
uid medium enriched with sucrose at 30 g/l 
and adjusted to pH 5.0) was the best com-
promise for all of four rooting parameters 
(100 % rooting, 66 mm tall plantlets, 11 

roots, 39 mm long). It is clear that in liquid 
medium, simple manipulation of medium pH 
could reduce the optimum sucrose from 30 
g/l to 20 g/l by adjusting the medium to pH 
6.5 and even to 10 g/l by adjusting to pH 6.0. 
Obtaining 100 % of rooting and 70  mm tall 
plantlets with 5 roots each 16  mm long in 
liquid medium enriched with sucrose at 10 g/l 
by adjusting the medium to pH 6.0 is very 
important approach for reduction of in vitro 
rooting cost. It is simpler and easier approach 
than using of cheap sucrose alternative at 
fixed pH of 5.7 as mean of cost reduction in 
micropro-pagation of pineapple (Dutta et al., 
2013; Mengesha et al., 2021; Nelson et al., 
2015), banana (Kodym & Zapata-Arias, 
2001) and several plant species 
(Gangopadhyay et al., 2002).  

Future investigation of combinations of low 
concentration range of 5 to 20 g/l of cheap 
sucrose alternative and wider pH range of 3.5 
to 8.0 may lead to optimum sucrose enrich-
ment lower than 10 g/l, and substantial reduc-
tion in cost of rooting medium and worth be-
ing tested. Since cost of rooting (Hamad, 
2019) is expected to be about three times cost 
of multiplication (Hamad, 2017a and b) any 
effort for minimizing the cost of rooting will 
be very important for reduction of total cost 
of micropropagation. In large scale produc-
tion any small reduction of sucrose enrich-
ment per liter of medium could be turning 
point for commercially feasible micropropa-
gation system.  

In most of in vitro rooting studies the relation 
between the rooting parameter and survival 
during acclimatization was not tested. A little 
attention was paid to determine which rooting 
parameter is more important than the others 
for survival, and what are the lower limit of 
the parameter required for survival. Never-
theless, (Escalona et al., 1999) reported that 
the survival percentage of ex vitro acclima-
tized rootless shoots increased from 20 to 100 
% as the size of the shoots increased from 20 
to 80 mm long (Be & Debergh, 2006; Dal 
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Vesco et al., 2001; DeWald et al., 1988; Ko 
et al., 2006; Soneji et al., 2002) respectively 
reported that over 90 % of 35, 50, 60, 70 and 
80 mm tall plantlets survived acclimatization 
stage. For pineapple, plantlet height is proba-
bly more crucial for acclimatization survival. 
However, the effect of different rooting 
treatment on the plantlet height was rarely 
reported (Hamad, 2019; (Be & Debergh, 
2006; Hamad et al., 2013; Hassan et al., 
2018), and was not tested as factor for sur-
vival of acclimatization stage. For better se-
lection of treatments and proper micropropa-
gation system, rooting and acclimatization 
treatments should be evaluated in connection 
with each other. After rooting stage the plant-
lets should be separated into groups accord-
ing to root number, root length and plantlet 
height before being subject to acclimatization 
treatments. Assessment of rooting. Treat-
ments should not only base on comparison of 
parameters, but in which rooting treatment 
and which rooting parameter resulted in 
highest acclimatization survival. Selection of 
best rooting treatment should be based on 
particular parameter with specific quality, 
which result in highest survival than the other 
parameters.  

Medium pH adjustment determined the opti-
mum sucrose enrichment for each rooting pa-
rameter on different medium states (Table, 2) 
and could switch the nature of sucrose and 
medium state interaction from enhancing to 
retarding rooting responses. In all medium 
states (liquid, semi solid and solid) in which 
the pH was adjusted to 5.0 and 5.5, the opti-
mum sucrose for rooting %, root number, 
root length and plantlet height was 30 g/l. 
However, if the medium pH was adjusted to 
6.0, the optimum sucrose for rooting respons-
es in solid and semi solid was 20 g/l, while in 
liquid medium the optimum sucrose was 10 
g/l. If the medium pH adjusted to 6.5, the op-
timum sucrose for rooting response in liquid 
and semi solid was 20 g/l, while in solid me-
dium was 10 g/l. Adjustment of semi solid 
medium pH to (5.0 and 6.0) and enrichment 

with low (10 g/l) and high sucrose (40 g/l) 
promoted rooting percentage but retarded 
root number while in liquid medium im-
proved both process of rooting % and root 
number. Solid medium, on the contrary, sup-
pressed root number if enriched with sucrose 
at 10 and 40 g/l and suppressed rooting per-
centage but improved root number if enriched 
with sucrose at 20 and 30 g/l. Semi solid, on 
the other hand, improved both process of 
rooting percentage and root number. All 
shoots in liquid medium enriched with su-
crose at 10 g/l and adjusted to pH 6.0 and su-
crose at 30 g/l and adjusted to pH 5.0 rooted 
(100 %) and developed into 66 and 70 mm 
tall plantlets. However, the second treatment 
resulted in two times (11 roots) more and 
longer (39  mm) roots than the first treatment 
(5 roots, 16 mm). Shoots cultured in liquid 
medium enriched with sucrose at 20 g/l and 
adjusted to pH 6.0, and in medium enriched 
with sucrose at 10 g/l and adjusted to pH 5.5 
developed in taller plantlets (71 and 61 mm) 
but these treatments failed to induce more 
than 45 % rooting. Being seven combinations 
resulted in 100 % rooting but in different  
number and  length  root, implied that root 
initials might have been formed in all of the-
se combinations, but its growth arrested un-
der some combinations of sucrose and pH 
and promoted under others. Low and high 
sucrose did not support root development. 
Histological study of apple in vitro rooting 
showed that initiation of root initials depend-
ed on IBA while development and growth of 
roots depended on sucrose enrichment 
(Harbage et al., 1993).  

At fixed sucrose of 10, 20 and 30 g/l, increas-
ing pH up to 6.5 decreased rooting percent-
age. while at fixed pH of 5.0, 5.5, 6.0 and 6.5 
increasing sucrose enrichment up to 30 g/l 
increased rooting percentage. However, on 
the contrary at fixed sucrose of 40 g/l in-
creasing medium pH up to 6.5 cause an in-
crease of rooting percentage. This indicated 
that higher sucrose enrichment suppressed 
rooting and that suppression could be allevi-
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ated by increasing medium pH. Increasing of 
rooting in medium enriched with sucrose at 
40 g/l by increasing the medium pH indicated 
that the pH interference kept sucrose accessi-
bility and /or absorbed amount of sucrose be-
low the limit that retard root initiation and 
development. Statistical analysis (Table 1) 
showed that sucrose had independent signifi-
cant effect on rooting percentage and inter-
acted significantly with pH, while pH did not 
had significant independent effect on rooting 
percentage. Medium state, on other hand, nei-
ther had independent effect nor interacted 
with sucrose or with pH. Root number and 
root length, on the other hand, was under in-
dependent effect of both sucrose and medium 
state and interaction of sucrose with pH and 
sucrose with medium state.  

On the same time, all of the three parameters 
was not effected by pH and interaction of pH 
with medium state but all of the three rooting 
parameters (rooting %, root number and root 
length) was under collective significant inter-
action of the three factors (sucrose medium 
state and pH). This indicated that the collec-
tive interaction occurred in two steps: First, 
the sucrose interacted with pH to produce an 
intermediate product or condition that trigger 
initiation process of root premordia (signifi-
cant effect in rooting percentage). Second, 
medium state interacted with the product or 
condition resulted from sucrose pH interac-
tion and facilitate root growth and develop-
ment. Neither the effect of medium state 
alone nor the interaction of medium state 
with sucrose or pH on the rooting percentage 
was significant (Table, 1) Medium states. did 
not effects the process of root premordia ini-
tiation, but facilitated root growth and pene-
tration of internal tissues of the shoots. Once 
emerged, the root elongation in liquid was 
faster than in solid media. The importance of 
medium pH for in vitro rooting is not under-
stood yet. The effect varied among different 
plants and media. Lowering of pH from 5.7 
to 4.7 reduced the rooting percentage of 
Geraldton wax from 63 to 20 % (3age & 

Visser, 1989), while lowering the pH from 
5.7 to 4.0 increased the rooting percentage of 
Australian woody plants from 28 to 100 % 
(Williams et al., 1985).  In a solid :3M me-
dium enriched with sucrose at 30 g/l, lower-
ing the pH from 5.7 to 3.5 decreased the root-
ing of Choisya ternata  by up to 60 %  and 
Delphinium by 15 % (Leifert et al., 1992). At 
fixed concentration of sucrose (30 g/l), using 
of solid and liquid MS medium and adjusting 
the pH to range of 4.2 up to 6.2 did not affect 
the rooting percentage of Maranta leuconeu-
ra cv Kerchoviana (Bennett et al., 2003; 
Ebrahim & Ibrahim, 2000) reported that the 
lower rooting percentage (62 %) and few 
roots (4 roots) of Eucalyptus glabulus were 
mainly due to presence of NHNO. In medium 
devoid of NHNO, rooting increased to 94% 
and roots to 7 roots per shoot over pH range 
of 4.0 to 6.0. (Harbage et al., 1993) noticed 
that the optimal pH for root formation of Ga-
la apple varied at different concentration of 
IBA. Increasing the sucrose concentration 
shifted the in vitro rooting dose-response 
curve of Jork 9 apple to auxin to the right 
(Calamar & De Klerk, 2002). Our results in-
dicated that for in vitro rooting of pineapple, 
the rooting dose response curve to sucrose 
could be shifted by medium pH and the su-
crose concentration could be minimized by 
adjusting the medium to proper pH. 
 
Most of the reported rooting studies used ei-
ther solid or liquid medium at full or half 
strength at fixed sucrose of 30 g/l and pH 5.7 
and recommended different concentration and 
combination of rooting hormones. For as-
sessment of rooting treatments some used on-
ly one parameter and others used two or three 
rooting parameters and come up with differ-
ent recommendations for in vitro rooting de-
pending in which parameter was used for as-
sessment and which factors was included in 
testing of rooting. In this study, liquid medi-
um enriched with sucrose at 30 g/l and ad-
justed to pH 5.0 was optimum for all rooting 
parameters, (100 % rooting, 66 mm tall plant-
let with11 roots per shoot each 39 mm long. 
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However, none of the treatments recom-
mended in previous studies or in this study 
could be adopted as a universal treatment for 
rooting unless the cost of rooting kept at its 
lowest. The crucial rooting parameter for 
survival of acclimatization identified, and the 
mode of the factor effect on each of the three 
physiological steps of rooting elucidated. Fu-
ture studies of in vitro rooting should focus in 
determining the relation between rooting pa-
rameters and percentage of survival during 
acclimatization. The two stages should be 
studied in connection with each other. De-
termining of optimum combination for each 
single rooting parameter as done in this study 
will help in selection of the most proper 
treatment and best timing for histological, 
physiological and biochemical study of root 
formation steps.  
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وتركیـــز )، 6.5و 6.0 ،5.5 ،5.0( ودرجـــة الحموضـــةصـــلب وشـــبƌ الصـــلب)،  ســـائل،تـــم بحـــث تـــōثیر حالـــة الوســـط ( المسºººتخلص:
 على) یحتوي MSوسكو¬ (تجذیر عزلات أناناس مزروعة في وسط موریشیوس،  على/ لتر)  جرام 40و 30،  20، 10( السكروز

طبقـــا للمتوســـط العـــام لكـــل تركیـــزات الســـكروز، ودرجـــات  لتـــر.رام / مللـــي جـــ 0.5) بتركیـــز IBA(هرمـــون حمـــض انـــدول بیـــوتیرك 
حموضة الوسط، والمتوسـط عنـد كـل تولیفـة متسـاویة المحتـوى مـن السـكروز، ودرجـة الحموضـة فـŐن الوسـط السـائل كـان أفضـل مـن 

 ƌعمال الوسـط السـائل تـم الحصـول علیهـا باسـت ملـم) 71 – 66أقصـي طـول للنبیتـات الناتجـة ( الصلب.الوسط الصلب، والوسط شب
جـــرام / لتـــر ودرجـــة  20والوســـط الســـائل المحتـــوي علـــى ســـكروز  ،6.0حموضـــة جـــرام / لتـــر، ودرجـــة  10ســـكروز  علـــىالمحتـــوي 
كـل مـن هـذه التولیفـات السـابقة الـذكر مـا عـدا تولیفـة  .5.0جرام / لتر، ودرجـة حموضـة  30على سكروز  ، والمحتوي6.5حموضة 
حموضـة جـرام، ودرجـة  30تولیفـة سـكروز  �). 100أدت إلى تجذیر كـل العـزلات ( 6.0حموضة  جرام / لتر، ودرجة 20سكروز 

ملم) مقارنة بالتولیفات الأخرى، والتـي  29ضاعفت عدد الجذور مرتین (أحد عشر جذرا بالعزلة)، وطول الجذور ثلاث مرات ( 5.0
لتجــذیر لــƌ متطلبـات مثالیــة مــن تولیفـة خاصــة مــن كــل مقیـاس مــن مقـاییس ا ملــم. 11أدت إلـى تكــوین خمسـة جــذور بمتوســط طـول 

لكــل مقیــاس مــن مقــاییس التجــذیر  ¢خــر.الســكروز، ودرجــة الحموضــة، وحالــة الوســط، وتختلــف مــن مقیــاس تجــذیر، ومقیــاس تجــذیر 
جرام /  10إلى  وحتى 20إلى  30توجد درجة حموضة أكثر ملاءمة من غیرها، والتي تؤدي لخفض تركیز السكروز المطلوب من 

  لهذا فŐن اختیار درجة حموضة وسط التجذیر تعتبر مدخلا مهما لخفض تكلفة التجذیر.  لتر.

 . الأناناس التجذیر، السكروز، الحموضة،درجة  الوسط،حالة  :المفتاحیةالكلمات 

mailto:abdelhamidhamad@gmail.com
https://doi.org/10.54172/mjsc.v36i2.54


Al-Mukhtar Journal of Sciences 36 (2): 148-152, 2021 

 
*Corresponding Author: Mohamed Thabet Ali kwafi65@yahoo.com , Department of Pediatrics, Faculty of Medicine Omar Al-Mukhtar University, 
Albaida – Libya  

148 

 
The Incidence of Isolated Ventricular Septal Defect in Libyan Newborns 

Mohamed Thabet Ali *and Faiza Mohamed Ali  

Department of Pediatrics, Faculty of Medicine Omar Al-Mukhtar University, Al-Bayda – Libya  
 

Received: 01 March 2021/ Accepted: 28 April 2021 
Doi: https://doi.org/10.54172/mjsc.v36i2.59 

Abstract: This study aimed to evaluate the incidence and spontaneous closure of ventricular septal 
defects in a randomly selected newborn population, using color Doppler echocardiographic screen-
ing. Color flow Doppler echocardiographic screening was performed in 635 neonates within the 
first week of life. Patients with a ventricular septal defect were also followed up for 6 months to 
detect spontaneous closure rate and its timing. The incidences of a ventricular septal defect in all 
neonates, preterm neonates, and term neonates were found as 48.8/1,000, 64/1,000, and 48.1/1,000 
live births, respectively. Only three patients were symptomatic. 21 cases had a muscular ventricular 
septal defect and 10 cases had a perimembranous ventricular septal defect. Most of them had a 
small ventricular septal defect (≤3 mm). Spontaneous closure was observed in 64.5� of ventricular 
septal defects within 6 months Closure rate was found as �0� for preterm infants and 66.�� for 
term infants (p>0.05). The incidence of a ventricular septal defect was considerably high in neo-
nates when routine color flow Doppler echocardiographic examination was performed. Despite the 
increased incidence of ventricular septal defect, spontaneous closure rate was remarkably high 
within the first 6 months of life. These defects may result from delayed physiologic development 
and have a good prognosis. 

