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Abstract: This study examines the allelopathic effects of Cistus incanus (synonym C. vil-
losus) L. and Cistus salviifolius L. on the germination and the root length of Ceratonia sili-
qua. Six aqueous extracts were prepared for both species by soaking fresh leaves in cold wa-
ter, boiling leaves and leaving for 24 hours, and grinding dried leaves. The result suggests that 
the germination percentage was slightly affected by extract concentration regardless of the 
type of extraction since F-value and P-value at 0.05 confidence level were 2.93 and 0.043 re-
spectively. However, root length showed a significant response to the type of extraction, ex-
tract concentration, and interaction between both factors as F-values reached 6.3, 12.4, and 
2.4 respectively. LSD test showed the response of seeds germination was inverse with the in-
crease of concentration. In addition, it showed that the extracts of dried leaves were higher in 
root inhibition than the extracts of fresh leaves. The interaction effect reached its highest val-
ues when comparing the dried leaves’ extract to the freshly soaked ones, even for the same 
concentrations. In conclusion, seeds of c. siliqua were able to easily start germination because 
the nutrition compounds needed were available in the endosperm, and the media supported 
them just by moisture for establishment. While for root length, the root tissue absorbed extra 
quantities of the inhibiting agents from media leading to failure or weakness in root develop-
ment. 
 
Keywords: Allelopathy; Aqueous extracts; Cistus incanus; Cistus salviifolius; Germination 
percentage; Root length. 

 
INTRODUCTION 

The term (Allelopathy) refers to the process 
of producing and releasing chemical sub-
stances by a plant into the environment (Rice, 
1984; Hussain & Khan, 1988; Mallik, 2008). 
It seems that numerous sources of chemical 
substances exist in plants in different forms 
(Masoud and Omar, 2018). Some species de-
pend on roots' ability to exert these chemi-
cals. Or by dropping leaves or other areal 
parts to the adjacent soil (Thompson, 2005; 

Scognamiglio; 2013, Salhi et al., 2011; Idris 
and Omar, 2018). During the decomposition 
of the dropped matter, or by roots, and in the 
presence of water, some chemical compounds 
would reach to seed banks or the recently es-
tablished seedlings. In many cases, the ger-
mination or seedlings’ growth and develop-
ment may fail or be inhibited (Idris and 
Omar, 2018).  

The affected species would not respond to the 
allelopathic agent to the same extent. Herranz 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.384&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:Mohamed.omar@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.384&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.384&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v37i3.384
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et al., (2006) reported that some Mediterrane-
an species show reasonable levels of re-
sistance towards the aqueous extracts of 
common allelopathic species. What is more 
interesting is the response of species to the 
chemical concentration. According to Omar 
et al (2017), the aqueous extracts of Artemi-
sia herba-alba Asso have no significant ef-
fects on the germination of C. siliqua seeds, 
while the root length of established seedlings 
was significantly affected. Therefore, the 
natural regeneration in a given plant commu-
nity may be affected by such allelochemicals. 
Such an influence may contribute to the shap-
ing of forest ecosystems on the levels of 
composition, structure, and density (Caboun 
and Jacob, 2015).   

In the Mediterranean region, many shrubs 
and annual plants produce some chemical 
substances in the act of competing against 
other species, especially in summertime 
(Muller, 1969). In Libya, natural vegetation 
covers about 1% of the country area, and 
95% of it exists in Al-Jabal Akhdar in the 
northeast consisting of 100 - 140 species, 
subspecies, or varieties endemic to Al Jabal 
Al Akhdar (Radford et al., 2011). In such en-
vironments, allelopathy may, to some extent, 

influence biodiversity (Omar et al., 2017).  

Cistus ladanifer L. has been reported as a 
fundamental allelopathic species to the extent 
that it may influence plant diversity in the 
Mediterranean (Chaves and Escudero, 1997; 
Chaves et al., 2001; Herranz et al., 2006). 
The current paper aims to investigate whether 
other species of the Cistus, which belong to 
the family of Cistaceae, could have any simi-
lar effect. Two native species were chosen: 1) 
Cistus incanus L. It is a shrub, erect or 
spreading with a stem up to 1 meter in length 
with white-villous. Leaves are ovate, obovate 
or elliptic, or almost flat. Pubescent or to-
mentose with stellate hairs. Flowers 4-6 cm 
in diameter, purplish-pink. Capsules densely 
adpressed-villous. The seeds are small and 
blackish (Jafri and El-Gadi, 1977). Figure 1 
(A). 2) Cistus salvifolius L. It is an evergreen 
native small shrub, 60 - 90 cm in length. 
Leaves are green spreading and hairy, mostly 
ovate-elliptic, rounded at base, green, scab-
rid, and rugose above, with short stellate 
hairs on both surfaces, petiolate. The flowers 
are predominately white. Five sepals, mani-
festly cordate at the base, are scabrid with 
stellate hairs usually (Jafri and El-Gadi, 
1985) Figure 1(B).  

 
 
Figure (1). A) Cistus incanus, B) Cistus salvifolius. 
 
The targeted species is Ceratonia siliqua L. 
which belongs to the Caesalpinioideae sub-
family of the legume family, Fabaceae. It is 
an evergreen sclerophyllous tree or shrub,  
with a height of up to 9 meters. It can live up 
to 200 years (Masoud and Omar, 2018).  

 
Leaves are oval or elliptical, leathery, with a 
length of 10 – 20 cm. Flowers are greenish 
with red inflorescence, and inflorescence axis 
is catkin-like (Jafri and El-Gadi, 1985). C. 
siliqua seeds are known to have a high per-
centage of germination if they are subject to 
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pre-sowing treatment; otherwise, they rarely 
exceed 10% (Bostan and Kilic, 2014). Ac-
cording to the same study, it seems that soak-
ing the seeds for 30 minutes in sulfuric acid 
95%, then immersing them in water for 48 
hours, would increase the germination per-
centage to more than 90%.  

MATERIALS AND METHODS 

Preparing the aqueous extracts :Samples of 
Cistus incanus and Cistus salvifolius were 
collected in October 2019 from the forest of 
Werdama, located just about five kilometres 
east of Albayda city. Leaves were present in 
both species. Six aqueous extracts were pre-
pared as follows: 1) Two extracts were pre-
pared by collecting 100 gm of fresh leaves 
(on the day of samples collection) from both 
species, then soaked in cool distilled water 
for 24 hours at room temperature (Herranz et 
al., 2006). 2) Two extracts were prepared by 
collecting 100 gm of fresh leaves from both 
species (on the same day of collection), then 
added to boiling distilled water and left on a 
heat source for ten minutes, and kept for 24 
hours at room temperature (Herranz et al., 
2006). 3) Two extracts were prepared by dry-
ing fresh leaves for 30 days in room enrap-
ture and then grinding dried leaves for both 
species with (Glen Creston Ltd, Stanmore, 
UK) mill. The powder of each species was 
diluted into distilled water 500 g to1000 ml 
(W/V %). The two mixtures were placed on a 
flask orbital laboratory shaker (mrc laborato-
ry instruments, Cambridge, UK) for 24 hours 
at a speed of 120 rpm at room temperature 
(Ghorbani et al., 2008). Four-folded cotton 
fabric were used as a filter to separate rough 
solid particles from solutions. The solutions 
were then centrifuged with (ELE Internation-
al, UK) at a speed of 2000 rpm for 15 
minutes (Bajalan et al., 2013). All the above 
six mentioned extracts were considered main 
stocks. 25% and 50% solutions based on vol-
ume/volume percent (v/v. %) were prepared 
by adding distilled water from each main 
stock. All the prepared solutions and the main 
stocks were tested against control and among 

each other on C. siliqua seeds. The control is 
saline water to deviate from the osmotic-
potential effect since the prepared solutions 
have a level of salinity. The salinity was l% (l 
g NaCl/1000ml distilled water), and the os-
motic potential is equal to that in the high-
concentration hot extract (Herranz et al., 
2006).  

Seeds preparation and testing :The seeds of 
C. siliqua were randomly selected and then 
subjected to a floating test. To break seed 
dormancy, a chemical treatment was applied. 
We then treated C. siliqua seeds with Sul-
phuric acid (95 %) for 20 minutes before 
soaking them in regular water for two days 
(Bostan and Kilic, 2014). 

Experimental design and statistical analy-
sis: A randomized complete block with a rep-
lication design was implemented. The six ex-
tract types were considered treatments, while 
the four solutions of different concentrations, 
from 0 % (control) to 100% main stocks, are 
considered blocks within each treatment. In 
every block, we prepared three replicants. 
Every replicant is a Petri dish (90 mm diame-
ter) that contains five seeds of c. siliqua 
placed on a piece of filter paper, ensuring that 
seeds don't touch each other (Omar et al., 
2017). The total number of dishes was 72. 
The Petri dishes were then incubated for ten 
days in a controlled cabinet at 20ºC in dark-
ness (Memmert, Schwabach, Germany). Ob-
servations of germination percent for each 
dish and root length, as an average for every 
dish, were recorded. Concerning the statisti-
cal analysis, R (CRAN) software package 
was used. ANOVA test was applied, and the 
LSD test was carried out for the comparison 
between means. Some of our experimental 
units did not show any germination, meaning 
that the germination percentage was (zero). 
In such cases, data transformation is recom-
mended. A logarithm-based transformation 
has been applied by replacing the value of 
each germination percentage (x) with 
log(x+1), as has been suggested by (Robert 
and Casella, 1999). 
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RESULTS 

Seeds Germination: The germination started 
in the control block 48 hours from the begin-
ning of the trial, reaching 95% in all treat-
ments. Observations were recorded every 24 
hours and the germination was tested in eight 
days (Abd El-Fattah et al., 2011; and Al-
Watban & Salama 2012; Omar et al., 2017). 
The analysis of variance showed that there 
are no significant differences between the ef-
fects of aqueous extracts types, either the 
cold extract, the hot extract, nor the powder-
based extract, on the germination of C. sili-
qua and for both species as the F-value was 
(1.61) as depicted in Table 1.  

Table (1). Analysis of variance (ANOVA) for the 
extracts type and concentration on the Germination 
percentage.  

S.O.V D.F S.S M.S F-
value 

P-
value 

Extract  
type 5 28.67 5.73 1.61ns 0.177 

Concen-
tration 3 31.41 10.47 2.93* 0.043 

Interac-
tion 15 40.76 2.718 0.76ns 0.711 

Error 48 171.4 3.571   

Similarly, the interaction between the extract 
types and concentration has not shown any 
significance in its effect on the germination 
of seeds.  However, the clear significance ap-
peared among concentrations in a somewhat 
gradual inverse relation between concentra-
tion level and germination percentage, as 
shown in Table 2.  

Table (2). Effects of C. incanus and C. salviifolius 
aqueous extracts on germination of C. siliqua seeds. α 
= 0.05 

Concentration (%) Means of germination per-
centage 

Control 100a 

25% 60ab 

50% 45b 

100% 20c 

F-Value 2.93* 

LSD 0.386 

Means within columns followed by different 
letters are significantly different according to 
LSD, P<0.05. 

Root length: Root length is a significant in-
dicator for understanding phytotoxicity, that 
is, the extent to which chemical compounds 
affect the growth and development of plant 
cells. Moreover, it gave a better idea than the 
germination percentage to understanding alle-
lopathies. The variance analysis showed a 
significant difference between the type of ex-
tract, the concentration, and the interaction 
on the root length (Table 3). The F value of 
concentration reached 12.4, which was the 
highest value, followed by the type of extract, 
which was 6.299. The F value of the interfer-
ence was low; however, it was significant and 
reached 2.4.  

Table (3): Analysis of variance (ANOVA) for the 
extracts type and concentration on the Root length 

S.O.V D.F M.S F-value P-value 
Extract type 5 30.72 6.299** 0.177 

Concentration 3 60.33 12.369** 0.043 

Interaction 15 11.86 2.439** 0.711 

Error 48 4.87   

 
The LSD test showed (Table 4) that C salvi-
folius powder-based extract at a concentra-
tion of 100% has the highest significant ef-
fect on root length where the length of the 
roots exceeded 4 cm. Also, the interaction 
between type of extract and concentration is 
significant with a value ranging from 5 to 7.5 
cm. This result was indicated whenever the 
type of extract differed and the concentration 
decreased. It can be concluded that the pow-
der of the leaves gives a stronger effect than 
the soaked. The effect increases by rising the 
concentration except when treating the seeds 
with cold soaking for both types. At the same 
time, the length was from 7.5 cm to 8.5 cm, 
which is considered very close to the length 
of the root under the influence of control. 
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Table (4). Paired-wise comparisons between type of extracts, concentrations and interactions. Combinations that have same letters indicate to non-significant effect 
among them comparing to LSD. (A) Refers to shortest root lengths obtained ranged from (2.98 – 3.98) cm. (B) refers to longest root lengths obtained (3.99 – 5.22) 
cm.  

 Cistus incanus 
aqueous hot extract 

Cistus incanus aqueous 
cold extract 

Cistus salvifolius aqueous 
hot extract 

Cistus salvifolius aqueous 
cold extract 

Cistus incanus powder-
based extract 

c 25 50 100 c 25 50 100 c 25 50 100 c 25 50 100 c 25 50 100 

C
istus incanus 

aqueous cold 
extract 

c NS                    
25 NS NS                   
50 NS NS NS                  
100  NS NS NS                 

C
istus salvifo-

lius aqueous 
hot extract 

c NS    NS                
25 A NS   NS NS               
50 A NS NS  NS NS NS              
100 A A A A A A A NS             

C
istus salvifo-

lius aqueous 
cold extract 

c NS    NS    NS            
25 NS NS   NS NS   NS NS           
50 NS NS NS  NS NS NS  NS NS NS          
100 A A A NS A A A NS A A A NS         C

istus incanus 
pow

der-based 
extract 

c NS    NS    NS    NS        
25 NS NS NS NS NS NS NS NS NS NS NS NS NS NS       
50 A NS B  A NS B  A NS B  NS NS NS NS     
100 A A A NS A A A NS A A A NS A A A NS     

C
istus salvifo-

lius pow
der-

based extract 

c NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS    
25 NS B   NS    NS B   NS NS   NS NS   
50 A NS NS  A NS NS NS NS NS NS NS NS NS NS  NS NS NS  
100 A A A NS A A B B A A A NS A A A 3 A NS NS NS 

LSD 3.79 
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DISCUSSION 

Regarding the germination initialization of C. 
siliqua, the key factor is the concentration of 
the active substance regardless of the species 
and the extraction method. The interpretation 
of such a difference in means has been re-
ported by Chaves et al. (2001). Several chem-
ical compounds are responsible for the inhibi-
tory effect on the species that belong to the 
legume species. Among these substances are 
ferulic and p-hydroxybenzoic acid, which is 
the main substance that inhibits seed germi-
nation (Chung et al., 2001). It is unclear 
whether the other phenolic compounds have a 
direct inhibitory effect since (Herranz et al., 
2006) reported that some legume species 
such as Lupínus hispanicus did not show a 
significant response in terms of seed germi-
nation. However, Krogmeier and Bremner, 
1989 reported that (caffeic acid, chlorogenic 
acid, and p-coumaric acid) have a clear effect 
when they reach soil on the seed germination 
of many species' seeds. 

Root length is a significant indicator for un-
derstanding phytotoxicity, that is, the extent 
to which chemical compounds affect the 
growth and development of plant cells. 
Moreover, it gave a better idea than the ger-
mination percentage in understanding alle-
lopathies. The result indicated that, whenever 
the type of extract differed and the concentra-
tion decreased. It can be concluded that the 
powder of the leaves gives a stronger effect 
than those soaked.  

The effect increases by rising the concentra-
tion except when treating the seeds with cold 
soaking for both types. Masoud et al. (2018) 
concluded that the allelochemicals may be 
reducing cell division or auxin-induced 
growth of roots.  

The aerial contains high inhibitory allelo-
chemicals, and the extracts have inhibitory 
effects on the growth of roots and shoot some 
species. Also, the constituents of the aqueous 
extract have been reported to be potent inhib-

itors of seed germination and root seedling 
elongation (Zunino & Zygadlo, 2004; Ma-
soud et al, 2018). 

CONCLUSION 

Root length is a significant indicator for un-
derstanding phytotoxicity which chemical 
compounds affect the growth and develop-
ment of plant cells. These studies should be 
conducted further in more depth at the ana-
tomical level, examining the toxic effect on 
tissues. This could represent a great oppor-
tunity to understand some variables in the 
plant environment, especially to understand 
the phenomenon of competition for limited 
resources in the ecosystem. 
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 Ceratoniaعلى بذور الخروب   Cistus Genusالتأثیرات الألیلوباثیة لنوعین من جنس نبات البربش 

Siliqua L. 

 البخاري عبد القادر عبدالسلامو مسعود، موسى *محمد علي عمر

  لیبیا البیضاء، كلیة الموارد الطبیعیة وعلوم البیئة،، الغابات والمراعي قسم
 

 2022أغسطس  07/ تاریخ القبول: 2021 نوفمبر 13تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v37i3.384  

 

ـ لبهذه الدراسة  أجریتالمستخلص :   Cistus incanus (synonym C. villosus) L. Cistus حث التأثیرات الألیلوباثیة ل
salviifolius L،  ـ للنوعین بنقع مستخلصات مائیة  تم تحضیر ست .Ceratonia siliquaعلى نسبة الإنبات وطول الجذر ل

ـن الأوراق    و ومستخلص لأوراق طریة مغلیة، ،ساعة 24في ماء مقطر بارد لمدة أوراق طریة  ـق طح ـن طری مستخلص ع
ـض    في ماء مقطر. تُشیر النتائج إلى أنثم إذابتها الم�جففة  ـتخلص بغ النسبة المئویة للإنبات تأثرت بشكل طفیف بتركیز الم�س

ـر   كماالتوالي.  على 0.043و 2.93كانت  0.05عند مستوى ثقة  Pوقیمة  Fالنظر عن نوع الاستخلاص حیث أن قیمة  أظه
 12.4و F 6.3بین كلا العاملین حیث بلغت قیم  داخلوالت ،وتركیز المستخلص ستخلاص،طول الجذر استجابة معنویة لنوع الا

بالإضافة إلى ذلك  ،مع زیادة التركیز في علاقة عكسیةأن استجابة إنبات البذور كانت  LSDالتوالي. أظهر اختبار  على 2.4و
إلى  داخلتأن مستخلصات الأوراق المجففة كانت أعلى في تثبیط الجذور من مستخلصات الأوراق الطازجة. وصل تأثیر ال تبین

ـن  تعند مقارنة مستخلصات الأوراق المجففة مع المستخلصات المنقوعة حدیثًا، حتى مع نفس التركیزات. نستن ةأعلى قیم ج م
وكانت  ،لأن مركبات التغذیة اللازمة كانت متوفرة في السویداء ؛تمكنت من بدء الإنبات بسهولة C. Siliquaالدراسة أن بذور 

ـن   امتصت أنسجةفقط للتأسیس. بینما بالنسبة لطول الجذر البیئة تدعمها بالرطوبة  الجذر كمیات إضافیة من العوامل المثبطة م
 الوسائط مما أدى إلى فشل أو ضعف في نمو الجذر.

ـة  ،طول الجذر ،Allelopathy، Cistus incanus ، Cistus salviifolius:  الكلمات المفتاحیة ـبة   ،مستخلصات مائی نس
 الإنبات.
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Abstract: The government through its respective institutions and centers is responsible for 
protecting the consumers by assuring the safety of food supplies until consumption. The study 
sought to assess the knowledge of food safety, discover the incidence of food poisoning, eval-
uate the perception of meals and waitresses, and know the attitude towards the meals served 
among a sample of women who attended celebrations in the celebration halls in Tripoli city, 
Libya. A total of 410 women were selected randomly and data were collected through face-to-
face interviews using questionnaire forms. A chi-square test was used for independence. The 
majority of the participants (41.7%) were between the age of 18 and 25 years. The results 
showed that the majority of the participants (95.4%) had a good level of food safety 
knowledge. Also, the results showed a significant association between age and occupation of 
the participants and food safety knowledge scores (P<0.05). Twenty-four percent of the par-
ticipants reported that they were exposed to food poisoning after eating dinner in the celebra-
tion halls. Only 15% of women always washed their hands before eating the meal in the cele-
bration halls. A significant association was found between hand washing practice and food 
poisoning exposure (p <0.05). Only 22.4% of participants agreed that the food served inside 
the celebration hall was safe. It is very clear that the meals served at celebration halls need to 
be regulated by the repective authorities. In addition, the respective public authorities should 
be working hard to eliminate the negative perception of individuals about food safety practic-
es in celebration halls. 
 
Keywords: Food Safety; Food poisoning; Knowledge; Women; Celebrations hall. 

 
INTRODUCTION 

Governments are intensifying their efforts to 
raise the level of food safety and to make 
their citizens aware of the importance of food 
safety for their health and the state economy. 
Food safety incidents and consequent con-
sumer notification and disposal of food from 
shelves, as well as compensation for lawsuits, 
cost the US economy about $ 7 billion 

(Hussain & Dawson, 2013). 

Food, in addition to water and air, is the pri-
ority for human life on the earth. However, 
food is also a source of different hazards 
causing disease and death (El Sheikha, 2015). 
Food-borne diseases have been defined as 
any infectious or toxic disease caused by 
food consumption (WHO, 2008). The per-
centage of people in developed countries who 
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are exposed to food-borne diseases caused by 
pathogenic microorganisms is up to 30% per 
year and is likely to be higher in developing 
countries (WHO, 2002). The factors respon-
sible for food-borne disease outbreaks which 
have been mentioned in the literature were 
cross-contamination, improper cooling, im-
proper storage or holding foods at room tem-
perature for long-durations, contaminated 
raw food/ingredient, and poor personal hy-
giene by persons who handle food, despite 
continuing progress made in food quality and 
safety (Angelillo et al., 2000). 

Unsafe food containing microorganisms such 
as bacteria, viruses, parasites, or harmful 
chemicals causes more than 200 diseases and 
can lead to health problems ranging from di-
arrhea to cancer (WHO, 2015). There are 
many reasons making food unsafe such as 
improper practices of food handlers. Food 
handlers have a major role in maintaining 
food safety at all stages of food handling, 
such as production, processing, storage, and 
preparation. Mishandling and lack of compli-
ance with food hygiene measures by food 
handlers can lead to food contamination and 
thus health and economic problems (Sousa, 
2008).  

They were the cause of approximately 10 to 
20% of outbreaks of food-borne diseases 
(Yasuda, 2010). Most of the problems of 
food-borne diseases could be controlled by 
the efforts of the food handlers, whether in a 
processing plant, a restaurant, or otherwise 
(Sousa, 2008). Time, temperature abuse, in-
adequate heat treatment, and unhygienic han-
dling were causes of an outbreak among 
guests at a wedding ceremony (Aljoudi et al., 
2010). At parties in Libya, meals are cooked 
on a large scale. Cooking large amounts of 
food at the same time requires many food 
handlers. Employing a large number of food 
handlers increases the chances of contamina-
tion of the final food and the spread of food-
borne diseases, causing health and economic 
burdens on the countries (Akabanda et al., 
2017). 

According to the available information, there 
have been no studies on the level of 
knowledge of food safety for women attend-
ing celebrations in commercial halls. In re-
cent decades, Libyan families have been con-
ducting celebrations of various kinds, such as 
birthday celebrations and wedding ceremo-
nies, etc., in commercial halls instead of do-
ing them in homes and using ready-made 
meals rather than home-cooked ones. How-
ever, this cultural advancement was not ac-
companied by a strategy by the respective 
authorities for monitoring and regulating 
commercial kitchens preparing meals for the-
se celebrations, as well as controlling the 
serving of meals in the halls in terms of the 
application of good handling practices and 
the availability of appropriate conditions in 
meal handlers. In addition to the lack of doc-
umentation of food poisoning occurring in 
Libyan society, especially in celebration 
halls, despite the occurrence of food poison-
ing cases inside them.  

Therefore, the study sought to assess the 
knowledge of food safety, discover the inci-
dence of food poisoning, evaluate the percep-
tion of meals and waitresses, and know the 
attitude towards the meals served among a 
sample of Libyan women who attended cele-
brations in the celebration halls in the city of 
Tripoli. 

MATERIALS AND METHODS 

Experiment design and data collection: 
Four hundred and ten women who attend par-
ties in celebration halls were selected ran-
domly from different areas in Tripoli city, 
Libya. The study was carried out in the peri-
od from January to June 2019. A face-to-face 
questionnaire was used in the Arabic lan-
guage containing three demographic ques-
tions, 11 questions about the knowledge of 
food safety, four questions about exposure to 
food poisoning, 12 questions about the per-
ception of meals and waitresses, and nine 
questions about the attitude towards meals 
safety. The interview did not exceed 20 
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minutes. Knowledge scores were calculated 
by giving one point for the correct answer 
and 0 points for the incorrect answer. Food 
safety knowledge scores range from 0 to 11; 
0 indicates that there is no correct answer to 
any question, while 11 indicates that all an-
swers are correct. Results from 0 to 5 repre-
sent poor knowledge of food safety, while 6 
to 11 represent good knowledge of food safe-
ty. 

Pilot study: The Primary study was conduct-
ed by presenting questionnaire forms to 27 
women to ensure the validity and reliability 
of the questionnaire.  

Statistical analysis: Data were analyzed us-
ing SPSS (Statistical Package Social Scienc-
es, version 22). Descriptive statistics were 
conducted to determine frequencies, percent-
ages, mean and standard deviation. Chi-
square test was used to determine the associa-
tion between variables of sample demograph-
ic characteristics and food safety knowledge 
scores of the participants and between varia-
bles of sample demographic characteristics 
and exposure to food poisoning of the partic-
ipants, and also between variables of sample 
demographic characteristics and handwashing 
practice of the participants. The association 
between food safety knowledge scores and 
exposure to food poisoning, as well as the 
association between handwashing practice 
and exposure to food poisoning were deter-
mined. A significance level of P≤0.05 was 
used to establish significance. 

RESULTS 

Demographic characteristics of a study 
sample: Table (1) presents the demographic 
characteristics of the sample. Approximately 
42% of the participants in this study were be-
tween the ages of 18 and 25, and a high per-
centage of them (44.4%) were employees. 
The highest educational level of the partici-
pants (69.8%) was a university education. 

 

Table (1). Demographic characteristics of a sample of 
women in Tripoli, Libya (N= 410). 

Demograph-
ic character-

istics 

Category Number 
of partici-

pants 

% of par-
ticipants 

Age 
 18- 25 171 41.7 

26-35 119 29.0 
36-45 73 17.8 
46-55 36 8.8 
›55 11 2.7 

Occupation 
 Student 142 34.6 

Laborer 37 9 
Employee 182 44.4 
Retired 2 0.5 
Housewife 47 11.5 

Education level 
 Uneducat-

ed 3 0.73 
Basic edu-
cation 10 2.43 
Secondary 
education 67 16.34 

Knowledge of food safety: The results show 
that the majority of the participants have a 
good level of food safety knowledge scoring 
between 6-11 of the total score, with a per-
centage of 95.4% (391). Only 4.6% (19) of 
participants have a poor level of food safety 
knowledge, with total food knowledge scores 
between 0-5, as in Table (2). The mean of the 
food safety knowledge score of the partici-
pants was calculated to be 8.5±0.71, with the 
scores ranging from 0 -11.  

Table (2). Food safety knowledge levels among the 
women's sample in Tripoli, Libya (N=410)  

Scores Level N* % 
5– 0  Poor 19 4.6 
11 – 6  Good 391 95.4 

Total - 410 100 
*N = number of participants 

Table (3) presents the knowledge of a sample 
of women in Tripoli, Libya regarding food 
safety. Results show that the majority of the 
participants (83.2%) were aware that food 
poisoning occurs due to pathogenic microor-
ganisms. More than 80% of participants in 
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this study are aware of the correct answer 
that food poisoning can occur by spraying 
insecticides at meal preparation locations. A 
total of 62.0% of the participants were 
knowledgeable that food poisoning could oc-
cur due to the detergents used in the kitchen. 
More than 68 % of the participants knew that 
food poisoning could occur due to cookware 
used to cook meals and packages used to 
store them in the freezer. A high percentage 
of the sample (89%) were aware that food 
poisoning causes serious illnesses that end in 
the hospital and sometimes in death. More 
than 64 % of women participating in the 
study correctly answered that the number of 
pathogenic bacteria rapidly increases at room 
temperature. More than half of the partici-

pants (52.0 %) knew that any food must be 
disposed of if left at room temperature for 
more than two hours or one hour at a temper-
ature higher than 32 OC. A high percentage of 
participants (91.0%) realized that food poi-
soning could cause health and economic ef-
fects on society. Over eighty-six percent of 
participants were aware that children, preg-
nant women, and the elderly are likely more 
prone to the risk of food poisoning. The re-
sults showed that the majority of the partici-
pants (94.4%) gave correct answers that you 
should always wash your hands after cough-
ing or sneezing. The results also showed that 
86% were aware that handwashing with water 
only is not sufficient to remove the bacteria 
before touching the food.  