 
Keywords:  Echocardiography, Newborn, Ventricular Septal Defect, Incidence 

INTRODUCTION 

A ventricular septal defect is the most common 
form of CHD and accounts for 15� to 20� of 
all such defects, not including those occurring 
as part of cyanotic CHDs. The defects vary in 
size, ranging from tiny defects without hemo-
dynamic significance to large defects with ac-
companying CHF and pulmonary hypertension 
(Park, 2014). After using color Doppler echo-
cardiography, the incidence of ventricular sep-
tal defects (9SDs) has been reported in some 
studies to be higher than 7/1000 live birth 
(Hiraishi et al., 1992). In some of these studies, 
the incidence of muscular 9SD was e[amined 
in full-term (Roguin et al., 1995) or preterm 
neonates (Du et al., 1996) and neonates having 
a low risk for the development of 9SD (Sands 
et al., 1999). They concluded that the incidence 
of 9SD might have been underestimated in the 

past. The increasing preterm delivery, envi-
ronmental factors, or better echocardiographic 
imaging due to evolving technology may be 
responsible for the increase in the reported in-
cidence of 9SD. Data regarding the epidemiol-
ogy of 9SD is very limited and depends on a 
few epidemiological studies (Clark, 2001).  
 
Thus, this study was designed to evaluate the 
incidence of 9SD in a randomly selected pre-
term and full-term newborn population, using 
color Doppler echocardiographic screening. 
Also, the study intended to follow-up patients 
with 9SD for a year to detect the rate and tim-
ing of spontaneous closure. 

MATERIALS AND METHODS 

All live newborns delivered in the Obstetrics 
Department of Albayda Hospital and kept in 
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the nursery for more than one day in the period 
from April 2018 to December 2018 were in-
cluded in the study group. Parental consents 
were obtained from the parents of each neo-
nate. A detailed history of the neonates, par-
ents, and family members was taken by inter-
viewing the parents. Clinical characteristics of 
cases with 9SD were compared with neonates 
without congenital heart defect (CHD). 635 
(320 M, 315 F) were included in the study. 
There were 540 (�5�) full-term and 77(12.1�) 
preterm (gestational age<37 weeks) infants. 
Their gestational ages ranged from 30 to 42 
weeks Echocardiographic studies were per-
formed in all neonates within the first week in 
the Department of Pediatric in Albayda Hospi-
tal. Complete trans-thoracic two-dimensional, 
M-mode, continuous wave and pulsed wave 
Doppler and color Doppler echocardiographic 
examinations were performed in all cases fol-
lowed by a thorough physical examination. 
Echocardiographic examination was performed 
using Toshiba Xario cardiac imager.  

The diagnosis of a 9SD was established based 
on the presence of a mosaic image passing an-
ywhere through the ventricular septum from 
the left ventricle to the right ventricle, and a 
turbulent systolic flow jet recorded on the right 
surface of the 9SD by pulsed or continuous 
wave Doppler. The diameter of 9SD in two-
dimensional and/or color flow mapping was 
measured in all planes and the largest diameter 
of 9SD was recorded. $pical four-chamber, 
parasternal long- and short-axis, and subcostal 
positions were used to image the defect. The 
defects were classified according to previously 
defined criteria (Snider et al., 1���). Infants 
who had associated complex structural cardio-
vascular defects were excluded from the isolat-
ed 9SD group in neonates with 9SD, echocar-
diography was repeated at the 1st, 3rd, 6th 
months of age or until the spontaneous closure 
of the 9SD was confirmed. The chi-square test 
was used to compare the differences where ap-
propriate. A p value less than 0.05 was consid-
ered statistically significant. 

RESULTS 

A ventricular septal defect was found in 31 of 
635 neonates, at an incidence of 48.8 in 1,000 
live births. 26 of them were full-term and 5 
were preterm infants. The incidences of 9SD 
in full-term and preterm neonates were 48.1 in 
1,000 live births (26/540 cases) and 64 in 1,000 
live births (5/77 cases), respectively. There was 
no statistical difference in the incidence of 
9SD between full-term and preterm infants 
(p=0.52). By echocardiographic screening, oth-
er CHDs were identified in 27 neonates. Atrial 
septal defect, bicuspid aortic valve, and patent 
ductus arteriosus were detected in 13, and 7 
cases, respectively. 

 Tetralogy of Fallot (3 cases), Transposition of 
great arteries (2 cases), Double outlet right ven-
tricle (1 case), single ventricle (1 case) were 
also identified. In this study, the first echocar-
diographic examination of babies was per-
formed within the first week after birth. Patent 
ductus arteriosus was also detected in 213 ba-
bies within the first week after birth. At the end 
of the first year of life, it was observed that pa-
tent ductus arteriosus persisted in only 7 of 
them. Gestational age, birth weight, and sex 
distribution of cases with 9SD were not differ-
ent from neonates without CHD (Table 1). By 
echocardiography, 21cases (6�.��) had a mus-
cular 9SD (14 located at the apical region, � 
located at the mid-muscular region and 10 cas-
es (32/2�) had perimembranous 9SD. 25 cases 
had single and 6 cases (1�.3 �) had 2 9SDs. 
Thus, 37 9SDs were detected in 31 neonates. 
Defect sizes ranged from 1 to 7 mm in diameter 
9SDs detected in preterm neonates were all 
small-sized and located in the muscular region. 
Only � of 3� 9SDs were detected by using 
two- dimensional imaging solely. However, all 
defects were easily recognized after using color 
Doppler echocardiographic imaging.  2 cases 
did not present for follow-up examinations af-
ter the first visit. The remaining 29 cases with 
9SD were followed up during 6 months. 9 of 
them had a peri-membranous and 20 of them 
had a muscular 9SD. 6 of them had 2 9SDs. 
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Except for 3; all had small-sized 9SD. Sponta-
neous closure was recorded in 20 of 31 (64.5�) 
of 9SDs. 
 
Table: (1) Clinical Characteristics of Neonates with 
9entricular Septal Defect  

Neonates without 
ventricular 

heart defect (n= 604) 

neonates with 
ventricular 

septal 
defect(n=31)  

p value No. of 
cases(�) 

No. of 
cases(�) 

0.5 38.2±1.9  38.3 ± 1.8 Gestational 
age (weeks) 

0.11 0.80 1.31 Se[ 
(female/male) 

0. 66 3150 
±550 3125 ± 540 Birth weight 

(gram) 

0.8 28.3 ± 5 28.7± 4 Maternal age 
(year) 

 

Figure: (1). 9entricular Septal Defect Location  

 
 

Figure: (2). Spontenous closure in first 6 months of life 
DISCUSSION 

The incidence of 9SD in term newborn infants 
varies from 20.4 to 53.2/1,000 live births 
(Sands et al., 1���) Like these studies, it was 
observed that the incidence of 9SD was con-

siderably high in full-term infants when routine 
color flow Doppler echocardiographic exami-
nation was performed. Du reported that the 
prevalence of muscular 9SD in preterm infants 
was 56.6/ 1,000 live births (Du et al., 1996), in 
this work, the incidence of 9SD in all neonates 
and full-term neonates was similar to rates in 
Sands and 5oguin studies. The incidence of 
9SD in preterm infants in the current study 
was also higher than the rate reported by Du 
(Du et al., 1996). In the current study, the inci-
dence of 9SD in full-term and preterm new-
borns was not found to be statistically different. 
Therefore, in contrast to previous thought, it 
could not be shown that increasing preterm de-
livery was responsible for the increasing inci-
dence of 9SD. &olor flow Doppler echocardi-
ographic screening is the most reliable method 
for assessing true incidences of 9SD and de-
tects neonates with 9SD even in cases without 
murmur. 

CONCLUSION 
It was concluded in this study that 64.5� of 
cases closed spontaneously within six months 
of life. If newborns were preselected by physi-
cal examination for echocardiographic exami-
nation, the incidence of 9SD would have been 
lower than what was determined. Major factors 
influencing the spontaneous closure rate of 
9SDs are the patient¶s age at the first e[amina-
tion, localization, and size of the defects. By 
color flow Doppler echocardiography, Closure 
was seen in �6.5� of muscular 9SDs. These 
results were similar to those of (Du et al., 1998; 
Miyake et al., 2004)¶s studies. The other 13.5� 
were not closed at the time of this study and 
followed beyond that time. The current study 
also could not show a difference in spontane-
ous closure rate of 9SD between full-term and 
preterm neonates, as in (Roguin et al., 1995)¶s 
study. The current study showed that the inci-
dence of 9SD was considerably high in full-
term and preterm neonates when routine color 
flow Doppler echocardiographic examination 
was performed. Despite the increased incidence 
of 9SD, most patients¶ 9SD was clinically in-
significant and the spontaneous closure rate 
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was remarkably high within the first six months 
of life. Thus, this study concludes that these 
defects may be the consequence of delayed 
physiological development and have a fairly 
good prognosis. Indeed, since the majority of 
tiny 9SDs may either close spontaneously or 
never cause medical problems, patients with 
small 9SD do not need specialized cardiologic 
care (Hoffman & Kaplan, 2002). The current 
study also conclude that routine echocardio-
graphic screening in all neonates without clini-
cal findings is not necessary, except in neo-
nates with a familial history of CHD or having 
well-defined risk factors. 
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طفال اللیبیین حدیثƑ الوƙد¨ƀ§ الجدار البطیƑƈ المتفرد فƑ اƈƕسبة حدوª ث  
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والإغـلاق التلقـائي لعیـوب الحـاجز البطینـي فـي  ،تقیـیم معـدل حـدوث عیـوب الحـاجز البطینـي إلـىهذه الدراسـة  تدفهالمستخلص : 
حــدیثي الــولادة تــم اختیــاره عشــوائیًا باســتخدام فحــص صــدى القلــب دوبلــر الملــون. تــم إجــراء فحــص تخطــیط صــدى القلــب دوبلــر  فئــة

شـهور للكشـف  6متابعة مرضى عیب الحـاجز البطینـي لمـدة وتمت  من العمر.سبو¹ الأول مولودًا خلال الأ 635لتدفق اللون على 
الناضجین  موالیدوال ،والخد¬ ،موالیدوتوقیتƌ. تم العثور على حالات عیب الحاجز البطیني في جمیع ال ،عن معدل الإغلاق التلقائي

مـن الأعـراض. یعـانون مرضى فقـط كـانوا  ولادة حیة على التوالي. ثلاثة 1000/  48.1و  64/1000و  1000/  48.8على أنها 
حالات بها عیب في الحاجز البطیني حول الغشاء. كان لدى معظمهم عیـب صـغیر فـي الحـاجز  10حالة بها عیب عضلي و  21

أشـهر تـم العثـور علـى معـدل الإغـلاق  6٪ مـن عیـوب الحـاجز البطینـي خـلال 64.5مـم). لـوحظ الإغـلاق التلقـائي فـي  3البطیني (
) كـان معـدل حـدوث عیـب الحـاجز البطینـي مرتفعًـا بشـكل كبیـر عنـد P > 0.05الناضـجین (٪ للرضع 66.8و  ،٪ للخد¬80بنسبة 

عنـد إجـراء فحـص صـدى القلـب بتـدفق دوبلـر اللـوني الروتینـي. علـى الـرغم مـن زیـادة حـدوث عیـب الحـاجز البطینـي ، كـان  موالیدال
مـــر. قـــد تـــنجم هـــذه العیـــوب عـــن تـــōخر التطـــور معـــدل الإغـــلاق التلقـــائي مرتفعًـــا بشـــكل ملحـــوظ خـــلال الســـتة شـــهور الأولـــى مـــن الع

 .ة للمستقبلجید اتوتوقع ،ویكون لها تشخیص ،الفسیولوجي
 

 .الولادة ، عیب الحاجز البطیني ، معدل الإصابة يثیتخطیط صدى القلب ، حد:  الكلمات المفتاحیة
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Abstract: This study investigated the interaction of poultry breeds x environment under Libyan 
conditions and compared with that under a temperate zone for a seven-week bodyweight. Data were 
collected from the weekly records during the rearing period for three grandparent breeds Hypeco, 
Avian, and Shaver, at Ghotsultan and Tawargha from 1986 to 2001. Traits studied were daily feed 
consumption, cumulative feed consumption, body weight, feed consumption ratio, and mortality. 
The model used to analyze the data for the rearing period was included: overall mean, the effects of 
location, breeds within the year, the flock, seasons, and the age.  Breeds x seasons and breeds x lo-
cations interaction were found in weight at seven weeks of age. Avian showed consistent perfor-
mance under both hot and cold seasons for seven weeks bodyweight (1308.3-1304.4g), while 
Hypeco and Shaver perform well under cold seasons but not in hot seasons in Libya.  Hypeco and 
Avian perform less under Libyan conditions compared to temperate zone conditions, whereas Shav-
er performs a little better under Libyan conditions.  In addition, Hypeco had lower mortality, which 
was about 2.84%, compared with Avian 3.0%, and Shaver, which was 4.38% during the rearing pe-
riod. This study could conclude that the performance of grandparent breeds under Libyan conditions 
was affected by weather and management.   
 

Keywords: Genotype; Poultry breeds; Interaction; Body weight; Libyan conditions. 
 

INTRODUCTION 

Local chicken production in Libya is regard-
ed as low production because they were pro-
duced only in small scale (family) farms and 
lacked regular health control programs, un-
improved housing, and scavenging to meet 
the nutritional needs. Nevertheless, local 
chickens are a significant protein source for 
consumers and a substantial source of income 
for poultry keepers with steadily increasing 
poultry produce. Environment change and 
animal production are related, and the effects 
of environmental change on livestock and 
poultry production are apparent worldwide 
(Mengesha, 2011).  