Table (3). Food safety knowledge among women's sample in Tripoli, Libya (N=410). 

Statement Correct answer 
N* (%) 

Incorrect answer 
N* (%) 

Do not know 
N* (%) 

Food poisoning occurs due to pathogenic mi-
croorganisms. 

341 
(83.2) 

12 
(2.9) 

57 
(13.9) 

Food poisoning can occur by spraying insec-
ticides at meal preparation locations. 

338 
(82.4) 

32 
(7.8) 

40 
(9.8) 

Food poisoning can occur due to the deter-
gents used in the kitchen. 

254 
(62.0) 

100 
(24.4) 

56 
(13.6) 

Food poisoning can occur due to cookware 
used to cook meals and packages used to 
store them in the freezer. 

280 
(68.3) 

79 
(19.3) 

51 
(12.4) 

Food poisoning causes serious illnesses that 
end in the hospital and sometimes in death. 

365 
(89.0) 

21 
(5.1) 

24 
(5.9) 

The number of pathogenic bacteria rapidly 
increases at room temperature. 

264 
(64.4) 

52 
(12.7) 

94 
(22.9) 

Any food must be disposed of if left at room 
temperature for more than two hours or one 
hour at a temperature higher than 32C. 

215 
(52.0) 

80 
(20.0) 

115 
(28.0) 

Food poisoning can cause health and eco-
nomic effects on society. 

373 
(91.0) 

8 
(2.0) 

29 
(7.1) 

Children and pregnant women and the elderly 
are likely more prone to the risk of food poi-
soning. 

356 
(86.8) 

30 
(7.3) 

24 
(5.9) 

You should always wash your hands after 
coughing or sneezing. 

387 
(94.4) 

7 
(1.7) 

16 
(3.9) 

Handwashing with only water is sufficient to 
remove the bacteria before touching the food. 

313 
(76.3) 

86 
(21.0) 

11 
(2.7) 

*N = number of participants. 

The association between demographic char-
acteristics and level of food safety knowledge 
among women was examined by using the X2 
chi-square test. The results showed (Table 4) 
that there was a significant association be 

tween food safety knowledge scores and age 
and also between food safety knowledge 
scores and occupation (P‹0.05). The findings 
also disclosed there was no statistically sig-
nificant association between food safety 
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knowledge scores and education level (P› 
0.05). 

Table (4). Association between demographic charac-
teristics and food safety knowledge level among the 
women's sample in Tripoli, Libya (N= 410). 

Variable 
Total Knowledge 

scores P-value 
Poor Good 

Age 
18- 25 10 161 0.012 
26-35 3 116 
36-45 1 72 
46-55 5 31 
›55 0 11 
Occupation 
Student 5 137 0.012 
Laborer 5 32 
Employee 5 177 
Retired 0 2 
Housewife 4 43 
Education level 
Uneducated 0 3 0.169 
Basic education 0 10 
Secondary edu-
cation 

6 61 

University edu-
cation 

13 273 

High education 0 44 

Exposure to food poisoning: The results in 
Figure (1) showed that 24% of the partici-
pants in the study reported that they were ex-
posed to food poisoning after dinner in the 
celebration halls. 

 

Fig (1). Exposure to Food poisoning as reported by 
the women's sample in Tripoli, Libya (N= 410). 

Table (5) shows the symptoms of food poi-

soning reported by the women sampled in 
this study. More than half of participants who 
were exposed to food poisoning said that they 
developed diarrhea with other common 
symptoms, including vomiting (36%), ab-
dominal pain (36%), nausea (25%), and fever 
(7%). While 20% of participants suffered 
from all the symptoms previously mentioned.  

Table (5). Symptoms of food poisoning were reported 
by the women's sample in Tripoli, Libya (N=97).  

Symptoms Number of par-
ticipants 

% of partici-
pants 

Vomiting 36 37.1 
Nausea 25 25.8 
Abdominal 
pain 

36 37.1 

Diarrhea 51 52.6 
Fever 7 7.2 
All mentioned 
above 

20 20.6 

Table (6) displays the type of food that likely 
caused food poisoning as mentioned by the 
women's sample. More than half, 54.6% and 
51.5% of the participants, reported that 
chicken and meat were the likely food that 
caused poisoning, respectively. While 8.2% 
and 4.1% of the sample mentioned vegetables 
and rice, respectively. The statistical results 
showed an insignificant association between 
exposure to food poisoning of the participants 
and age (P=0.916), occupation (P=0.541), 
and education level (P=0.348). 

Table (6). The type of food likely caused poisoning as 
mentioned by women's sample in Tripoli, Libya 
(N=97). 

Food Number of 
participants % of participants 

Chicken 53 54.6 
Meat 50 51.5 
Vegetable 8 8.2 
Rice 4 4.1 
Others 3 3.1 
Do not know 7 7.2 

Figure (2) illustrates the practice of hand-
washing of participants in the study before 
eating the meal in the celebration halls. Only 
15% of women washed their hands always 
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before eating the meal in the celebration halls 
while 40% of them did not wash their hands. 
Using a chi-square test, there was no signifi-
cant association (P› 0.05) between the hand-
washing practice of participants and age 
(P=0.495), occupation (P=0.178), and educa-
tion level (P=0.651). Also, the statistical re-
sults showed that there was a significant as-
sociation (P‹0.05) between hand wash prac-
tice and exposure to food poisoning 
(P=0.007). 

 

Fig (2). Washing hands practice before eating the 
meal in the celebration halls among the women's sam-
ple in Tripoli, Libya (N= 410).  

Perception of meals and waitresses: Figure 
(3) shows a source of meals served at cele-
bration halls as reported by participants. 
About 85% of participants indicated that 
commercial home kitchens were the source of 
meals at celebration halls. 

 

Fig. 3. Source of meals served at the celebration halls 
(N= 410). 

Figure (4) shows how meals are served in the 
celebration halls as reported by participants. 
The responses by the women in the study 
showed that direct serving within dishes was 
the usual way of serving meals in the celebra-
tion halls (96.6%) while using a buffet was 
lower (29.8%). 

 

Fig (4). Ways of serving meals at celebration halls 
(N= 410). 

As shown in Table (7), more than 13 % of the 
participants knew that the meals served in the 
halls were frozen and not fresh. In this study, 
14.6% of participants knew that meals were 
heated sufficiently and appropriately before 
serving. A low percentage (7.8%) of the par-
ticipants knew that meals were heated direct-
ly without thawing them. Also, a low per-
centage of a sample (6.1%) knew how much 
time that the meal is left after heating before 
serving it in the hall. More than the third 
(35.4%) of participants confirmed that in the 
case of a buffet, hot food was available on 
food warmers to keep it hot. Less than a quar-
ter (21.7%) of participants also confirmed 
that in the case of the buffet, the cold food 
was inside bowls with ice to keep it cool. The 
majority of participants (96.7%) responded 
that they knew if dishes were washed before 
using or not. Of all participants, around 64% 
reported that the waitresses were wearing a 
special uniform. While 28.5% of participants 
affirmed that the waitresses wore headcovers. 
A low percentage (18.5%) mentioned that the 
waitresses wear gloves. 
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Table (7). Women's perception of meals and waitresses at the celebration halls in Tripoli, Libya (N=410). 

Statement Yes 
 N*(%) 

No 
N*(%) 

Some-times 
N*(%) 

Do not know 
N*(%) 

Meals served in the halls were frozen and not 
fresh. 

55 
(13.4) 

71 
(17.3) 

138 
(33.7) 

146 
(35.6) 

Meals were heated sufficiently and appropriately 
before serving. 

60 
(14.6) 

106 
(25.9) 

170 
(41.5) 

74 
(18.0) 

Meals heated directly without thawing them. 32 
(7.8) 

62 
(15.1) 

95 
(23.2) 

221 
(53.9) 

You knew how much time the meal left after heat-
ing before serving it in the hall. 

25 
(6.1) 

146 
(35.6) 

53 
(12.9) 

186 
(45.4) 

In the case of a buffet, hot food was available on 
food warmers to keep it hot. 

145 
(35.4) 

81 
(19.7) 

102 
(24.9) 

82 
(20.0) 

In the case of a buffet, the cold food was inside 
bowls with ice to keep it cool. 

89 
(21.7) 

120 
(29.3) 

99 
(24.1) 

102 
(24.9) 

You know if dishes were washed before using or 
not.  

78 
(19.0) 

119 
(29.0) 

48 
(12.0) 

165 
(40.0) 

Waitresses wore a special uniform. 262 
(63.9) 

35 
(8.5) 

97 
(23.7) 

16 
(3.9) 

Waitresses wore a head cover. 117 
(28.5) 

124 
(30.0) 

142 
(35.0) 

27 
(6.50) 

Waitresses wore gloves. 76 
(18.5) 

188 
(45.9) 

109 
(26.6) 

37 
(9.0) 

*N = number of participants 
 

Attitude towards meal safety: Table (8) il-
lustrates the attitude of a sample of women 
towards meals safety served in celebration 
halls. The results show that only 22.4% of 
participants agreed that the food served in-
side the celebration halls is safe. Also, 21.5% 
of participants agreed that the meal served in 
the celebration halls is regulated by the re-
spective authorities in the country. More than 
a quarter of participants (26.1%) agreed that 
the kitchens inside the celebration halls are 
monitored by the competent authorities in the 
country. A high percentage of participants 
(71.0%) agreed that the celebration owner is 
responsible for the safety of the meal served 
inside the celebration halls. While more than 
half of the participants (57.0%) agreed that 
the celebration hall owner is responsible for 
the safety of the meal served in the hall. 
From the answers above, participants need to 
be educated about laws relating to food safety 
responsibility. Less than the third (32.0%) of 
participants agreed that the celebration hall 
owner employs workers in the kitchens and 
waitresses without health certificates. Ap-
proximately 43 % of the tested sample agreed 

that commercial kitchens have licenses to 
prepare ready-to-eat meals for celebrations. It 
should also be noted that 44.0 % of partici-
pants agreed that private commercial kitchens 
owners use temporary laborers. Also, 30.5% 
of the participants agreed that private com-
mercial kitchens use workers without health 
certificates. 
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Table 8. Attitude towards meals safety served in celebration halls among women's sample in Tripoli, Libya 
(N=410). 

Statement Agree Neutral Disagree 

Food served inside the celebration hall is safe. 92 
(22.4) 

241 
(58.8) 

77 
(18.8) 

Meal served in the celebration hall is controlled by the competent au-
thorities in the country. 

88 
(21.5) 

105 
(25.6) 

217 
(52.9) 

The Kitchens inside the celebration hall are monitored by the competent 
authorities in the state. 

107 
(26.1) 

89 
(21.7) 

214 
(52.2) 

The celebration owner is responsible for the safety of the meal served 
inside the celebration hall.  

291 
(71.0) 

47 
(11.4) 

72 
(17.6) 

The celebration hall owner is responsible for the safety of the meal 
served in the hall. 

233 
(57.0) 

69 
(17.0) 

108 
(26.0) 

The celebration hall owner employs workers in kitchens and waitresses 
without health certificates. 

131 
(32.0) 

120 
(29.0) 

159 
(39.0) 

Commercial kitchens have licenses to prepare ready-to-eat meals for 
celebrations. 

175 
(42.7) 

126 
(30.7) 

109 
(26.6) 

Private commercial kitchens owners use temporary laborers. 181 
(44.0) 

142 
(35.0) 

87 
(21.0) 

Private commercial kitchens use workers without health certificates. 125 
(30.5) 

120 
(29.3) 

165 
(40.2) 

*N = number of participants. 
 

DISCUSSION 

Knowledge of food safety: The study aimed 
to assess the knowledge of food safety, dis-
cover the incidence of food poisoning, evalu-
ate the perception of meals and waitresses, 
and to know the attitude towards the meals 
served among a sample of women who at-
tended celebrations in the celebration halls in 
Tripoli city, Libya. The results showed that 
the majority of the participants (95.4%) had a 
good level of food safety knowledge. Simi-
larly, 77.7% and 14.1% of university students 
who participated in the study had a good and 
excellent level of food safety knowledge, re-
spectively (Abuhlega et al., 2020).  

The mean of the food safety knowledge score 
of the participants was 8.5±0.71, with the 
scores ranging from 0 -11. While the mean of 
the food safety knowledge score of the uni-
versity students was a little lower 
(20.14±3.761 with scores ranging from 0 -29) 
(Abuhlega et al., 2020). The results of this 
study showed that the majority of the partici-
pants (83.2%) were aware that food poison-
ing occurs due to pathogenic microorgan-
isms. Similarly, a high percentage of the  

sample of schools, boys (69.1%) were aware 
that food poisoning occurs due to pathogenic 
microorganisms (Almansour et al., 2016). 
While only 39.9% of the sample of consum-
ers were aware of the role played by micro-
organisms (Langiano et al., 2012). Food poi-
soning is caused by the consumption of food 
or water contaminated with bacteria, viruses, 
or toxins of a biochemical or chemical nature 
such as ciguatera or pesticides. Biochemical 
or chemical agents in food can cause transi-
ent neurological symptoms or lead to death 
(CHP, 2017). More than 80% of participants 
in this study are aware of the correct answer 
that food poisoning can occur by spraying 
insecticides at meal preparation locations. A 
total of 62.0% of the participants were 
knowledgeable that food poisoning could oc-
cur due to the detergents used in the kitchen. 
More than 68 % of the participants knew that 
food poisoning could occur due to cookware 
used to cook meals and packages used to 
store them in the freezer. According to the 
information available, there are no studies 
carried out about the individuals' knowledge 
of the previous three questions. The result of 
this study also showed that a high percentage 
of the sample (89%) were aware that food 
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poisoning causes serious illnesses that end in 
the hospital and sometimes in death. Similar-
ly, most of the food handlers and dietetic stu-
dents (89.6%) knew that food poisoning can 
lead to death (Yusof et al., 2018). Also, 
70.7% of the sample gave a correct answer to 
a similar question (Almansour et al., 2016). 
More than 64 % of women participating in 
the study correctly answered that the number 
of pathogenic bacteria rapidly increases at 
room temperature. Similarly, 75% of the U.S. 
department of agriculture's expanded food 
and nutrition education Program participants 
gave a correct answer to a question that bac-
teria responsible for causing foodborne ill-
ness grows at room temperature (Meer & 
Misner, 2000).  

While only 56.3% of participants in the study 
conducted among school students correctly 
answered the same question (Meer & Misner, 
2000). More than half of the participants 
(52.0 %) knew that any food must be dis-
posed of if left at room temperature for more 
than two hours or one hour at a temperature 
higher than 32C. In a study carried out by 
(Association & Foods, 1999), 69% of a sam-
ple were knowledgeable that keeping food at 
room temperature or contamination of food 
after cooking causes food poisoning. A high 
percentage of participants (91.0%) realized 
that food poisoning could cause health and 
economic effects on society. Similarly, 
97.8% of the sample of veterinary medicine 
students also realized the previous fact 
(Stratev et al., 2017). In their study, over 
eighty-six percent of participants were aware 
that children, pregnant women, and the elder-
ly are more likely prone to the risk of food 
poisoning. Similarly, a high percentage of 
correct answers (95.6%) was also found 
among a sample of veterinary medicine stu-
dents (Stratev et al., 2017), while approxi-
mately 70% of respondents of institutional 
food handlers knew that the elderly are likely 
more prone to the risk of food poisoning 
(Akabanda et al., 2017). In the current study, 
the results showed that the majority of the 
participants (94.4%) gave correct answers 

that you should always wash your hands after 
coughing or sneezing. Similarly, 92.0 % of a 
sample of school students gave a correct an-
swer to a similar question (KojoPrah et al., 
2017). In this study, the results also showed 
that 86 % were aware that handwashing with 
water only is not sufficient to remove the 
bacteria before touching the food. Similarly, 
78.2% of a sample of school students gave 
correct answers to a similar question 
(Norazmir et al., 2012), while the percentage 
was lower (45.4%) among a sample in a 
study conducted on the same category 
(KojoPrah et al., 2017). The outcome of this 
study also showed that a significant associa-
tion was found between food safety 
knowledge scores and age and also between 
food safety knowledge scores and occupa-
tion, while there was no statistically signifi-
cant association between food safety 
knowledge scores and education level. On the 
contrary, in the study conducted on a sample 
of mothers, a significant association was 
found between food safety knowledge and 
the education level of mothers (Ayaz et al., 
2018).  

Exposure to food poisoning: The result of 
this study showed that 24% of the partici-
pants reported that they were exposed to food 
poisoning after having dinner in the celebra-
tion halls. Outbreaks of food poisoning at 
wedding parties or other parties are not rare 
events and occur in developing and devel-
oped countries (Al-Bassam et al., 2001; Ayaz 
et al., 2018; Gaulin et al., 2002; RE, 1996) 
The result also showed that more than half of 
the participants who were exposed to food 
poisoning mentioned they developed diarrhea 
with other common symptoms, including 
vomiting (36%), abdominal pain (36%), nau-
sea (25%), and fever (7%), while 20% of par-
ticipants suffered from all the symptoms pre-
viously mentioned. Similar symptoms were 
reported by (Jiang et al. 2003), who found 
that 85 of the 280 guests (45 males and 40 
females) developed symptoms of food poi-
soning after eating lunch at the wedding par-
ty, including watery diarrhea (100.0%), ab-
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dominal pain (83.5%), vomiting (32.9%), 
nausea (29.4%), dizziness (16.5%), and fever 
(10.6%). In a similar study, it was mentioned 
that 88 guests became sick after having a 
meal at the wedding ceremony (21.6% males 
and 78.4% females) and they developed diar-
rhea, with other common symptoms of col-
icky abdominal pain (94.3%), fever (86.4%), 
vomiting (64.8%), headache (48.9%), and 
nausea (30.7%) (Aljoudi et al., 2010).  

In this study, more than half, 54.6% and 
51.5% of the participants mentioned that 
chicken and meat were the likely food that 
caused poisoning, respectively, while 8.2% 
and 4.1% of participants reported that vege-
tables and rice were the cause, respectively. 
In another study, the cold dish (wine pre-
served chicken, slices of pork tongue, slices 
of abalone, shrimp balls, and shellfish) was 
considered a likely cause of the food poison-
ing outbreak (Jiang et al., 2003), while others 
reported that the cause of food poisoning at 
the wedding party was eating meat and rice 
contaminated with salmonella (Aljoudi et al., 
2010). The results of this study also showed 
that only 15% of women always washed their 
hands before eating the meal in the celebra-
tion halls. The outcome of this study also 
showed that there was a significant associa-
tion between handwashing practice and expo-
sure to food poisoning of the participants. 
The preparation and eating of food with con-
taminated hands cause transmission of patho-
genic microorganisms from the food to the 
human body and therefore the development 
of diseases (Iyasu et al., 2017). Forty-four of 
the respondents consistently forgot to wash 
their hands properly before meal preparation 
(Association & Foods, 1999). In another 
study that assessed the practice of handwash-
ing, 43% of respondents in the study reported 
they did not always wash their hands before 
preparing food (Food and Drink Federation, 
2001). 

Perception of meals and waitresses: The 
results showed that about 85% of participants 
indicated that commercial home kitchens 

were the source of meals at celebration halls. 
The previous point should be taken into ac-
count, as these kitchens are mostly out of the 
authorities’ control. It was reported that 
around 10-20% of all food poisoning out-
breaks in celebrations were related to cater-
ing services because they very often work 
outdoors and their facilities are relatively 
poor (Jiang et al., 2003). To prevent food 
poisoning outbreaks, caterers and restaura-
teurs need to ensure that food handlers have 
received adequate training and use appropri-
ate practices of food handling when serving 
food to large groups of people (Sloan-
Gardner et al., 2014). The results also showed 
that the responses of the women in the study 
showed that serving directly in the dishes was 
the dominant way of serving meals in the cel-
ebration halls (96.6%) while using a buffet 
was lower (29.8%). Catering buffet meals 
need special care. Therefore, attention should 
be paid to controlling food temperature so 
that hot food should be kept at an internal 
temperature of 60 °C or warmer, and cold 
food should be kept at 4 °C or colder as well 
as the safe handling of food in terms of clean-
liness, separation, cooking and chilling. It 
was reported that 56% of people (125/225) 
became ill following the buffet lunch at the 
restaurant which was significantly associated 
with the consumption of curried prawns and 
Caesar salad (Sloan-Gardner et al., 2014). 

In the present study, more than 13 % of the 
participants knew that meals served in the 
halls were frozen and not fresh. In this study, 
14.6% of participants knew that meals were 
heated sufficiently and appropriately before 
serving. A low percentage (7.8%) of the par-
ticipants knew that meals were heated direct-
ly without thawing them. Also, a low per-
centage of a sample (6.1%) knew how much 
time the meal was left after heating before 
distributing it in the hall. It is clear from the 
above results that the lack of knowledge of 
the previous details about meals may be due 
to embarrassment or lack of attention to these 
details.  
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More than a third (35.4%) of participants 
confirmed that in the case of a buffet, hot 
food was available on food warmers to keep 
it hot. Less than a quarter (21.7%) of partici-
pants also confirmed that in the case of a buf-
fet, the cold food was inside the bowls with 
ice to keep it cool. The majority of partici-
pants (96.7%) responded that they knew if 
dishes were washed before they use or not. 
Of all participants, around 64% reported that 
the waitresses wore a special uniform. While 
28.5% of participants affirmed that the wait-
resses wore a headcover. A low percentage of 
a sample (18.5%) mentioned that the wait-
resses wore gloves. From the results above, it 
is very clear that the meals served in celebra-
tion halls need to be regulated and monitored 
by responsible sectors besides, the results 
show that the improper practices of waitress-
es related to uniforms, head cover, and gloves 
may reflect a lack of their knowledge about 
food safety rules. In line with these results, it 
was reported that catering employees did not 
receive enough education about food safety 
rules that qualify them to apply them in the 
workplace (Hertzman & Barrash, 2007).  

Attitude towards meal safety: The results 
showed that only 22.4% of participants 
agreed that the food served inside the cele-
bration halls is safe. Also, only 21.5% of par-
ticipants agreed that the meal served in the 
celebration halls is regulated by the respec-
tive authorities in the country. More than a 
quarter of a sample (26.1%) agreed that the 
kitchens inside the celebration halls are 
monitored by the respective authorities in the 
country. It is worth mentioning that intensive 
efforts should be made to raise the confi-
dence level of an individual in the food avail-
able anywhere served to the public. Similarly, 
it was found that the confidence of people in 
food safety systems began to be lower (Shen 
et al., 2015). 

The results also showed that a high percent-
age of participants (71.0%) agreed that the 
celebration owner is responsible for the safe-
ty of the meal served inside the celebration 

halls. While more than half of the partici-
pants (57.0%) agreed that the celebration hall 
owner is responsible for the safety of the 
meal served in the hall. From the answers 
above, participants need to be educated about 
laws relating to food safety responsibility. 
Educating people, including women, about all 
food safety issues is one of the responsibili-
ties of food safety agencies (Zeeshan et al., 
2017). 

The outcome of this study also showed that 
less than a third (32.0%) of participants 
agreed that the celebration hall owner em-
ploys workers in the kitchens and waitresses 
without health certificates. Approximately 43 
% of the participants agreed that commercial 
kitchens have licenses to prepare ready-to-eat 
meals for celebrations. It should also be not-
ed that 44.0 % of participants agreed that pri-
vate commercial kitchen owners use tempo-
rary laborers. Also, 30.5% of the participants 
agreed that private commercial kitchens use 
workers without health certificates. The an-
swers above illustrate the important role that 
the respective authorities should play in elim-
inating the negative perception of individuals 
about food safety practices in the celebration 
halls by preventing all negative practices re-
lated to the conditions of employment of 
workers, and the license of the catering pro-
fession. 

CONCLUSION 

In conclusion, the study found that the major-
ity of women possessed sufficient knowledge 
of food safety rules. The study also found 
that twenty-four percent of them reported that 
they were exposed to food poisoning after 
eating dinner in the celebration halls, and a 
high percentage of them considered that the 
food served inside the celebration hall was 
unsafe. A low percentage of them always 
washed their hands before eating the meal in 
the celebration halls. A significant associa-
tion was found between handwashing prac-
tice and food poisoning exposure. Therefore, 
to prevent food poisoning in the celebration 
halls, some steps should be achieved as fol-
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lows: (I) Meals source; famous restaurants 
and commercial home kitchens must be under 
the control of responsible authorities. (II) 
Meal handlers in the kitchens which prepare 
food must be trained on good food safety 
practices and not allowed to work without a 
certificate of attending a food safety course. 
(III) Raise the awareness level of the celebra-
tion owner so that he/she brings meals from a 
place that has a catering license by various 
means, such as distributing guidance leaflets 
in the celebration halls. (IV) In the case of a 
buffet, the hall should be provided with 
equipment to keep hot food at 60°C or more 
and cold food at 4°C or less until eaten by 
guests. (V) Waitresses in the celebration halls 
must have a health certificate as well as a cer-
tificate of attending a course in food safety, 
especially how to deal with frozen and fresh 
food ready to eat. (VI) Women who attend 
the celebrations in the halls should be educat-
ed about the importance of washing hands 
before eating. (VII) Raise the level of aware-
ness of women about the importance of ask-
ing officials in the halls and waitresses about 
the meal in terms of its source, ingredients, 
and handling conditions. 

Future studies  
• Assessment of the availability of health 

requirements in commercial kitchens in 
terms of the building, employees, source 
of meal ingredients, cooking methods, 
type of cooking utensils and cookware, 
storage conditions, and packaging. 

• Exploring knowledge and practices of 
food safety among food handlers in com-
mercial kitchens. 

• Evaluation of kitchens in the celebration 
halls in terms of their readiness to serve 
meals inside the hall. 

• Evaluation of food safety knowledge and 
practices among waitresses in the celebra-
tion halls. 
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 معرفة قواعد سلامة الغذاء لدى النساء وتصورهن وموقفهن من تطبیقها في 
 ، لیبیاقاعات الاحتفالات في طرابلس

 التركيعلي اف ص، در*حلیقة أبو أحمد ثریا

 ، لیبیاالأغذیة، كلیة الزراعة، جامعة طرابلس، طرابلس تقنیةقسم علوم و

 2022یولیو  14/ تاریخ القبول: 2021دیسمبر  24تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v37i3.581  

 

ـلامة     المستخلص :  ـمان س ـلال ض ـن خ الحكومة من خلال مؤسساتها ومراكزها المعنیة مسؤولة عن حمایة المستهلكین م
ـذائي، الإمدادات الغذائیة حتى الاستهلاك. سعت الدراسة إلى تقییم المعرفة بسلامة الغذاء، واكتشاف حالات التسمم  ـیم   الغ وتقی

ـات  ومعرفة الموقف من الوجبات الم والنادلات،تصور الوجبات  قدمة لدى عینة من النساء اللاتي حضرن الاحتفالات في قاع
ـابلات    تمعج�و ،امرأة بشكل عشوائي 410 ةلیبیا. تم اختیار ما مجموع طرابلس،الاحتفالات بمدینة  ـق المق البیانات عن طری

 ات. غالبیة المشاركیةتقلالالاساختبار من أجل  )(Chi-squareمربع كايوجهاً لوجه باستخدام استمارات الاستبیان. تم استخدام 
مستوى جید من المعرفة  ن٪) لدیه95.4( ات. أظهرت النتائج أن غالبیة المشاركسنة 25و 18بین  ن٪) تتراوح أعماره41.7(

ودرجات المعرفة  ات،بین العمر ونوع التوظیف للمشارك) P<0.05(بسلامة الغذاء. كما أظهرت النتائج وجود ارتباط معنوي 
ـر   للتسمم الغذائي بعد تناول العشاء في قاعات الاحتفال. نضرتع نأنه اتمن المشارك% 24 تأفاد .الغذاءبسلامة  خمسة عش
معنوي ارتباط بینت النتائج وجود یغسلن أیدیهن دائم�ا قبل تناول الوجبة في قاعات الاحتفال. المشاركات فقط من النساء بالمئة 

)P<0.05( المقدم داخل  غذاءعلى أن ال ات٪ فقط من المشارك22.4 توافق. سمم الغذائيبین ممارسة غسل الیدین والتعرض للت
قاعة الاحتفال آمن. من الواضح جد�ا أن الوجبات المقدمة في قاعات الاحتفال تحتاج إلى رقابة من قبل السلطات المسؤولة. إلى 

ـي     ذلك،جانب  ـذاء ف ـلامة الغ یجب على الجهات المختصة أن تعمل جاهدة لإزالة التصور السلبي للأفراد حول ممارسات س
 قاعات الاحتفال.

 ؛ قاعة الاحتفالات.النساء؛ ةغذائي؛ المعرفالتسمم السلامة الغذاء؛ : الكلمات المفتاحیة
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Abstract: The aim of the present study is to measure the activity concentrations of  226Ra, 
222Rn, the mass exhalation rate of 222Rn, and the annual effective dose of radon in marble 
samples collected from Al-Bayda  city local market –Libya. Samples were measured by using 
a low-background NaI (Tl) detector. The average activity concentrations of 226Ra and 222Rn 
were 72.57 Bq.kg-1 and 597.85 Bq.m-3.The radon exhalation rate in marble samples vary from 
0.05-0.30 Bq.kg-1.S-1 with an average of 0.13 Bq.kg-1.S-1. The annual effective dose of radon 
was calculated in samples under investigation. For most samples, the values were lower than 
the maximum permissible dose limits. It can be concluded that marble samples under investi-
gation do not pose any radiological hazard to the dwellers of buildings used in their construc-
tion. 

Keywords: Marble, NaI (Tl) Detector, Annual Effective Dose of Radon, Radon Exhalation 
Rate. 

INTRODUCTION 

The human body is naturally exposed to ion-
izing radiation, which can be found in soils, 
rocks, and water (Abo-Elmagd, 2014). In ad-
dition, artificial radiation was added to this 
background radiation. The background radia-
tion arises from natural sources present in 
natural ores, such as some building materials. 
This radiation is due to primordial radionu-
clides of the natural radioactive series of 
Thorium-232 (232Th) and uranium-238 (238U) 
series and their decay products(Ghose et al., 
2012). These radionuclides are widely dis-
tributed and their concentrations depend on 
the geological conditions. Therefore, it is im-
portant to measure the natural activity of all 
building materials. This step will help to as-
sess the possible radiological risks to human 
health (Kumara et al., 2018). This radioactive 

isotope results from the disintegration of ra-
dium-226 (226Ra), a decay product of the 238U 
series and responsible for the largest source 
of natural radiation to which the population is 
exposed (Kama et al., 2011). Radon and Tho-
ron are both generated from radium decay in 
the solid grains, then migrated to a significant 
distance from the site of generation in rock, 
soil, and building materials into the atmos-
phere (exhalation) before undergoing radio-
active decay (Bala et al., 2017). Radon-222 
(222Rn) concentration can reach high levels in 
buildings depending on exhalation from the 
building material used, such as concrete, 
marble, or granite. Marble is one of the met-
amorphic rocks found to occur on the earth’s 
surface. The colors of the marble depend on 
the mineral composition and metamorphism. 
Marbles are used commonly as floor laying 
material (Kaiser et al., 1999). 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.626&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
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 In this study, the gamma radiation has been 
measured in marble samples collected from 
the Al-Bayda local market in Libya to obtain 
an activity concentration of 226Ra, radon ex-
halation rate, and the annual effective dose of 
radon. Because of health risks caused by ex-
posure to indoor radiation, many international 
organizations, such as the International 
Commission on Radiological Protection 
(ICRP,. 1993), the World Health Organiza-
tion (WHO,. 2021), and UNSCEAR, have 
adopted strong measures in order to reduce 
such exposure. 

MATERIALS AND METHODS 

Samples Collection and Preparation: Nine 
marble samples were collected from the local 
market in Al-Bayda city – Libya, to measure 
the radioactivity concentrations of 226Ra and 
222Rn (Marble available in Libya, some local 
and some imported.). All samples were 
brought to the laboratory and properly cata-
loged, washed, and dried (at 110Co for 2h) 
for complete removal of moisture. Then, all 
samples were crushed to a fine powder with a 
particle size ≈1 mm (This process took place 
in the laboratory of the Faculty of Engineer-
ing- Omer Al-Mukhtar University, Al-Bayda, 
Libya). Samples were packed and sealed in 
radon impermeable airtight cylindrical plastic 
containers, then stored for four weeks before 
counting to ensure 226Ra and its short-lived 
daughters reached secular equilibrium (Sroor, 
2013). Table (1) shows the description of the 
samples. 

Gamma-Ray Detection System: A gamma-ray 
NaI(Tl) scintillation detector contains a 
3"×3" crystal, with a multichannel analyzer 
(MCA) used for the spectral measurements of 
naturally occurring radionuclides. The detec-
tor was placed in the center of a two-layered 
shield made from stainless steel of 10 mm 
thickness, and lead of 30 mm thickness. The 
shield must be used to reduce the radioactive 
background, as well as the detector from un-
wanted background radiation, and reduce the 
contribution of scattered radiation. After that, 

the sample was placed on a detector for 7200 
S. The spectra were analyzed using a soft-
ware program. The samples were prepared 
and measured in the Advanced Nuclear Lab- 
Department of Physics-Faculty of Science - 
Omer Al-Mukhtar University, Al-Bayda, 
Libya. 

Table (1). Description of marble samples. 

Samples 
code 

Trade Name Country of manu-
facture 

M1 Brak El-Shati ( made in Libya ) 
M2 Classic Paradiso ( made in India ) 

M3 Galaxy ( made in India ) 

M4 Monty Clad (made in India ) 

M5 Ten Brown ( made in India ) 

M6 Oriental Cream (made in Oman ) 

M7 Self-Marble (made in Egypt ) 

M8 Miral Lacquer 
Marble (made in Turkey ) 

M9 Mirwan Marble (made in Spain) 

Activity Concentration: The activity con-
centration (A) of a radionuclide for a peak at 
energy, is given by the relation (Al-
Sewaidan, 2019): 
         A = N

ε Iγt m
                                              (1) 

Where:  ε  is the absolute efficiency at pho-
topeak energy, t is the time of the sample 
spectrum collection in seconds, Iγis the inten-
sity of emitted gamma-ray (gamma abun-
dance), m is the mass of the sample in (kg), N 
is the number of count in a given peak area 
corrected for background peaks of a peak at 
energy. 

Radon Mass Exhalation Rate: The emana-
tion rate coefficient and factor of 222Rn that 
can diffuse through the raw and building ma-
terials is known as the emanation coefficient. 
The emanation coefficient (CRn) is a very 
important radiological index that can be used 
to determine the amount of the 222Rn emanat-
ed fraction released from building raw mate-



Al-Mukhtar Journal of Sciences 37 (3): 218-225, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
220 

rials and products containing naturally occur-
ring radionuclides such as 226Ra in radioac-
tivity equilibrium with parents. The emana-
tion rate is estimated by measuring gamma-
rays from the radon decay daughter products, 
214Pb and 214Bi. Assuming an equilibrium 
state: 

CRn = (ARa – AD) × ρ                               (2) 

Where ARa is the measured activity of 226Ra, 
AD is the measured activity of daughter ele-
ment 214Pb (or 214Bi), which escapes into the 
surrounding environment. ρ is the density of 
radon (9.73 kg.m-3). The introduction of the 
radon emanation factor F, which is defined 
as: 
FRn = ARa−AD

ARa
                                                  (3) 

The radon exhalation rate ERn (Bq.kg-1.S-1 ) is 
the product of the emanation factor, and the 
222Rn production rate was determined by used 
relation (Turhan & Gündüz, 2008): 
 
ERn = FRn . ARa. λRn                                         (4) 
 
Where: λRn is the decay constant of 222Rn 
(2.1x10-6 S-1). 

Annual Effective Dose of Radon: Radon 
concentration was converted into an effective 
dose, as the long-standing exposure to a high 
concentration of radon, and its progenies, 
may lead to pathological effects like lung 
cancer. The annual effective dose, received 
by workers and residents due to inhalation of 
radon gas and its decay products, where cal-
culated by relation (Abd El-Halim, 2019): 
  

AEDRn = CRn×0.4×K×H
3700 Bq.m−3×170h

                          (5) 
 

Where AEDRn is the annual effective dose 
(mSv.y-1), CRn is the emanation coefficient of 
radon (Bq.m-3), K is the ICRP dose conver-
sion factor (5 mSv WL.M-1 for occupational 
workers, and 3.88 mSvWLM-1 (effective dose 
per unit Work Limit in Month) for the gen-
eral public), H is the annual occupancy at the 
location, 2160 h for workers and 7000 h for 
residents (80% of total time) and 170 is expo-

sure hours taken for WL.M-1 (ICRP, 1993). 

RESULTS 

The present values in Table (2) show, the ac-
tivity concentration of 226Ra, 222Rn, radon 
emanation factor FRn, Radon mass exhalation 
rate ERn, and the annual effective dose from 
radon (AEDRn). The activity concentrations 
of 226Ra ranged between (26.03-148.58) 
Bq.kg-1, and the average value was 72.57 
Bq.kg-1. For 222Rn, the activity concentrations 
varied between (240.33 – 1392.85) Bq.m-3, 
with an average 597.85 Bq.m-3, as shown in 
Figure (1). 

 
 
Figure (1). The activity concentrations of 226Ra in 
marble samples (P.L: Permissible Level). 
 

 

Figure (2). The emanation coefficient of  222Rn Bq.m-

3 in marble samples (P.L: Permissible Level). 
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The results show that there is a variation in 
radon exhalation rate from one sample to an-
other, depending on the geological formation 
of the region from which the sample is taken. 

The variation in values of radon exhalation 
rate may be due to the differences in radium 
content and porosity of the marble (Frutos-
Puerto et al., 2020). 

Table (2): The values of activity concentrations of 226Ra Bq.kg-1, emanation coefficient 222Rn Bq.m-3, ERn and 
AEDRn in marble samples. 

Samples Code ARa Bq.kg-1 CRn Bq.m-3 Ern*10-3 Bq.kg1.S-1 
AEDRn mSv.y-1 

for worker for residents 
M1 148.58 1392.85 0.30 9.57 24.06 
M2 26.03 379.76 0.08 2.61 6.56 
M3 32.44 399.90 0.09 2.75 6.91 
M4 75.69 446.60 0.10 3.07 7.71 
M5 148.39 1286.89 0.28 8.84 22.23 
M6 69.407 437.82 0.09 3.01 7.56 
M7 70.17 445.05 0.10 3.06 7.69 
M8 34.84 240.33 0.05 1.65 4.15 
M9 47.60 351.45 0.08 2.41 6.07 
Max 148.58 1392.85 0.30 9.57 24.06 

Min 26.03 240.33 0.05 1.65 4.15 

Average 72.57 597.85 0.13 4.11 10.33 
 

 
The present values of the radon exhalation 
rate observed in the marble ranged between 
0.05-0.30 Bq.kg-1.S-1 (Turkey -Libya) with a 
0.13 Bq.kg-1.S-1 average, as shown in Figure 
(3). 
 

 
 
Figure (3): The mass exhalation of radon in marble 
samples. 
 

 
From Figure (4), the variation of radon mass 
exhalation rate with 226Ra activity concentra-
tions shows a correlation between them. 
Therefore, it can be concluded that it is pos-
sible to predict the radon exhalation rate from 
the activity concentration of radium. 
 

 
 
Figure (4):  Correlation between 226Ra activity con-
centration and radon exhalation rate in the marble 
samples. 
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The results indicate low levels of an annual 
effective dose from radon in marble samples 
for workers and residents, except samples M1 
and M5 (made in Libya and India) for resi-
dents. This result is due to the increased ex-
posure time for residents, as shown in Figure 
(5). 

 

Figure (5): The annual effective dose of radon in 
marble samples (P.L: Permissible Level).  

DISCUSSION 

 The results have shown that the activity con-
centration of 226Ra for most samples is higher 
than the world value of 50 Bq.kg-1(WHO, 
2021), and for 222Rn, the values are higher 
than the average permissible level of 200 
Bq.m-3 (Jasaitis & Girgždys, 2007; Sharma et 
al., 2016). When comparing values of the ra-
don exhalation rate between the different 
samples of marble, we found that the present 
value of the radon exhalation rate in sample 
M1 is higher than the values of other sam-
ples. The results indicate that low levels of an 
annual effective dose from radon in most 
marble samples were lower than the maxi-
mum permissible dose limits (10 mSv.y-1) 
recommended by (ICRP,. 1993). 
 
 
 

Table (3). Comparison values of radium concentration, radon exhalation rate and of marbles samples used in dif-
ferent countries. 

Countries Radium concentration 
Bq.kg1 

Radon exhalation 
rate × 10-3 
Bq.kg1.S-1 

References 

Egypt 17.60-120.03 0.015-0.14 (Sroor, 2013) 
India 31.90-44.60 53.75- 66.78 (Bala et al., 2017) 
Morocco 18 1.66×10-3 (Kassi et al., 2018) 
Spin 4.9–40.7 (2.8-6)×10-3 (Frutos-Puerto et al., 2020) 
Presents work 26.03-148.58 0.05-0.30  

 

CONCLUSION 

The obtained results showed that the average 
radium and radon concentration in investiga-
tion samples varies from 72.57 Bq.kg-1 and 
597.85 Bq.m-3. Also, the obtained value of 
radon mass exhalation rate varies between 
0.05-0.30 Bq.kg-1.S-1 (Turkey -Libya) with an 
average of 0.13 Bq.kg-1.S-1. It is recommend-
ed that the radon exhalation rate should be 
measured for all building materials and a 
standard code placed on all products. The an 

 
nual effective dose of radon in marble sam-
ples for workers and residents is lower than 
the maximum permissible dose limit 
10mSv.y-1 recommended by (ICRP, 1993), 
with the exception of samples M1 and M5 
(made in Libya and India) for residents. The 
variation in obtained results depends on the 
geological formation of the region and the 
increased exposure time. The annual effective 
dose limit and the activity concentration in-
dex show that the investigated samples are 
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within the recommended safety limit and do 
not pose any source of radiation hazard. 
Therefore, the use of these materials in the 
construction of dwellings is considered to be 
safe for inhabitants. 
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 قیاس الرادیوم ومعدل الزفیر للرادون في عینات الرخام المستخدمة
لیبیا -في سوق مدینة البیضاء    
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، والجرعة 222-، ومعدل الزفیر للرادون222-والرادون 226-الهدف من هذه الدراسة هو قیاس تراكیز نشاط الرادیومالمستخلص : 
لیبیـا ، تـم قیـاس العینـات  -الفعالة السنویة من غاز الرادون فـي عینـات الرخـام التـي تـم جمعهـا مـن السـوق المحلـي لمدینـة البیضـاء 

-مـنخفض الخلفیـة. كـان متوسـط تركیـزات النشـاط لــلرادیوم NaI (Tl) المنشـط بالثـالیوم بواسـطة باسـتخدام كاشـف ایودیـد الصـودیوم
-0.05ویتـراوح معـدل الزفیـر الشـامل فـي عینـات الرخـام مـن  3بیكـرل/ م  597.85بیكـرل/ كجـم  و  72.57 222 -والرادون 226
، الـرادون فـي العینـات قیـد الدراسـة نویة مـنث. تـم حسـاب الجرعـة الفعالـة السـ بیكـرل/ كجـم. 0.13ث بمتوسـط  بیكـرل/ كجـم. 0.30

وكانــت القــیم بالنســبة لمعظــم العینــات أقــل مــن الحــد الأقصــى للجرعــات المســموح بهــا. یمكــن الاســتنتاج أن عینــات الرخــام فــي هــذه 
 .الدراسة لا تشكل أي خطر إشعاعي على سكان المباني التي استخدم في تشیدها

 ایودید الصودیوم، الجرعة الفعالة السنویة للرادون، معدل الزفیر للرادون.الرخام، كاشف :  الكلمات المفتاحیة

 

 

mailto:Jemila.mussa@omu.edu.ly
https://doi.org/10.54172/mjsc.v37i3.626


Al-Mukhtar Journal of Sciences 73 (7): 222-252, 2222 
  ISSN:  online 2617-2186  print 2617-2178 

  Journal Homepage https://omu.edu.ly/journals/index.php/mjsc/index 

*Corresponding author: Khaled S. Al salhen: Khaled.alsalhen@omu.edu.ly , Department of Biochemistry, Faculty of Medicine, Derna University,

Derna, Libya 

226 

Adverse Effects of Organochlorine Pesticide Residues on 

Biochemical Parameters and Oxidative Stress in  

Libyan Agricultural Workers 

Khaled S. Al salhen
1*

, Omalsaad E. I. Omar
2

1
 Department of Biochemistry, Faculty of Medicine, Derna University, Derna, Libya 

2
 Department of Biochemistry, Faculty of Medicine, Omar Al-Mukhtar University, Al-Bayda, 

Libya 

Received: 60 April 2022/ Accepted: 21 July 2022 

Doi: https://doi.org/10.54172/mjsc.v37i3.742 

Abstract: Agricultural workers are in danger of being exposed to toxic substances such as 

pesticides. To estimate the individual danger of handling pesticides, the bio-monitoring of ef-

fects on agricultural workers is required. There has been no such research previously conduct-

ed among Libyan agricultural workers. This research was designed to study the biochemical 

parameters impacts of the pesticide contamination among Libyan agricultural workers at 

Aljebal Alakhtar, Libya. 45 blood samples were taken from male agriculture workers at 

Aljebal Alakhtar who had been exposed to pesticides in crop fields for a long time, while 25 

blood samples were taken from a group of people who had not been exposed to pesticides 

(control). Kits were used to assess plasma ALT, AST, ALP, GST, SOD, total protein, albu-

min, globulin, total bilirubin, total cholesterol, triglycerides, HDL-C, LDL-C, VLDL-C, urea, 

and creatinine. The thiobarbituric acid reactive substances (TBARS) assay was used to evalu-

ate lipid peroxidation in serum. Using a gas chromatography-electron capture detector, the 

blood samples were tested for organochlorine pesticide residues (GC-ECD). In comparison to 

controls, workers had significantly higher SOD, GST, ALP, AST, and ALT activities, as well 

as higher levels of lipid profile, total bilirubin, creatinine, and urea, as well as significantly 

higher TBARS concentrations. Furthermore, long-term pesticide exposure was also related to 

reduceing total protein, albumin, and globulin, as well as reduced HDL-C levels. Pesticide 

exposure seems to influence various biochemical markers in general. These biomarkers ap-

pear to be indicative of pesticide-related deleterious effects in agricultural workers, indicating 

that they should be used for routine monitoring of impacts. 

Keywords: Lipid profile; Liver function; Kidney function; Oxidative stress biomarkers. 

INTRODUCTION 

The negative effects of persistent organic 

pollutants (POPs) on the environment have 

been a prominent topic of debate around the 

world. These chemicals are poisonous, and 

because of their propensity to be transported 

long distances and released by water or wind, 

they have a variety of effects on biota and 

people (Buccini, 2003). Due to their omni-

present nature, lipophilic properties, and per-

sistence within the environment, they tend to 

accumulate in the tissues of living organisms 

(Olisah, Adeniji, et al., 2019) Pesticide use 

has risen in recent years around the world. 

Farmers and agricultural workers are fre-

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.742&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v37i3.742
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quently the most exposed individuals among 

those involved in the formulation and final 

distribution of pesticide combinations (Alves 

et al., 2016). Because of their versatility, 

chemicals in this group, such as organochlo-

rine pesticides (OCPs), are employed for pest 

management (Olisah, Okoh, et al., 2019).  

These include insecticides such as aldrin, 

dieldrin, endrin, chlordane, dichlorodiphenyl-

trichloroethane (DDT), mirex, toxaphene, 

heptachlor, fungicides, and hexachloroben-

zene (HCB). Other chemicals in this group 

that are inadvertently delivered are polychlo-

rinated dibenzo-p-dioxins (PCDDs) and pol-

ychlorinated dibenzofurans (PCDFs). The 

high quantity of pesticides detected in the 

atmosphere, water bodies, and soils is due to 

inappropriate treatment of these chemicals by 

farmers and other end users, posing a hazard 

to human health and the ecosystem as a 

whole. Pesticides prevalent in the environ-

ment (particularly organochlorine kinds) have 

caused a variety of difficulties in Asia, Amer-

ica, Europe, and Africa (Ali et al., 2013; 

Elibariki & Maguta, 2017; Olisah et al., 

2020). These incorporate DDTs, endosulfans, 

HCB, and Drins (aldrin, endrin, and dieldrin).  

Despite being banned, most African countries 

continued to use OCPs as of 2009. Research-

ers in Africa and other regions of the world 

have found extremely high amounts of these 

pollutants in a variety of matrices, including 

biota, sediment, soil, water, and food prod-

ucts.(Bempah & Donkor, 2011; Kolani et al., 

2016) . Pesticide poisoning affects around 25 

million agricultural laborers in underdevel-

oped nations each year, according to the 

World Health Organization (WHO, 2009). 

Low-level pesticide exposure can cause a 

range of biochemical changes, some of which 

may be responsible for the documented nega-

tive biological effects in humans and animals 

(Banerjee et al., 1999; Hernández et al., 

2006). Some metabolic changes, on the other 

hand, may not always result in clinically de-

tectable symptoms.  

The study of molecular markers of human 

pesticide exposure has received much interest 

in recent years. These markers are used to 

detect the effects of pesticides before they 

have a negative impact on human health. Bio-

logical markers must be present in conven-

iently accessible and ethically acceptable tis-

sues in humans, such as blood or urine. Pesti-

cide poisoning may have an impact on bio-

logical factors related to organ function in 

humans. Hepatic or renal cytotoxicity could 

be the cause of the biochemical dysfunctions. 

A mild nephrotoxic alteration in pesticide-

exposed workers has been described 

(Hernández et al., 2006; Olisah et al., 2020). 

Pesticide workers exposed to various pesti-

cides have reported altered liver enzyme ac-

tivity, such as serum alanine aminotransfer-

ase (ALT) and aspartate aminotransferase 

(AST) (Altuntas et al., 2002; Khan et al., 

2008).  

Some biological parameters can be utilized to 

identify preclinical changes or negative 

health consequences caused by a compound's 

external exposure and absorption. These bi-

omarkers may indicate an early stage of ill-

ness development and thus may be predictive 

of future disease (Benford et al., 2000). Pes-

ticides may produce damaging and degenera-

tive alterations in numerous organs, including 

the kidneys, resulting in these biochemical 

abnormalities (Gangemi et al., 2016; Khan et 

al., 2013). In Africa, there hasn't been much 

research done on detecting these pollutants in 

human fluids (Olisah et al., 2020). This study 

was carried out to evaluate the effects of or-

ganochlorine pesticides on biochemical pa-

rameters in agricultural workers chronically 

exposed to these compounds, because of the 

limited research in Libya related to human 

monitoring of organochlorine pesticides’ ex-

posure. 

MATERIALS AND METHODS 

Sample collections and experimental de-

sign: A total of 70 people were chosen as a 

sample size from various locations of El-Jabil 
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Al Kadar, with 45 blood samples collected 

from male agriculture workers who had been 

frequently exposed to pesticides for a long 

time but had no previous history of infectious 

diseases or other environmental exposures. 

Individuals for the study were enrolled in 

February 2015, with a mean age of 61.24 ± 

5.12 and an average of 25 years of experience 

working in agricultural fields. Similarly, 25 

healthy volunteers were recruited from the 

same location, but had no current or recent 

history of infectious illnesses, pesticide expo-

sure, or other environmental exposures (as a 

control). The age distribution of the control 

subjects (59.14 ± 3.21 years) was nearly 

identical to that of the patients. 

Data collection: Filling out the question-

naire, which was specified for matching the 

study need, was done through a meeting in-

terview. The researcher performed all inter-

views in person. During the study, the inter-

viewer clarified any of the participants' ques-

tions that were unclear to them. The majority 

of the questions were yes/no questions, which 

provided a binary option. After informing the 

respondents about the purpose of the study 

and getting informed consent, the individuals 

were given a questionnaire with questions 

about their age, smoking habits, sex, and 

sickness duration. The questionnaire was also 

used to collect information regarding medical 

history, such as the presence of kidney dis-

ease, cardiovascular disease, liver disease, 

and recurring infection signs and symptoms. 

Sampling: By numbering them and the blood 

samples taken from them, all subjects were 

made anonymous. Blood samples (7 mL) 

were drawn from each person and collected 

in anticoagulant sterile vacutainer tubes. 

Within 2 hours of blood donation, the blood 

specimens were preserved in an ice-cold 

chamber, transported, and delivered to the 

laboratory for processing. 

Oxidative stress biomarkers: Lipid peroxi-

dation was estimated in serum by thiobarbitu-

ric acid reactive substances (TBARS) assay, 

through a malondialdehyde (MDA) reaction 

with 2-thiobarbituric acid (TBA), which was 

optically measured. TBARS levels were ex-

pressed as nmol MDA/mg protein according 

to (Buege & Aust, 1978). The level of plasma 

MDA was determined spectrophotometrically 

with a thiobarbituric acid (TBA) solution. In 

brief, to a 150 μl plasma sample, the follow-

ing were added: 1ml (17.5%) trichloroacetic 

acid (TCA) and 1ml of 0.66% TBA, mixed 

well by vortex, incubated in boiling water for 

15 minutes, and then allowed to cool. One ml 

of 70% TCA was added, and the mixture al-

lowed to stand at room temperature for 20 

minutes, centrifuged at 2000 rpm for 15 

minutes, and the supernatant was taken out 

for spectrophotometer assay. The concentra-

tion of MDA was calculated as follows: 

 
L: light path (1cm). 

E0: Extinction coefficient 1.56 x105 M
-1

. cm
-1

 

D: Dilution factor. 

Biochemical assays: Total protein, albumin, 

globulin, total bilirubin, total cholesterol, tri-

glycerides, high-density Lipoprotein concen-

tration (HDL-C), low-density Lipoprotein 

concentration (LDL-C), very low-density 

Lipoprotein concentration (VLDL-C), urea 

and creatinine were all measured using kits 

(Vitro Scient, Germany) (Tolman & Rej, 

1999). 

Extraction of pesticide residues from the 

whole blood: The procedure used by 

(Agarwal et al., 1976) was used for extrac-

tion. Blood (5 ml) was diluted with 25 ml 

distilled water and 2 mL saturated brine solu-

tion, then transferred to a separatory funnel 

with a capacity of 125 ml. It was extracted 

three times with hexane: acetone (1:1) (20 

ml) by vigorously shaking the separatory 

funnel for 2-3 minutes, intermittently releas-

ing the pressure. As a result, the layers were 

given the opportunity to separate. Using a 

rotary vacuum evaporator, the three mixed 

extracts were passed through anhydrous sodi-
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um sulfate and condensed to around 1-2 ml. 

As a result, whole blood was used. 

Sample analysis: The samples were analyzed 

for organochlorine using gas chromatography 

at Cairo University's Faculty of Science. Or-

ganochlorine pesticide standard solutions 

were prepared in n-hexane (Clarke, 1986). 

Statistical analysis: Student's t-test was used 

to assess and compare data from agriculture 

workers and healthy controls from several 

experiments. The data was presented as a 

mean standard deviation. The significant test 

was used with a p-value of less than 0.05. 

RESULTS 

The current study was carried out to deter-

mine the effects of pesticides on the health of 

farmers in Aljebal Alakhtar, north-east Libya, 

by determining their levels of biochemical 

markers. For this reason, the individuals 

missing any history of disease were examined 

after conducing preparatory investigations. 

Table 1 shows the characteristics of the popu-

lation under consideration. Mean age of the 

control and spraying peoples were 59.14 ± 

3.21 and 61.24 ± 5.12 years, respectively, 

which were not significantly different. All 

farm workers were exposed to pesticides for 

an average of 21 ± 3.7 years. Personal protec-

tion equipment was not used by any of the 

populations surveyed (PPE). 

 
Table (1). Characteristics of the study population 

(Mean ± SD) 
 

Characteristic 
Control group  

[n=25] 

Exposed farm 

workers 

[n=45] 

Gender Male Male 

Age (year) 59.14 ± 3.21 61.24 ± 5.12 

Wt (Kg) 76.36 ± 6.75 74.76 ± 7.34 

Years of exposure - 21 ± 3.7 

Personal protective 

equipment  
- - 

There has been no research on blood levels of 

organochlorine pesticides in the Libyan 

population. Organochlorines and their isomer 

residue levels in the whole blood of agricul-

turalists and non-agriculturalists were quanti-

fied. An analytical method of GC-electron-

capture detection using a capillary column 

was implemented to determine dichlorodi-

phenyltrichloroethane (DDT) and its metabo-

lites (p,p-DDD and p,p-DDE), as well as oth-

er organochlorine pesticides in whole blood 

samples from 45 farmers and 25 non-

occupationally exposed workers. As shown in 

Table 2, we detected four (o,p-DDE, o,p-

DDD, o,p-DDT, and p,p-DDT) of the 16 or-

ganochlorine compounds tested for in the 

whole blood samples (Table 2). 
 