Poultry growth performance is not only in-
herited, but it is also greatly affected by the 

environment (Babinszky et al., 2011). The 
increasing indication for G × E interactions in 
recent broilers and various suboptimal condi-
tions confirm the need for breeding programs 
to improve performance under particular 
stressful environments (Pakdel et al., 2005). 
One of the primary reasons for low produc-
tion in the hot tropical climate is heat stress. 
In poultry production, broiler growth and 
meat yield have been strongly and negatively 
affected by high ambient temperatures 
(Ahaotu et al., 2019; Okonkwo and Ahaotu, 
2019). It appears that broiler stocks reared for 
a high growth rate and meat yield in optimal 
environments cannot entirely express their 
genetic potential when bred in hot climates 
unless their selection programs include 
breeding for heat tolerance (Adeyinka et al. , 
2006). 
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 Due to the low performance of the local 
breed, many projects were established by the 
Libyan government to cover the increasing 
demand for broiler meat. These projects used 
standard broiler parents, selected for temper-
ate climates, whereas Libyan weather is hot, 
dry, and humid during summer, moderate- 
warm in winter with some variations between 
different locations. The use of standard broil-
er grandparents in hot climates may respond 
differently to different climate and manage-
ment conditions. Therefore the objective of 
this study was to test the interaction of three 
imported breeds with location and season ud-
der Libyan conditions and compared with 
that under the temperate zone for seven-week 
body weight.  

MATERIALS AND METHODS 

Location : The study was conducted in two 
different climatic zones: in Libya, which is 
characterized by a subtropical climate and two 
projects (Ghot-Al-Sultan and Tawargha) were 
selected to be investigated in Libya, and in a 
temperate zone which is characterized by rela-
tively moderate mean yearly temperatures, with 
average monthly temperatures above 10°C in 
their warmest months and above í3�& in their 
colder months (Trewartha and Horn, 1980). 
Most areas with a temperate climate present 
four seasons, and temperatures can cause varia-
tion considerably between summer and winter 
(McColl, 2005). Ghot-Al-sultan is located on 
the east side of Libya on the width line 32 and 
longitude line 21. The temperature range from 
6 to 1� &Û and 1� to 33 &Û in winter and sum-
mer respectively. Tawargha is located on the 
west side, on the width line 32 and longitude 
line 15. The range of temperature ranges from 
� to 1� &Û winter and 1�.5� to 2�.24 &Û in 
summer.  

Data: Three breeds were used in the two pro-
jects simultaneously, Hypeco from 1986 to 
1991, Avian from 1993 to 1996, and Shaver 
from 1998 to 2001. Every breed had 12 flocks 
in each project. Every species had Male Lines 

(A and B) and female lines (C and D). 
Data were collected from the weekly records 
for several birds for each breed during rearing, 
as shown in Table 1.    
Table (1): Total number of birds in each breed during 
rearing. 

 Ghot-Al sultan Tawargha 

Hypeco 16590 16734 

Avian 14103 12561 

Shaver 15633 16699 

 

In this study, the hen housing system is a Non-
cage system floor system. The area was divided 
into floor space, feed space, water space, and 
nests. The feed program consists of (corn 
54.1% - soybean meal 19.3% - limestone (Big) 
5.34% - Limestone(small) 3.56% - Wheat Barn 
16% - DCP 0.9% - Salt 0.3% - Lysine 0.05 – 
Methionine 0.1%). One-day chick provided 24-
hour light and then decreased gradually to 
reach 8 hours light and 14 hours dark. By week 
18, pullets were subjected to the 2-hour im-
pulse to enhance sexual maturity. Under the 
brooders, the temperature was 35 Co. After-
wards, the temperature may slowly decrease to 
26 Co, and an average temperature in the house 
of 18 to 20 Co. To prevent dehydration of the 
chicks during the first week it is important to 
maintain a relative humidity of 70%. 

Traits studied: The traits studied were daily 
feed consumption (DFC), cumulative feed con-
sumption (CFC). 7 Week body weight, feed 
consumption ratio (FCR), and mortality. 
Statistical Analysis: To test breeds interaction 
with location and season for body weight at 
seven weeks, this model included year-season, 
breeds, and location. The following statistical 
model using Stat Soft  Inc  (2007): 
Yijkl = µ + Li+Sj-Yk+Bl /Sj-Yk+Bl *Li+ Bl * 
Sj-Yk +Eijkl 

Whereas: 

µ = overall mean, Li= the effect of ith location 
(fixed) i (i = Ghot-Al sultan, Tawargha), Sj -Yk 



Al-Mukhtar Journal of Sciences 36 (2): 160-166, 2021 
 

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
ISSN:  online 2617-2186           print 2617-2178 

162 

= the effect of Sjth -Ykth year (fixed)  Bl/Sj Blth 
= the effect of Blth breed / Sjth season-Yk th 
year, Bl *Li = the interaction between Blth with 
Lith location Bl * Sj-Yk = the interaction be-
tween Blth breed with the  Sjth season - Ykth 
year, Eijkl=the unexplained residuals. 

RESULTS 

There were significant (P<0.001) differences 
in bird daily feed intake between the breeds 
(Table.2). Hypeo breed had higher daily feed 
intake compared with other breed and had 
higher body weight (1569 g) than Avian 
(1501g) and Shaver (1533g). In contrast, 
Shaver had higher mortality (4.38 %) than 
Avian (3.0%) and Hypeco (2.84%) Table 2. 
Mean and standard error of feed traits, live 
body weight, and percentage of mortality for 
different breeds (P. Rearing Period). 

Interactions between breed and locations for 
the bodyweight at seven-week age are pre-
sented in figure (1). The avian breed had a 
higher body weight (1393.83g) in the Ghot AL 
sultan project than the Tawargha project 
(1252.3g). In contrast, Shaver had a lower 
body weight (1072.5g) in the Gout AL sultan 
project than the Tawargha project (1320.1g). 
In addition, Hypeco is quite similar in both 
locations.   

Interactions between seasons and breeds for 
the body weight at seven weeks age and sea-
sons are presented in figure (2). Shaver had a 
higher body weight (1274.6g) in cold seasons 
than in hot seasons (1106.3g). Hypeco had a 
higher body weight (1314.5g) in cold seasons 
than in hot seasons (1238.1g). In addition, 
Avian showed quite similar body weight dur-
ing all seasons. Interactions of breeds under 
Libyan and temperate zone for the body 
weight at seven weeks age are presented in 
figure (3). Shaver had a lower body weight 
(863g) (1196.05g), whereas Hypeco and Avi-
an had a higher body weight in the temperate 
zone (2350g) (2695g) than Libya (1263.7g) 
(1323.06g) respectively. 

Table (2): Feed consumptions and growth traits and 
mortality for breed during rearing Prevalence of Anti-
Brucella antibodies. 
 

 Hypeco Avian Shaver 
FBD (g) 
Mean±SD 79.7a±0.76 72.2b± 0.75 75.7c±0.82 
CFB (Kg) 
Mean±SD 3.90a±0.15 3.54b± 0.07 3.71c± 0.06 
Weight 
Mean±SD 1569a±19.8 1501b±18.7 1533c± 20.9 

FCR 2.48a±0.007  2.36b±0.003  2.42c±0.002  
Mortality
% 2.84a 3.0b 4.38 c 

N 1345 1352 1384 
Means within the same row with different letters are significantly dif-
ferent (3 ≤ 0.001) 

 
DISCUSSION 

There were significant interactions between 
breeds at seven weeks of body weight and sea-
sons (figure 2).  For seven weeks body weight 
of Avian and Hypeco breeds had more signifi-
cant nonlinear interaction with seasons, while 
the Shaver breed had linear interaction.  
 

 
Figure (1): Breed X locations interactions for body   
weight at seven weeks of age. 
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Figure (2): Breed X seasons interaction for body weight 
at seven weeks of age. 

Avian and Shaver breeds had linear interaction. 
Hypeco and Shave breeds had lower body 
weight in hot seasons than in cold seasons. This 
result was in agreement with the finding of 
(Yalcin et al., 1997b), who concluded that a 
reduced body weight and body weight gain of 
 

 

Figure (3): Evaluation of the performance of breeds 
under Libyan Conditions and temperate zone for seven 
week body weight.     

about 23% and 33.5%, respectively at seven 
weeks of commercial broilers might be due to 
the natural heat stress in summer. Also, (Liu et 
al., 2020) concluded the negative impacts of 
high temperature on broiler chickens regarding 

BWG, FI, FCR, and mortality.  The findings by 
(Aksit et al., 2006) also demonstrated a signifi-
cantly reduced body weight in broiler chickens 
at 4 to 7 weeks of age at 340C.  (Plavnik and 
Yahav, 1998) concluded that the bodyweight of 
chickens declined progressively with an in-
crease in temperature. Hypeco breed had a con-
stant body weight during all seasons. 

In contrast, the body weight of Shaver recorded 
had a little bit increased during hot seasons. 
This result was in agreement with the finding 
of (Molapo, 2011) who reported that the final 
body weights of chickens raised in summer 
were heavier than those in winter despite the 
feeding level. Also, (Akyuz, 2009) showed that 
rearing birds in summer could result in higher 
body weight gains than birds kept in winter 
though the differences were insignificant.  The 
reduced weight of birds in summer because  
had a low feed intake due to heat stress. The 
reason for variation can be attributed to the be-
haviour of chickens when responding to low 
temperature. The rationale would be that birds 
took more time huddled at an early age to gen-
erate heat instead of eating. Also, (Yalçin et al., 
1997a) reported that three broiler chicken lines, 
having similar performance in the fall (average 
temperature 18ºC), showed a significant differ-
ence in feed intake, BW gain, and FE in sum-
mer (average temperature 28ºC). Similarly, the 
genotypes of commercial broilers that gain 
more weight in the spring tend to gain less 
weight under the hot conditions of summer 
(Settar et al., 1999). Hence, the broilers’ geno-
type should be considered in broiler production 
in subtropical and temperate regions, especially 
given the increasing proportion of world broiler 
production in these regions.  

CONCLUSION 
The Libyan government has established many 
projects like (Ghot Al sultan and Tawergha) to 
improve the productivity of the local breed and 
cover the increasing demand for broiler meat. 
These projects used standard broiler parents 
(Hypeco, Avian, and Shaver breeds), which 
were selected from temperate climates. Where-
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as the Libyan climate is hot, dry, and humid 
during summer, moderate- warm in winter with 
variations between different locations. There-
fore, when importing breeds, it needs to con-
sider the interaction between breeds and the 
location. Furthermore, it essential to evaluate 
and compare the performance of Hypeco, Avi-
an, and Shaver breeds during the rearing period 
determining the most suitable breed under local 
conditions. Finally, the main conclusions of 
these experimental work should be presented.  
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 ،لظـروف اللیبیـةا تحت أسابیع سبعة مرعند لوزن الجسم ع البیئةو  سلالات الدواجن بین تفاعلال لبحثالدراسة  هدفتالمستخلص: 
و  Hypecoســـلالات أجـــداد  ســـبوعیة خـــلال فتـــرة التربیـــة لـــثلاثالمعتدلـــة. تـــم جمـــع البیانـــات مـــن الســـجلات الأ طقـــةالمنب ومقارنتهـــا
Avian  وShaver الصفات المدروسـة هـي اسـتهلاك العلـف وكانت . 2001إلى  1986من  وتاورغاء ،في مشرو¹ غوط السلطان

لتحلیل بیانات  الریاضيالنموذ¬ استخدام . تم نفوقالمعدل التراكمي، وزن الجسم، نسبة استهلاك العلف، و  الیومي، استهلاك العلف
فـي الـوزن  التفاعـل نتـائجال بینـتفترة التربیة: المتوسط العام، وتōثیرات الموقع، والسـلالات خـلال العـام، والقطیـع، والمواسـم، والعمـر. 

أداءً ثابتًــا فــي كــل مــن الموســمین  Avian ســلالة أســابیع. أظهــرت ســبعةمواقــع عنــد عمــر  ×المواســم والســلالات × بــین الســلالات 
جیدًا في المواسم كان  Shaverو Hypecoجم)، بینما أداء  1304.4-1308.3أسابیع من وزن الجسم ( سبعةوالبارد لمدة  ،الحار
أقـــل فـــي ظـــل الظـــروف اللیبیـــة مقارنـــةً بتلـــك  Avianو Hypecoفـــي المواســـم الحـــارة فـــي لیبیـــا. أداء  لـــم یكـــن كـــذلك ولكـــن ،البـــاردة

ـــة، بینمـــا تعمـــل  ـــك، ســـجلت  Shaverالظـــروف فـــي المنـــاطق المعتدل ـــیلاً فـــي الظـــروف اللیبیـــة. بالإضـــافة إلـــى ذل بشـــكل أفضـــل قل
Hypeco مقارنة مـع 2.84أقل بنسبة نفوق  معدل ٪Avian 3.0و ٪Shaver 4.38 أن أداء اسـتنتا٪ خـلال فتـرة التربیـة. یمكـن ¬

 والإدارة. ،تōثر بالطقستسلالات الأجداد في ظل الظروف اللیبیة 

  الظروف اللیبیة ،وزن الجسم ،التفاعل ،سلالات الدواجن ،النمط الوراثي: الكلمات المفتاحیة
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Abstract: The development of software projects consists of several stages, such as analysis and de-
sign. It also requires a set of skills that the software developer can use to work on the project, such 
as specifying the requirements and writing code. Developers usually search for source code on the 
internet for remix and reuse in software production. This paper aims to investigate the influence and 
effect of code retrieved from the web on programmers’ views, decisions, and skills. A questionnaire 
instrument was designed and distributed to programmers for their feedback. As a result, we were 
able to address some points and achieved a better understanding of the interaction between pro-
grammers and the code from the web, especially the code from programming forums such as Stack 
Over Flow.  

Keywords: Code Reuse; Source Code Search; Code Influence; Code Remix 

INTRODUCTION 

With a rising number of code forums and open 
source websites, the internet is considered to be 
a large repository of information regarding the 
source code of different programming 
languages available for every software 
developer. The amount of source code on the 
internet has increased dramatically because of 
the distribution of open-source repositories. 
Similarly, the term open source has become 
very commonplace in the past few years 
(Gabriel, 2005). The most important benefit of 
having open-source repositories, is that they 
form a rich source for software projects on the 
web that can be reused and redeveloped 
(Szyperski, 2004). For instance, GitHub.com, 
forge.net, and freshmeat.net host many software 
projects that support programmer participation 
and sharing knowledge. An alternative way of 
finding source code is through the use of 
general- purpose search engines such as Google 
and Yahoo as programmers are accustomed to 
such tools and their ability to get the required 

documents from the web (Gallardo-Valencia, 
2013).  

In the past, searching for code has been 
investigated comprehensively, and researchers 
suggested many approaches to refine the 
performance of code search (Haiduc, 2013; Lee 
Martie, 2017; Haoran Niu, 2017; Mukund 
Raghothaman, 2016). According to research in 
software engineering (Janice Singer, 1997), 
searching the web is the most common activity 
for software engineers, and program 
understanding, software reuse, debugging was 
mentioned as the top prompting for source code 
searching in that research. In another related 
study on searching for source code (S. E. Sim, 
1998), The search purposes mentioned 
frequently by the software developers were; 
code reuse, debugging, program understanding, 
feature addition, and effect analysis. Software 
developers also use code search engines (e.g., 
Krugle, Github native search) to get their code 
snippets from open source repositories using 
general natural language queries (Lopes, 2012), 
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but many of them are now obsolete, and 
programmers prefer to use a general-purpose 
search engine to look for code (Graham, 2016; 
Susan Elliott Sim, 2011; Stolee, 2014).  