Table (2). The distribution concentrations (ppm) of 

organochlorine pesticide residues detected in whole 

blood samples collected from Libyan farm workers 

(Mean ± SD) 
 

Pesticides detected in farmers 

group 

Concentrations 

of pesticide res-

idues (ppm) 

Dichlorodiphenyltrichloroethane 

DDT/metabolites 

 

p,p`-DDT 0.169 ± 0.001 

o,p`-DDT 0.129 ± 0.003 

Dichlorodiphenyldichloroethylene 

DDE total 

 

o,p`-DDE 0.328 ± 0.007 

Dichlorodiphenyldichloroethane 

DDD total 

 

p,p`-DDD 0.510 ± 0.01 
 

Quantitative examination of serum total bili-

rubin, total protein, albumin, globulin, ALP, 

ALT, and AST, which were used as biochem-

ical markers of liver damage, was used to 

evaluate hepatotoxicity (Table 3). 

Table (3). Effects of chronic exposure to a mixture of 

pesticides on liver function parameters measured in 

plasma of controls and exposed group (Mean ± SD) 

Parameters Control (n= 

25) 

Exposed farm 

workers (n = 45) 

AlP (U/L) 59.38 ± 6.32 98.21 ± 19.84* 

ALT (U/L) 29.76 ± 2.11 41.02 ± 6.72* 

AST (U/L) 31.12 ± 3.54 53.27 ± 6.91* 

Total protein 

(g/dl) 
7.19 ± 0.28 

5.43 ± 0.71* 

Albumin (g/dl) 5.41 ± 0.23 3.90 ± 0.18* 

Globulin (g/dl) 1.78 ± 0.08 1.53 ± 0.17* 

Total bilirubin 

(mg/dl) 
0.99 ± 0.03 1.39 ± 0.07* 

*p<0.05 for exposed group compared to control group. 
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The values of biochemical parameters deter-

mined for the exposed workers and the con-

trol group are shown in Table 4. 

Table (4). Effects of chronic exposure to a mixture of 

pesticides on kidney function parameters measured in 

plasma of control and exposed group (Mean ± SD 

Parameters Control  (n= 

25) 

Exposed farm 

workers     (n = 

45) 

Urea (mg/dl) 26.32 ± 

1.03 
33.58 ± 3.61* 

Creatinine (mg/dl) 0.64 ± 0.02 0.97 ± 0.06* 
*p<0.05 for exposed group compared to control group. 

The effects of chronic exposure to a mixture 

of pesticides on biochemical plasma lipid pa-

rameters are also shown in Table 5. 

Table (5). Effects of chronic exposure to a mixture of 

pesticides on the biochemical plasma lipid parameters 

measured in plasma of controls and exposed group 

(Mean ± SD) 

Parameters Control  (n= 

25) 

Exposed farm 

workers (n = 45) 

Total Choles-

terol (mg/dl) 

185.16 ± 

11.09 
219.02 ± 21.17* 

Triglycerides 

(mg/dl) 

160.72 ± 

11.13 
199.0 ± 25.98* 

HDL-C (mg/dl) 39.61 ± 1.16 21.10 ± 3.93* 

LDL-C (mg/dl) 
101.25 ± 

10.23 
148.85 ± 19.87* 

VLDL-C (mg/dl) 32.14 ± 2.22 39.85 ± 7.19* 
*p<0.05 for exposed group compared to control group. 

Table 6 shows the effects of chronic pesticide 

exposure on enzymatic antioxidants and 

plasma thiobarbituric acid reactive substances 

(TBARS) concentrations. 

Table (6). Effects of chronic exposure to a mixture of 

pesticides on antioxidant enzymes and TBARS meas-

ured in plasma of control and exposed group (Mean ± 

SD) 

Parameters Control   

(n= 25) 

Exposed farm 

workers    

  (n = 45) 

TBARS 

(nmol/ml) 
2.14 ± 0.03 3.97 ± 0.29* 

GST (μmol/hr) 
0.52 ± 0.005 

   0.68 ± 

0.009* 

SOD (U/ml) 0.69 ± 0.004 1.21 ± 0.01* 
*p<0.05 for exposed group compared to control group. 

DISCUSSION 

During their work, pesticide sprayers in this 

study are exposed to various pesticides (in-

secticides, fungicides, and herbicides). All 

agricultural workers in the exposed group 

were regularly exposed to complicated pesti-

cide mixes (2-3 times per week). Our re-

search farmers used a wide range of pesti-

cides, generally in the "moderately danger-

ous" to "somewhat hazardous" categories. 

World Health Organization (WHO) (very 

toxic) pesticides should not be used in devel-

oping countries, according to the Food and 

Agriculture Organization (FAO). It also rec-

ommended that pesticides classified as class 

II (moderately dangerous) be avoided. Indi-

viduals are routinely exposed to a variety of 

pesticides or pesticide mixtures, either con-

currently or sequentially, making it difficult 

to distinguish between their effects. The link 

between pesticide-related cytotoxicity and 

overt clinical organ dysfunction remains un-

known. In this case, biomarkers could be 

used to detect pesticide impacts before they 

cause adverse clinical health effects 

(Hassanin, 2009). Organochlorines have long 

been a source of concern for ecologists due to 

their resistance to biodegradation. Organo-

chlorine deposition in biolipids is caused by 

their low water solubility due to their high 

lipophilicity. These characteristics explain 

why organochlorine accumulates to amounts 

that are regarded as significant organochlo-

rine residual loads in human adipose tissue 

(Kreiss et al., 1981). Despite the fact that or-

ganochlorines are extremely long-lasting, 

some biodegradation can occur, yielding the 

metabolites indicated in Figure 1. 



Al-Mukhtar Journal of Sciences 73 (7): 220-256, 2622 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

231 

 
Figure (1). Metabolites formed from DDT, (a) reduc-

tive dechlorination, (b) oxidation, (c) dehydrochlorin-

ation (Kresis et al., 1981). 

Because different analytical methods were 

used, the concentration of dichlorodiphe-

nyldichloroethylene (DDE) in whole blood 

samples from Libyan farm workers was 0.328 

ppm. Other authors used packed columns, 

while we used capillary column separation 

and GC/MS (El Zorgani et al., 1994; Manal, 

1997). Despite the limitations mentioned 

above, it can be concluded that the blood 

concentrations of Libyan farm workers were 

extremely high when compared to values de-

termined for workers in other countries 

(Bouwman et al., 1991; Dogheim et al., 1996; 

Mazzarri B & Lauschner, 1988). All Egyp-

tian and international published data, such as 

those of (Barkatina et al., 1998; Cok et al., 

1999; Pardio et al., 1998; Saleh et al., 1996; 

Salem & Ahmed, 2002; Waliszewski et al., 

2001), showed that p, p'-DDE was the most 

prevalent compound among DDT. This could 

be related to DDT's high solubility and ten-

dency for accumulating and being stored 

within fatty tissues (Waliszewski et al., 

2001). DDT is normally converted into its 

more stable metabolite DDE in natural condi-

tions in a living organism (Waliszewski et al., 

2001). The study found that DDT and DDE 

measured levels were lower than those previ-

ously reported by (Dogheim et al., 1996; 

Saleh et al., 1996; Salem & Ahmed, 2002) in 

several Egyptian governorates. In countries 

where DDT is still used, the DDT level is 

usually greater. As a result, DDT has been 

prohibited in most Western countries since 

the 1970s (Travis & Arms, 1988). Despite the 

fact that DDT has been banned in Libya for 

over a decade, its traces can still be found in 

the environment. This is owing to the high 

level of persistence. The persistence and 

long-range transport characteristics of DDT 

and its metabolite DDE, as well as their ca-

pacity to bioaccumulate and biomagnify in 

the food chain, make this concentration use-

ful in detecting the source of contamination 

(Zhang et al., 2018).  

This disparity is thought to be attributable to 

various pesticide spraying practices in the 

fields. Pesticides are frequently administered 

manually in Libya, particularly in the Aljebal 

Alakhtar area, without any protective devic-

es. DDT is a nonsystemic insecticide with a 

lot of influence. 2,2-bis (p-chlorophenyl)-1,1-

dichloroethylene (p, p'-DDE), a significant 

DDT metabolite, was found at mean levels of 

0.328 ppm in whole blood samples taken 

from Libyan farm workers. DDE has a longer 

half-life than DDT. p, p`-DDD In whole 

blood samples, another DDT metabolite was 

found at mean levels of 0.510 ppm. DDT was 

found in blood samples, probably due to its 

long-lasting nature. Because DDT is known 

to undergo metabolic conversion and dehy-

drochlorination, the detection of DDT metab-

olites such as DDD and DDE in our study 

could be the result of these metabolic pro-

cesses. Biochemical alterations are essential 

biological indicators since they are the body's 

sensitive response to hazardous exposures. 

These modifications enable you to keep track 

of the level of exposure and prevent irre-

versible consequences. AST and ALT are liv-

er enzymes that are utilized as biological in-

dicators of liver disease (Machado et al., 

2021). Cirrhosis, biliary obstruction, infec-

tious and toxic hepatitis, and ischemia all 

raise AST levels, as can cirrhosis, biliary ob-

struction, and infectious and toxic hepatitis 

(Wang et al., 2006). Furthermore, the in-

crease in ALT occurs solely as a result of he-

patic alterations (Murphy et al., 2018).  
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Table 3 shows that the mean values of the 

liver enzymes ALT, AST, and ALP, as well 

as serum total bilirubin, were significantly 

higher in pesticide-exposed workers than in 

the control group (P<0.05). Pesticide-

exposed workers, on the other hand, had con-

siderably lower serum total protein, albumin, 

and globulin concentrations than the control 

group, with 95.0 percent significance (Table 

3). Air Force veterans who were involved in 

aerial herbicide spraying in Vietnam had a 

higher risk of liver dysfunction, which was 

attributed to increased AST and ALT levels 

(Michalek et al., 2001). Glyphosate and para-

quat have been shown to suppress the activity 

of two enzymes in vitro: ALT and AST 

(Yousef et al., 2003).  

(Azmi et al., 2006) found that pesticide expo-

sure caused a considerable increase in en-

zyme levels (ALT, AST, and ALP) in several 

fruit and vegetable farm-station workers. The 

activity of serum transaminases may be en-

hanced in many diseases due to increased re-

lease from non-liver tissue sources 

(Kobayashi et al., 2020). A high level of im-

paired liver function in agricultural workers 

could indicate pesticide toxicity and pesticide 

residues in the blood. Occupational workers 

exposed to organophosphorus insecticides 

alone or in combination with organochlorines 

have been shown to have altered liver en-

zyme activity (Muñoz-Quezada et al., 2016). 

According to (Awad et al., 2014), agriculture 

workers had a significant increase in serum 

liver enzymes (AST, ALT, and ALP) as com-

pared to controls (Awad et al., 2014). Other 

researchers have documented high levels of 

AST, ALT, and ALP in pesticide-exposed 

people (Azmi et al., 2006; Khan et al., 2013). 

The end product of heme catabolism, total 

bilirubin, possesses antioxidant and anti-

inflammatory effects (Maines, 1988). (Vitek 

et al., 2019) identified bilirubin as a com-

pound with high antioxidant and anti-

inflammatory effects. As a result, it's not sur-

prising that bilirubin levels have risen in this 

study because it has protective benefits 

against oxidative stress and associated reper-

cussions. A study by (Fahimul-Haq et al., 

2013) found that total bilirubin levels in both 

groups were not only within the normal 

range, but also comparatively near the upper 

normal limit among pesticide industrial 

workers. It could be related to long-term pes-

ticide exposure, which disrupted normal red 

blood cell metabolism, producing hepatic 

dysfunction and raising bilirubin levels in the 

blood, resulting in hyperbilirubinemia, which 

could be caused by the creation of more bili-

rubin than the typical liver can eliminate 

(Awad et al., 2014). When pesticide-exposed 

workers were compared to healthy controls, 

blood total protein albumin and globulin lev-

els were found to be lower. The decrease in 

serum protein was thought to be mostly at-

tributable to a decrease in albumin rather than 

the globulin fraction (Yousef et al., 2003). 

Furthermore, it was revealed that protein de-

ficiency in the blood was primarily caused by 

severe nephrosis loss (Yousef et al., 2003). 

Furthermore, a decline in blood protein could 

be attributable to protein loss, which could be 

caused by decreased protein synthesis, in-

creased proteolytic activity, or breakdown 

(Shakoori et al., 1990). The decrease in se-

rum protein was mostly owing to lower se-

rum albumin and serum globulin levels (Ta-

ble 3).  

The farmers' lower serum albumin levels 

could be due to their dietary situation and/or 

liver synthetic function. The farmers ap-

peared to be in good health and were not 

starving. The farmers' reduced albumin levels 

could be the result of a slight alteration in 

liver expression levels (Aroonvilairat et al., 

2015). Other authors, on the other hand, 

found lower serum total protein and albumin 

levels in pesticide sprayer farmers (Singh & 

Singh, 2014). Nevertheless, the current find-

ings show that pesticide exposure causes 

changes in protein metabolism. Pesticide tox-

icity can change serum protein concentrations 

by impairing protein synthesis in hepatocytes 

and disrupting kidney function (Mostafalou 

& Abdollahi, 2013). Also, as evidenced by 

the increased activities of serum AST, ALT, 
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and ALP, the observed decrease in serum 

protein could be attributable in part to the 

damaging effect on pesticide-exposed work-

ers’ liver cells (Table 3). These are the hepa-

tocellular injury markers that are employed in 

primary screening (Giannini et al., 2005). 

The serum urea and serum creatinine values 

are used to determine whether or not there is 

a concern with renal function (Kanwar et al., 

2015). When there are issues with renal fil-

tration, blood levels of creatinine and urea 

rise, while total protein levels are reduced 

(Murphy et al., 2018). Furthermore, creati-

nine, urea, and total protein are used as bi-

omarkers of renal changes, assessing the abil-

ity of the kidneys to filter plasma in the glo-

meruli by measuring the clearance of the 

same (Murphy et al., 2018). As a result, these 

markers can be used to determine whether 

renal function has been affected by agricul-

tural pesticide exposure (Calvert, 2016).  

The values of biochemical parameters deter-

mined for the exposed workers and the con-

trol group are shown in Table 4. In pesticide-

exposed farm workers, mean levels of urea 

and creatinine were considerably (P<0.05) 

higher than in controls (Table 4). An increase 

in serum urea may be attributed to a decrease 

in its synthesis as a result of impaired hepatic 

function and/or a disruption in protein me-

tabolism (Elfowiris & Banigesh, 2022; 

Idonije et al., 2011) Creatinine is a waste 

product filtered from the blood and dis-

charged in the urine. Higher creatinine levels 

in exposed agricultures workers may be relat-

ed to changes in kidney function (Hassanin et 

al., 2018). Furthermore, the observed eleva-

tions in urea and creatinine could be ex-

plained by glomerular hyper-filtration caused 

by increased creatinine clearance from the 

circulation (Palatini, 2012). Glomerular Fil-

tration Rate is measured by serum creatinine 

and urea (GFR). Though, when compared to 

urea level, serum creatinine is a more sensi-

tive indicator of renal function. This is be-

cause creatinine meets the majority of the cri-

teria for an ideal filtration marker (Palatini, 

2012). Previous research has found a consid-

erable increase in serum urea and creatinine 

concentrations in pesticide-exposed workers, 

which has been linked to renal injury and 

kidney dysfunction (Hassanin et al., 2018; 

Mahmoud Abdul_Aal & Mahmoud, 2019; 

Yassin, 2015). Elevated blood urea and creat-

inine levels in response to pesticide exposure 

may be explained by: 1) increased urea and 

creatinine production as a result of reduced 

hepatic function, as seen in the current inves-

tigation. 2) A disruption in protein metabo-

lism, as evidenced by the current findings, 

and 3) a decrease in renal filtration rate, as 

evidenced by the current findings. Pesticide 

toxicity could explain the observed elevations 

in urea and creatinine levels as a measure of 

renal function in the exposed group compared 

to the controls (Haghighizadeh et al., 2015). 

Lipids serve as messengers and regulators of 

inflammation, as well as being precursors for 

hormones and employed for energy storage 

(Watson, 2006). One of the most vulnerable 

targets for free radicals is lipids (Rajani & 

Ashok, 2009). The liver is a metabolically 

diverse organ that regulates the chemical en-

vironment inside the body (Behl et al., 2011). 

It is particularly important in the synthesis 

and regulation of circulating lipids, lipopro-

teins, triglycerides, cholesterol, cholesterol 

esters, and in the degradation of cholesterol 

and steroids. The liver is the primary location 

for detoxification and promotes clearance by 

excreting water-soluble compounds, as well 

as being the key organ of the antioxidant de-

fense system (Arulmozhi et al., 2010). Orga-

nochlorine, like other pesticides, remains in 

the environment and bioaccumulates in hu-

man tissues (Botella et al., 2004).  

Table 5 shows the serum lipid profile of pes-

ticide-exposed farmers and controls, includ-

ing cholesterol, triglycerides, HDL-C, LDL-

C, and VLDL-C. The average levels of serum 

cholesterol, triglycerides, LDL-C, and 

VLDL-C were found to be higher in pesti-

cide-exposed farmers (219.02 ± 21.17, 199.0 

± 25.98, 148.85 ± 19.87, and 39.85 ± 7.19 

mg/dl, respectively) compared to controls 

(185.16 ± 11.09, 160.72 ± 11.13, 101.25 ± 
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10.23, and 32.14 ± 2.22 mg/dl, respectively). 

The difference was statistically significant 

(P<0.05). Pesticide-exposed farmers, on the 

other hand, had considerably lower blood 

HDL-C levels than healthy controls (21.10 ± 

3.93 vs. 39.61 ± 1.16 mg/dl). Pesticide-

exposed farmers had a significant increase in 

cholesterol and triglyceride levels, followed 

by a significant decrease in phospholipid lev-

els, compared to controls, indicating severe 

pesticide-induced hyperlipidemia. (Sharma et 

al., 2010) previously reported that organo-

chlorine insecticides cause hepatotoxicity. 

Previously, rats and mice fed an organochlo-

rine pesticide-contaminated diet had higher 

serum levels of triglycerides, cholesterol, and 

phospholipids (Boll et al., 1995; Ravinder et 

al., 1990). 

 The findings of this study (Table 5) are con-

sistent with the reports mentioned above. Ex-

cessive synthesis of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS), 

among other reactive species, causes oxida-

tive stress. Such chemicals are found in a va-

riety of physiological conditions and consti-

tute an important part of human metabolism 

(Marrocco et al., 2017). Through oxidative 

and antioxidant indicators, researchers can 

monitor the prevalence of oxidative stress. 

The amounts of Thiobarbituric acid reactive 

substances (TBARS) and protein carbonyls 

are measured to determine oxidative indica-

tors. Considering that, lipid peroxidation 

(LPO), which is the leading cause of cell 

death, as well as DNA damage, enzyme inac-

tivation, and other factors, Oxidation of hor-

mones and DNA are both markers of oxida-

tive cell damage (Ruas et al., 2008). LPO, in 

particular, has been proposed as one of the 

pesticide-induced toxicity pathways (Santi et 

al., 2011). Pesticide-induced oxidative stress 

has been the subject of toxicological research 

for more than a decade as a potential toxicity 

mechanism. The direct measurement of lipid 

peroxidation by-product malondialdehyde 

(MDA; the end result of lipid peroxidation) 

can demonstrate the toxic effects of pesti-

cides on humans, especially by eliminating 

radical generation (Muniz et al., 2008). When 

compared to control subjects, there was a 

significant rise in TBARS or MDA in the ex-

posed population (Table 6). The increased 

generation of MDA or TBARS in the sprayer 

population could be attributable to enhanced 

membrane peroxidation. The basic process by 

which any and related radicals, including su-

peroxide and hydroxy radicals, produce 

membrane damage in lipid peroxidation is 

documented in the literature (LPO). LPO can 

be triggered by free radical intermediates as 

well as superoxide hydroxy radicals. LPO 

causes bio-membrane and subcellular orga-

nelle degradation. The oxidation of microso-

mal membranes high in polyunsaturated fatty 

acids is a concern (Freeman & Crapo, 1982). 

However, pesticides were found to enhance 

lipid peroxidation in the liver and kidneys of 

experimental animals (Pawar & Kachole, 

1978). After eight weeks of therapy, oral ad-

ministration of DDT (100 and 200 ppm) and 

lindane (40 and 80 ppm) dose-dependently 

raised TBARS levels in serum (Koner et al., 

1998). DDT is shown to have severe acute 

effects on male Wistar rats, and TBARS lev-

els were found to be considerably greater (Li 

et al., 2017).  

The toxicity of pesticides has been linked to 

reactive oxygen species (ROS). Organophos-

phates cause oxidative stress alterations that 

are unique to them (Abdollahi et al., 2004). 

Organophosphates induce characteristic 

changes in oxidative stress (Abdollahi et al., 

2004). When compared to controls, sprayers 

exposed to organophosphate, carbamate, and 

organochlorine pesticides had significantly 

higher MDA (TBARS) levels, suggesting that 

oxidative stress may play a role in pesticide 

toxicity (Prakasam et al., 2001). (Varga & 

Matkovics, 1997). Our findings are in agree-

ment with other research that suggested pes-

ticides cause oxidative stress in humans, 

showing that MAD, the last product of lipid 

peroxidation, was found to be significantly 

higher in sprayers compared to controls, and 

that serum MDA or TBARS levels were 1.8 

times higher in farm workers compared to 
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controls. These findings suggest that free rad-

icals may play a role in organochlorine-

induced immunotoxicity (Li et al., 2017). Or-

ganisms have evolved mechanisms to mini-

mize the impacts of radicals produced in the 

cellular membrane. The antioxidant system, 

such as superoxide dismutase, is involved in 

this mechanism (SOD). Antioxidant systems 

work by converting highly reactive oxygen 

species into less reactive intermediates that 

are no longer harmful to the cell (Birben et 

al., 2012). However, for healthy biological 

integrity to be maintained, there must be a 

balance between oxidation and antioxidant 

levels in the system. SOD is one of the most 

active enzymes in the body, with sufficient 

activity to dismutate superoxide anions 

formed during oxidative stress in cells 

(Birben et al., 2012). SOD and Glutathione-

S-transferase activity were used to assess the 

antioxidant profile (GST).  

The exposed group's SOD activity was sub-

stantially higher than the control group's (Ta-

ble 6). SOD is an important antioxidant en-

zyme that converts superoxide anion to per-

oxide. The enhanced activity of this enzyme 

indicates a higher production of superoxide 

anion as a result of pesticide exposure. When 

the amount of reactive oxygen species (ROS) 

produced in a cell or tissue exceeds the cell's 

antioxidant capacity, oxidative stress occurs 

(Sevanian & Peterson, 1984). Chronic pesti-

cide exposure has already been linked to in-

creased SOD activity, according to (Shadnia 

et al., 2005). Other studies have found that 

pesticide exposure to various categories, such 

as organophosphates, carbamates, or pyre-

throids, causes oxidative stress in pesticide 

sprayers (Da Silva et al., 2012; Prakasam et 

al., 2001). Glutathione S-transferase (GST) is 

a detoxification gene family that plays a key 

role in the detoxification of exogenous chem-

icals (Gui et al., 2009). We observed in-

creased oxidative stress in this study as a re-

sult of several pesticides used by farmers. As 

a result of the oxidative stress, GST enzyme 

gene expression may have risen, resulting in 

increased GST activity in our study (Table 6). 

The addition of glutathione to endogenous 

xenobiotics is catalyzed by GST (Satheesh et 

al., 2010). GSH and GST have been used as 

markers of toxic effects of exposure to di-

verse xenobiotics due to their high sensitivity 

to environmental contaminants (Manno et al., 

1985) In the current study, GST levels were 

found to be significantly higher (P<0.05) in 

pesticide-exposed individuals (Table 6). GST 

activity was significantly increased (p0.05) in 

serum workers exposed to pesticides. In rats 

exposed to the insecticide, (Otitoju & 

Onwurah, 2007) found an increase in plasma 

GST activity. Increased GST activity has 

been associated with pesticide resistance in 

all of the major classes. Increased GST activ-

ity in tissues could signal the development of 

a defense mechanism to counteract pesticide 

effects, as well as the prospect of more effec-

tive pesticide toxicity prevention (Ranson & 

Hemingway, 2005). 

CONCLUSION 

Some of the organochlorine pesticides as-

sessed in this study have lower and higher 

levels than previously reported. The preva-

lence and levels of several pesticides, particu-

larly p, p'-DDT, o, p'-DDT, o, p'-DDE, and p, 

p'-DDD, remain high, requiring more effec-

tive and continuous defenses. Food of animal 

origin, fish, vegetables, fruits, and cereals 

from polluted areas will be monitored fre-

quently and continuously, allowing consum-

ers to take precautions while consuming these 

pesticides. The findings of this study revealed 

that some organochlorine pesticide residues 

are still present in the environment. 4 out of 

16 pesticides were detected in blood samples 

from Aljebal Alakhtar, indicating that each 

person is exposed to and carries a body bur-

den of multiple pesticides, which could be 

due to a combination of direct and indirect 

pesticide exposure. Organochlorine pesticides 

make up the majority of total pesticide con-

centrations in blood samples from Aljebal 

Alakhtar. The presence of organochlorine 

pesticides in the blood indicates that they 

stay in the body for a long period. Long-term 
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exposure to various pesticides causes cyto-

toxicity, resulting in biochemical changes in 

particular, according to this study. Several 

biomarkers could be used to monitor the ear-

ly impacts of pesticides on agricultural work-

ers' health. 
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 مبيرردات لمناولرة الفرردي الخطررر ولتقردير .الآفرات مبيرردات مثرل السرامة لممررواد التعرر  لخطرر الزراعرة عمررال يتعرر  المستخخم   
 صرممت لرلل . الميبيرين الزراعرة عمرال برين بحرث أي إجرراء يرتم لرم. الرزراعيين العمرال عمى لتأثيراتيا البيولوجي الرصد يمزم الآفات،

وفري منطقرة  .ليبيرا الأخضر، الجبل في الميبيين الزراعة عمال بين بالمبيدات لمتموث البيوكيميائية المعايير تأثير لدراسة الدراسة ىله
فيمرا ترم أخرل  طويمرة،عينرة دم مرن عمرال زراعيرين لكرور تعرضروا لممبيردات فري حقرول المحاصريل لفتررة  25تم أخل  الأخضر،جبل ال

 ،ALT، AST البلازمرا لتقردير القياسرية المحاليرل اسرتخدام تمرنة(. عينة دم من مجموعة لم يتعرضوا لممبيدات )مجموعة المقا 25
ALP، GST، SOD الثلاثيرررة والررردىون الكمررري، والكوليسرررترول والجموبيرررولين، والبميرررروبين الكمررري، والألبرررومين، الكمررري، والبرررروتين 

، HDL-C ،LDL-C ،الثلاثيرررة الررردىون الكمررري، كالكوليسرررترول أيضًرررا والكريررراتينين واليوريرررا، ،HDL-C، LDL-C، VLDL-Cو
VLDL-C، يوباربيتوريرر المنتجررة مررن حمرر  ث يررةالمررواد التفاعماسررتخدام  تررم .والكريرراتينين ليوريررا،ا (TBARS)  بيروكسرريد لتقرردير

الكموريرة. ة يدات العضرو يرمبال مرن بقايرا الردم نراتيل عيرتحم ترم (GC-ECD) باسرتخدام كروماتوررافيرا الزراز. الدىون في مصل الردم
بالإضرافة إلرى  ممحوظ،بشكل  أعمى SOD، GST، ALP، AST، ALTكان لدى العمال أنشطة  مجموعة التحكم،بالمقارنة مع 

بالإضررررافة إلررررى تركيررررزات أعمررررى بشرررركل ممحرررروظ مررررن  واليوريررررا، ،والكريرررراتينين ،والبيميررررروبين ،الرررردىونإجمررررالي مسررررتويات أعمررررى مررررن 
.TBARS والألبرومين، الكمري، البرروتين بتقميرل أيضًرا مرتبطًرا الطويرل المردى عمرى فراتالآ لمبيردات التعرر  كران لل ، عمى علاوة 
 بشكل البيوكيميائية العوامل مختمف عمى يؤثر الآفات لمبيدات التعر  أن يبدو HDL-C. تقميل مستوى عن فضلاً  ، والجموبيولين

 ينبزري أنرو إلرى يشرير ممرا الرزراعيين، العمرال عمرى الآفرات بمبيردات المرتبطرة الضرارة الآثار إلى تشير الحيوية المؤشرات وىله. عام
 .لتأثيراتيا الروتيني لمرصد استخداميا

 .مستوى الدىون؛ وظائف الكبد؛ وظائف الكمى؛ مؤشرات الاجياد التأكسدي : الكممات المفخاحية
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Abstract: Mobile applications have become widespread in many aspects of our daily lives. 
Many people do most of their work via their phones, such as online banking, shopping, etc. 
Due to many individuals being unaware of their salary details, this paper presents a design and 
implementation of a Libyan salary application” الراتب” using Flutter (cross-platform). The ap-
plication allows users to know details of their salaries, including bonuses and deductions ac-
cording to the salary schedule of each ministry or sector. The application currently contains 
salary schedules for ten ministries. The implementation consists of the following four steps: 
data collection of laws and payroll tables for each ministry to use as a local database for the 
salary application, design of friendly-use application screens using Flutter, integration of the 
mobile application with Firebase (backend platform by Google), and finally, preparing and 
deploying an Android and web version of the salary application. The results that were ob-
tained from reviewers in the Google Play Store were satisfactory. There is an increasing local 
demand to add other ministries to the application. The citizens of the local community en-
courage providing such a service, which is considered the first of its kind. The application 
reached more than 100k downloads in less than a year, and the average rating is 4.5 out of 5 in 
the Google Play Store at the time of writing this paper. 