Another study investigated  the performance of 
searching with Google and whether it varies for 
code versus non-code connected search (Md. 
Masudur Rahman, 2018). Another research has 
proposed a new technique which could help 
developers in their search for code by identify-
ing related and particular API classes from a 
programming task site, written as a natural 
language query, and then reformulated for 
better source code search (Roy, 2018). 
According to Szyperski (2004), software reuse 
is a prevalent motivation for source code 
searching on the internet for programmers. In 
2018, a study proposed a neural code searching 
technique for source code retrieval that uses 
natural language to search for code (Sachdev, 
2018). Other research presented a new code 
retrieval framework that combines both 
ordering and semantic relationships and 
demonstrates significantly improved retrieval 
precision between two known datasets (Akbar, 
2019). 

Although code retrieval has been an active 
research topic in recent years, less focus was on 
the impact of retrieved code on programmers’ 
skills and coding behavior. In this study, the 
focus is on studying and analyzing the effect 
and influence of code retrieval from the web on 
programmers’ views, decisions, and abilities. 
Through reviewing previous studies, it was not-
ed that they were mainly investigating the 
methods and techniques of searching for code 
and the effectiveness of online discussion 
forums. We believe that there are always factors 
that influence the success or failure of   
software development projects. We also believe 
that retrieving code from the web to be 
deployed in software projects has an effect on 
the developers.  

MATERIALS AND METHODS 
Code searching on the internet (CSOI) is an 
important method for sharing best coding 

practices. In recent years, software properties 
have led to programming complexity. 
Programmers’ goal is to implement software 
design by investigating on similar coding 
practices which best fit their needs. The aim of 
the current research is to investigate the issues 
behind implementing CSOI; the goal is to 
inspect the factors reflecting on CSOI as a 
measurable searching process from the 
viewpoint of the programmer. 

We assume that CSOI is a measurable process. 
When performing CSOI, programmers’ top 
priority is to gain similar code or better coding 
techniques. If the required source code from 
CSOI is obtained, we can say that the CSOI 
results are successful. However, if the 
programmer was unable to attain the required 
results from CSOI, then the CSOI results are 
unsuccessful, and CSOI must be repeated with 
different factors and priorities. 

In recent years, the increased usage of the 
internet has been accompanied by an equal 
increase in online surveys that have been used 
to investigate human behavior over the internet 
(Ritter., 2011). To achieve the goal of this 
study, an online survey with 26 ended questions 
was designed to be distributed to a wide range 
of programmers who often search for source 
code on the internet. The population was all 
programmers with at least six years of 
programming experience and conducted code 
searching on the internet (CSOI). The survey 
was available for about two months in 2019 to 
collect the required feedbacks. Invitations for 
participants were shared and sent via email 
addresses to university academic programmers 
and private business sectors programmers. This 
category of candidates was selected because 
they represent the programming communities in 
the country and have common interests 
regarding searching for source code. Thus, po-
tentially better responses could be obtained. 

The study sample consisted of 37 respondents. 
The study first started by cleaning the data set 
and preparing data for analysis. The 
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preprocessing step produced 37 cases ready for 
analysis. The collected data indicated that most 
of the respondents are C Sharp and Visual Basic 
programmers with more than seven years of 
experience.  

Analysis: The collected data was analyzed by 
both quantitative and qualitative techniques. he 
questionnaire was tested for reliability using  
alpha Cronbach method (Taber, 2018). The test 
showed good reliability of 82.8%. The ques-
tions were based on a five-point Likert scale 
with the following possible choices: 1 – strong-
ly disagree, 2- disagree, 3- neutral, 4- agree, 
and 5- strongly agree. The mean and standard 
deviation of each question were computed to 
determine the outcome of each question. 

Examining the data individually, we discovered 
a high level of agreement in our analysis. Then, 
we merged our analysis and refined the results 
for clarity of presentation. 

THREATS TO VALIDITY 

The fundamental deficiency of this study is 
generalizability, i.e., the number of respondents 
is insufficiently representative of the popula-
tion. This is a major problem with empirical 
research in software engineering as there is an 
unreliable pattern of population characteristics 
so that the representativeness of a sample can 
be estimated. 

This research is no exception. Moreover, par-
ticipants were selected from mailing lists and 
programming groups. That is why there is no 
attempt to quantify the propagation of some 
types of behavior.  
Instead, we are searching for a diversity of 
search behaviors and patterns, which is suitable 
for a discovery study. The objectives of this 
study are to find answers to the following four 
research questions:  

Q1. To what extent "Code retrieval from the 
web" improves programmer’s knowledge and 
skills?   

Q2. What is the impact of   "Code retrieval 
from the web" on limiting programmer’s views 
when trying to solve coding problems and 
bottlenecks? 

Q3. What is the best criterion by which to 
measure the quality of "Code retrieval from the 
web"? 

Q4. What are the advantages and 
disadvantages of using "Code retrieval from the 
web"? 

RESULTS AND DISCUSSION 

Most respondents agreed that they memorize 
most of the functions in the language they use. 
They also agreed that they use   online 
programming forums more frequently than the 
help page files provided with a certain language 
when trying to solve programming problems. 
This is similar to the findings of the study of 
Janice Singer (1997), which reported that 
searching the web is the most common activity 
for software engineers. They also reported that 
code retrieval neither made them change the 
programming language they use nor forced 
them to change the version of the programming 
language itself. It also did not make them adapt 
to new programming concepts. 

Respondents think that retrieved code is 
scalable and the majority are attempting to  
understand the retrieved code before using it. 
Most of them make libraries from the retrieved 
code for later use. They neither agree nor 
disagree about having difficulties embedding 
retrieved code into their projects. They also 
were neutral about the fact that retrieved code 
satisfies verification, security, and control 
procedures of their systems. 

Most of them stated that they only use the first 
solution they find online to their problems 
without further search for other solutions that 
could be more flexible and more scalable. 
Moreover, they claim that code retrieval did not 
make them dependent on others to solve their 
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programming problems. The majority of the 
respondents to this study stated that they do not 
participate in solving problems posted on online 
programming forums and they usually find 
solutions to their problems without posting 
them. Some respondents claim that there are 
some projects in which they did not use 
retrieved code and sometimes they did not find 
solutions to their problems or even solutions 
similar to them. 

Regarding the first question of the study, the 
majority of respondents stated that they use 
retrieved code to understand how a certain 

function works rather than directly copy and 
paste the code into their projects. This is similar 
to the study of (S. E. Sim, 1998) that showed 
that program understanding is among the search 
purposes mentioned frequently by  software 
developers. They also believe that they acquire 
more knowledge and learn from the code they 
retrieve. For the questions set in the 
questionnaire related to the first question of the 
study as shown in table 1, the average was 3.99, 
which means there is an agreement that 
retrieved code has some degree of improvement 
on the programmer’s skills, coding practice, and 
problem-solving ability. 

Table (1): Result of question one of the study 

 Strongly 
disagree 

disagree neutral agree Strongly 
agree Mean STDev Outcome 

Q 1 0 0 3 14 20 4.46 0.65 Strongly  agree 

Q 2 2 4 4 10 17 3.97 1.24 Agree 

Q 3 4 5 3 17 8 3.54 1.28 Agree 

 
The second question of the study investigates 
the impact of retrieved code on limiting 
programmers’ views when solving 
programming problems. The average of this 
dimension of the study, as shown in table 2, 
was 2.89, which indicates that there is no 
significant  impact of retrieved code on limiting 
programmers’ views in programming. 
Interestingly, the majority of respondents 
seemed to use the first solution they found 
online, which may indicate the programmer’s 
reliance on that particular solution with the  

 
possibility of a better solution not being 
explored. 

This on the one hand, could lead to producing 
less quality code and may be a sign of the 
limitation of the programmer’s skills. On the 
other hand, considering the advancement in 
code search engines, the first solution produced 
by those engines, to some degree, is always a 
good solution as many users had given it a 
higher rank. Hence, these first-hit solutions are 
considered to contribute to better code and 
improve programmer’s skills. 

Table (2): Result of question two of the study 

 Strongly 
disagree disagree neutral agree Strongly 

agree Mean STDev Outcome 

Q 1 15 6 5 8 3 2.41 1.42 Disagree 

Q 2 7 4 4 15 7 3.30 1.41 Neutral 

Q 3 9 3 6 10 9 3.19 1.52 Neutral 

Q 4 10 10 2 13 2 2.65 1.36 Neutral 

 
The third question of the study inspects the best 
criterion by which to measure the quality of 
code retrieval from the web. The study revealed 
that clarity, scalability, security, and ease of  

 
implementation are the most used factors by 
programmers for the assessment of retrieved 
code quality. 



Al-Mukhtar Journal of Sciences 36 (2): 160-166, 2021 
 

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
ISSN:  online 2617-2186           print 2617-2178 

164 

The last dimension of the study investigates the 
advantages and disadvantages of code 
retrieving practice. Here, the study showed the 
following advantages of retrieving code from 
the web. Code retrieval from the web provides 
an easy way to obtain code that can be embed-
ded in various projects and solve numerous 
problems without the need to read long pages of 
help files. It prompts the programmer towards 
learning, understanding, and sometimes 
adopting new software development concepts 
and programming methodologies. Code 
retrieval makes programmers familiar with 
programming sites and online programming 
forums and increases their participation in 
finding solutions to programming problems. 

The study also pointed out the following 
disadvantages of code retrieval from the web: 
Sometimes solutions found online do not fit 
directly into one’s project and need to be 
customized, rewritten, or even changed from 
one language to another to fit into the project. 

In some cases, programmers may find 
themselves frequently adopting new different 
programming concepts just because they can 
easily find code that follows those concepts, 
which may take some time and reduce 
productivity. 

CONCLUSION 
This paper has discussed the influence of code 
retrieval on programmers’ skills from a 
programmer’s point of view. The results 
obtained after careful analysis of the responses 
that were collected via the designated 
questionnaire suggested that code retrieval may 
improve programmers’ skills. The study also 
revealed that there is no notable impact of code 
retrieval practice on limiting programmers’ 
views when solving programming problems and 
developing software projects. The research has 
pointed out some factors, namely: clarity, 
scalability, security, and ease of 
implementation, that programmers think are the 
best criterions to measure the quality of 
retrieved code. Finally, the paper has shown 

some  advantages and disadvantages of code 
retrieval from the web.  

Further future work can be done on this topic, 
including studying exactly which particular 
programming skills can be improved by code 
retrieval from the web. Also, future work may 
focus on investigating which methods and 
practices programmers use when dealing with 
code that does not fit directly into their projects. 

Furthermore, further investigation can be done 
on the reasons why respondents consider 
retrieved code to be scalable and the majority of 
them are attempting to well understand the 
retrieved code before using it. Moreover, future 
studies could focus on investigating the reasons 
that make programmers less proactive in shar-
ing solutions to problems on programming 
forums. 
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م. وهـو والتصـمی ،مـن عـدة مراحـل علـى سـبیل المثـال التحلیـل المشرو¹ البرمجي یتكون ،تطویر مشاریع البرمجیات في المستخلص:
 ،تحدید المتطلبـات المثال،ا مجموعة من المهارات التي یمكن لمطور البرامج استخدامها للعمل في المشرو¹ على سبیل یتطلب أیضً 

ــ عــادة الاســتخ ،یبحــث المطــورون عــادةً عــن التعلیمــات البرمجیــة علــى الإنترنــت لإعــادة المــز¬ة. وكتابــة التعلیمــات البرمجی ǔدام فــي وا
 المبـــرمجین، مـــن الویـــب علـــى ¢راء المستخلصـــةتـــōثیر الشـــفرة  مـــن ذه الورقـــة إلـــى التحقـــقتهـــدف هـــهـــم. مشـــاریع البـــرامج الخاصـــة ب

المبرمجین مجموعة من على  اوتوزیعه اتم إعداده استبانةندرس هذا التōثیر من وجهة نظر المبرمج باستخدام هم. ومهارات هم،وقرارات
 ،أفضـل للتفاعـل بـین المبـرمجین فهـم تـم تحقیـقو  ،بعـض النقـاط لقـاء الضـوء علـىإ تـم لـذلكنتیجة  .وتعلیقاتهم ،¢رائهم للحصول على

   )Stack Overflow: (من منتدیات البرمجة مثل المستخلص وخاصة الكود الویب،من  المستخلص والكود

الشفرة  ز¬م ،تōثیر الشفرة البرمجیة ،نترنتاستخلاص الشفرة البرمجیة من الإ ،إعادة استخدام الشفرة البرمجیة :المفتاحیةالكلمات 
 .البرمجیة
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Abstract:Vinyl cyanide (VCN) is an aliphatic nitrile product which is extensively used in various 
synthetic chemical industries. VCN is known to exert toxic actions to human beings as well as ex-
perimental animals. The present study was designed to e[amine the ability of ȕ-cryptoxanthin, a 
naturally occurring antioxidant, to attenuate VCN-induced testicular toxicity in adult albino rats. 
Daily oral administration of VCN at a dose level of 30 mg/kg b.w. (7.2mg/ animal) to male rats for 
a period of 5 days significantly reduced the levels of serum testosterone (T), androsterone, follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) which indicates injury to the testis func-
tion. Compared to VCN-treated animals, pretreatment with ȕ-cryptoxanthin and its co-
administration with VCN once daily at a dose of 40 mg/kg b.w. (9.6mg/ animal) for 30 days in-
duced a remarkable degree of improvement in the levels of endocrine parameters including T, an-
drosterone, FSH and LH. In conclusion, the present results clearly demonstrate the protective role 
of ȕ-cryptoxanthin against VCN-induced physiological changes in the testis of rats. 

 
Keywords: Vinyl cyanide; ȕ-cryptoxanthin; Hormones; Testes; Rats. 

INTRODUCTION 

Vinyl cyanide (C₃H₃N, VCN), also known as 
acrylonitrile, a highly reactive compound 
having an active vinyle and cyanide groups, 
which  has been widely used in industry for 
production of plastics, elastomers, and syn-
thetic fibres and as an intermediate in the 
synthesis of industrial chemicals and phar-
maceuticals (Humans, 1979). It is also used 
in the manufacture of soft prosthesis material 
(Parker & Braden, 1990), coating membranes 
for Langerhans islets implants (Kessler et al., 
1992) and high permeable dialysis tubing 
(Ward et al., 1993).  

Human exposure to VCN could potentially 
occur during the manufacturing process, end 
product usage and transportation. Further, 
such exposure can also be possible in the 
general population through cigarette smoke 
and via contamination of drinking water 

(Byrd et al., 1990). VCN demonstrated acute 
toxicity in testes of rats, mice, rabbits and 
guinea pigs having a high acute toxicity re-
sult from inhalation, and a high to extreme 
acute toxicity result from oral or dermal ex-
posure (Mathieu-Denoncourt et al., 2015; 
Thier et al., 2000). VCN is teratogenic in la-
boratory animals (rat and hamster) at high 
doses when maternal toxicity has been al-
ready manifested. VCN has been demonstrat-
ed to induce embryotoxic effects in rat 
(Saillenfait & Sabate, 2000).  