Keywords: Mobile Application; Flutter; Cross-platform; Salary Application. 

INTRODUCTION 

Nowadays, smartphones are the most used 
device in the world. Therefore, almost each 
company needs to build a mobile application 
for its business to reach as many audiences as 
possible. Developers tend to target mobile 
operating systems that are widely used, 
which are Android and iOS. These mobile 
operating systems are used in total by more 
than a billion mobiles. Android is an open-
source system acquired by Google in 2005, 
while iOS is a mobile operating system creat-
ed and developed by Apple Inc for iPhone 
and iPod Touch. There are a significant num-
ber of mobile apps published in the Google 

Play Store for Android mobiles and the App 
Store for iOS mobiles. The Android apps are 
written in Java and Kotlin, while iOS apps 
are written in Swift and Objective-C. Many 
companies currently work in mobile applica-
tion programming. They usually have two 
teams or even more. One team focuses on 
building Android applications, and another 
team works on iOS applications. In addition, 
they might have some developers who work 
on web applications. It might be a better solu-
tion to have several teams designing and 
building apps for different platforms. How-
ever, small companies cannot afford to pay 
many employees. 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.802&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:a.hassan@zu.edu.ly
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With the existence of software development 
kits (SDKs) that have a cross-platform fea-
ture, this platform is based on the concept of 
building once and running everywhere. One 
of those SDKs used in this work is called 
Flutter. It is an open-source SDK released by 
Google in 2016. Flutter is based on Dart pro-
graming language, which is an Object-
Oriented Programming (OOP) language. In 
Flutter, each component that appears on mo-
bile phone screens is called a widget. There-
fore, it’s considered the principal item in this 
SDK. Flutter also has a hot-reload feature, 
which boosts the coding time because any 
change during writing code will be updated 
directly in the dart virtual machine. Conse-
quently, we can notice these changes on a 
real device or an emulator once we run the 
code. Furthermore, the code written in Flutter 
can deploy to multiple platforms such as An-
droid, iOS, desktop, web, etc. 

 Flutter has been used to build various apps. 
The Billing and Reward App was built using 
Flutter. Users gain points for shopping, and 
those awarded points can be used for pur-
chases after reaching a specific amount. The 
app consists of a client-side which is running 
on Android or iOS-based smartphones. They 
also built a server part on a Windows OS for 
system management (Tashildar et al., 2020). 
Ghusoon Arb and Kadhum Al-Majdi de-
signed a freight app based on Dart and Flut-
ter. They published their app on Android and 
iOS devices. On the client side, customers 
who use the app were able to track the details 
of their packages, including the cost and lo-
cation. On the server side, charging staff uses 
a framework to modify dispatch states (Arb 
& Al-Majdi, 2020). The Evecurate app also 
uses the QR for event management at univer-
sities. Event details such as the date and time 
can be announced via the app (Juliana et al., 
2021). Due to the COVID-19 pandemic, 
much research has been carried out to help 
people in different life aspects. One of those 
useful works was developing a healthcare app 
that provides many services. Many patients 
can be diagnosed via this app. In addition, 

you can easily ask for an ambulance vehicle. 
The app also enables patients to order their 
medicines online (Mamoun et al., 2021). 
Praveen et al. used Flutter to build a confer-
ence room booking app. People can use this 
app to book conference rooms based on 
availability (Praveen et al., 2020). A food 
services app was also developed using Flutter 
and MySQL (Structured Query Language) to 
provide food to clients who order by the app 
(Riyadi & Cahyono, 2021). A student attend-
ance app was built using Flutter for Android 
mobiles. The app uses a Quick Response 
code (QR) to register students during the 
class. Opening and closing sessions are man-
aged by lecturers, and students and lecturers 
use the app as clients. Users get all necessary 
data from a web service by a HTTPS (Hyper-
text Transfer Protocol Secure) request 
(Wiriasto et al., 2020). A salary management 
system was built for a factory, using a bio-
metric scanner to collect the attendance of 
employees, which is uploaded to a cloud da-
tabase. The employees use a mobile app to 
see their salary details (Patra et al., 2021). An 
employee salary report application was de-
veloped for Android devices. The app uses 
Firebase to send employee salary reports 
(Dinata & Risawandi, 2021). Firebase is also 
used in the Libyan salary app to send notifi-
cations to users. Although, the last two re-
search have similar applications to the Libyan 
salary app, the app in this paper is entirely 
different because it does not rely on any at-
tendance system. In addition, it displays sala-
ries in a general way according to salary ta-
bles for each ministry, not for a specific em-
ployee. Although Flutter has been used to 
solve many problems in different countries, 
each country has issues related to its govern-
ment and individuals. The local community 
in Libya might need a specific mobile app 
that helps people in their daily life. There are 
many salary schedules for Libyan employees. 
The ministry of finance of Libya does not 
provide a public database for payroll tables 
and laws, where individuals can access this 
information smoothly and easily. In the cur-
rent situation, for instance, someone who 
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works at a university knows that his salary 
belongs to the ministry of higher education. 
He might spend a couple of hours browsing 
on the internet until he finds what the name 
of the statute and payroll table for universi-
ties as a Word document or Portable Docu-
ment Format file (PDF). This inconvenience 
also applies to other ministries and sectors as 
well. It is exhausting work finding this in-
formation. Therefore, all these scattered sala-
ry schedules on the internet need to be organ-
ised and displayed in a suitable manner. This 
was the motivation for building the Libyan 
salary app. The app aims to help local citi-
zens to know all exact details about their sal-
ary in a few seconds.  

MATERIALS AND METHODS 

The process of building the Libyan salary app 
contains four main stages. The first stage in-
volves collecting the payroll schedule of each 
ministry which will be stored in a local data-
base. The second stage was to build the 
graphical user interface for the application 
screens, which were implemented using Flut-
ter and Dart programing language. In the 
third stage, the app was integrated with Fire-
base to use for notifications. The last stage is 
releasing the salary app on Android and the 
web. Figure 1 shows the block diagram for 
the building process of the salary application. 

Data Collection: The app currently consists 
of ten ministries. For each ministry, a payroll 
table was obtained by searching the internet 
for the existing employment laws of that min-
istry. The payroll tables were formatted to 
Comma-Separated Values (CSV) files in or-
der to use in the next stage. This procedure 
was repeated for all other ministries. Even 
though this kind of work takes a long time, it 
is performed only once. Table 1 shows an ex-
ample of the salary table of the Libyan minis-
try of interior. At this point, the app database 
had been created successfully, and the app 
will be able to load any of those salary tables 
smoothly. The first column in Table 1 
demonstrates the occupation grade, which 

starts from 450 Libyan Dinner (LD) for level 
one until 1276 LD for level sixteen. The se-
cond column shows the annual increment that 
corresponds to each row in Table 1. The val-
ue of the annual increment starts from 3 LD 
until 15 LD. As previously mentioned, this is 
only one instance, and these steps were ap-
plied to all ten ministries in the Libyan salary 
app. 

 

Figure: (1). The building process of the App 

Table (1). The Libyan Ministry of Interior 

Job Ranking Annual Bonuses 
450 3 
475 3 
500 6 
532 6 
550 8 
582 9 
615 9 
662 9 
745 12 
820 12 

The app uses the local database created in the 
first stage. As a result, getting information 
from any salary schedule and demonstrating 
it in the mobile app is performed quickly.  

Graphical User Interface (GUI): The Liby-
an salary app might be used by many users 
from different backgrounds. In addition, they 
have different education levels. Therefore, 
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the app was designed to be a user-friendly 
mobile app. In general, a user only needs to 
select his occupation grade and annual in-
crement from a dropdown button. Further-
more, there are more options for some sectors 
like the General Electricity Company of Lib-
ya. Its employees have overtime hours and 
night shifts on many days each month. Visual 
Studio Code was chosen as an integrated de-
velopment environment (IDE) for program-
ming the mobile app. Contrary to Android 
Studio, this IDE can work even with limited 
hardware. Visual Studio Code has an option 
called extensions to enable the addition of 
many programming languages. Flutter and 
Dart have been added for building this app. 
Figure 2 illustrates the working app architec-
ture. As you can notice, the Android and web 
versions of the salary app acquire data from 
the local database, which contains payroll 
tables for all ministries. Firebase sends a no-
tification message which contains either an 
update or news about salaries. 

 
Figure: (2). Working App architecture 

For the design of the GUI, as almost every 
app contains a login screen, it was the first 
screen programmed in the salary app. How-
ever, for now, to make the app as simple as 
possible, users will not be asked for any in-
formation. Therefore, they do not create a 
user profile to enter the app. App users must 
have an internet connection to use the app. 
The login screen for this app is shown in Fig-

ure 3. When the user clicks the button “دخول”, 
the code will run a code routine to check if 
there is an internet connection. If so, it will 
then take you to the Homepage screen as 
shown in Figure 4. For instance, if a user 
works at a university, he will click the fourth 
option on the Homepage screen, which is the 
ministry of higher education and scientific 
research, as shown in Figure 5. Presuming 
the user works as a lecturer, he will click on 
the first choice in the Staff screen. Conse-
quently, the salary screen will be shown as in 
Figure 6. The user chooses his scientific 
grade and annual increment from two 
dropdown buttons at the top of the current 
screen. There is also a checkbox for teaching 
hours. After that, he can click the button 
  .to display all salary details ”أحسب“

 

Figure: (3). Login Screen 

 

Figure: (4). Homepage screen 
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Figure: (5). Staff Screen 

 

Figure: (6). Salary Screen 

App integration with Firebase: Firebase 
was acquired by Google in 2014. Many de-
velopers used Firebase as backend develop-
ment programming language to build high-
performance apps. Firebase is not limited to 
hosting websites as it provides many ser-
vices. You can use it to store databases, 
which can be used later by mobile apps or 
websites. Nevertheless, this service is not 
used by the Libyan salary app because of the 
small size of its database. Firebase presents 
another backend service which is called au-
thentication. The benefit of the service is to 
identify the user and allow him to use the 
app. It is also not used in this work because 
there is no registration procedure for the Lib-

yan salary application (Khawas & Shah, 
2018). 

Application Deployment: The salary app is 
released to work for Android mobiles. There 
are two formats for releasing apps. Either an 
App bundle (preferred by the Google play 
store) or APK (Android Package Kit). The 
following Flutter command is for the first op-
tion. After that, the app bundle will be ready 
to publish to the google play store. 
 

 VS Code Terminal 
 flutter build appbundle 

The salary app was also deployed as a web 
app, which is achieved by the first command 
using Flutter on the Terminal window of Vis-
ual Studio Code (VS Code), as follows: 
 

 VS Code Terminal 
 flutter build web 
 flutter run -d chrome 

The second command is to test the web app 
using the Google Chrome browser. Flutter 
supports Progressive WebApp (PWA). There-
fore, the web app can be installed similarly to 
other web-based apps. Even though the salary 
web app was released successfully, upto this 
step, it only works locally. In order to make 
this web app available to all users, a hosting 
service should be used. A Firebase platform 
was used to host the web app version. All us-
ers can access the web salary app through the 
following web link: 
https://salary-webapp.web.app 

By providing a web app for this work, users 
will not be limited to any operating system. 
They can open the app from Android and iOS 
mobiles. The web app also can be used by a 
personal computer (PC) because all we need 
is a web browser to open the previous web 
app link. Firebase has a powerful feature 
called Firebase Cloud Messaging (FCM). It 
enables sharing information and sending noti-
fication messages to a specific user or group 
of users who use the same app, which might 
be an Android, iOS, or web app. FCM was 

https://salary-webapp.web.app/
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used in (Heryandi, 2018). They used FCM at 
university to keep parents engaged by send-
ing them performance progress reports as a 
notification message. Parents can receive 
those messages quickly via an app installed 
on their smartphones without any cost. In this 
paper, FCM was used to send notifications to 
all users, as shown in Figure 7. It consists of 
a few steps. Firstly, choose a notification ti-
tle. Secondly, write a notification text. Final-
ly, you choose the scheduling by which you 
want to send the notification and click the 
Publish button. In the Libyan salary app, 
there are two kinds of notifications that have 
been sent. The first kind is to inform app us-
ers about any new updates.  

The second kind of notification is news. Es-
pecially the news that is related to salaries, as 
shown in Figure 8. It displays a notification 
message about the central bank of Libya re-
garding the salary for January. Firebase also 
enables you to know the number of active 
users in the last thirty minutes via the Fire-
base Console. In addition, you can use 
Google Analytics to obtain valuable infor-
mation about the application’s performance. 
Google Admob” advertising on mobile” was 
used in the app for mobile advertising, where 
a small banner at the bottom of the app was 
specified for advertisements after blocking or 
filtering unwanted advertisement categories. 

 

Figure: (7). Salary Screen 

 

 

Figure: (8). App Notification 
 

RESULTS AND DISCUSSION 

The app has gained interest from many indi-
viduals. It has more than 50k downloads. The 
app has also many positive reviews. The av-
erage rating of the Libyan salary app current-
ly is 4.5, as shown in Figure 9. This rating is 
a result of 403 reviewers who contributed by 
rating the app. The rating value might in-
crease or decrease with time depending on 
new reviews. The database that was collected 
in the first stage was stored locally. The size 
of the database is 1.74 KB, which is consid-
ered a small size. Therefore, at this time, it is 
not necessary to store the database using a 
cloud-storage service. The existence of the 
database locally contributes to the reliability 
and speed of the app. Another concept that 
plays a role in the app performance is what is 
called asynchronous programming (async) in 
Dart programming language. A Future is a 
foundational class in async programming. 
Therefore, if you call a function that might 
take a long time until it returns a value, you 
can make that function return a future value, 
and the program will not remain waiting but 
returns to the main routine without any delay. 
Once the future value is ready, you can use it 
(Windmill, 2020).  
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Figure: (9). App Rating 
 
This method was used in the salary app in 
many cases. For instance, when the app 
checks the internet connection when launch-
ing or navigates between screens. Another 
example is bringing the correct salary table 
from the database. Therefore, the user will 
find the app working smoothly without any 
problems because all the previous proce-
dures, which take a long time, are working in 
the background in a synchronized way. The 
app has been installed by users from different 
countries, as demonstrated in Google Analyt-
ics. However, you can notice in Figure 10 
that Libya comes in the top list for user dis-
tribution per country over the last six months. 
It has 10k new Libyan users. Due to different 
users’ behaviour, they might spend different 
times using the Libyan salary app. The aver-
age engagement time of app users was 3m 
57s, as shown in Figure 11, also obtained 
from Google Analytics. Although, The Liby-
an salary app is the first to contain employee 
salaries from different ministries, which was 
released on 14 May 2021. However, there is a 
government app that works on Android pub-
lished by the social security fund, which is 
called "الضمان موبایل". 

The app is specified for retired people and 

was released on 16 December 2020. It dis-
plays details of their pensions. However, this 
app differs from the Libyan salary app be-
cause it has access to the government data-
base for the retired. Table 2 illustrates a com-
parison between the two apps. The first col-
umn is about the app’s download size. This 
feature affects the required time for the app 
to be installed. The Libyan salary app has al-
so a bigger size. The same applies to the se-
cond column (App size). The app size is the 
amount of space required by the app to be 
installed on your device. Cross-platform apps 
have a bigger size than native apps. However, 
there some optimizing work should be done 
to reduce the app size. The minimum re-
quirement for the salary app is Android 4.4. 
The app in this paper has many positive re-
views. It also overcomes the first app in Ta-
ble 2 in the average rating with a 4.5 rating, 
despite it being available for less than one 
year in the Google Play Store. 

 
 

Figure: (10). Users by Country 

 

Figure: (11). Users Engagement 
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Table: (2). Apps Comparison 

App 
Name 

App 
Download 

Size 

App 
Size Rviews Rating 

"الضمان 
 موبایل"

6 MB 14.9MB 840 4 

 MB 48 MB 403 4.5 8.3 "الراتب"

 
CONCLUSION 

The paper introduced a solution for many 
people who want to know all details about 
their salary, which includes promotions and 
deductions. By using Cross-Platform Devel-
opment (Flutter), The Libyan Salary app was 
programmed to work for Android mobiles. It 
also works as a web application. The user 
needs to choose his field of work. The app 
will then show a screen where you can 
choose your occupation grade and salary in-
crement, and with one button click, all salary 
details will appear. A notification service is 
available in the app to show news related to 
salaries, and notify app users about any new 
updates. The app has a reasonable size and 
great performance. Although the app has 
many positive comments from its users, there 
is a significant demand to add more minis-
tries and sectors in the future. Other future 
work is to add a registration procedure, where 
each user can have a unique profile. As a re-
sult, he might only receive notifications re-
lated to his occupation. In addition, users’ 
information will be protected using Firebase 
security rules. 
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 تطبیق الراتب اللیبي باستخدام برنامج فلاتر

 أیمن مختار حسین
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انتشرت تطبیقات الهاتف المحمول في كثیر من جوانب حیاتنا الیومیة. یقوم العدید من الأشخاص بمعظم أعمالهم المستخلص : 
ـیل   نظر�ا لأن العدید من الأفراد لاوعبر هواتفهم مثل الخدمات المصرفیة عبر الإنترنت والتسوق وما إلى ذلك.  یعلمون تفاص

ـة    برنامج فلاتر لتطبیق الراتب اللیبي  باستخدامرواتبهم، تقدم هذه الورقة تصمیم�ا وتنفیذاً  ـتخدمین معرف ـق للمس . یتیح التطبی
ـى   تفاصیل رواتبهم بما في ذلك من علاوات وخصومات حسب جدول الرواتب لكل وزارة أو قطاع. یحتوي التطبیق حالیا عل

ـل  لف عملیة بناء التطبیق من الخطوات الأربع التالیة: أتت جداول رواتب عشرة وزارات. جمع  القوانین وجداول المرتبات لك
ـق      ـط التطبی ـتخدام، رب الوزارات لاستخدامها كقاعدة بیانات لتطبیق الراتب، تصمیم شاشات التطبیق بحیث تكون سهلة الاس

النتائج  ومن الجدیر بالذكر أن. ، ونشرهاوأخیراً إعداد نسخة أندروید وویب لتطبیق الراتب، Firebaseالخاص بنا مع منصة 
فراد أتي تم الحصول علیها من المقیمیین في متجر قوقل بلاي  مرضیة نوعا ما. بالإضافة إلى ذلك ، هناك طلب متزاید من ال

ـل  قد والأولى من نوعها. و دمجتمعنا لإضافة وزارات أخرى إلى التطبیق. ویشجع مجتمعنا تقدیم مثل هذه الخدمة التي تع ص
ـذه  كتابة وقت بلاي قوقل متجر في 5 من 4.5 التقییمقل من ستة أشهر، ومتوسط ألف تنزیل في أ 50التطبیق إلى أكثر من   ه

 .الورقة

 .تطبیق الراتب ،تطبیقات الهاتف المحمول:  الكلمات المفتاحیة
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Abstract: Fifty soil samples were collected from soils contaminated and uncontaminated with 
hydrocarbons. Six isolates belonging to Streptomyces rochei were diagnosed, 8% from con-
taminated soil and 6% from uncontaminated soil. Isolates were diagnosed depending on the 
study of 16s rDNA compared to standard isolates within the National Center for Biotechnolo-
gy Information site. 28 smears of wounds and 12 smears of burns were collected, including 
Staphylococcus aureus isolates (35.7%) and Pseudomonas aeruginosa (16.6%). The isolates 
of Staphylococcus aureus and Pseudomonas aeruginosa showed multiple resistance to antibi-
otics, Oxacillin, Erythromycin, Nalidixic acid, and Tetracycline. Isolate Streptomyces rochei 
19 showed the ability to produce biosurfactants that have antagonistic properties against 
Staphylococcus aureus and Pseudomonas aeruginosa. In addition, the biosurfactant produc-
tion from Streptomyces rochei 19 were non-toxic to the potential growth of Brassica oleracea 
seeds at 1.5 and 50 mg/cm3. The biosurfactant was diagnosed as Lipopeptide using thin layer 
chromatography and GC-Mass technique. 

Keywords: Streptomyces rochei, Antimicrobial, Biosurfactant, GC-Mass. 

INTRODUCTION 

The genus of Streptomyces represents the larg-
est group within Actinobacteria (Prescott et al., 
2018). In general, the members of the Strepto-
mycetaceae family can be distinguished by 
means including morphological, physiological 
traits, the chemical composition of the cell 
wall, the type of peptidoglycan, and type of 
fatty acid chains (Madhaiyan et al., 2016). Mo-
lecular methods including GC ratio, 16s rRNA 
sequence techniques, and hybridization meth-
ods were also implied (Law et al., 2019). It is 
characterized by being a gram-positive fila-
mentous bacterium, non-acid fast stain, hetero-
trophic, able to grow in different environments, 
catalase positive, nitrate reduces to nitrite and 

has the ability to hydrolyze adenine, ascoline, 
casein, and starch (Chen et al., 2018). The fil-
ament is divided into one level to form chains 
of nonmoving 3˗5 spores with a smooth, spinal, 
or hair-like surface (Maleki et al., 2013). The 
cell wall contains peptidoglycan with large 
amounts of L-diaminopimelic acid and does 
not contain mycolic acid (van der Aart et al., 
2018). Streptomyces species have the ability to 
produce a distinctive earthy odor because it 
produces volatile compounds called geosmin 
(Juttner & Watson, 2007). It produces many 
pigments which are responsible for giving col-
or to the substratum and aerial mycelium. 
There are roughly 550 species identified be-
longing to this genus and more than 3000 
strains which have confused the classifiers in 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.947&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:nadiaalhealy70@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.947&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.947&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v37i3.947
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finding their diagnostic tables (Lee & Whang, 
2014). The Streptomyces genus is known to be 
a rich source of antibiotics (Alsammak & 
Alhyaly, 2019), accounting for 75% of the 
world's naturally produced antibiotics (Barka et 
al., 2016). Streptomyces rochei was first isolat-
ed from soil in Russia. It has the ability to pro-
duce many secondary metabolites including 
borrelidin, the surface, or interfacial tension 
between two liquid phases such as oil/water or 
air/liquid interfaces (Gudiña et al., 2016). The 
chemically synthesized surfactants have a wide 
range of applications in industries (Kaczorek et 
al., 2013). However, the chemical synthesized 
surfactants are expensive and are causing envi-
ronmental pollution. Biosurfactants are natural 
products produced by microorganisms. The 
Biosurfactants have unique properties which 
differ from chemically synthesized surfactants 
(Nitschke & Silva, 2018). Biosurfactants are 
environmentally friendly, biodegradable, and 
have good anti-microbial activities at extreme 
temperatures, pH, and salinity (Thavasi et al., 
2011). These advantages allow biosurfactants 
to be a substitute for chemically synthesized 
surfactants. Biosurfactants can be classified 
depending on their chemical structures into 
glycolipids, lipopeptides, polysacchride-protein 
complexes, phospholipids, fatty acids, and neu-
tral lipids (Geetha et al., 2018). The aim of this 
study was to study antibacterial activities of 

Streptomyces rochei that has the ability to pro-
duce biosurfactants. 

MATERIALS AND METHODS 
Isolation of Streptomyces 
 Fifty soil samples were collected from differ-
ent sites in Mosul Nineveh city. These included 
samples contaminated with hydrocarbons (from 
the generator's area and the oil refineries of 
Qayarah). Non-polluted soil samples from do-
mestic and public gardens were also included. 

The samples were taken at a depth of about (2-
5) cm. The dilutions of soil were done by tak-
ing 1g soil/9 cm3 sterile distilled water, mixed 
with a vortex for 100 seconds to obtain cell 
preparation/cm3, and then performing succes-
sive decimals to reach dilution to 10-4. 1cm3 of 
dilution 10-3 and 10-4 were taken and distribut-
ed by pouring on Starch Casein Agar. The 
plates were incubated aerobically for 7-10 days 
at a temperature of 30ºC (Gebreyohannes et al., 
2013). 

Isolation of Staphylococcus aureus and Pseu-
domonas aeruginosa: Forty swabs of burns 
and skin wounds were taken from random peo-
ple using transport peptone water. The samples 
were then cultured on the nutrient agar medium 
to isolate Pseudomonas and the mannitol salt 
agar to isolate Staphylococcus. Oxacillin re-
sistance screening agar base (ORSAB) was 
used to isolate methicillin-resistant Staphylo-
coccus (MRSA). The plates were incubated 
aerobically at 37ºC for 24 hours (Murray et al., 
2003). 

 Molecular diagnoses of Streptomyces rochei 
and Staphylococcus aureus: Isolation of bac-
terial DNA using a DNA extraction kit (Wizard 
® genomic DNA purification kit) from 
Promega Company. 

PCR to investigate the 16s rDNA gene 
Primers: lyophilized universal primers were 
used by Promega as in table (1). Primers were 
dissolved in sterile distilled water to obtain a 
concentration of 10 picomol/µl. 

Electrophoresis method: Genetic DNA was 
detected using electrophoresis on agarose gel 
electrophoresis at a concentration of 1% aga-
rose. The power supply was adjusted at 50 volts 
for 80 minutes, and the agarose gel was stained 
with Diamond TM Nucleic acid.  

Table: (1). The sequence of 16s rDNA primers 
  

Reference Product size Bp Primer 5′→3′ The name of gene 
used 

(Cotarlet et al., 2010) 
1350 

27 Upstream AGAGTTTGATCCTGGCTCAG 
16s rDNA (Lane, 1991) 1392 Downstream GACGGGCGGTGTGTAC 

PCR reactions to investigate the 16s rDNA gene: A total of 25µl for all samples containing 
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the following ingredients were prepared by 
mixing 12.5µl of green master mix, 1µl from 
each forward and reverse primers, 4µl of DNA 
template extracts at a concentration of 50ng/µl, 
and 6.5 µl of nuclease-free water in a 0.2 Ep-
pendorf tube. Ingredients were blended well by 
making a spin for 10 seconds with a cold cen-
trifuge, and then the tubes were inserted into 
the thermocycler device by using the following 
program:   
Min 5 94ºC 1 Cycle 
Sec 30 94ºC 
Min 1 55ºC 30 Cycles 
Min 1 72ºC 
Min 5 72ºC 1 Cycle. (Cotarlet et al., 2010) 
The PCR products were detected by electro-
phoresis in 2% agarose at 50 volts for 80 min. 
The gel was examined after staining with Dia-
mond TM Nucleic acid for 45 minutes using Ul-
traviolet light to detect the 16s rDNA genes at 
the site of 1350 base pairs. The molecular size 
of the DNA fragment was estimated by com-
paring the band size with the DNA ladder 
(Sambrook & Russell, 2001). 

Sequences analysis for 16s rDNA gene: The 
PCR amplification products were sent with the 
forward and reverse primers to the Micro-gene 
laboratory in Korea, where the genotype se-
quences of the gene 16s rDNA were deter-
mined. The results were analyzed using the 
Basic Local Alignment search tool (BLAST) 
program, available at the National Center for 
Biotechnology Information (NCBI) on the site 
( http://www.ncbi.nlm.nih.gor).  

Primary screening of the ability of Strepto-
myces rochei 19 to produce biosurfactants 
First: hemolytic activity: Hemolysis was car 
 
ried out on plates of blood agar medium sup-
plemented with (5%) human blood. The blood 
agar plates were inoculated and incubated at 
37ºC for 7 days. Plates were examined for a 
clear zone around the colonies (Carrillo et al., 
1996).         

Second: modified drop collapse metho: 
Drops of crude oil were dropped as a thin layer 

on the surface of a glass slide. A 10µl drop of 
the supernatant of seven days Streptomyces 
was cultured in maltose Yeast extract broth by 
cooling centrifuge at 10000 rpm/min for 15 
min on the slide. The droplet shape was then 
observed one minute later. The negative result 
is explained by the fact the droplet remains 
convex and the same size, while the positive 
result is when the drop collapses and becomes 
flat with a slightly larger size. The result was 
compared by adding water as a negative control 
and SDS as a positive control. The test was 
performed with three replications per isolation 
(Plaza et al., 2006).  

Third: lipase production: For lipase activity, 
Luria-Bertani agar plates supplemented with 
(1%) of an olive oil emulsion were made (pH 
of the medium adjusted 7.0) inoculated with a 
fresh culture of Streptomyces and incubated at 
37ºC for seven days. After incubation, plates 
were observed for a clear zone of hydrolysis 
around the colony (Maniyar et al., 2011). 

Forth: oil spreading assay method: 50µl of 
distilled water was added to the Petri dish, Fol-
lowed by adding 20µl of crude oil on the sur-
face of the water. 10µl of supernatant was add-
ed onto the center of the oil film. The diameter 
of the clear zone on the oil surface was meas-
ured and compared with control using cultured 
broth (Cornea et al., 2016).  

Fifth- Emulsification index (E24): Samples 
were determined by adding 2ml of paraffin oil 
and 2ml of the cell-free broth in a test tube. 
Vortexed at high speed for 2 min and allowed 
to stand for 24h, the percentage of the Emulsi-
fication index was calculated using the follow-
ing equation (Abouseoud et al., 2008).  
E24=Total height of emulsion formed 
(cm)*100/total height of solution (cm) 

Productivity medium used for biosurfactant 
from Streptomyces rochei: Two media were 
used for productivity:   
1-Maltose Yeast Extract Broth (MYE) supple-
mented 1% of olive oil (Kokare et al., 2007). 
The broth culture was incubated aerobically at 

http://www.ncbi.nlm.nih.gor/
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30ºC in a shaker incubator at 120 rpm for seven 
days. 2-Starch nitrate medium, the broth cul-
tures were incubated aerobically at 30ºC in a 
shaker incubator at 120 rpm for seven days 
(Shubhrasekhar et al., 2013).     

Biosurfactant Extraction : First method: the 
liquid productive culture was incubated for 
seven days, centrifuged at 100 rpm/min for 15 
minutes, the precipitate was discarded, and the 
supernatant was taken and mixed with the same 
volume of solvent chloroform-methanol (2:1 
v/v) using separating funnels. The bottom layer 
containing the active substance was taken and 
evaporated with rotary evaporation, and a dry 
material was stored in the refrigerator until use 
(Kiran et al., 2017).   

Second method: the culture samples were cen-
trifuged at 14000 rpm/min for 20 min to re-
move the bacterial cells. 1M HCl was added to 
the supernatant to reach pH 2.0. The precipitate 
was collected by centrifugation at 12000 
rpm/min for 30 min at 4ºC to obtain crude bio-
surfactant. The crude biosurfactant was dis-
solved in deionized water and adjusted to a 7.0 
pH and extracted by a solvent having a chloro-
form: methanol (2:1 v/v), the organic phase 
(chloroform layer) was evaporated using a rota-
ry evaporator to remove the solvent chloro-
form. A dry material was stored in the refriger-
ator until use (Deepa et al., 2015). 

Antibiotics Sensitivity: By using the Kirby-
Bauer method, the isolates of Staphylococcus 
aureus and Pseudomonas aeruginosa at 18 
hours with the concentration of (1.5*108 
cell/cm3) compared to McFarland tubes were 
inoculated by swab on Muller-Hinton Agar. 
The sensitivity to the following antibiotics: 
Tetracycline 10µg, Oxacillin 5µg, Carbencillin 
25µg, Erythromycin 10µg, Nalidixic acid 
30µg, and Gentamicin 10µg was studied, the 
plates were incubated at 37ºC for 24 hours and 
then the diameter of the inhibition zone was 
measured (Winn et al., 2006).  

Antimicrobial activity of biosurfactant: A 
sterile filter paper was taken and immersed in 

biosurfactant extract solution by sterile forceps 
and put in Muller Hinton Agar inoculated with 
Staphylococcus aureus and Pseudomonas ae-
ruginosa at the age of 18 hours with the con-
centration of 1.5*108 cell/cm3(compared to 
McFarland tubes). The plates were incubated at 
37ºC for 24 hours (Gebreyohannes et al., 
2013). 

Determination of biosurfactant toxicity: The 
phytotoxicity test was used to investigate the 
action of the biosurfactant on cabbage seeds 
(Brassica oleracea L.). Different concentration 
of biosurfactant solution (1.5 and 50 mg/ml), 
and control solution (distilled water), were test-
ed. The biosurfactant samples were placed in 
Petri dishes, each with ten seeds. The plates 
were incubated for five days at 27ºC. The 
number of germinated seeds was then counted 
and the length of the roots was measured from 
the point of transition from the hypocotyl to the 
extremity of the root (Yerushalmi et al., 1998). 
The germination index (GI), which is one of 
the most commonly used ways to characterize 
the phytotoxicity of a compound, was calculat-
ed as follows:  
%GI = (% of seed germination) x (% of root 
growth): 100  
in which % of seed germination = (% of germi-
nation in the extract): (% of germination in the 
control) x 100; and % of root growth = (mean 
growth in the extract): (mean growth in the 
control) x 100. The analyses were performed in 
triplicate. 

Separation of biosurfactant extract using a 
thin layer chromatography technique:The 
obtained extract was separated using 20 cm3 X 
20 cm3 silica chromatography plates, the ex-
tract was mixed with the solvent DMSO, and 
the samples were left at room temperature or 
dried using a hair dryer. The separation solution 
consisted of chloroform / methanol/ water 
(65:25: 4, by vol.) (Symmank et al., 2002). The 
flow rate was calculated for all separated spots 
according to the following law: 
Flow rate = distance traveled by the ex-
tract/distance traveled by the solvent. 
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The compounds separated by TLC were visual-
ized by spraying with 0.5% ninhydrin (w/v, in 
water or ethanol) to identify the free amino 
groups. The plates were heated at 110º C for 5 
min until the appearance of a reddish-brown 
color (Bezza & Chirwa, 2015). 

Characterization of biosurfactant by        
Gas chromatography-mass spectrometry 
(GC/MS): The chloroform: methanol extract 
was analyzed by gas chromatography-mass 
spectrometry (GC/MS). The spectrum of the 
crude component was compared with the spec-
trum of the known components in the National 
Institute Standard and Technology (NIST) li-
brary. The name, molecular formula, weight, 
and chemical structure of the components of 
the test materials were identified. 
Phylogenetic relationships: The evolutionary 
relationship among the six Streptomyces rochei 
was obtained using the Unweighted Pair Group 
Method with Arithmetic mean (UPGM) within 
Molecular Evolutionary Genetics Analysis ver-
sion 7 (MEGA7) using the Maximum Compo-
site Likelihood method based on (Tamura et 
al., 2004). The strains were submitted to NCBI 
with the accession number for each strain. 

RESULTS AND ISCUSSIONS 

Isolation: Twenty-four isolates belonging to 
Streptomyces species were isolated, as shown 
in table (2), the percentage of Streptomyces 
rochei from hydrocarbon contaminated soils 
was 8% and uncontaminated soils was 16%, 
which are considered to be the main bacteria of 
the soil (Loganathan Karthik & Rao, 2010). 
The morphological characteristics of the colo-
nies and cells and their adhesion to the nutri-
tional medium and odor production of isolates 
suspected to belong to the genus of Streptomy-
ces were studied (G Al-Sammak et al., 2009). 
Species of the genus Streptomyces are difficult 
to characterize, as indicated by the researcher 
Holt and his colleagues in 1994 (Holt et al., 
1994). While the isolation rate of Pseudomonas 
from burns was 16.6%, Staphylococcus from 
wounds was 35.7%. Six isolates belonging to 

Streptomyces rochei were genetically diag-
nosed using 16s rDNA. 

Table: (2). Percentage of bacteria isolated from envi-
ronmental and clinical samples 

Type of 
sam-
ples 

Number of 
samples 

N
um

ber of 
isolates 
Isolation 
rate %

 Isolated  
bacteria 

Soil 

25 hydrocar-
bonate soil 2 8 Streptomyces 

rochei 25 uncontami-
nated soil 4 16 

Wound 28 swabs 10 35.
7 

Staphylococ-
cus 

Burns 12 swabs 2 16.
6 Pseudomonas 

Phylogenetic relationship: By using 16s 
rDNA for molecular diagnosis of Streptomyces 
rochei, the Streptomyces rochei strains have 
shown similarity between (99.42-99.7) % to 
reference strains in the NCBI. The isolates 
where clustered together in the phylogenetic 
tree at 99.4%, as shown in figure (1). 
 

 
Figure: (1). Phylogenetic tree of the 16S rDNA Strep-
tomyces rochei based on UPGMA method with aid of 
MEGA 7. Program. 
 

Depending on some morphological trials and 
biochemical tests, in addition to the use of 16s 
rDNA, four isolates were supposed to be 
Staphylococcus aureus, namely 1,6,7,9. These 
strains showed β-hemolysis, positive for cata-
lase test, and fermentation of mannitol sugar. A 
special medium (ORSAB) was used to isolate 
the Staphylococcus aureus drug resistance. 
This medium contains two types of antibiotics, 
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Oxacillin and Polymixin B, with the presence 
of sodium chloride salt in the concentration of 
5.5%. The methicillin resistance Staphylococ-
cus aureus, colonies appeared in blue color on 
the ORSAB medium and yellow color on the 
Mannitol salt agar (Simor et al., 2001). While 
Pseudomonas aeruginosa cells showed positive 
for oxidase and citrate, β-hemolysis, producing 
pyocyanin stain and foul smell similar to rot-
ting fruit smell as this characteristic was used 
in the initial diagnosis of the species. And the 
diagnosis of species was ensured by using an 
API 20E strip. The Staphylococcus aureus and 
Pseudomonas aeruginosa species showed re-
sistance in 100% to Oxacillin, Erythromycin, 
Carbenicillin, and Nalidixic acid, as shown in 
table (3). The Staphylococcus aureus resistance 
to β-Lactam antibiotics was due to the ability 
of the species to produce penicillin-binding 
protein 2a (PBP2a) encoded by the mec-A gene 
located on the mobile gene element (MGE) that 
has a low roll of β-Lactam antagonists. In re-
cent years, the species has been resistant to 
many antibiotics, including Macrolides, Ami-
noglycoside, Quinolones, and Tetracycline, be-

cause resistance genes are carried on plasmids 
and transposons, which can be transmitted be-
tween species and other gram-positive bacteria 
(Akpaka et al., 2017). While the resistance of 
the Pseudomonas aeruginosa is due to its pos-
session of pumping systems for many antibiot-
ics, in addition to the plasmids responsible for 
resistance, the mutation also has a role in the 
resistance (Lister et al., 2009).  

Hemolytic activity: Initial investigation on the 
ability of Streptomyces rochei isolates to pro-
duce biosurfactants using four methods. Six 
Streptomyces rochei isolates were selected, as 
shown in table (4). The isolates showed com-
plete hemolysis, and the use of this test was 
based on the fact that biosurfactants can cause 
the analysis of erythrocytes. The researcher  
(Chakraborty et al., 2009) pointed out that there 
is a relationship between the effectiveness of 
blood hydrolysis and the production of biosur-
factants. The use of hydrolysis of blood is a 
primary indicator to search for the production 
of biosurfactants. 

 

Table: (3) .The resistance of Staphylococcus aureus and Pseudomonas eruginosa to antibiotics 

Tetracyclin
e (TE)10 

Nalidixic 
acid (NA) 

30 

Gentamicin 
(CN) 10 

Carbencillin 
(PY) 25 

Erythromycin 
(E) 10 

Oxacillin 
(OX) 5 

Vancomycin 
(VA) 30 Bacteria No. 

Isolation 

R R S R R R S Staph.aureus 1 1 
R R R R R R M Staph.aureus 6 2 
R R S R R R S Staph.aureus 7 3 
R R M R R R S Staph.aureus 9 4 
R R R R R R M Staph.aureus 10 5 
S R R R R R S Staph.aureus 17 6 
R R R R R R R P.aeruginosa 1 7 
R R R R R R R P.aeruginosa 2 8 

    R= resistance      S= sensitive M= moderate 
Table: (4). Initial investigation of Streptomyces rochei to produce biosurfactants. 

Lipase production: Some strains showed a 
positive result for the lipolysis test. The result 
showed a clear zone around the colony, evi-
dence of its ownership of the lipase enzyme, 

which works to breakdown fat to produce fatty 
acids, as the production of this enzyme is asso-
ciated with the production of biosurfactant 
(Deepa et al., 2015). The results were con-

Oil dispersion test Modified drop col-
lapse test 

Lipolysis 
medium 

Hydrolysis on 
blood agar Strains Accession number in 

NCBI 
+ - - + Streptomyces rochei1 MN589659 
+ - + + Streptomyces rochei 12 MN594555 
+ - + + Streptomyces rochei 13 MN594553 
+ - - + Streptomyces rochei 14 MN594540 
+ + + + Streptomyces rochei 19 MN589658 
+ - + + Streptomyces rochei 27 MN594530 

100 16.6 66.6 100 Percentage %  
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sistent with the study of (Kokare et al., 2007), 
in which of the 80 strains of the genus Strep-
tomyces, only 56 were positive for the lipase 
test.  

Modified drop collapse method: Most of the 
isolates showed a negative result to the modi-
fied drop collapse test, even though it gave a 
positive result in the hemolysis test. The nega-
tive result may be due to the fact that the test is 
hyposensitivity, in which biosurfactant concen-
tration must be rather high in the filtrate to 
cause the droplet to collapse (Walter et al., 
2010). This method (modified drop collapse) is 
an easy, fast, and non-specialized for a particu-
lar type of biosurfactant and needs a small 
amount of the sample, easy to perform, and 
does not need special requirements (Khopade 
et al., 2012).  

Oil spreading assay method: All strains that 
gave good hemolytic activity gave good effica-
cy to the oil dispersion test. The diameter of the 
clear zone is in direct correlation with the ef-
fectiveness of biosurfactant. When a drop of 
biosurfactant was added to the oil layer on the 
water, a clear zone was observed (Figure 2) as 
in the study of (Al-Safar & E.G.AL-Sammak, 
2014) 

. The organisms producing biosurfactants alone 
can disperse oil, as noted by the research 
(Youssef et al., 2004). The oil dispersion test 
has been shown to be more sensitive than the 
method of testing the modified drop collapse in 
detecting the presence of biosurfactant in the 
filtrate of the bacterial culture (Ainon et al., 
2013). In order to know the productivity of bio-
surfactants, many researchers use two or more 
methods to search for biosurfactants. Relying 
on one method is inappropriate in diagnosing 
all kinds of biosurfactant, therefore, a set of 
tests is used to find the product object (Bodour 
& Maier, 2003). 

 
Figure (2). Oil spreading assay: zone of clearance by 
crude biosurfactant from Streptomyces rochei. 

The production of biosurfactants from 
Streptomyces rochei strain 19: The results 
showed that the insoluble carbon source in the 
medium, olive oil, gave the highest increase in 
productivity over the water-soluble carbon 
source, glycerol, by observing the diagonal siz-
es to test the dispersion of oil as indicated by 
(Abouseoud et al., 2007), probably due to the 
bacteria’s exploitation of to the source of dis-
solved carbon at high speed in the production 
of energy and biomass and the lack of the need 
to produce compounds that analyze the carbon 
source. In the case of olive oil, the bacterium 
work to produce biosurfactant for the purpose 
of analysis of fatty substances and make them 
more polar, which in turn enter into the synthe-
sis of secondary metabolic products and energy 
production as well as increasing the area of ad-
hesion of bacteria with olive oil in the medium 
and this is another benefit (Swadi et al., 2013). 
The results of the emulsification coefficient test 
showed that the production medium containing 
olive oil as a carbon source had a high emulsi-
fication coefficient (88%), while the isolation 
using glycerol as a carbon source showed a low 
emulsification coefficient (33%). This test is 
the most reliable in the quantification of active 
substances dissolved in the medium (Ainon et 
al., 2013).  

Biosurfactant extraction from Streptomyces 
rochei 19: The direct method described by 
(Shubhrasekhar et al., 2013) is to extract bio-
surfactants from isolation Streptomyces rochei 
19. The direct method was efficient in extrac-
tion, easy and fast, and does not require much 
effort. 
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The antibacterial activity of biosurfactant 
against Staphylococcus aureus and Pseudo-
monas aeruginosa: The biosurfactant extracted 
from Streptomyces rochei 19 showed inhibitory 
activity against a strain of Pseudomonas aeru-
ginosa and Staphylococcus aureus as shown in 
Figure (3).  

Since the biosurfactant was effective against 
gram-negative bacteria and gram-positive bac-
teria, this is probably because the extracted bi-
osurfactant was from a broad-range type. 

Assessment of toxicity using the germination 
test: The germination indexes obtained for 
seeds of cabbage show higher germination of 
about 59, 73.5, and 75.5%, with good correla-
tion between average elongation of root and 
germination index. The biosurfactant produced 
by Streptomyces rochei 19 promoted no toxici-
ty to the seeds of Brassica oleracea at concen-
trations of 1.5 and 50 mg/ml. This result is sim-
ilar to those of Silva and his colleagues 2010. 
He shows that the biosurfactant by Pseudomo-
nas aeruginosa UCP992 has no toxicity to the 
seeds of Lactuca sativa L. and Brassica 
oleracea. 
 

 
Figure: (3). The antimicrobial activity of biosurfactant 
isolated from Streptomyces rochei 19 on  
A-Staphylococcus aureus 
 B-Pseudomonas aruginosa  

Thin layer chromatography (TLC): The sep-
aration and diagnosis of biosurfactants extract-
ed from strain 19 were detected at a flow rate 
of 0.9 obtained in a reddish brown spot by us-
ing ninhydrin to detect free amino groups and a 
brown spot by using ioden vapor, thus indicat-
ing that the biosurfactant is lipopeptide (Bezza 
& Chirwa, 2015). 

Gas chromatography and mass spectromet-
ric analysis: In GC-MS analysis 21 com-
pounds were identified, five of them were bio-
active compounds from Streptomyces rochei 19 
strain, as shown in table (5). 

Table: (5). Chemical constituents of chloroform-methanol extract of Streptomyces rochei19 identified by gas chroma-
tography-mass spectrometer (GC/MS) analysis.  

References Activity Molecular 
weight 

Compound 
formula RT Compounds 

)Hismiogullari et 
al., 2008( 

Antimicrobial 
activity 144 C8H16O2 11.147 Octanoic acid 

)Hismiogullari et 
al., 2008( 

Antimicrobial 
activity 116 C6H12O2 8.048 Hexanoic acid 

)Lata, 2015( Antibacterial 
activity 206 C14H22O 15.863 Phenol, 2,4-bis(1,1-

dimethylethyl)- 
)Peres et al., 2011( Antifungal activity 186 C11H22O2 12.557 Undecanoic acid 

)Nahid et al., 
2012( 

Antibacterial 
activity 212 C15H32 12.824 Dodecane, 2,6,10- trime-

thyl- 
 

CONCLUSIONS 

The biosurfactant extracted from Streptomyces 
rochei 19 showed inhibitory activity against 
Multi-drug resistant Staphylococcus aureus and  

 

Pseudomonas aeruginosa. In addition, the bio-
surfactant production from Streptomyces rochei 
19 was non-toxic to the potential growth of 
Brassica oleracea seeds at 1.5 and 50 mg/cm3. 
Biosurfactants were diagnosed as Lipopeptides 
by using thin layer chromatography and GC-
Mass technique. 
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ـــــة (50)جمعـــــت المســـــتخلص :  ـــــرب ملوث ـــــة مـــــن ت ـــــدرو�ار�ونات ،عین ـــــة �الهی ـــــر ملوث شخصـــــت ســـــت عـــــزلات تا�عـــــة للنـــــوع  .وغی
Streptomyces rochei، %8 �16ملوثـة �الاعتمـاد علـى دراسـة المن الترب غیـر  6%و  ،ار�وناتمن الترب الملوثة �الهیدروs 

rDNA  عزلــت منهــا  حــروق ) ل12لجــروح و() عینــة ممرضــة 28. جمعــت (التقن�ــة الحیو�ــةمقارنــة مــع المر�ــز الــوطني لمعلومــات
ســـ�ة و�ن Pseudomonas aeruginosaالنـــوع و  ،(35.7%)و�نســـ�ة  Staphylococcus aureusلـــى النـــوع  إعـــزلات تعـــود 

مقاومــــة متعــــددة  Pseudomonas aeruginosaو Staphylococcus aureusظهــــرت العــــزلات التا�عــــة للنــــوع أ %16.6.
 Streptomycesظهـرت العزلـة أ. Tetracycline وOxacillin ، Erythromycin، Nalidixic acidللمضـادات الحیو�ـة 

rochei 19  والتي لها فعال�ة مضادة ضد النوعین الممرضین ،نتاج المواد الحیو�ة الفعالة سطح�اً إقابل�ة على Staphylococcus 

aureus وPseudomonas aeruginosa . الإضــافة إلــى ذلــك، �ــان إنتــاج منشــطات الســطح الحیو�ــة مــن�Streptomyces 
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Abstract: For the current investigation, a total of six goats with traumatic teat fistulas that were 
brought to Omar Al-Mukhtar University's University Veterinary Hospital (UVH) were chosen. Us-
ing a basic continuous suture pattern and polyglactin 910, the mucosal and muscle layers were su-
tured individually after preoperative examination. Polyester sutures that were braided and coated 
with polybutilate were used to oppose the skin edges. The morphological evaluation and ultraso-
nographical evaluation were used to assess the restored teat postoperatively. The success of the pro-
cedure in restoring the functional capacity of the teat postoperatively was demonstrated by the qual-
ity of the milk and milkability. Due to the issues experienced, which may be related to the man-
agement procedures, postoperative care, and the suture material, the surgical technique used for the 
management of teat wounds with fistula was shown to be less effective. 

Keywords: Goats, Traumatic teat fistula, Polyglactin 910, Braided Polybutilate coated Polyester 
sutures. 

INTRODUCTION 

For dairy farmers, the health of their udders 
and teats is becoming more and more important 
because diseases that damage these organs re-
duce productivity and cause big financial loss-
es. (Abd-El-Hady, 2015). The mucosa, submu-
cosa, highly vascularized connective tissue, 
muscularis, and skin make up the goat's teat's 
five layers. (Hendrickson, 2007) Stenosis 
(31.5%), laceration without perforation 
(22.2%), skin wound (21%), rupture or split-
ting (20%), and perforating injury (4.9%) are 
the several types of teat injuries that can occur 
in goats. Teat lacerations are frequently flap 
wounds with varied forms and penetration 
depths rather than neat, straight, and incised 
wounds. (Molaei & Ebrahimi, 2014). The two 

types of teat injury are external or "uncovered" 
lesions, and internal or "covered" lesions. 
(Nichols, 2009). They can also be divided into 
superficial and deep categories based on the 
various layers involved. (Ashraf. abdel-hamed. 
Hegazi & Khaled. M. A. Hussin, 2008; Nouh et 
al., 2014; Rafi. Mustafa. Elkaseh. Abdulla et 
al., 2008). Injuries to the papillary duct and teat 
cistern are examples of internal injuries. Teat 
wall lacerations of any kind are considered ex-
ternal injuries, while injuries to the papillary 
duct and teat cistern are considered interior in-
juries. (Sreenu et al., 2014). When cattle are 
housed (78%) as opposed to maintained in pas-
tures (21%), the majority of teat injuries occur. 
(Molaei et al., 2002). They can happen in tie 
stalls or free stall barns and are frequently self-

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.943&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:khaled.alhmri@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.943&amp;domain=pdf&amp;date_stamp=2008-08-14
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inflicted when the goat rises. (Nichols et al., 
2016). Due to the goat's larger udder and awk-
ward mobility following parturition, teat 
wounds are frequent. They are most common 
in animals between the ages of five and six or 
in the early stages of lactation. (Molaei & 
Ebrahimi, 2014). According to the authors, the 
majority of the teat injuries take place within a 
month of calving, when goats are at their peak 
of production. On a goat's teat, better results 
can be obtained by utilizing the proper suture 
material and stitch design. (Couture & Mulon, 
2005). 

The strongest non-absorbable synthetic suture 
material at the time was polyester. They per-
form better than stainless steel sutures and are 
only outperformed by nylon, polypropylene, 
and polybuster sutures. (Banks. Alan S et al., 
2001). These synthetic braided multifilaments, 
which are constructed of polyethylene tereph-
thalate, are non-absorbable and have traits like 
low tissue reactivity, high tensile strength, sim-
plicity in handling, and long life. They were of-
fered either uncoated or coated in polybutyl-
ene, Teflon, or silicone (Kudur et al., 2009). 

MATERIALS AND METHODS 
Six goats presented to University Veterinary 
Hospital (UVH) at Omar Al-Mukhtar Universi-

ty and were diagnosed to have deep lacerated 
wounds with exposed teat cistern (Figure. 1) 
were selected for the present study. 

 

Figure: (1). Showing deep lacerated wounds with ex-
posed teat cistern 

The animal particulars viz; breed, age, body 
weight, feeding pattern- grazing/ stall feeding, 
stage of lactation, and calving history were 
documented. A complete history was obtained 
from the farmer regarding the time of occur-
rence of the wound and its duration and its eti-
ology. A clinical examination of the affected 
teat was performed and the parameters includ-
ed were udder morphology, teat which was af-
fected, shape of the affected teat, and length of 
the teat (Table 1). 
 

Table: (1). Animal Particulars, Anamnesis and Clinical examination (n = 6) 

A
nim

al 
N

o 

B
reed 

A
ge 

(Y
ears) 

B
.W

 
(K

G
s) 

Feeding 
Pattern 

Stage of 
Lacta-
tion 

C
alving 

H
istory 

(D
ays) 

D
ura-

tion 
(D

ays) 

Etiology 

Treat-
m

ent 
adapted 

U
dder 

m
or-

phology 

A
ffected 
Teat 

Shape of 
affected 

teat 

Length 
(cm

) 

1 Crossbred 3 36 Grazing 1 17 2 Barbed 
wire Yes Globular LFT Cylindrical 4 

2 Crossbred 4 42 Grazing 1 23 5 Barbed 
wire Yes Globular RHT Funnel 6 

3 Crossbred 5 45 Stall 
fed 1 11 3 Barbed 

wire Yes Pendulous LHT Cylindrical 3.7 

4 Crossbred 4.3 39 Grazing 1 30 12 Barbed 
wire Yes Pendulous RFT Funnel 2.9 

5 Crossbred 3.2 33 Stall 
fed 1 26 6 Barbed 

wire Yes Globular RHT Cylindrical 7 

6 Crossbred 4 36 Grazing 1 32 8 Barbed 
wire Yes Globular LHT Cylindrical 5 

LFT- Left Fore Teat; RFT – Right Fore Teat; RHT – Right Hind Teat; LHT – Left HindTeat.

On the day of presentation and following su-
ture removal, the afflicted teat's ability to pro-

duce milk was evaluated using the following 
parameters: milk yield per quarter (kg), the 
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kind of milk flow, and affected quarter's milk 
flow rate (kg/min) by hand milking. The color, 
consistency, pH, California mastitis test, and 
somatic cell count (1x105cells/ml) of the milk 
on the day of presentation and suture removal 
were used to evaluate its quality. Following 
preoperative examination, all animals were de-
nied food and drink for 12 to 18 hours prior to 
surgery. They were then all given intramuscu-
lar injections of Xylazine at a dose rate of 0.05 
mg/kg, and the ring block technique was used 
with 0.5% bupivacaine hydrochloride to put 
them to sleep. The wound was extensively deb-
rided with a No. 11 scalpel blade and irrigated 
with a 0.5% Povidone Iodine solution. Poly-
glactin 910 No. 3/0 was used in all of the ani-
mals to suture the first layer of the teat, which 
included the inner mucosal layer and the mus-
cle and connective tissue. For the opposing 
margins of the skin wound, simple interrupted 
braided polybutilate-coated polyester sutures of 
size 2/0 (Ethibond Excel - Ethicon, Johnson 
and Johnson private limited, India) were used. 
(Figure. 2). 
 

 
 
Figure: (2). Showing Size 2/0 polyester sutures with 
braided polybutilate coating were placed to the skin in an 
uncomplicated interrupted pattern. 
 
To keep the teat open, a sterile modified poly-
vinyl tube was inserted (Infant feeding tube 
No. 10, Romsons Scientific and Surgicals In-
dia) and fastened with stay sutures. The altered 
polyvinyl tube was attached to a sterile, single-
use 2 ml syringe, which was then fastened. In-

jections of meloxicam (0.5 mg/kg) and strep-
tomycin-procaine penicillin (Dicrysticin- S- 
Zydus AHL) (ten mg/kg body weight) were 
given intramuscularly for seven days following 
surgery. After surgery, the surgically corrected 
teat was assessed on the seventh and tenth 
postoperative days using the parameters of su-
ture integrity, number of sutures present, suture 
line type (dry/moist), suture site type 
(soiled/contaminated), and discharge presence. 
any wound dehiscence. 