VCN-induced embryotoxic and teratogenic 
effects have also been found in VCN-exposed 
workers (Wu et al., 1995). According to envi-
ronmental teratologic epidemiological study 
in inhabitants living in the surrounding re-
gion of an acrylonitrile factory, three congen-
ital abnormalities (pectus excavatum, undes-
cended testis and clubfoot) in 46,326 infants  
showed significant time-space clusters in the 
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study region. There was a decrease in risk of 
undescended testis with increasing distance 
from the acrylonitrile factory (Czeizel et al., 
1999). Therefore, women not professionally 
exposed would appear to be at risk of terato-
genic effects due to VCN toxicity. 

 VCN is rapidly absorbed and distributed to 
all major tissues in animals. Previous studies 
with 14C have shown that VCN covalently 
binds to thiol group of proteins (Ahmed et 
al., 1982) and tissue macromolecules and nu-
cleic acids (Pilon et al., 1988). Therefore, es-
timation of free radical generation and anti-
oxidant defence has become an important as-
pect of investigation in mammals. Carote-
noids (ȕ-cryptoxanthin or what is known as 
ȕ-carotene) are naturally occurring antioxi-
dants that play an important role in animal 
health by inactivating harmful free radicals 
produced through normal cellular activity and 
from various stressors. The antioxidant func-
tion of these micro-nutrients could, at least in 
part, enhance the immunity by maintaining 
the functional and structural integrity of im-
portant immune cells (Chew, 1995; El-
Demerdash et al., 2004).  

ȕ-cryptoxanthin, aside from being a major 
source of vitamin A (retinol), an essential 
vitamin  for spermatogenesis  to proceed, has 
been reported to be a potent free radical 
quencher, singlet oxygen scavenger and lipid 
antioxidant (Burton, 1989; El‐Missiry & 
Shalaby, 2000) focused on the ability of ȕ-
cryptoxanthin to function as a chain-breaking 
antioxidant in a lipid environment at physio-
logical oxygen partial pressures that are con-
sidered most likely in mammalian cells. 
Therefore, the aim of the current study was to 
investigate the efficacy of ȕ-cryptoxanthine 
on VCN-induced functional and structural 
alterations related to oxidative stress in the 
testes of rats. 

MATERIALS AND METHODS 
Chemicals: 9inyl cyanide (9&1) and ȕ-
cryptoxanthin were obtained from Sigma-

Aldrich Chemical Company (St. Louis, MO, 
USA) and  given by oral gavage at dose of 30 
mg/kg b.w. (Takano et al., 2010) and 40mg/kg 
b.w. (Sadir et al., 2007), respectively. All other 
chemicals and solvent used were of highest 
available commercial grade.  

Experimental animals: Fourty male Sprague–
Dawely rats, each weighing 240 ± 10 g. The 
animals were housed in stainless steel cages 
after grouping in batches of five animals under 
standard animal house conditions of relative 
humidity (55 � 5�), temperature (25 � 2 Û&) 
and a 12 hr light/12 hr dark cycle.  Rats were 
allowed free access to standard commercial 
feed and tap water and were acclimatized to 
laboratory conditions for a period of one week 
before the onset of experimentation. 

Experimental protocol: Animals were allo-
cated to four groups each of ten rats as follows: 
Group I: (Control) pre-treated with corn oil (2 
ml/kg b.w.) once daily for 25 days and treat-
ment continued with distilled water (2 ml/kg 
b.w.) once daily for additional 5 days i.e. from 
day 26 to day 30 of the experimental period of 
30 days.   

Group II: (VCN group) pre-treated with corn 
oil (2 ml/kg b.w.) once daily for 25 days and 
treatment continued with VCN in a dose of 30 
mg in 2ml distilled water per kg b.w. (7.2 mg/ 
animal) once daily for additional 5 days.  

Group III� (ȕ-cryptoxanthin group) pre-treated 
with ȕ-cryptoxanthin in  dose of 40 mg in 2 ml 
corn oil per kg b.w. (9.6mg/ animal) once daily 
for 25 days and treatment continued with dis-
tilled water (2 ml/kg b.w.) for additional 5 
days. 

Group I9� (ȕ-cryptoxanthin and VCN group) 
pre-treated with ȕ-cryptoxanthin (40 mg/kg 
b.w.) for 25 days and treatment continued with 
VCN (30 mg/kg b.w) for additional 5 days. 

At the end of the experimental period, the test-
ed animal groups were sacrificed after 24 h of 
the last dose of different administrations and 
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their blood were collected  by carotid bleeding 
in centrifuge tubes, serum was obtained from 
the blood after centrifugation at 3000 rpm for 
10 min.  

Methods of analysis: Determination of lutein-
izing (LH), testosterone (T) and androsterone 
hormones in serum were carried out according 
to the method of (Jaffe & Behrman, 1974) and 
follicle stimulating hormone (FSH) was meas-
ured by radioimunoassay (RIA) using the 
method of (Rose, 1998).  

Statistical analysis: Statistical analyses of the 
resulted data were done using In-Stat version 
2.0 (Graph Pad, ISI, Philadelphia, PA, USA, 
1993) computer software. The results were ex-
pressed as means (±SE). Multiple comparisons 
were done using one-way ANOVA followed 
by Tukey-Kramer as a post-ANOVA test. Sta-
tistical significance  was accepted at P< 0.001, 

P< 0.01, P< 0.05. 

RESULTS AND DISCUSSION 

Analysis studies: Data listed in Table 1 show 
that treatment with VCN caused a significant 
(P<0.001) decrease in the levels of T, andros-
terone, FSH and LH, respectively as compared 
to the corresponding control group. Pre-and 
co-administration of ȕ-cryptoxanthin to VCN-
challenged rats significantly improved 
(P<0.001) the levels of these hormones as 
compared to VCN-treated group. 

From these results it is clear that vinyl cyanide 
has been demonstrated to induce male repro-
ductive toxicity in laboratory animals (Ahmed 
et al., 1992; Liu et al., 2004) and also in VCN-
exposed workers (Xu et al., 2003). 

Table:(1). The effect of vinyl cyanide (30 mg/kg b.w.) and/or ȕ-cryptoxanthin (40 mg/kg b.w.) on serum testosterone, 
androsterone, FSH and LH of male albino rats. 

Groupe 
Hormone 

Control VCN ȕcryptoxanthin ȕcryptoxanthin +VCN 

Testosterone 
ng /ml 7.05± 0.04 

3.00± 0.03 
(- 57.45%) 
a** 

7.63± 0.09 
(8.23%) 
a**b** 

4.62± 0.16 
(-34.47%) 
a**b** c** 

Androsterone 
pg/ml 49.41± 0.29 

30.41± 0.22 
(-38.45%) 
a** 

52.40± 0.27 
(6.05%) 
a**b** 

41.61±0.83 
(-15.79%) 
a**b** c** 

FSH  
pg/ml 10.64± 0.12 

4.09± 0.26 
(-61.65%) 
a** 

12.61±0.16 
(18.52%) 
a**b** 

8.32± 0.22 
(-21.80%) 
a**b** c** 

LH 
mIU/ml 8.96± 0.10 

4.51± 0.06 
(-49.67%) 
a** 

9.26± 0.15 
(3.35%) 
b** 

7.48±0.12 
(-16.52%) 
a**b**c** 

- Data are expressed as means ± SE (n = 10 in each group). 
- Values between parentheses are the difference % of each parameter with respect to control value. 
a: Significant change at P< 0.05 with respect to control group. 
b: Significant change at P< 0.05 with respect to VCN-group.  
c: Significant change at P� 0.05 with respect to ȕ-cryptoxanthin -group.  
**Very high significant change exists at P< 0.001. 
 
Whole body autoradiography and toxicokinetic 
studies showed that the brain is a target organ 
for VCN toxicity (Ahmed et al., 1982). 
(McLachlan et al., 2002)reported that endo-
crine support is essential for normal spermato 

 
genesis and disturbance can lead to altered 
spermatogenesis in both humans and rodents. 
Therefore, the decrease in the levels of serum 
T, androsterone, FSH and LH could be ex-
plained in the current study. The present results 
are in accordance with the study of (Ivănescu et 
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al., 1990) who reported that VCN decreases 
testosterone synthesis and/or secretion in hu-
mans. In this study, the observed decrease in 
the levels of T and androsterone following 
VCN administration may be attributed to the 
increase in oxidative stress. This finding is 
consistent with that of (Diemer et al., 2003; 
Mathieu-Denoncourt et al., 2015) who showed 
that H2O2 is a potent oxidant that could inhibit 
steroidogenesis (reduce testosterone synthesis) 
in Leydig cells. Similarly, (Yang et al., 2005) 
reported that serum T level and Leydig cell vi-
ability were decreased in rats treated with the 
structurally similar vinyl monomer, Vinyl cya-
nide (VCA). Their interpretation is that the de-
creased viability of Leydig cells caused by 
VCA treatment lowered testestrone level, 
which in turn, reduced spermatogenesis in the 
rat testes. Furthermore, the results of (El-
Yamany, 2009) showed a significant decline in 
serum levels of T, FSH, LH and prolacting 
(PRL) of rats fallowing VCA administration.  

The author attributed the decline of T, FSH, 
LH and PRL levels to the dysfunction of pitui-
tary gland and also demonstrated that VCA af-
fects the testes directly and/or indirectly 
through its effect on pituitary gland and de-
creases the secretion of FSH and LH. Also, the 
present results are in accordance with the study 
of (Gunnarsson et al., 2003) who found that 
cadmium caused a decrease in T production 
through the decrease in LH receptor messenger 
ribonucleic acid (mRNA) levels as well as cy-
clic adenosine monophosphate (cAMP) levesl 
in rats. 

To protect spermatogenesis from toxicant ex-
posure, many clinical and experimental trials of 
antioxidant agents have been attempted. Carot-
enoids as potential antioxidant are well known 
as highly efficient scavengers of singlet molec-
ular oxygen (1O2), and other excited species.  
The present study indicates the beneficial ef-
fects of ȕ-cryptoxanthin against vinyl cyanide 
induced testicular to[icity. ȕ-cryptoxanthin 
treatment improved the levels of endocrine pa-
rameters including T, androsterone, FSH and 
LH. These results are in agreement with those 

obtained by (Livera et al., 2002) who found 
that in adult rats, retinoids increased basal tes-
tosterone secretion in Leydig cell primary cul-
tures. Also, (Hanukoglu, 2006) reported that 
the antioxidant enzyme activities superoxide 
dismutase, catalase, and glutathione peroxidase 
are parallel steroidogenesis and the antioxidant 
ȕ-cryptoxanthin exerted a protective role on 
Leydig cell steroidogenesis to produce testos-
terone; thus it stimulates the development of 
reproductive organs through the growth of 
Leydig and Sertoli cells and the promotion of 
spermatogenesis. Also, (Silva et al., 2001) sug-
gested that pretreatment with another carote-
noid, bixin reduced the total number of chro-
mosome aberrations and inhibited the increase 
in lipid peroxidation induced by cisplatin. Fur-
thermore, (Gupta & Kumar, 2002) elucidated 
that the effect of oral lycopene, a naturally oc-
curring carotenoid in tomatoes, therapy in men 
with idiopathic infertility and found improve-
ment in male infertility and especially in sperm 
characteristics.  

A rational mechanism for the protective effects 
of ȕ-cryptoxanthin could be the potential anti-
o[idant activity. %ecause ȕ-cryptoxanthin is a 
lipophilic substance, it exerts its action in hy-
drophobic environment such as the lipid core of 
membranes. Thus, it is anticipated that natural 
ȕ-cryptoxanthin, a chain breaking antioxidants, 
can contribute to protecting cell membranes 
from lipid peroxidation (Krinsky, 1998). ȕ-
cryptoxanthin can function as an effective anti-
oxidant not only against singlet oxygen but also 
against lipid peroxidation and the highly de-
structive, hydroxyl radical OH• that is impli-
cated in many diseases such as cancer and heart 
disease (O'neill & Thurnham, 1998).  

CONCLUSION 

In conclusion, this study clearly demonstrated 
the potential antio[idant benefit of ȕ-
cryptoxanthin in managing VCN-induced phys-
iological changes in the testes of rats.  
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ومـن المعـروف  ،الكیمیائیـة الاصـطناعیةسیانید الفینیل منتج ألیفاتي یستخدم على نطاق واسع فـي مختلـف الصـناعات  المستخلص:
ـممت هـذه الدراسـة لفحـص قـدرة  ،أن سیانید الفینیل لƌ تـōثیرات سـامة علـى البشـر Êبیتـاكریبتوزانثین،وكـذلك حیوانـات التجـارب. وقـد ص 

ذان البیضــاء علــى تخفیــف التغیــرات الهرمونیــة للخصــیة التــي یســببها ســیانید الفینیــل فــي الجــر  الطبیعیــة،وهــو أحــد مضــادات الأكســدة 
تــم تقســیمها إلــى أربــع  جرامــا،10 ±240الدراســة علــى أربعــین مــن ذكــور الجــرذان البیضــاء البالغــة، تــزن هــذه أجریــت  دوقــ .البالغــة

وماء مقطر) المجموعة الضابطة. وأعطیت  ،ذرة التي أعطیت زیتمجموعة). تمثل المجموعة الأولى ( جرذان لكل 10مجموعات (
علـى مـدار الأیـام  الجسـم، وذلـكمجــم/ كجـم مـن وزن  30 الفینیـل تعـادلالمجموعة الثانیة عن طریق الفم جرعات من مركب سـیانید 

 40ادل تعـــ مـــن البیتـــاكربتوزانثینجرعـــات  طریـــق الفـــمعـــن  وأعطیـــت المجموعـــة الثالثـــة یومیـــاً خمســـة الأخیـــرة مـــن نهایـــة التجربـــة. ال
كربتوزانثین وســـیانید الفینیـــل مثـــل المجمـــوعتین مجموعـــة الرابعـــة فقـــد أعطیـــت البیتـــا، أمـــا الیومـــاً  30مجم/كجـــم مـــن وزن الجســـم لمـــدة 

تم جمع عینـات الـدم مـن مجموعـات الجـرذان بعـد أربعـة وعشـرین سـاعة مـن إعطـاء الجرعـات نفسها.  و  والثالثة، وبالجرعات ،الثانیة
 فـيوذي دلالـة إحصـائیة   ،نقـص ملحـوظ فـيلنتـائج أن إعطـاء سـیانید الفینیـل فـى المجموعـة الثانیـة قـد تسـبب وقد أظهـرت ا.الأخیرة

 ،مصـل الـدم فـيوهرمون الجسم الأصفر  ،المنشط للحویصلاتوالهرمون  ،والأندروستیرون ،مستویات كل من هرمون التستوستیرون
عـة التـي أعطیـت لمجموعـة الرابار الجرذان البیضاء، أما ذكو  فيعلى هرمونات التكاثر  ضاراً  مما یدل على أن لسیانید الفینیل تōثیراً 

وبـذلك  .رر المعـاییمسـتوي هـذه  يفـتحسـن ذي دلالـة إحصـائیة   ثقـد حـدوقـت متـزامن مـع سـیانید الفینیـل ف يالبیتاكربتوزانثین قبل وفـ
الناتجـة عـن  الجـرذان البیضـاءالتغیـرات الهرمونیـة لخصـى ذكـور تقلیـل  في وقائيتكون النتائج قد أوضحت أن للبیتاكربتوزانثین دور 

 المعاملة بسیانید الفینیل. 