RESULTS AND DISCUSSION 

Four goats were allowed to graze among all the 
animals. Animals who were stall fed were 
housed in a closed enclosure and were more 
likely to sustain teat injuries from stamping. 
The same results were reported. (Khaled et al., 
2016; Matzke et al., 1992; Molaei et al., 2002; 
Nichols et al., 2016; Nichols. S, 2008; Nouh 
SR et al., 2014). 

As they were all in the first stage of nursing, 
the calves' gestational histories ranged from 11 
to 32 days. The majority of teat injuries hap-
pened within one month after calving, when 
goats were in high production, which is con-
sistent with the current findings and (Bristol, 
1989). Due to the goat's large udder and 
movements during parturition, teat wounds 
were frequent. (Molaei & Ebrahimi, 2014). 
The wound's healing time ranged from 2 to 12 
days, and barbed wire was always the cause of 
the damage. Overcrowding of animals with 
swollen udders after calving in tie-stall or free-
stall barns increases the danger of injury to the 
teat from the other animals or self-inflicted in-
jury. (Mulon, 2016; Nichols et al., 2016). Poor 
udder conformation and low-hanging teats 
make the goat more likely to injure itself by 
kicking the teat. (Sreenu et al., 2014). 

The animal's udder morphology was examined 
on the day of the presentation, and two of the 
animals had pendulous udders, while four had 
globular udders. These results were postponed 
(Tiwary et al., 2005) since the majority of ani-
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mals with long teats and pendulous udders de-
velop teat lacerations. The right hind teat in 
two animals, one fore in right and left teat, and 
left hind teat in two animals were the affected 
teats. However, the fore and rear teats are both 
more frequently impacted than the hind teats. 
(Molaei & Ebrahimi, 2014). Injury rates on the 
right and left sides are roughly equal. (Kudur et 
al., 2009). In two of the goats and four of the 
goats, the affected teats had a funnel-like form. 
The injured teats were between 2.9 and 7 cm 
long, indicating that longer teats were more 
likely to sustain injury. (Grommers et al., 
1971). 

The milk was leaking from the damaged teat 
and was difficult to assess on the day of 
presentation, making it difficult to determine 
milkability. While on the 10th postoperative 
day, the milk yield per quarter (kg), the kind of 
milk flow, and the afflicted quarter's milk flow 
rate (kg/min) by manual milking were all ob-
served as being the Mean S.E., which was 0.09 
0.01. In every instance, a severe cut connecting 

the skin and mucosa around the cistern led to 
milk dripping from the wound. So, on the day 
of the presentation, it was challenging to evalu-
ate the milkability. A similar claim was made 
by (Mulon, 2016; Nichols. S, 2008). 

The milk appeared to be normal on the day of 
presentation and the tenth postoperative day, 
showing no changes in color, consistency, or 
pH. (Table 2). Since all of the animals received 
antibiotic therapy and the wound was covered 
with Dynafix without any contamination, the 
California mastitis test was negative, and the 
somatic cell count (1x105 cells/ml) on the day 
of presentation was (Mean S.E.) 
27812≠12724.1 and on the 10th postoperative 
day it was 37452±19754.6, which were found 
to be within normal range. Similar results were 
noted by. (Arul jothi N & Balagopalan. T.P, 
2012; Khaled.  M. A. Hussin & Ashraf. abdel-
hamed. Hegazi, 2008; Khaled. M. A et al., 
2014; Khan & Khan, 2006; Tiwary et al., 
2006).

Table: 2. Qualitative examination of milk on the day of presentation and on 10th Postoperative day (n=6) 

An-
imal 
NO 

Milkability Colour of milk Consistency of milk pH California mastitis 
test 

Somatic cell count 
(1.00.000cell/mi) 

Day of 
Presen-
tation 

10h 
Postop-
erative 

Day 

Day of 
presen-
tation 

10h 
Postop-
erative 

Day 

Day of 
presen-
tation 

10h 
Postop-
erative 

Day 

Day of 
presen-
tation 

10h 
Postop-
erative 

Day 

Day of 
presen-
tation 

10h 
Postop-
erative 

Day 

Day of 
presenta-

tion 

10h 
Postoper-

ative 
Day 

1 0 0.134 White White Normal Normal 6.5 7 Nega-
tive 

Nega-
tive 249893 294876 

2 0 0.122 White White Normal Normal 7 7.5 Nega-
tive 

Nega-
tive 273524 334972 

3 0 0.080 White White Normal Normal 7 7.5 Nega-
tive 

Nega-
tive 308953 390328 

4 0 0.093 White White Normal Normal 6.5 7 Nega-
tive 

Nega-
tive 258986 294765 

5 0 0.071 White White Normal Normal 6.5 7 Nega-
tive 

Nega-
tive 230472 289745 

6 0 0.102 White White Normal Normal 7 7.5 Nega-
tive 

Nega-
tive 300467 359870 

Mean ± SE 0.096±0.
013         27812≠12

724.1 
37452±19

754.6 

 
It was discovered that thoroughly debriding the 
wound edges and irrigation with 0.5% Pov-
idone Iodine solution were very efficient ways 
to revive the surgical site. (Arul jothi N & 
Balagopalan. T.P, 2012; Khaled. M. A. Hussin 
et al., 2021; Khaled. M. A.Hussin et al., 2018; 

Mulon, 2016; Nichols. S, 2008). With Poly-
glactin 910 No. 3/0, the mucosal and muscle 
layers were sutured separately in a straightfor-
ward continuous pattern. In the current investi-
gation, a three-layer suture technique was used, 
and it proved to be quite successful in com-
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pletely closing the teat cistern. (Arul jothi N & 
Balagopalan. T.P, 2012; Arul Jothi et al., 2006; 
Balagopalan & Aruljothi, 2016; Ghamsari et 
al., 1995).The number of braided and polybuti-
late-coated polyester sutures used to close the 
skin varied from 5 to 12, depending on the 
length, direction, and size of the incision. Be-
cause these sutures are synthetic, they stay 

eternally in tissues. In humans, they are usually 
utilized for tendon lacerations where the su-
tures last longer inside the tissues. (Singer et 
al., 2010). The suture pattern used was an inter-
rupted, straightforward design. (Nichols et al., 
2016).Morphologically intact in three animals 
(33%) but not in four (67%) 
  

Table: (3). Group II animal morphological examination (n = 6) 

Animal no 
Intactness of 

sutures No. of sutures present Nature of 
suture line 

Nature of the 
suture site Discharge Wound 

dehiscence 
7th day 0th day 7th day 7th day 7th day 7th day 7th day 

1 Not Intact 8 3 Moist Contaminated Yes Yes 
2 Not Intact 5 3 Moist Contaminated Yes Yes 
3 Intact 6 6 Dry Not Soiled No No 
4 Intact 8 8 Moist Not Soiled No No 
5 Not Intact 7 4 Moist Contaminated Yes Yes 
6 Not Intact 10 6 Dry Contaminated Yes Yes 

Mean ± S.E.  7.4±1.4 5±0.5     
 

  
Figure (3): showing fistula growth, wound dehiscence, 
and gaping wound borders on day 7 after surgery in 
gout. 

Due to its multifilament structure, poor knot 
security, increased tissue reactivity, and in-
flammatory response, the average number of 
sutures present was only 5.3. It's possible that 
using polyester sutures led to a localized infec-
tion that persisted and exacerbated the tissue 
reaction. (Boothe, 2003). Only 33% of the an-
imals had dry suture lines, while 67% had 
moist suture lines, which may have been 
caused by an inflammatory reaction at the su-
ture line and the multifilament structure of the 
suture material, which favors infection. The 

same results were reported. (Boothe, 2003; 
Premsairam et al., 2020). Because of its multi-
filament structure, postoperative wound infec-
tion was more likely to occur. (Modi, 2009). 
Suture site discharge was present in 67% of the 
animals, which led to a polluted suture site and 
the moist nature of the suture line. Four ani-
mals (or 67%) had discharge at the suture site, 
while only three animals (or 33%) did not, in-
dicating that the suture site's local infection 
persisted and that an exaggerated tissue reac-
tion to the polyester suture encouraged the de-
velopment of a postoperative wound infection 
that led to the suture site's discharge. (Banks. 
Alan S et al., 2001; Boothe, 2003). The polyes-
ter sutures' braided design made them more 
susceptible to infection and contaminated su-
ture sites. (Al-Mubarak & Al-Haddab, 2013). 
In 33% of the cases, there was no evidence of 
wound dehiscence, but in 67% of the animals, 
the suture site exhibited dehiscence due to con-
tamination, which led to an enhanced inflam-
matory response since the outer coated layer 
had been torn. (Boothe, 2003). 

All the animals had their skin sutures removed 
on the tenth postoperative day. (Nichols et al., 
2016), It showed signs of wound dehiscence, 
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fistula development, and edge gaping. Com-
plete wound healing was not achieved in four 
animals because of wound dehiscence, which 
may have been brought on by the moist nature 
of the suture line, contaminated suture site with 
discharge, postoperative surgical complications 
like tissue flap necrosis, wound dehiscence, 
and fistula formation with the gaping of 
wounds exposing the inner lying structures. 
(Azizi S et al., 2007; Mulon, 2016). According 
to an explanation, 67% of animals with polyes-
ter sutures did not have them intact, which re-
sulted in increased tissue reactivity, inflamma-
tory response, contamination of the suture site, 
chronic local infection, and exaggerated tissue 
reaction. (Boothe, 2003; Chellamani et al., 
2013), while in 33% of the cases, the wounds 
healed without dehiscence and without any 
complications (Figure. 4). 

 
 
Figure (4): showing a straightforward wound healing 
process without any dehiscence on day 10 after sutures 
were removed. 

To maintain the teat patency and drain the milk 
from the injured quarter, it was very helpful to 
install a sterile prosthetic tube made of modi-
fied polyvinyl chloride number 10 in place. 
The surgical site was found to be effectively 
protected by the application of an adhesive 
bandage (Dynafix). A 2 ml syringe that was at-
tached to the tube helped complete the circuit. 

CONCLUSION 

The quality of milk and milkability reflected 
the effectiveness of the technique in regaining 
the functional capacity of the teat postopera-
tively. The surgical technique employed for the 
management of teat wounds with fistula was 
found to be less effective due to the encoun-
tered complications which could be due to the 
management practices, postoperative care, and 
the suture material. 
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، مصـا�ة �جامعة عمـر المختـار )UVH(ماعز تم تقد�مها إلى المستشفى الب�طري الجامعي  6تم اخت�ار ما مجموعه  :المستخلص
، تــم خ�اطــة الط�قــات المخاط�ــة والعضــل�ة �شــكل منفصــل عــن لدراســة. �عــد التقیــ�م قبــل الجراحــةبناســور الحلمــة الرضــح�ة فــي هــذه ا

. تمت مواجهة حواف الجلد �استخدام خیوط بول�ستر مضفرة ومغلفة 910طر�ق نمط خ�اطة �س�ط مستمر �استخدام بولي جلاكتین 
عكسـت  �البولیبوت�لات. تم إجراء تقی�م ما �عد الجراحة للحلمة التي أعید بناؤها من خلال التقی�م المورفولوجي والتقی�م فوق الصـوتي.

 التقن�ــة الجراح�ـة المســتخدمة نوجـد أجـودة الحلیـب وقابل�ــة الحلیـب فعال�ــة التقن�ـة فــي اسـتعادة القــدرة الوظ�ف�ـة للحلمــة �عـد الجراحــة. 
تكـــون أقــل فعال�ــة �ســبب المضــاعفات المصـــادفة والتــي �مكــن أن تكــون �ســبب ممارســـات الإدارة وح الحلمــة مــع الناســور لإدارة جــر 

 والرعا�ة �عد الجراحة ومواد الخ�اطة.

 ، خیوط بول�ستر مضفرة مغلفة �البولیبوت�لات. 910ماعز ، ناسور حلمة رضحي ، بولي جلاكتین : الكلمات المفتاح�ة
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 تأثیر فتحات التشكیل وحرارة ماء الترطیب في بعض صفات النوعیة
 الفیزیائیة للحبیبات العلفیة لتغذیة الدواجن  

 باسم عبود عباس
 .قسم الانتاج الحیواني، كلیة الزراعة، جامعة دیالى، العراق

 2022سبتمبر  01/ تاریخ القبول: 2021دیسمبر  07الاستلام:  تاریخ
Doi:https://doi.org/10.54172/mjsc.v37i3.531 

العلفیـة لتغذیـة لى معرفة تأثیر ظروف تصنیع الأعلاف في بعـض صـفات النوعیـة الفیزیائیـة للحبیبـات إیهدف البحث المستخلص : 
و حـرارة مـاء ترطیـب  ،ملـم 4.5و  2.5ثیر قطـر فتحـات التشـكیل وبمسـتویین أالدواجن. نفذت تجربة عاملیة بعاملین تم فیها دراسـة تـ

ونسـبة  ،وتمـدد الحبیبـات ،والحبیبـات المتكسـرة ،ثیرهما في الحبیبات العلفیة غیـر المتكسـرةأمْ. وقیاس ت 40و  25وبمستویین  ،العلیقة
لــى انخفــاض معنــوي فــي نســبة الحبیبــات غیــر إ تدأملــم  4.5إلــى  2.5ن زیــادة قطــر فتحــات التشــكیل مــن أظهــرت النتــائج أبــار. الغ

مْ  40لــى إ 25ونســبة الغبــار. ومــع زیــادة حــرارة مــاء العلیقــة مــن  ،ونســبة تمــدد الحبیبــات ،وزیــادة نســبة الحبیبــات المتكســرة ،المتكســرة
ونسـبة تمـدد الحبیبـات، فیمـا لـم یظهـر وجـود  ،نسبة الحبیبات المتكسـرة وانخفضت معنویاً  ،ر المتكسرةنسبة الحبیبات غی زادت معنویاً 

قــل نســبة غبــار أ% و 3.38قــل تكســر بالحبیبــات أ% و 96.66علــى مقاومــة لتكســر الحبیبــات أثیر معنــوي فــي نســبة الغبــار. وكانــت أتــ
سـتنتج أن امْ.  25ملـم والحـرارة  2.5% مـع الفتحـات 6.13دد كانـت قل نسبة تمـأما أمْ،  40ملم والحرارة  2.5% مع الفتحات 0.48

ونسـبة تمــدد الحبیبــات ونســبة الغبــار. زیــادة حــرارة مــاء العلیقــة  ،لــى زیــادة نســبة الحبیبــات المتكســرةإزیـادة قطــر فتحــات التشــكیل أدت 
نســبة الغبــار. نوصــي بزیــادة قطــر فتحــات  ثیر معنــوي فــيألــى زیــادة نســبة الحبیبــات المقاومــة للتكســر، فیمــا لــم یظهــر وجــود تــإأدت 

 التشكیل حسب الحاجة العمریة للحیوانات، واستعمال البخار للترطیب بدل الماء الحار.

حرارة الحبیبات؛ رطوبة الحبیبات. ؛علافتشكیل الحبیبات؛ تصنیع الأ ؛الحبیبات المتكسرة:  لكلمات المفتاحیةا

 لمقدمةا

 الطیــور الداجنــةلتغذیــة  طرقــاً جدیــدة الحدیثــة التكنولوجیــا تــوفر
 تقلیـل بهـدف لهـا، الغذائیـة الاحتیاجـات مع وثیق بشكل تتناسب
الإنتــاج  لتكلفــة % 70-65 حــوالي تشــكل والتــي العلــف، تكلفــة

)Aljebory & Naji, 2021(.  تقـــدم الأعـــلاف للـــدواجن
والعلـــف المفتـــت  Mashبأشـــكال عـــدة منهـــا العلـــف المجـــروش 

Crumble  والحبیبات العلفیـةPellet  ویعـد اسـتخدام الحبیبـات
العلفیة في تغذیة الطیور الداجنة من الوسـائل المهمـة للحـد مـن 

الفقد الحاصل في الأعلاف المقدمة للطیور التي أثبتـت فائـدتها 
)Behnke & Beyer, 2002; Lowe, 2005(، ن التحسـن إ

ن یساهم بشكل أفي وسائل قیاس نوعیة الحبیبات العلفیة یمكن 
یجابیــة نتیجــة إمــن نتــائج  لــهكبیــر فــي نمــو هــذه الصــناعة لمــا 

ـــداول التجـــاري لهـــذه الحبیبـــات خـــلال  ثنـــاء أنتاجهـــا ونقلهـــا و إالت
ن قیـــاس النوعیـــة الفیزیائیـــة لحبیبـــات أتقـــدیمها للحیوانـــات حیـــث 

نتـاج حبیبـات قویـة فـي إعلاف یمكنها المسـاعدة بشـكل كبیـر الأ
ــــات الإ ــــد مــــن بعــــد تنظــــیم عملی ــــث یوجــــد العدی ــــاج حی جهــــزة أنت

لفیزیائیــــة للحبیـــات العلفیــــة المتداولــــة ا ةنوعیـــالالاختبـــار لقیــــاس 
 بــــــین .)Salas-Bringas et al., 2007(تجاریـــــا 
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)Hemmingsen et al., 2008; Wood et al., 2019( 
 تحمـــل علـــى بأنهـــا القـــدرة الحبیبـــات للتكســـر تعـــرف أن مقاومـــة

أجــــزاء الحبیبــــات  مــــن زائــــدة كمیــــات تولیــــد دون التــــداول والنقــــل
ن أ )Maier & Briggs, 2000(وضـح الناعمـة المتكسـرة. أ

بعــد تصــنیع الحبیبــات العلفیــة تشــكل  المتكســرةالــدقائق الناعمــة 
وزیادتهــا ، نعةالحبیبــات المصــ نوعیــةعلاقــة عكســیة ســلبیة مــع 

ن معــــدل الــــدقائق إیعنــــي حبیبــــات علفیــــة ردیئــــة النوعیــــة حیــــث 
یـرتبط مـع مقاومـة الحبیبـات للتفتـت. ذكـر  االمتكسرة تمثل مؤشر 

Hancock )2000 (ذا كانـــت عملیـــة تصـــنیع الحبیبـــات غیـــر إ
وبــذلك تقــل  ،بكمیــات كبیــرة متكســرةهــا تنــتج دقــائق إنصــحیحة ف

 ,Dozier( فوائــــد الحبیبــــات الغذائیــــة بشــــكل كبیــــر. عــــرف 

ـــــــة الحبیبـــــــات مقاومـــــــة )2001 بأنهـــــــا التماســـــــك  للتفتـــــــت العلفی
الفیزیائي للعلائق المصنعة بشكل حبیبات علفیة مع أقـل دقـائق 

و أ ،ثنـاء المعاملــةأجـزاء متكسـرة مـن تلـك الحبیبـات أأو  ،ناعمـة
والتي یـتم تقـدیرها اعتمـادا علـى النسـبة المئویـة للحبیبـات  ،النقل

ــــــة ــــــدة منهــــــا. أ ،الكامل ــــــدقائق الناعمــــــة المتول ــــــت و ال  FAOبین
ن تنظــــیم الحـــــرارة والرطوبـــــة قبــــل تصـــــنیع الحبیبـــــات أ )1980(

ـــل كمیـــة المـــواد  ،العلفیـــة یحســـن مقاومـــة الحبیبـــات للتكســـر ویقل
 ,New )Newوضـح أالناعمـة المتولـدة مـن المنتـوج النهـائي. 

نتــاج الحبیبــات إ لآلــة التشــكیلفتحــات قــرص  قطــرن أ )1987
وبمـــدى یعتمـــد علـــى قطـــر الحبیبـــات المطلـــوب  ،تكـــون متنوعـــة

 الضــروري أن مـن )Tanveer et al., 2018(كـد أنتاجهـا. إ
 المعرفــة ســتكون إذ. العلفیــة للحبیبــات الفیزیائیــة الخــواص قیــاس
مـن  لمعرفة طریقة الحفـاظ علـى هـذه الحبیبـات جداً  مفیدة كونها

 والتخــزین، والتعبئــة، التصــنیع، وأثنــاء النقـل، عملیـة بعــد التكسـر
فتحــــات التشــــكیل، ثیر أ. یهــــدف البحــــث إلــــى دراســــة تــــوالتغذیــــة

الفیزیائیــــــة  بعــــــض صـــــفات النوعیــــــةالعلیقـــــة فــــــي  مــــــاء حـــــرارةو 
  .اجللحبیبات العلفیة لتغذیة الدج

 المواد وطرق البحث

التجربة علیقة خاصة بتغذیة الدجاج مكونة من  لإجراءاستعمل 
 16( صــفراء ذرةعــدد مــن المــواد العلفیــة وفــق النســب المحــددة 

 بـــروتین ،%) 23( الصـــویا فـــول كبســـة ،%) 53( حنطـــة ،%)

 0.5( كلـس حجـر مسـحوق ،%)1( نباتي زیت ،%) 6(حیواني
 0.25(  ومعــــــادن فیتامینــــــات و%)  0.25( طعــــــام ملــــــح ،%)
(%. 

لغـــرض تصـــنیع الحبیبـــات العلفیـــة، اســـتعملت آلـــة بریمیـــة النـــوع 
-682) مودیــــــل Gosonicمواصـــــفاتها صـــــینیة المنشــــــأ نـــــوع (

Gmg) (طــولأ) 308*251*257ارتفــاع) × عــرض× بعادهــا 
 تم التحكم في ظروف التصنیع من حیث :ملم. 

 لمم 4.5و  2.5قطر فتحات التشكیل وبمستویین  -1
 مْ  40و  25حرارة ماء ترطیب العلیقة وبمستویین   -2

نظمــــت معــــاملات الاختبــــار وفــــق التصــــمیم العشــــوائي الكامــــل 
)CRD ( 12وبــثلاث مكــررات لیكــون عــدد الوحــدات التجریبیــة 

واختبــــرت الفــــروق بــــین المعــــاملات باســــتعمال وحــــدة تجریبیــــة. 
ــــــار  ــــــوي (أاختب ــــــة LSDقــــــل فــــــرق معن ــــــد مســــــتوى احتمالی ) عن

ـــ ) الإ(Spssواســتعمل البرنــامج ). 0.05(  صــدار العاشــر وفقــا ل
) لإجــــــراء التحلیــــــل الإحصـــــائي، تــــــم احتســــــاب 2003، بشـــــیر(

ــــائى  35.8رطوبــــة العلیقــــة وكانــــت  % باســــتعمال الفــــرن الكهرب
مـا أ )Pfost, 1976(ساس الـوزن الرطـب وفـق مـا ذكـره أوعلى 

درجة نعومة الجرش للعلیقة فقد حـددت باسـتعمال غربـال بقطـر 
 .ملم 1.5

 تي:تم حساب صفات الحبیبات العلفیة كالآ

 حسبت: Un broken pelletالحبیبات غیر المتكسرة (%) 
بعــد وزن عینــة مــن الحبیبــات ووضــعها فــي جهــاز اختبــار لیــتم 

 ومــن ثــم )Cubes, 2007(بعــدها غربلتهــا وفــق مــا جــاء فــي 
خـــرى أعلـــى الغربـــال لتـــوزن مـــرة أعـــزل مـــا یتبقـــى مـــن حبیبـــات 

ـــال فقـــط ـــة فـــوق الغرب ساســـها أوتحســـب علـــى  ،الحبیبـــات المتبقی
 Salas-Bringas et( لـىإنسبة الحبیبات غیر المتكسـرة وفقـا 

al., 2007( ة الآتیةبتطبیق المعادل: 

ــــال  ــــوق الغرب ــــر المتكســــرة (%) = وزن المتبقــــي ف الحبیبــــات غی
  100 *  غم)ولي (وزن العینة الأ / غم)(
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ــــات المتكســــرة (%)  وهــــي مــــا : broken pellets الحبیب
عبـر ر جزاء من الحبیبات تمـألى قطع صغیرة و إیتكسر ویتفتت 

ســفل تجمـع فــي وعـاء بعـد عملیــة اختبارهـا بجهــاز ألـى إالغربـال 
 لــو التي تم احتسابها وفقا  ،جراء عملیة الغربلة لهاإ و  ،الاختبار

)Salas-Bringas et al., 2007( :بتطبیق المعادلة الآتیة 

/  سـفل الغربـال (غـم)أالحبیبات المتكسـرة (%) = وزن المتبقـي 
  100 * ولي (غم)وزن العینة الأ

وهــي تمثــل التغیــر الحاصــل فــي : تمــدد الحبیبــات العلفیــة (%)
بالنسبة لقطر ثقـوب تشـكیلها فـي  قطر الحبیبات العلفیة المنتجة

نتـــــــــــاج وقـــــــــــد تـــــــــــم احتســـــــــــابها باســـــــــــتعمال جهـــــــــــاز ماكنـــــــــــة الإ
Micrometer  ـــب الطریقــة المتبعــة ألقیــاس قطــار المــواد وحســ

 تیة:  باستخدام المعادلة الآ )Misra et al., 2002(من 

 قطـر/  2) )ملـم( العلفیـة الحبیبـة قطر(%) = [( الحبیبات تمدد
 100 ] *1 - 2))ملم( التشكیل ثقب

جــراء إوهــي نســبة مــا یتبقــى مــن مــادة بعــد : نســبة الغبــار (%)
سـقاط بجهـاز عملیة غربلة للمتفتت من الحبیبـات بعـد عملیـة الإ

ـــار و  ـــة الغربلـــة حیـــث یســـتعمل غربـــال بقطـــر إ الاختب جـــراء عملی
وحســب طریقــة  ا،ســفل الغربــال یحســب غبــار أمناســب ومــا ینــزل 

)Salas-Bringas et al., 2007( تیة: وفق المعادلة الآ 

ــــار ( ــــي ن العینــــة الأوز / )غــــمنســــبة الغبــــار (%) = وزن الغب ول
 100) * غم(

 والمناقشة النتائج

ثیر أ) تـــــ1یبـــــین الجـــــدول (: الحبیبـــــات غیـــــر المتكســـــرة (%) 
ــــي  ــــداخل بینهمــــا ف فتحــــات التشــــكیل وحــــرارة مــــاء الترطیــــب والت

فتحــات  حیــث إن زیــادة قطــرالحبیبــات العلفیــة غیــر المتكســرة. 
ـــى  2.5التشـــكیل مـــن  ـــوي  رافقهـــا انخفـــاضملـــم  4.5إل فـــي معن

%،  72.41إلــــــى %  95.60 مــــــن لحبیبــــــات غیــــــر المتكســــــرةا
قــل مــن قبــل ألــى تعــرض العلیقــة للضــغط لمــدة إویعــزى الســبب 

بریمـة الآلــة داخــل غلافهــا مــع زیــادة قطــر الفتحــات الــذي یــؤدي 

حكــام تماســك مكوناتهــا إلــى تســریع خروجهــا مــا ینــتج عنــه قلــة إ
ة لـــى انخفـــاض نســـبة الحبیبـــات غیـــر المتكســـر إلیـــؤدي بالنتیجـــة 

 ,.Khater et al( المصــنعة منهــا، وهــذا یتفــق مــع مــا وجــده

 مْ  40إلى 25 زیادة حرارة ماء الترطیب من  تدأكما  .)2014
إلـى  81.94لى زیادة معنویة فـي الحبیبـات غیـر المتكسـرة مـن إ

ن ارتفــاع الحــرارة تســبب تحــرر ألــى إ% ویعــود الســبب  86.07
حداث جلتنة جزئیة لـبعض حبیبـات إ و  ،بعض الزیوت من المواد

النشــأ فــي مكونــات العلیقــة ممــا یســاعد علــى تماســك المكونــات 
 جـــــدهوهـــــذا یتفـــــق مـــــع مـــــا و  ،عطائهـــــا الصـــــلابةإ مـــــع بعضـــــها و 

)Čolović et al., 2010( . عطـى التـداخل بـین فتحـات أوقـد
ـــ ،التشـــكیل ـــأثیرا معنوی ـــى أمســـجلا  او حـــرارة مـــاء الترطیـــب ت عل

ــــم 2.5% مــــع الفتحــــات  96.66حبیبــــات غیــــر متكســــرة  و  ،مل
ــــت أمــــا أمْ،  40الحــــرارة  قــــل نســــبة حبیبــــات غیــــر متكســــرة فكان
 مْ. 25وحرارة الترطیب  ،ملم 4.5% مع الفتحات  69.34

فـي الحبیبـات غیـر  الترطیـب مـاء حـرارةفتحـات التشـكیل، و تأثیر  ).1(:جدول
 المتكسرة (%)