 جرذان. ،صىخ، اتهرمون، بیتاكربتوزانثین ،سیانید الفینیل :المفتاحیةالكلمات 
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Abstract: This study was carried out to evaluate the growth response of guppy Poecilia reticulata 
to different dietary protein levels. A total of 72 fry of guppy fish of an initial body weight 0.365± 
0.01g were distributed randomly into 60 L aquaria at the density rate of 0.05 g/L. Fish were fed to 
satiation twice daily for eight weeks with diets containing different dietary protein levels (20%, 
30%, or 40%.). The survival rate of guppy was unaffected by increasing dietary protein levels. At 
the end of the experiment, weight gains (g) ranging from 1.93 to 3.55 were obtained corresponding 
to 20% and 40% crude protein respectively. The growth performance and feeding efficiencies were 
significantly improved (P < 0.05) by increasing dietary protein levels. However, no significant dif-
ference (P > 0.05) was observed in the specific growth rate of fish that were fed 20% and 30% die-
tary protein levels. The value of the condition factor was significantly high in fish fed at 40% die-
tary protein. It can be concluded that a 40% dietary protein level is recommended for guppy fish. 

 
Keywords: Guppy; Protein Level; Survival Rate; Growth Performance  
 

INTRODUCTION 

The ornamental fish trade plays an important 
role in the global economy, as millions of 
recreational fish are sold annually around the 
world (AOAC, 1997; Kumaratunga & 
Radampola, 2019). The major countries par-
ticipating actively in this trade are the USA, 
Australia, Europe, Singapore, Japan, the Phil-
ippines, Sri Lanka, and Indonesia. The orna-
mental fish business has been estimated at 
more than 8 billion USD (Jayalal et al., 
2016). Despite the economic significance of 
this sector, studies of the nutritional require-
ments of ornamental fish are rarely reported 
(Lovell, 2000). Most of the nutrition infor-
mation used for ornamental fish species is 
based on results about edible fish. It is im-
portant to know the nutritional requirements 
of ornamental fish species, that one may pro-
vide a diet rich in essential nutrients to en-
sure the efficient growth of ornamental fish 

from the stage of growth to the stage of 
hatching and reproduction (Hoseini et al., 
2017; Masrizal et al., 2015). In general, pro-
tein is considered the most important and 
most expensive component of fish feed, 
which often accounts for about 60% of the 
cost of fish feeds (Khattab et al., 2001). Pro-
tein affects the fish's growth and production 
cycle. Maximum feed proteins provide the 
maximum growth rate, thus maximizing the 
benefits to fish farmers (Hoseini et al., 2018).  
The dietary protein requirements for freshwa-
ter ornamental fish are from 30 to 50% in 
omnivores and carnivores, respectively 
(Hardy (2003)).  

Dietary protein requirements for many orna-
mental species are still unknown. The guppy 
fish (Poecilia reticulata) is one of the com-
mon ornamental fishes that is widely pro-
duced in many countries around the world 
due to its low prices and adaptability. This 
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study aimed to investigate the effect of in-
creasing dietary protein on the survival rate, 
growth performance, and feed utilization of 
the guppy. 

MATERIAL AND METHODS 

Experimental diets preparation: Three ex-
perimental diets were formulated based on a 
basal diet formulated from practical ingredi-
ents to satisfy all known nutrient require-
ments Poecilia reticulata according to (NRC, 
1993). 

The formula and analyzed proximate compo-
sition of the three experimental diets are 
shown in Table (1). 

 The ingredients were hammer milled to a fi-
ne powder and then sieved through a mesh 
size of 0.5 mm diameter. The dry ingredients 
were mixed for 15 min, and then the lipid 
was added slowly and further mixed for an-
other 15 min. After which, the distilled water 
was added at 25% of the total ingredient 
weight. Three different experimental diets 
were formulated with an increased dietary 
protein content to make 20%, 30%, and 40% 
crude protein concentrations. The proximate 
composition of diets was determined accord-
ing to standard AOAC (1997) methods.  
 
Table (1): Ingredient and proximate composition of 
the experimental diets. 
 

Ingredients  % 
Dietary protein level 
(% dry weight) 20 30 40 

Fishmeal 17 27 36 
Soybean meal 26 37 38 
Ground corn 48 27 17 
Soy oil 7 7 7 
Vitamins 1 1 1 
Mineral premix 1 1 1 
Proximate composition (% dry weight) 
Dry matter 93.12 93.91 94.63 
Crude protein 20.81 30.56 40.11 
Crude lipid 6.14 6.88 6.65 
Ash 6.65 7.1 7.82 

Experimental setup: A total number of 72 
Guppy (P. reticulata) fry were purchased 
from local suppliers of aquarium fish shops, 
Libya, and placed in a 500 L fiberglass tank. 
Fish were randomly and equally stocked into 
nine rectangular glass aquaria (80×35×50cm) 
of 60 L dechlorinated fresh tap water for a 20 
days acclimation period and fed with a com-
mercial diet designed for ornamental fishes. 
All guppy in the aquaria were weighed indi-
vidually at the start of the experiment. At the 
start of the experiment, each guppy fry was 
weighed individually, and had an average body 
of  0.365 ± 0.01 g. The aquaria were then 
randomly designated to each dietary protein 
treatment in triplicates. All fish were fed the 
experimental diets twice daily (9:00 a.m. and 
4:00 p.m) until apparent satiation (Belal et 
al., 2015; McGoogan & Reigh, 1996). Each 
aquarium received gentle aeration with natu-
ral photoperiod (13 hours light 11 hours dark) 
and an ambient temperature of (26–28°C). 
The water parameters were measured daily. 
The pH was measured using a digital pH 
probe (Jenway 3305), water temperature and 
dissolved oxygen were measured using OXI 
92. pH and the dissolved oxygen were 7.8–
8.1 and 4.8–5.6 mg/l respectively. At every 
72 hours, aquarium water exchange was per-
formed, and the aquaria were thoroughly 
cleaned. The fish was fasted one day before 
ending the feeding trial.  

Measurement of growth parameters : Dur-
ing the study, length (cm) and weight (g) of 
individual guppy fry were measured and rec-
orded on the first day and then every 72 
hours. After 8 weeks, the fish were mildly 
anesthetized with clove oil, and then the 
length and weight of individual guppies were 
recorded. The following parameters were es-
timated:  

Growth performance: The percent weight 
gain (WG), average daily gain (ADG), and 
specific growth rate (SGR) (Han et al. 2015) 
were calculated by the following equations: 
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WG (%) = [(BWf _ BWi) /BWi] × 100  
ADG (g /day) = (BWf _ BWi) / T  
SGR (%/day) = [ln (BWf _ lnBWi) / T] ×100  
Where, BWf, BWi, and T are the final body 
weight, the initial body weight and time in 
days, respectively, and all weights are in 
grams (g). 
Condition Factor (CF) (Rad et al., 2012) was 
calculated by the following equation: 
 CF = [TW (g) / L (cm3)] × 100 
Where, TW and L are the total body weight 
(g) and total length (cm), respectively. 
 
Daily feed intake (FI) and Feed conversion 
ratio (FCR) were calculated according to 
(Rad et al. 2012) by the following equations: 
(FI, g /d/ fish) = Diet consumed × 100 / dura-
tion in days /fish number per tank 
(FCR, g) = [dry weight of feed (g)/ wet 
weight gain (g)]. 

The percent of survival was calculated accord-
ing to (Han et al. 2015) by the following equa-
tion: 
 Survival (%) = (Nf /Ni) × 100  
Where, Ns and Ni are the number of surviving 
fish and the initial number of fish, respectively 
 
Statistical analysis: All data were presented 
as means (± standard deviation). A one-way 
analysis of variance (ANOVA) was utilized 
for the data analyses, after prior confirmation 
of homogeneity and normality. Statistical 
significance at P < 0.05 was used and means 
were separated using Duncan's multiple range 
tests to determine differences between treat-
ments. The SPSS version 22.0 was used for 
all statistical analyses. 

RESULTS AND DISCUSSION 

The proximate composition of experimental 
diets (Table 1) showed that the dry matter, 
lipid, and ash were not significantly different 
(P < 0.05) between the experimental diets 
used, while the protein content was signifi-
cantly different depending on the formula-
tion. 

Guppies readily accepted all experimental di-
ets and were observed to feed voraciously 
throughout the experiment. The fish growth 
performance, feed conversion ratio (FCR), 
and weight gain significantly increased (P < 
0.05) by the increase in protein content in 
experimental diets (Table 2). However, no 
significant differences were observed in SGR 
among fish fed diets containing 20% or 30%  
dietary protein levels compared to fish fed 
diets containing a 40% dietary protein level. 
The fish survival was very high for all groups 
with no significant differences among them 
(Figure 1).   
 
Table (2): Growth performance and feed utilization of 
guppy, fed diets with different protein levels for 8 
weeks. 

Parameter Dietary protein level (%) 

20 30 40 
Initial 
weight(g) 0.364±0.00 0.365±0.00 0.365±0.00 

Final weight 
(g) 2.28±0.20c 2.70±0.22b 3.91±0.15a 

ADG (g) 1.93±0.21c 2.33±0.22b 3.55±0.15a 

Weight gain 
(%) 527.91±66.3c 639.480±57.3b 972.47±35.7a 

Feed conver-
sion ratio 2.83±0.29a 2.21±0.21b 1.20±0.00c 

Specific 
growth rate 0.57±0.18b 0.65±0.07b 0.98±0.03a 

Feed intake 7.31±0.52a 6.04±0.43b 3.58±0.04c 

Mean ± SE values within the same row and followed by different 
superscripts are significantly different (p < .05). 

Dietary protein plays an important role in 
fish nutrition and it immediately affects fish 
growth performance and reproduction 
(Oliva‐Teles, 2012). When fish are fed diets 
containing surplus levels of dietary protein, it 
might cause decreased growth and health ob-
struction because of raised amino acid  
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Figure 1: Survival rate (%) of guppy fed diets with 
different protein levels. 

Catabolism. Also, the production of high lev-
els of ammonia and higher energy expendi-
ture to deaminize excessive amino acids 
(Jiang et al., 2016; Melo et al., 2006). How-
ever, sub-optimal protein levels are unsuc-
cessful in meeting the fish requirements for 
growth, and thus this clarifies the lower 
growth rate and feed efficiency in diets con-
taining low levels of dietary protein (Bowyer 
et al., 2013). 

In the present study weight gain and FCR had 
significantly varied among all experimental 
diets. The best weight gain and FCR were ob-
tained from the fish fed a diet containing a 
40% dietary protein level. Which had better 
growth and the best FCR. These results 
agreed with the results of (AOAC, 1997; 
Baishya et al., 2012). Also, (Dahlgren 
(1980)) found that the better total body 
weight of guppy Poecilia reticulafa was ob-
tained at high dietary protein levels (31% and 
47%) rather than 15 % protein. In this current 
study, The SGR value of the fish fed with the 
diet containing 40% protein content was 
found significantly higher than that of the 
other two groups, which indicates that the nu-
trients available in the diet containing 40% 
protein content fulfilled the dietary require-
ment of guppy to grow faster than the other 
two groups. These findings are in agreement 
with Kithsiri et al. (2010) who found that 
SGR increased with increasing dietary pro-

tein content from 18% to 43% in the female 
guppy, Poecilia reticulata. In this study, feed 
intake was significantly influenced by dietary 
protein levels. Fish needs diets with a high 
level of protein content because of their bad 
utilization of carbohydrates as an energy 
source, thus the adequate supply of dietary 
protein is needed for fast growth (Lovell, 
2000).  

The condition factor (CF) that shows the lev-
el of wellbeing of the fish is based on a rela-
tionship between length and weight (Nehemia 
et al., 2012). The CF of fish is influenced by 
several circumstances such as stress, sex, 
season, availability of feed, and other water 
quality parameters (Khallaf et al., 2003). If 
the CF value is high, this means that the fish 
has achieved a better health condition. In this 
study, the condition factor was significantly 
increased with increasing dietary protein lev-
els (Figure 2). This result agrees with 
(Khattab et al. (2001)) who reported that the 
condition factor in Nile tilapia significantly 
increased with increased dietary protein lev-
els.  

 

Figure 2: Condition factor of guppy fed different lev-
els of crude protein (CP) diet.   
 
They also added that, a high level condition 
factor indicated the healthy growth of fish, 
which is desirable for ornamental fish farms. 
In conclusion, a dietary protein level of 40% 
is necessary for maximum growth and a bet-
ter condition factor for guppy fish. 
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          سما½ الجوبƑالبƀا ، وأدا  الƈمو ƕبروتین الź¯اƑő على مŶدل لل المستویات المختلفةتŋثیر 
Poecilia reticulata 

2كریمة المبرو½ م£منو  1رƈد¨ رج§ علƑ، 1عوµ جاداƙ ĸمین، *1عبدالباسط حسین إبراƋیم فضیل  
قسم الموارد البحریة، جامعة عمر المختار، البیضاء، لیبیا 1  

قسم علوم البیئة، جامعة عمر المختار، البیضاء، لیبیا 2  

 2021مایو  31/ تاریخ القبول:  2021أبریل  27تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v36i2.42  

 

اثنان وسبعون  وزعت ،أجریت هذه الدراسة لتقییم استجابة نمو أسماك الجوبي لمستویات مختلفة من البروتین الغذائيالمستخلص : 
 ، جم/لتـر 0.05بمعـدل كثافـة  ،لتـر) 60جـم بشـكل عشـوائي فـي كـل حـوض (حجـم  0.365بتـدائي إسماك الجوبي بـوزن أمن زریعة 

أسابیع على وجبات تحتوي علـى مسـتویات مختلفـة مـن البـروتین الغـذائي  ثمانیةة لى مستوى الشبع مرتین یومیًا لمدإالأسماك  غذیت
فـي نهایـة التجربـة، تـم  ،الجـوبي بزیـادة مسـتویات البـروتین فـي الغـذاء لأسـماكلم یتōثر معدل البقـاء  ،٪40و  ،٪30و  ،٪20بنسبة 

بــروتین علــى  %40و  ،٪20یات بروتینــات عنــد مســتو  3.55إلــى  1.93) بمعــدل یتــراو­ مــن جــمالحصــول علــى زیــادة فــي الــوزن (
 ذلـك لـمومـع  ،عـن طریـق زیـادة مسـتویات البـروتین فـي الغـذاء )P <0.05( وكفاءة التغذیـة معنویـاً  ،لوحظ تحسن أداء النمو ،التوالي

 Êلاحــظ أي فــرق معنــوي (یP> 0.05( ســماك التــي تمــƘمــن مســتویات 30و  ،٪20تغــذیتها بنســبة  تفــي معــدل النمــو النــوعي ل ٪
 ،٪ بـروتین غــذائي40تغـذیتها بنسـبة  تكانـت قیمـة معامـل الحالـة عالیـة بشــكل ملحـوظ فـي الأسـماك التـي تمـو  ،البـروتین فـي الغـذاء

 ٪ یوصى بƌ لأسماك الجوبي.40نستنتج أن مستوى البروتین الغذائي بنسبة 

 .أداء النمو ،ءمعدل البقا ،مستوى البروتین ،سماك الجوبيأ: الكلمات المفتاحیة
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في منطقتي  عمى أوراق الفول البمدي( Botrytis fabaالشكولاتي ) مرض التبقع البنيتعريف مسبب عزل و 
 المرج والوسيطة بالجبل الأخضر

 بوعزوم ونورا محمد *نوارة عمي محمد
 الزراعة، جامعة عمر المختار، البيضاء، ليبيا قسم وقاية النبات، كمية

 
 0207 مارس 02/ تاريخ القبول: 0202 نوفمبر 71تاريخ الاستلام: 

Doi:https://doi.org/10.54172/mjsc.v36i2.33  

ستيدفت ىذه الدراسة تعريف الفطر المسبب لمرض التبقع البني عمى أوراق الفول، حيث جمعت عشوائياً أوراق الفول ا المستخمص:
عمييننا أعننراض  والإثمننار المتنن،خرة، تظيننر ،الإزىننار :فنني مراحننل 0271وحقننول الوسننيطة خننلال فبرايننر ومننارس  ،المننرج حقننولمننن 

وراق الم ننابة عننزل مسننبب مننرض التبقننع البنننى مننن اأي العينننات وشنندتيا، . وقنندرت نسننبة الإ ننابة فنن/ حقننلاانباتنن 02المننرض عنندد 
بطنناطس و  ،(Cz)غذائيننة  ننمبة شننممت كننل مننن زابكننس ال نقنني عمننى اأوسنناطية، نمنني الفطننر الختبننار قدرتننو الإمراضنناطبيعيننا، وبعنند 
الدراسنننة إ نننابة أوراق الفنننول ننننت نتنننائ  بي درجنننة مئوينننة، 00عنننند وحضننننت  ،(MA)وبيئنننة مالنننت أجنننار ،) (PDA دكسنننتروز أجنننار

 ننغيرة عمننى محمننرة بنيننة عمننى شننكل بقننع  وظيننرت أعراضننحيننث  ،المزروعننة بحقننول كننل مننن المننرج والوسننيطة بمننرض التبقننع البننني
 فنني%، 6178حقننول المنرج إلننى  فنيو ننمت و  ، ننابةالإنسنبة حسنناب سنم، وسننجمت كميننة المنرض ب0.52 ومتوسنط قطرىننا  ،اأوراق

المعنزول منن  النقنيكمنا أكندت الدراسنة عمنى قندرة الفطنر  %.7271حينث بمغنت  ،أعمى في حقول الوسنيطة ابة حين كانت شدة الإ
واتضن  منن سناعة منن الحقنن.  76وتسنجيل البقعنة عمنى أوراق نبنات الفنول  ننف الم نري بعند  الإ نابةأوراق الفول عمى إحداث 

سننمكو متوسننط المميننز بميسننميوم مقسننم داكننن،  ،Botrytis fabae المسننؤول عننن المننرض ىننو الفطننرالمسننبب خننلال القياسننات أن 
بننني  مسننتديرة لونينناأحاديننة الخميننة،  وىننيعناقينند عننند أطننراف متسمسننمة متفرعننة،  الكونيديننة فننيلجننراثيم ا ينننت ميكرومتيننر(، و  77710)

جسنام أوجراثيم و  ،عطت بيئة زابكس أعمى نمو ميسميوميأميكروميتر، كما  7276تر والعرض ميكرومي 7770خفيف، متوسط الطول 
 ى.الغذائية اأخر  باأوساطحجرية مقارنة 

 Botrytis fabae ، تعريف فطرأوراق الفول، مرض التبقع البني :المفتاحيةلكممات ا

 المقدمة

التنننننننابع لمعائمننننننننة البقوليننننننننة  .ViciafabaLنبننننننننات الفننننننننول د يعننننننن
(Fabaceae( )Cubero،0277) ا عالمينننن ااقت ننننادي مح ننننولا
 التنني محا ننيلالقنندم أومننن  الغذائيننة،ىننو ثالننث أىننم البقوليننات و 

كغذاء سنة قبل الميلاد، حيث سجل  6222منذ  عرفيا الانسان
الرومنننننان واليينننننود  و غرينننننق، والإ ،لكنننننل منننننن قننننندماء الم نننننريين

(. 0222، خنننننرونآو  Sahileثيوبينننننا ) إ اأ نننننمي لنننننوالمنننننوطن و 
المننواد و لاحتوائننو عمننى البننروتين،  ةبقيمتننو الغذائيننة العالينن يتميننز

والفيتاميننننات  ،الحديننندو الفوسنننفور، و الكالسنننيوم، و ، الكربوىيدراتينننة

(Noorka وEl-Bramawy  ،2011). مجموعننو  ويسننتخدم
منننننن ىنننننذا  لنننننى جاننننننب الاسنننننتفادةإ، اً عمفيننننن مح نننننولاً  الخضنننننري
 ،رفع خ وبة التربة من خلال تثبينت النتنروجين فيالمح ول 

ارتفننناع  إلنننىوتكويننننو لمعقننند الجذرينننة. وتشنننير الدراسنننات الحديثنننة 
طننننن/ ىكتننننار، رغننننم  776نتاجيننننة ىننننذا المح ننننول حيننننث بمنننن  إ

 7287ممينننون ىكتنننار سننننة  776انخفننناض مسننناحة زراعتنننو منننن 
بسننننننبب تطننننننور  وذلننننننك 0221مميننننننون ىكتننننننار سنننننننة  270 إلننننننى

 العننالمينتنناج نتنناج وبمنن  الإ ننبحت عاليننة الإأ التنني اأ ننناف
 1565ىكتار، 899ليبيا  في، أما مميون طن 770 0221لسنة 
 .(FOA ،0276)طن 

https://doi.org/10.54172/mjsc.v36i2.33
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.33&amp;domain=pdf&amp;date_stamp=2008-08-14
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فنني  ةتسننببمال اأمننراض الفطريننة مننن أىننم العوامننل الحيويننة دتعنن
(. منننن بينينننا 0272وآخنننرون  Ahmedالحننند منننن غمنننة الفنننول )

أىننم اأمننراض فنني منطقننة  دوال نندأ الننذي يعنن ،بقعننة الشننوكولاتة
 (.Honounik، 7227و Bisriالبحنننننننر اأبنننننننيض المتوسنننننننط )

قنل غالبنا عننن تتن عديندةنباتينة مراض ،ي ناب مح نول الفنول بن
منراض الفطرينة المسنجمة عمنى شير تمنك اأأمن  طريق البذور،

، مننرض التبقنع البنننى الخضننري بمنطقنة بنغننازي )ليبينا(المجمنوع 
، Botrytis fabae (El-Ammariالنننننننات  عننننننن الفطننننننر 

ويقمنل  ،مدمر لمح ول الفنولو  ،مرض متخ صىو  (0272
عننداد ىائمننة أتظيننر . (0270وآخننرون،  Terefe )مننن إنتاجننو

تتنقل بسيولو بواسنطة الينواء  ثممن جراثيم الفطر عمى اأوراق 
 0227وآخننرون،   Eladسننجل كمننا خننلال الطقننس الرطننب ، 

  ،سننياآو  ،فريقينناا  و  ،الشننرق اأوسننطو بننا، و ور أ كننل مننن: فنني الفطننر
وعنننننزل  ،كننننننداو  أسنننننتراليا،و اليننننند، و كورينننننا، و  ،وأمريكننننا الجنوبينننننة

المسبب المرضي من نباتات الفول عمى وسط اجار دكستروز، 
م منننم 77206معننندل النمنننو الينننومي )كنننان و  ،نمنننوالتمينننز بسنننرعة 

م مننن( م6772درجنننة مئوينننة، حيننث و نننل إلنننى ) 00( عنننند 7-يننوم
 ةبيضننننناويأو  مسنننننتديرة( 2015وآخنننننرونTerefe)أينننننام  0بعننننند 

،  Pezet و Pont) عمننننننى حامننننننلالشننننننكل مننننننع عنننننننق ق ننننننير 
 07768بمننننننن  متوسنننننننط حجنننننننم الجرثومنننننننة الكونيننننننندي )(. 7222

. اأجسننننننننام (0270وآخننننننننرون  Terefe)ميكرومتننننننننر( 78700×
البيئنننة، متكمسننننة بعنننض اأحيننننان  فننننيالحجرينننة  ننننمبة متحجنننرة 

الجنراثيم عنادة .mm 3 نادرا أعمى منن قطر، mm 1,7-1 غالبا
-x (11-) 13 (29-) 25-16 (-1)مقارننة بالناتجنة عنن  ةكبينر 

16 (- 20) µm [I/b ratio 1:25-1:45. [ بيئننة  فنني
م الكونيدية مستخمص أوراق الفول ينت  كميات كبيرة من الجراثي

مننننننلاح غيننننننر العضننننننوية مثننننننل نتننننننرات بسننننننبب زيننننننادة تركيننننننز اأ
 .وديومال 

اسنننتيدفت ىنننذه الدراسنننة تعرينننف الفطنننر المسنننبب لمنننرض التبقنننع 
والوسننيطة بالجبننل  ،فنني منطقتنني المننرج البننني عمننى أوراق الفننول

 الاخضر.

 

 المواد وطرق البحث

 ،زينننارة ميدانينننة لكنننل منننن حقنننول المنننرج أجرينننتجمعععع العينعععات: 
فننننني مراحنننننل  0271قنننننول الوسنننننيطة خنننننلال فبراينننننر ومنننننارس حو 

نبتننة  02كننل حقننل، تننم اختيننار  منننالإزىننار والإثمننار المتنن،خرة. 
وفح ننننيا عننننن كثننننب. اأمننننراض السننننائدة تننننم  ،بشننننكل عشننننوائي

تسنننننجيميا بنننننناءً عمنننننى اأعنننننراض الب نننننرية. لت،كيننننند التشنننننخيص 
  الميداني بناءً عمى اأعراض .

 :وراق الفعولأالتبقعع عمعى معرض بصابة شدة الإنسبة و تقدير 
إلنى المعمنل وفقنا  تقدرت نسبة الإ ابة فني العيننات التني جمبن

وراق الإ ننننننابة لعنننننندد اأ)نسننننننبة  (:James 7217لمعادلننننننة )
(، أمنننننننا شننننننندة الإ نننننننابة 100Xوراقالم نننننننابة/العدد الكمننننننني أ

درجنننننات الموزعنننننة  ((ICARDA ,2005مقيننننناسباسنننننتخدام 
تقينننننننيم مول (0278وآخنننننننرون،  Elwakil.)0-2 نننننننابة منننننننن الإ
 Horsfallوفقنننننننننننناً لمعادلننننننننننننة )عمميننننننننننننة الحسننننننننننننابية ال تجريننننننننننننأ  
 Heuberger،7270:) DS=(ab/rN )x100و
(DS  ،ل شننننننندة الإ نننننننابةa  ،ل درجنننننننة المقيننننننناسb  ل عننننننندد

ل عنندد Nل عنندد درجننات المقينناس،  rالنباتننات فنني كننل درجننة، 
 .7الشكل  النباتات الكمية(

 

 : تقييم المرض

 
عمنننننننى أوراق الفنننننننول )م ننننننندر:  مقيننننننناس منننننننرض التبقنننننننع الشنننننننوكلاتى .(1الشعععععععكل )

ICARDA ,2005) 2 ،عننندد  فنننيل زينننادة 2ل بقنننع  نننغيرة،  1ل نبنننات سنننميمة
 ل موت الورقة5ل البقع تحتل ن ف الورقة، 4ل التحام البقع، 3البقع،

http://scialert.net/fulltext/?doi=jest.2016.170.187
http://scialert.net/fulltext/?doi=jest.2016.170.187
http://scialert.net/fulltext/?doi=jest.2016.170.187
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: مععن أوراق الفععول المصععابة طبيعيععا   B. fabaeعععزل الفطععر 
وراق وفقنننا لمنننا ذكنننره عنننزل مسنننبب منننرض التبقنننع البننننى منننن اأ

(Gossen  ،1997واخننننرون .)تطعننننوراق وق  اأ تخننننذأ ثحينننن 
بحيننننث يشننننمل الجننننزء الم نننناب  0سننننم  7لننننى قطننننع مسنننناحتيا إ

٪ منننننننن محمنننننننول 7بواسنننننننطة  والسنننننننميم بعننننننند تعقميينننننننا سنننننننطحيا 
بالمنناء المقطننر المعقنننم غسنننل تدقننائق  3ىيبوكموريننت ال ننوديوم 
 7بورق نشناف معقنم، ثنم وضنعت  جففتثلاث مرات متوالية، و 

 في أطباق بتري 0سم7مساحتيا  جافة تماماورقية معقمة و قطع 
)الاجنننار المائي(.درجنننة تحضنننين  الغنننذائيعمنننى الوسنننط وي تنننحت

نقيننننت المسننننتعمرات التحضننننين، أيننننام مننننن  1بعنننند  ºم19الفطننننر 
بنقميا إلى أطباق جديدة  بينا بيئنة البطناطس دكسنتروز  يةالفطر 

لمنننننندة ، °(م00حضنننننننت فنننننني درجننننننة حننننننرارة ) .(PDA)أجننننننار 
حتننى (Harrison, 1988) سننبوعين لمح ننول عمننى جننراثيم.أ

الح ننننول عمننننى الفطننننر منفننننردا ب ننننورة نقيننننة، وأخننننذ القياسننننات 
أمنننننا ودوننننننت الموا نننننفات الشنننننكمية تحنننننت المجينننننر الضنننننوئي، 

اعتمنننادا عمنننى التراكينننب الخضنننرية والتكاثرينننة التعرينننف فقننند تنننم 
 Waller و  Ellis)وفق المراجع المتخ  ة  المعزول لمفطر

،7217  Barnett و Hunter 7226    Maloneوآخنرون ،
7221.)  

ال ننف  الفنول زرعنت بنذور كثنرتوضني  ألم مراضية :القدرة الإ
سنننم، تحتنننوى عمنننى  02 نننص بلاسنننتيكية قطرىننناأ فننني الم نننري
بنذور  0زرعنت ( 7: 7: 6وس )بتمنالو  الرمنلو  الطنينخميط منن 

ختبنرت قندرة الفطننر ا ينوم مننن الزراعنة، 70بعند  ،اأ نيص فني
Botrytis fabae ناعي بجننراثيم الفطننر لمعننزول بننالحقن ال ننا

سننناعة لرفنننع  07لمننندة  يبلاسنننتيكالتحنننت الكنننيس عمنننى اأوراق 
 76مسننننتوى الرطوبننننة حننننول النباتننننات، تننننم تقيننننيم المننننرض بعنننند 

 ساعة.

لمحصعععول عمعععى  الفطعععر عمعععى أوسعععاط تلاةيعععة مختمفعععة تنميعععة
نمنني الفطننر  لفطععر المختمفععة ولحسععاب سععرعة نمععو :تراكيععب ا
)  شنممت كنل منن زابكنس ، نمبةالغذائينة الاأوسناط   فنيالنقي 

Cz)  بطنننناطس دكسننننتروز أجننننارو (PDA) ة مالننننت أجننننار وبيئنننن

(MA)  وقننننيس النمننننو الطننننولي خننننلال °م 00وحضنننننت عننننند ،
 أيام.1و  0، 0المختمفة  فترات التحضين

 النتاةج

المبيننننة بالشنننكل  الحقننول فنننيالدراسننة المسنننحية  أوضننحت نتنننائ 
وجننننود مننننرض التبقننننع البننننني عمننننى أوراق الفننننول المزروعننننة  (2)

نسننننبة  فننننيالوسننننيطة، وسننننجل ارتفنننناع بحقننننول كننننل مننننن المننننرج و 
المزروعنننننة بحقنننننول المنننننرج حينننننث  وراق الفنننننولأ نننننابة عمنننننى الإ

 فننيلننوحظ ارتفنناع شنندة المننرض و  ،%6178إلننى و ننمت النسننبة 
حقول الفول بمنطقة الوسيطة مقارننة بحقنول المنرج حينث بمغنت 

7271 % 

 
 نننابة بمنننرض التبقنننع البنننني عمنننى أوراق الفنننول وشننندتيا نسنننبة الإ(.2):شعععكل

 المزروعة بحقول الوسيطة والمرج

ىننذه الدراسننة تنننم و ننف أعننراض المنننرض كمننا ىننو مبنننين  يوفنن
 ننغيرة محمنرة بنينة ظينرت أعننراض بقنع أ( حينث - 0كل )بالشن

ومتوسننط قطرىننا  سننم7720 -277تتننراوح بننين عمننى أوراق الفننول 
ب( المبننننين لنتننننائ  – 0.سننننم، كمننننا يتضنننن  مننننن الشننننكل )2700

اختبنننننننارات القننننننندرة الإمراضنننننننية لمفطنننننننر المعنننننننزول منننننننن اأوراق 
 النقنننننيقننننندرة الفطنننننر لم نننننابة طبيعينننننا، حينننننث يظينننننر بالشنننننكل ا

وتسننننجيل  ، ننننابةمننننى إحننننداث الإزول مننننن أوراق الفننننول عالمعنننن
سنناعة  76البقعنة عمنى أوراق نبننات الفنول  ننف الم ننري بعند 

 من الحقن. 

0

20

40

60

80

100

 الوسيطة المرج

بة 
نس

)%
(

 

 مواقع

 شدة الأصابة نسبة الأصابة



0207، 762-760(: 0) 08مجمة المختار لمعموم   
 

 CC BY-NC 4.0 ترخيص إسناد المشاع الإبداعي لممؤلف )المؤلفون(، يخضع ىذا المقال لسياسة الو ول المفتوح ويتم توزيعو بموجب شروط© 
ISSN:  online 2617-2186           print 2617-2178 

185 

 
)أ(   التعنننننرف عمنننننى منننننرض التبقنننننع البنننننني عمنننننى أوراق الفننننننول. (3):شعععععكل 

ختبننننار القنننندرة ا)ب(وراق م ننننابة طبيعيننننا وأعننننراض مننننرض التبقننننع البننننني أ
 مراضية الإ
 

 ،Botrytis fabae( و ننف المسننبب 7ويتضنن  مننن الشننكل )
بننني خفيننف، أمننا الميسننميوم منننو لننون الحننديث  المميننز بميسننميوم

كممننا تقنندم بننالعمر إلننى المننون يتحننول  ،المسننن لونننو داكننن شننفاف
أ(  سننمكو - 7ثننم إلننى المننون الرمننادي الفننات  ) ،الزيتننوني الفننات 

(  7)جدول  070±  77710توسط ميكروميتر( بم 7076 -272)
بنني  وأحادينة الخمينة، مسنتدير لوننالكونيدية نتاجو لمجراثيم إبعد 

ميكروميتنننننر  7770طنننننول ال.خفينننننف، متوسنننننط إعنننننادة  نننننياغة 
بينمنننننا متوسنننننط قطنننننر الجرثومنننننة  ميكروميتنننننر، 7276والعنننننرض 

يظيننننننر فنننننني ( 7ب( )الجنننننندول  -7كروميتننننننر )الشننننننكلمي 7078
د، ه، و(. كمننننا  – 7عناقينننند عننننند أطننننراف متسمسننننمة متفرعننننة )

 ننمبة متحجننرة، وىنني  ،السننوداء اأجسننام الحجريننةوجننود سننجل 
ميكروميتنننننننر، عنننننننند حسننننننناب  2770±  7720 قطرىنننننننا بمتوسنننننننط

( ميكروميتنننننر، 2771±  777الطنننننول/ العنننننرض كنننننان متوسنننننط )

خفيننننف عننننندما يكننننون البننننني الويتميننننز الحامننننل الكونينننندى بمونننننو 
 7272 -278المسننننن لونننننو داكننننن سننننمكو ) ، أمننننا الحامننننلاحننننديث

يتمينننز ىنننذا الفطنننر  ، كمنننا2727±  7270ميكروميتنننر( بمتوسنننط 
وأما المسنن  ،بني خفيف منو بوجود حامل العناقيد لون الحديث

±  877ميكروميتننننر( بمتوسننننط  877 -076لونننننو داكننننن سننننمكو )
 Botrytis fabae، ممننننا يؤكنننند عمننننى أن عزلننننة  لننننن 277

Sardina  المتح نننننل عميينننننا منننننن أوراق الفنننننول ىنننننو المسنننننبب
 المرضي المسؤول عمى أعراض مرض التبقع البني.

 
 

 Botrytis fabaeفطننننر موالتكاثريننننة ل ،تراكيننننب الخضننننريةال (4) :شععععكل
)أ(: ميسنننميوم الفطنننر،  .المعنننزول منننن أوراق الفنننول المنننزروع بحقنننول المنننرج

)ب(: جراثيم الفطر بيضناوية الشنكل، )ج( جسنم حجنري، د: جنراثيم الفطنر 
، ه: جننراثيم الفطننر عمننى حامننل 72Xعمننى حامننل كونينندى عننند قننوة تكبيننر 

، و: جنراثيم الفطنر عمنى حامنل كونيندى عنند 02Xعنند قنوة تكبينر  كونيدى
 72Xقوة تكبير 
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   يوض  قياسات الجراثيم والميسميوم عمى بيئة زابكس عمر المستعمرة( 1جدول )

 تراكيب الفطر
 بالميكروميتر القياسات الو ف

 الانحراف المعياري ±المتوسط  المدى ال فة المون

 المون أسود  مبة متحجرة اأجسام الحرية
 2770±   7720 (777 – 276) قطرىا

 2700±   2760  (7770  -270) مساحتيا
 2771 ± 777 (771- 777) الطول/ العرض

 070±  77710 (7076 -272) سمكو المسن لونو داكن الحديث بني خفيف الميسميوم
 2727±  7270 (7272 -278) سمكو المسن لونو داكن الحديث بني خفيف الحامل الكونيدى
 277±  877 (877 -076) سمكو المسن لونو داكن الحديث بني خفيف حامل العناقيد

 الجراثيم
 بني خفيف

 

 777 ± 7770 (7870 – 7772) الطول
 772 ± 7276 (7077 – 672) العرض

 2770 ±  777 ( 778- 770) الطول/ العرض
 272 ±  7078 (7770 – 7276) قطر

 7176 ± 70870 (70170 – 2770) مساحة
 %70722 أيام 1اختبار القدرة الإمراضية )نسبة الإ ابة(* بعد 

x [ 722 ابة ل])المساحة الم ابة/ المساحة الكمية(*نسبة الإ 

 
تمفة يتض  من الشنكل مخوساط غذائية أعند تنمية الفطر عمى 

أفضننل البيئننات المختبننرة حيننث  زابكننس أجننار ىنني( أن البيئننة 0)
حجريننننننة مقارنننننننة  اجسننننننامأو  وجننننننراثيم عطننننننت نمننننننو ميسننننننميوميأ

( إلننى متوسننطات 8يشننير الشننكل ) ،المختبننرةوسنناط الغذائيننة باأ
أقطننار نمننو الفطننر النننامى عمننى أوسنناط غذائيننة مختمفننة، حيننث 

بيئنة  ،يمينو اعالين اأعطنت نمنو  يتض  من الشكل أن بيئة زابكنس
بطنناطس دكسننتروز أجننار، بينمننا كانننت بيئننة المالننت أجننار ىننى 

 أقل نموا مقارنة بباقي اأوساط.ا

 

: 0ر، : بيئنة مالنت أجنا7عميينا الفطنر ) ننامياأوساط الغذائينة ال (5) :شكل
 : بيئة زابكس أجار(0بيئة بطاطس دكستروز اجار و

 

 
 

عمننى أوسنناط غذائيننة  مختمفننة.  Botrytis fabaeنمننو الفطننر   (6شععكل )
(Cz  ،زابكس :PDA  ،بطاطس دكستروز أجار :MA)مالت أجار : 

 
 المناقشة

نتنننائ  وجنننود منننرض التبقنننع البنننني ال ىنننذه الدراسنننة أوضنننحت فننني
عمننى أوراق الفننول المزروعننة بحقننول كننل مننن المننرج والوسننيطة، 

وذلننننك قع المدروسننننة، كميننننة المننننرض بننننالموا فننننيوسننننجل ارتفنننناع 
 ،المناخينننننة لممسنننننبب المرضننننني منننننن حنننننرارةف لملائمنننننة الظنننننرو 
تطننننور المننننرض  فننننيتمعننننب دورا ىامننننا  التننننيو  ،ورطوبننننة نسننننبية
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(Elad  ،0227وآخننرون.) ننابة عمنننى أعنننراض الإ وو ننفت 
 ،الشننتاء فنيبقنع بنيننة محمنرة أو شننوكولاتية  فننياأوراق المتمثمنة 
بنننالفطر مراضنننية جنننراء اختبنننار القننندرة الإإبعننند ،  وبداينننة الربينننع

المعننننننزول كننننننان المسننننننبب أكثننننننر عدوانيننننننة عمننننننى أوراق  نننننننف 
الم ري حيث التحمت البقع وتسبب لطخات سنوداء عنند تنوفر 

إلنننى منننوت مسننناحة كبينننرة منننن  ظنننروف الرطوبنننة العالينننة مؤديننناً 
عتمننناداً عمنننى اأعنننراض وال نننفات حينننث تنننم الت ننننيف ا الورقنننة

كمنننننا  (،0271وآخنننننرون،  .Ateşالشنننننكمية لمفطنننننر المعنننننزول ) 
بمنننننننرض التبقنننننننع  الإ نننننننابةوضنننننننحت النتنننننننائ  ارتفننننننناع نسنننننننب أ

إلنننننى الظنننننروف المناخينننننة منننننن حنننننرارة ذلنننننك رجنننننع يالشنننننوكلاتى و 
منن ذكنره كنل  وتتفق ىذه النتائ  منع منا ،رطوبة عاليةو  ،معتدلة

(Bernierr  أما 7220وآخرون )El-Ammari ،0271   فقد
  ابة عالية بحقول بنغازي خنلال شنيري فبراينر ومنارسإسجل 
زيننادة  فننينسننبية الرطوبننة ال. حيننث تننتحكم درجننة الحننرارة و 0271
 والظننروف الفسننيولوجية لمعائننل النبنناتي، ،تكنناثر الفطرينناتمعندل 

منن جينة أخنرى فن ن و  بالتالي ظيور أعراض المرض وتطوره،و 
وفقنا لينذه  درجة الحرارة تؤثر عمنى مقاومنة النبنات ضند المنرض

(، تعننننننود خطننننننورة ىننننننذا 0270خننننننرون، آو  Terefeالمتغيننننننرات )
خنننلال ختنننرق العائنننل النبننناتي بتعننندد وسنننائل تكننناثره منننن االفطنننر 

عمننننى اأنابيننننب  لجننننراثيم الكونيديننننةاامتلاكننننو قنننندرة كبيننننرة لإنتنننناج 
تنتقنننل عبنننر تينننارات الينننواء الجننناف، والتننني  ،الجرثومينننة الق نننيرة

فنني قطننرات المنناء، كمننا  والعنندوى ناتجننة عننن الت نناق الكونيننديا
منننن  يتمينننز بنننالتحول منننن النمنننو الخضنننري السنننريع إلنننى الإنتننناج

sclerotia  بقاء الفطر عندما ت ب  الظروف البيئية  فيميمة
بيئننننة زابكننننس  ، وتعنننند(1980،وآخننننرون Jarvis)غيننننر ملائمننننة 

وبيئننننة بطنننناطس دكسننننتروز أجننننار ملائمننننة لنمننننو الفطننننر وتكنننناثره 
(Yetayew،0271). 

 الاستنتاج

سننجمت ىننذه الدراسننة مننرض التبقننع البننني بحقننول بعننض مننناطق 
الجبل اأخضر، وتحديد أعراضو المميزة ، وتم تعريف المسبب 
المرضي بناء عمى ال نفات الشنكمية، وقيناس نمنوه عمنى بعنض 

 اأوساط الغذائية.
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Abstract: This study aimed to identify the fungus that causes chocolate spot disease on bean leaves. 
Bean leaves were collected randomly from fields in Al-Marj and Al-Wasitah regions during Febru-
ary and March 2017 in late flowering and fruiting stages, showing symptoms of disease 50 
plants/field. The infection rate and severity of the samples were estimated. The pathogen of choco-
late spot disease was isolated from naturally infected leaves. After testing its pathogenicity, the pure 
fungus was grown on solid food media that included both Zapex (Cz) and potato dextrose agar 
(PDA) and environment malt agar (MA) and incubated at 22 Celsius.The results of the study 
showed that the bean leaves grown in the fields of both Al-Marj and Al-Wasitah were infected with 
chocolate spot disease, as its symptoms appeared in the form of small reddish-brown spots on the 
leaves with an average diameter of 0.52 cm. The severity of the disease was recorded by calculating 
the infection rate, and it reached 87.6% in Al-Marj fields, while the severity of infection was higher 
in Al-Wasila fields, reaching 49.7%. The study also confirmed the ability of the pure fungus isolat-
ed from bean leaves to infect and record the stain on the leaves of the Egyptian bean plant 48 hours 
after injection. It became clear through the measurements that the pathogen responsible for the dis-
ease is the fungus Botrytis fabae, characterized by dark divided mycelium, its thickness (average of 
11.75 micrometers), and its production of conidia bacteria in clusters at the ends of a branched-
chain, which are single-celled, round, light brown in color, average length 14.5 micrometers and 
width 10.8 micrometers. Also, the Zapex environment gave the highest growth of mycelium, germs, 
and microsclerotia compared to other nutritional media. 
 

Keywords: Chocolate Spot Disease; Fabae Bean Leaves; Botrytis fabae. 
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