فتحات 
 (ملم)التشكیل

متوسط تأثیر  حرارة ماء الترطیب (مْ)
 40 25 الفتحات

2.5 94.54 a 96.66 a 95.60 a 

4.5 69.34 c 75.48 b 72.41 b 

  b 86.07 a 81.94 متوسط تأثیر الحرارة

 %5على مستوى  LSDقیم 
 2.18التداخل:          1.54الحرارة:          1.54الفتحات:  

ثیر فتحـــات أ) تـــ2یوضـــح الجـــدول (: الحبیبـــات المتكســـرة (%)
والتــداخل بینهمــا فــي الحبیبــات  ،وحــرارة مــاء الترطیــب ،التشــكیل

إلـى  2.5العلفیة المتكسرة. فمع زیادة قطر فتحات التشكیل مـن 
ملــــم زادت نســــبة تكســــر الحبیبــــات بشــــكل كبیــــر جــــدا مــــن  4.5

ــــى إ 4.42 ــــك  27.58ل ــــة إ% ویعــــزى ذل ــــى قل حكــــام تماســــك إل
مكونــــات الحبیبـــــات مــــع زیـــــادة قطـــــر فتحــــات التشـــــكیل لیـــــؤدي 

لحبیبــات المتكســرة وهــذا یتفــق مــع مــا لــى زیــادة نســبة اإبالنتیجــة 
ومــع زیــادة حــرارة مــاء العلیقــة مــن  .)Behnke, 2001( ذكــره
حصـل انخفـاض معنـوي فـي الحبیبـات المتكسـرة  مْ  40إلـى  25

لــى زیــادة خاصــیة إ%. ویعــود الســبب 13.95لــى إ 18.05مــن 
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حــداث جلتنــة إالالتصــاق والتماســك بــین مكونــات العلیقــة نتیجــة 
جزئیــة لحبیبــات النشـــا وبالتــالي تقــل نســـبة المتكســر منهــا وهـــذه 

عطى التداخل بین أ .)Winowiski, 1995(مع النتیجة تتفق 
مْ أقــــل  40وحــــرارة مــــاء الترطیــــب  ،ملــــم 2.5فتحــــات التشــــكیل 

مــــا أعلـــى نســــبة حبیبــــات أ%،  3.38حبیبـــات متكســــرة وبنســـبة 
ـــــت  ـــــم 2.5التشـــــكیل  % مـــــع فتحـــــات 30.66متكســـــرة فكان  ،مل

 .مْ  25وحرارة الماء 

فــــي الحبیبــــات  الترطیــــب مــــاء حــــرارةو  ،فتحــــات التشــــكیلتــــأثیر  ).2(:جــــدول
 المتكسرة (%)

 (ملم)فتحات التشكیل
متوسط تأثیر  حرارة ماء الترطیب (مْ)

 40 25 الفتحات

2.5 5.45 c 3.38 d 4.42 b 

4.5 30.66 a 24.51 b 27.58 a 

  a 13.95 b 18.05 تأثیر الحرارة متوسط

 %5 مستوى على LSD قیم

 2.18التداخل:         1.54الحرارة:           1.54الفتحات:  

) تــأثیر فتحــات 3یبــین الجــدول (: تمــدد الحبیبــات العلفیــة (%)
والتـــداخل بینهمـــا فـــي تمــــدد  ،و حـــرارة مـــاء الترطیــــب ،التشـــكیل

زیــادة قطــر فتحــات التشــكیل مــن  تدأالحبیبــات العلفیــة. حیــث 
وتحولهـــا  ،ملــم إلــى زیــادة نســبة تمــدد الحبیبــات 4.5إلــى   2.5

-إلـــى 10.01 مـــن  بنســـبةمـــن حالـــة الانتفـــاخ إلـــى الانكمـــاش 

ویعــزى الســبب إلـــى تعــرض العلیقـــة للضــغط لمـــدة . % 12.58
أقل من قبل بریمة الآلـة داخـل غلافهـا مـع زیـادة قطـر الفتحـات 

حكـام تماسـك إالذي یؤدي إلى تسریع خروجها ما ینتج عنه قلـة 
ــــة الحبیبــــات  ثنــــاء أمكوناتهــــا لیــــؤدي بالنتیجــــة إلــــى زیــــادة مرون

كثـــــر عنـــــد خروجهـــــا مـــــن ماكنـــــة أالتشـــــكیل مـــــا یجعلهـــــا تتمـــــدد 
محمــــد علــــي (وضــــحه أمــــا وهــــذه النتیجــــة تتفــــق مــــع لتصــــنیع، ا

ن زیـــادة حـــرارة مـــاء الترطیـــب أكمـــا یتضـــح  .)1988.،ودمیـــان 
دت إلى انخفاض معنوي في تمـدد الحبیـات أ مْ  40إلى 25 من 

ي مــــن أوتحولهــــا مــــن حالــــة الانكمــــاش إلــــى الانتفــــاخ  ،العلفیــــة
كبـــــــر أســـــــبب إلـــــــى تماســـــــك ال % ویعــــــــــود 1.80إلـــــــى  -4.36

ـــات العلیقـــة وزیـــادة الترابـــــــط بـــین جزیئاتهـــا نتیجـــة تأثـــــرها لمك ون

ثــــر أبزیــــادة درجــــة الحــــرارة ممــــا یجعلهــــا أقــــل تمــــدداً. هــــذا وقــــد 
ـــداخل معنویـــاً  عطـــى أقـــل نســـبة تمـــدد (انتفـــاخ) وبمقـــدار أ إذ الت

مْ،  25و حـــرارة المـــاء  ،ملـــم 2.5% مـــع قطـــر الفتحـــات  6.13
% مـع فتحـات  14.86-ما أعلى نسبة تمدد (انكماش) فكانـت أ

  مْ. 25حرارة الماء و  ،4.5التشكیل 

فــي تمــدد الحبیبــات  الترطیــب مــاء حــرارةفتحــات التشــكیل و تــأثیر ). 3(:جــدول
 العلفیة (%)

 فتحات التشكیل (ملم)
متوسط تأثیر  حرارة ماء الترطیب (مْ)

 40 25 الفتحات
2.5 6.13    c 13.90  a b  10.01 
4.5 -14.86  a -10.30  b a  -12.58 

  a  - 4.36 b  1.80 متوسط تأثیر الحرارة

 %5على مستوى  LSDقیم 

 1.30التداخل:          0.92الحرارة:           0.92الفتحات:  

) إلى تأثیر فتحـات 4تشیر بیانات الجدول (: نسبة الغبار (%)
فـــــي نســـــبة  والتـــــداخل بینهمـــــا ،التشـــــكیل وحـــــرارة مـــــاء الترطیـــــب

ملـم  4.5إلـى  2.5الغبار. فمع زیادة قطر فتحات التشـكیل مـن 
ـــات المصـــنعة مـــن  ـــار للحبیب  1.67إلـــى  0.54زادت نســـبة الغب

ـــادة تمـــدد جســـم الحبیبـــات ـــاع  ،%، ویعـــزى الســـبب إلـــى زی وارتف
نســبة المتكســر منهــا لترتفــع نســبة الغبــار بنــاء علــى ذلــك. ومــن 

 40إلى 25 لترطیب من ن زیادة حرارة ماء اأیتضح  4الجدول 
التــداخل بــین  كــذلك لــم یعــطِ  لــم تــؤثر معنویــا فــي نســبة الغبــار.

فتحـــات التشـــكیل وحـــرارة مـــاء الترطیـــب تـــأثیراً معنویـــا فـــي نســـبة 
 الغبار.

ــأثیر  ).4(:جــدول فــي نســبة الغبــار  الترطیــب مــاء حــرارةفتحــات التشــكیل، و ت
(%) 

 فتحات التشكیل (ملم)
متوســـــــط تـــــــأثیر  حرارة ماء الترطیب (مْ)

 40 25 الفتحات

2.5 a  0.61 a  0.48 b  0.54 

4.5 a  1.73 a  1.60 a  1.67 

  a  1.17 a  1.04 متوسط تأثیر الحرارة

 %5 على مستوى LSD قیم

 n.sالتداخل:            n.sالحرارة:           0.94الفتحات:  
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 استنتاج

 أدت إلـــى التشـــكیلن زیـــادة قطـــر فتحـــات أظهـــرت النتـــائج أ -1
وزیـادة نسـبة الحبیبـات  غیـر المتكسـرة،نسـبة الحبیبـات  انخفاض

 . المتكسرة، ونسبة تمدد الحبیبات، ونسبة الغبار

غیـر نسبة الحبیبات  إلى زیادةزیادة حرارة ماء العلیقة أدت  -2
ونســــبة تمــــدد  المتكســــرة،نســــبة الحبیبــــات وانخفــــاض  ،المتكســــرة

  د تأثیر معنوي في نسبة الغبار.فیما لم یظهر وجو الحبیبات، 

 الشكر والتقدیر
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Abstract: The research aims to investigate the effect of feed manufacturing conditions on some 
significant physical traits of feed pellets for poultry feeding. The study was conducted using a 
factorial experiment of two factors that included the effect of the studied forming holes’ 
diameters at 2.5 and 4.5 mm, and the feed pellet moistening water temperature at 25 and 40 C°. 
Hence to find out their effect on the broken pellets, unbroken pellets, pellet expansion, and dust 
ratio. The results showed that increasing the diameter of the forming holes from 2.5 to 4.5 mm 
significantly affected the decrease in unbroken pellets, the increase in the percentage of broken 
pellets, pellet expansion ratio, and dust ratio. Increasing the temperature of the water from 25 to 
40 C°, led the percentage of unbroken pellets to increase significantly and the percentage of 
broken pellets, and pellet expansion ratio decreased significantly. Whereas no significant effect 
on dust was recorded. The highest resistance to pellet breakage was 96.66%, the least percentage 
of unbroken pellets was of 3.38%, and the lowest dust content was 0.48%, with 2.5 mm holes 
and 40 C°. The lowest expansion ratio was 6.13% with 2.5 mm holes and 25 C°. It was 
concluded that the increase in the diameter of the forming holes led to an increase in the 
percentage of broken pellets, the percentage of expansion ratio, and the percentage of dust. 
Increasing temperature of the water led to an increase in the percentage of unbroken pellets, 
while there was no significant effect on the percentage of dust. We recommend increasing the 
diameter of the forming holes according to the age of the animals and using steam for 
moistening rather than hot water. 
 
Keywords: Broken pellet; Pellet formation; Feed manufacturing; Pellet temperature; Pellet 
moisture. 
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المبردة من صنف التفاح ثمار كالسیوم على الصفات الكیمیائیة لتأثیر كلورید ال
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الدراسـة للتعـرف علـى إمكانیـة اسـتخدام محالیـل كلوریـد الكالسـیوم للحفـاظ علـى أفضـل جـودة لثمـار صـنف  تهدف هـذهالمستخلص : 
  2017التفاح جولدن دلیشیص المخزنة تخزیناً مبرداً والنامیة تحت ظروف منطقة المرج بلیبیا، وقـد أجریـت خـلال موسـمي الزارعـة 

%) حیث كانت الرشة الأولى بعد شهر مـن  0.06% ،  0( :وهما لكالسیوما كلورید الرش بتركیزین من اشتملت المعاملاتو 2018 و
یوم، وبعد الجني تم غمر الثمار قبل التخزین في محالیل كلورید الكالسـیوم  30وكرر الرش ثلاث مرات بواقع رشة كل  ،أوج التزهیر
 نأ وي، وأظهرت النتائج المتحصل علیهاعند درجة حرارة صفر مئ )اً یوم120 وخزنت لمدة ( ) % 6 %، 4 %، 2 %،0 بتركیزات (

كلورید الكالسیوم رشاً على الثمار حافظ بشكل أفضل على جودتها مقارنة بمثیلتها غیر المرشوشـة، كمـا أن الغمـر بمحالیـل  استعمال
ة ممـا یجعلنـا نسـتنتج وذلك في حدود التركیـزات الداخلـة فـي هـذه الدراسـعلى جودة الثمار بزیادة تركیزه  كلورید الكالسیوم حافظ أیضاً 

 .الدور الهام لكلورید الكالسیوم في المحافظة على جودة ثمار هذا الصنف

 .Golden Delicious ؛المرج ؛التخزین ؛التفاح ؛كلورید الكالسیوم:  لكلمات المفتاحیةا

 لمقدمةا

 Malus( للتفــاح البــري للأصــل الأصــلي المــوطن یعــود
sylvestris   (التفـاح وینتسـب الوسـطى، آسـیا إلـى)Malus 

domestica Borkh (الوردیـة العائلـة إلـى(Rosaceae) 

 الإقبـال الكبیـر ، وهـي مـن الثمـار ذات2017)(حـداد وآخـرون،

 وقیمتهـا أسـعارها لاعتـدال نظـراً  مختلفـة بصـور اسـتهلاكها علـى
 الإنسـان وصـحة تغذیـة فـي الأساسـیة العالیـة بمكوناتهـا الغذائیـة

ــــدن دلیشــــیص)  د) ویعــــ2007(بلقــــیس وآخــــرون، الصــــنف (جول
صـنف أمریكــي، ثمــاره صــفراء اللــون، یحتــاج إلــى فتــرة متوســطة 
مــن البــرودة شــتاء، ثمــاره متوســطة إلــى كبیــرة الحجـــم متطاولــة، 
الطعــم حلـو والنكهــة محببـة، صـنف مرغــوب لقابلیـة زراعتـه فــي 

التخـــزین، صـــنف افئ، یحمـــل بغـــزارة، یتحمـــل النقـــل و الشـــتاء الـــد

ونظـراً للأهمیـة  ) 2015كثر البلـدان (باشـا،تجاري ومنتشر في أ
الكبیــرة لثمــار التفــاح فقــد أجریــت الكثیــر مــن الدراســات للوصــول 
لأفضــل المعــاملات للمحافظــة علــى جــودة الثمــار ســواء قبــل أو 

ولإطالــة مــدة تخزینهــا  ،بعــد القطــاف أو حتــى فــي أثنــاء التخــزین
لال وهــذا مــا یتحقــق مــن خــ ،هــا بالســوق علــى مــدار العــامفر وتوا

تقلیل انخفاض الصفات النوعیـة والإصـابة بـالأمراض التخزینیـة 
ــــؤدي  المختلفــــة الناتجــــة عــــن تراجــــع فــــي هــــذه الصــــفات ممــــا ی
ــــد أظهــــرت عــــدة دراســــات أن  ــــاض قیمتهــــا التســــویقیة. وق لانخف
اســـــتخدام مركبــــــات الكالســــــیوم ســـــواء رشــــــاً علــــــى الأشــــــجار أو 

لحفـاظ علـى بتغطیس الثمار قبل التخزین لها تأثیر إیجابي في ا
 .)Conway et al., 1994( نوعیة الثمار

ویعـــد الـــرش الـــورقي بالكالســـیوم أكثـــر فاعلیـــة للثمـــار مـــن حیـــث 
ــــــى مســــــتویات مناســــــبة مــــــن عنصــــــر الكالســــــیوم  حصــــــولها عل

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.598&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:entesar.abdalah@uob.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.598&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.598&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v37i3.598


2022، 296-291): 3( 37مجلة المختار للعلوم   
 

(CC-BY) 4.0 © 2022 (الباحثون) ھذا المقال المجاني یتم الوصول إلیھ من خلال رخصة المشاع الإبداعي. الباحث  
292 

)Conway et al., 2001; Fallahi et al., 2005(  حیـث
أضـعاف علـى الأقـل  10 ن الثمـار المرشوشـة بـه تحتـوي علـىإ

 .(Drake,2008) المرشوشة من تركیز الكالسیوم مقارنة بغیر

 Al( الغمــــر بكلوریــــد الكالســــیوم یحــــافظ علــــى جــــودة الثمــــار

Shoffe et al., 2021(  فقــد وجــد)Barreiro et al., 

أنــه بزیــادة تركیــز الكالســیوم فــي المحالیــل التــي غمــرت  )2003
 أدى لزیـادة ، %4و  2%التفـاح والمحـددة بـالتركیزین فیها ثمـار

 الصلبة المواد نسبة في لب الثمار، وانخفاض قشرة في سیومالكال

أشهر من التخزین عند درجة  6 بعد التخزین لمدة وذلك الذائبة؛
1 oـــرش بنتـــرات  2012وهـــذا مـــا أكـــده حـــداد وحـــداد ، م عنـــد ال

الكالســـیوم والغمـــر فـــي كلوریـــد الكالســـیوم وتأثیرهمـــا علـــى زیـــادة 
 Watkins et( أیـض محتوى الثمار من الكالسیوم ، وما أكـده

al., 2005( زین بــأن غمــر الثمــار بكلوریــد الكالســیوم قبــل التخــ
له تأثیره العكسي على خفض نسبة المواد الصلبة الذائبة الكلیة 

فلـم یجـد أي تـأثیر معنـوي علـى ) 2018خلیفـة،(في الثمار، أما 
نســـــبة المــــــواد الصـــــلبة الذائبــــــة بزیــــــادة تركیـــــز الغمــــــر بكلوریــــــد 
الكالســــیوم بینمــــا أدى ذلــــك للمحافظــــة علــــى الأحمــــاض الكلیــــة 

حث إلى دراسة تـأثیر المعاملـة لذا یهدف هذا الب، لتركیزابزیادة 
بكلوریــد الكالســیوم خــلال نمــو الثمــار وبعــد القطــاف علــى جــودة 

 الثمار بعد التخزین المبرد.

 المواد وطرق البحث

علـى صـنف  2018و 2017 عـامي فـي الدراسـة هـذه تنفیـذ تـم
للحصــول علــى أفضــل جــودة  Golden Delicious التفــاح

رش الأشــجار فــي  تــم للثمــار وإطالــة عمرهــا التخزینــي، حیــث
%، 0( ومحلـــــــول كلوریـــــــد الكالســـــــیوم بتركیـــــــزيالحقـــــــل بالمـــــــاء 

  30من أوج الإزهار ثم كـرر الـرش كـل اً یوم 30بعد  %)0.06
بمجمــــوع أربــــع رشــــات، وبعــــد القطــــف تــــم اختیــــار الثمــــار  اً یومــــ

ــــوب الفســــیولوجی ــــي الخالیــــة مــــن الكــــدمات والعی ة والمتجانســــة ف
فــي محالیــل مــن كلوریــد دقیقــة  20 لمــدة الحجــم وتــم غمرهــا

%) وتــم تخزینهــا عنــد درجــة 6و 4، 2، 0الكالســیوم بتركیــزات (
ــــة نســــبیة o 0حــــرارة   ، )اً یومــــ 120% لمــــدة (2±  90م ورطوب

ــــى  معــــاملات ( معــــاملتي رش بكلوریــــد  8اشــــتملت الدراســــة عل

الكالســــیوم وأربــــع معــــاملات غمــــر فــــي كلوریــــد الكالســــیوم) كــــل 
 15ثمار بمجموع   5احتوتمعاملة ثلاث مكررات وكل مكررة 

 الآتیة: التحالیل إجراء ثمرة لكل معاملة ، وتم

 الرفراكتـومیتر جهـاز باسـتخدام وتقُـاس  : الذائبـة الصـلبة المواد
 . )Schwallier, 2012(المعملي

تـم تقـدیرها فـي العصـیر كنسـبة مئویـة  :الكلیـة الأحمـاض نسـبة
 ,.Graham et al(على أساس حمض المالیك طبقاً لما ذكره 

ـــول ،)2004 ـــك بمعایرتهـــا بمحل الصـــودیوم  هیدروكســـید وذل
 التالیـة العلاقـة وتسـتخدم فیثـالین، فینـول عیـاري) ودلیـل0.1(

 الحموضة: نسبة لحساب

 الوزن المكافئ لحمض ×العیاریة ×كمیةالقلوي  
  1000× كمیة العصیرالمستخدم

=  X100   % الكلیة للحموضة

مـن فیتـامین "ج": تـم تقـدیره حسـب مـا ذكـر  الثمـار محتوى تقدیر
 .A.O.A.C.,1990)(في 

 جـرت :(Ca)الكالسـیوم  عنصـر مـن الثمـار محتـوى تقـدیر

 أُجـري مكـررات، 3 إلى مقسمة معاملة لكل ثمرة 15 على القراءة

 علـى للقیـاس وطحنهـا وتحضـیرها العینـات تجفیـف التحلیـل بعـد
 .للعینة الجاف الوزن أساس

ـــل البیانـــات ا ســـتخدم تصـــمیم القطاعـــات العشـــوائیة التامـــة لتحلی
عنـــــد  LSDوعزلـــــت المتوســـــطات باختبـــــار أقـــــل فـــــرق معنـــــوي 

 .)Little & Hills, 1978( 0.05معنویة 

 والمناقشة النتائج

ــــــد 1یتضــــــح مــــــن خــــــلال الجــــــدول ( ) أن رش الأشــــــجار بكلوری
الكالسـیوم لـه تـأثیر إیجـابي ومعنـوي علـى جـودة الثمـار المخزنــة 

) ونســـــبة الحموضـــــة TSSتخزینـــــاً مبـــــرداً حیـــــث حـــــافظ علـــــى (
ومحتوى الثمـار مـن فیتـامین "ج" ومـن الكالسـیوم مقارنـة بالثمـار 

) بالثمـــار المرشوشـــة TSSلمـــاء فقـــط، فقـــد كانـــت (المرشوشـــة با
 15.98بكلوریـــد الكالســـیوم متفوقـــة معنویـــاً لعـــامي الدراســـة بقـــیم 

 15.43و 14.81مقارنة بالثمار غیر المرشوشة بقیم  16.15و

، )Watkins et al., 2005(ویتعــارض هــذا مــع مــا وجــده 
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وكـــذلك نســــبة الحموضــــة حیــــث تفوقـــت معاملــــة الــــرش بكلوریــــد 
فقـــد كانـــت نســـبة  الكالســـیوم علـــى معاملـــة الـــرش بالمـــاء معنویـــاً 

ــــــد الكالســــــیوممــــــار المرشوشــــــالحموضــــــة للث % 0.275 ة بكلوری
% 0.261% بینمــــــا فــــــي الثمــــــار المرشوشــــــة بالمــــــاء 0.301و
ـــائج مـــع مـــا وجـــده  0.287%و لعـــامي الدراســـة وتتفـــق هـــذه النت
كمــا أن الثمــار المرشوشــة بالكالســیوم تفوقــت  )،2018خلیفــة، (

جـــــرام فـــــي احتفاظهـــــا 100ملجـــــم/ 4.62و 4.51معنویـــــاً  بقـــــیم 
ثیلتها المرشوشة بالمـاء فقـط مقارنة بمبمحتواها من فیتامین "ج" 

جـرام وذلـك لكـلا عـامي الدراسـة، 100ملجم/ 4.14و 3.37 بقیم
وقــد حافظــت الثمــار علــى محتواهــا مــن الكالســیوم بشــكل أفضــل 
عنـــــد رشــــــها بكلوریـــــد الكالســــــیوم فكــــــان تركیـــــز الكالســــــیوم بهــــــا 

مقارنــــــة بالثمــــــار المرشوشــــــة بالمــــــاء فقــــــط  %8.74،  %9.18
لعامي الدراسـة علـى التـوالي، وهـذه  8.20% ، 8.56%بتركیز 

النتــائج تتفــق مــع الدراســات التــي أوضــحت أن الــرش بمركبــات 
ــین ممــا یقلــل مــن التــنفسالكالســیوم یقلــل مــن إنتــاج   غــاز الإیثل

)Lafer, 2003(  وبالتالي یقلل من فقـد المـواد الغذائیـة وتحللهـا
منعه لتحلل أغشـیة  بفعل التنفس حیث یعزى دور الكالسیوم في

والمایتوكندریا مما یعني قلة إنتـاج غـاز السیتوبلازم والإندوبلازم 
كـــذلك  ،وتـــأخیر الشـــیخوخة ،وانخفـــاض معـــدل التــنفس ،الأثیلــین

لـــى إة الخلویـــة، ممـــا یـــؤدي غشـــییعمـــل علـــى خفـــض نفاذیـــة الأ
 .)Conway et al., 1994( الأثیلینانخفاض نفاذیة غاز 

ــــــد 1یتضــــــح مــــــن خــــــلال الجــــــدول ( ) أن غمــــــر الثمــــــار بكلوری
الكالسـیوم لـه تـأثیر إیجـابي ومعنـوي علـى جـودة الثمـار المخزنــة 
تخزینـاً مبــرداً وذلــك بزیـادة تركیــزه فــي محلـول الغمــر بشــكل عــام 

نــه كلمــا زاد تركیــز إهــذه الدراســة، حیــث  اشــتملتهفــي حــدود مــا 
) فــــي TSSكلوریــــد الكالســــیوم بمحالیــــل الغمــــر كلمــــا قــــل فقــــد (

 TSS)الثمار معنویاً وذلك في العام الثاني ، حیـث كانـت قـیم (
%، 2% ، 0) للتراكیـز (16.33،  14.65،15.60، 13.93( 
%) علــــى التــــوالي وبفــــروق معنویــــة، بینمــــا فــــي العــــام %6 ، 4

قیمـــــة % معنویـــــاً علــــى جمیـــــع التراكیـــــز ب6الأول تفــــوق تركیـــــز 
معنویــاً فیمــا  % لـم یختلــف4و2% ) إلا أن التركیـزین 15.77(

) بـــرغم تفوقهمـــا علـــى 15.12، 15.14بینهمـــا وكانـــت قیمهمـــا (
)، كمــا أن نســبة الحموضــة الكلیــة 14.43% بقیمــة (0التركیــز 

بالثمــــار تــــأثرت بارتفــــاع تركیــــز كلوریــــد الكالســــیوم فــــي محالیــــل 
لا عــامي الدراســة الغمــر حیــث بزیادتــه قــل فقــد الحموضــة فــي كــ

% ، 4%، 2% ، 0معنویــاً، فكانــت نســب الحموضــة للتراكیــز (
ـــــــــــــى التـــــــــــــوالي للعـــــــــــــام الأول كـــــــــــــالآتي (6 ، 0.232%%) عل

) وللعــــــــــام التــــــــــالي كــــــــــالآتي %0.331، %0.282، %0.254
%) ویتفـــق هـــذا  %0.311،%0.298، %0.284، 0.261(

 .)Han et al., 2021(وكذلك  )2009ریمة، بن(مع ما وجده 

ویُمكن أن یُعزى تـأثیر كلوریـد الكالسـیوم علـى حُموضـة الثِمـار  
الأحماض مما یقلل من فقـدها لتأثیره على تقلیل التنفس وأكسدة 

خــلال التــنفس، كــذلك قــل فقــد الثمــار لمحتواهــا مــن فیتــامین "ج" 
بزیادة تركیز كلورید الكالسـیوم فـي محالیـل الغمـر بشـكل طـردي 
ــــــد كــــــان محتــــــوى الثمــــــار مــــــن الفیتــــــامین  ــــــأثیر معنــــــوي، فق وبت

 3.37،3.86جرام) و(100ملجم/  4.38،4.87، 3.41،3.89(

جـــرام) للعـــامین علـــى التـــوالي  100/ ملجـــم  4.79، 4.33،
%)، ویفســـــر ذلـــــك بـــــأن الكالســـــیوم 6%،4%،2%،0للتراكیــــز (

والمایتوكنـدریا ممـا  ،والإندوبلازم ،یمنع تحلل أغشیة السیتوبلازم
وبالتــالي یــنخفض معــدل التــنفس وتقــل  الأثیلــینیقلــل إنتــاج غــاز 

  .)Conway et al., 1994( د الغذائیةأكسدة الموا

فـــي  كمـــا أظهـــرت النتـــائج أنـــه بزیـــادة تركیـــز كلوریـــد الكالســـیوم 
محالیل الغمر زاد محتوى الثمار من الكالسیوم طردیاً وذلك فـي 
كــلا عــامي الدراســة فقــد كانــت نســب كلوریــد الكالســیوم للعــامین 

ــــــــــــــــــوالي (  %)9.40%، 8.83%، 8.25%، 7.44علــــــــــــــــــى الت
%، 0%) للتراكیـــز ( 8.93%، 8.39%،7.84%، 7.30(و
%) علــــى التـــــوالي أیضــــاً وتتفـــــق مــــع مـــــا وجـــــده %6، %4، 2
هـــــذا ویرجـــــع تفســـــیر زیـــــادة الكالســـــیوم )، 2012حـــــداد،حـــــداد و (

بالثمــــار نتیجــــة المُعاملــــة بكلوریــــد الكالســــیوم إلــــى أنَّ الكالســــیوم 
یختــرق الثمـــرة ویتحـــد مـــع البروتـــوبكتین فـــي الصـــفیحة الوســـطى 
ویُدعَّم السیلیلوز الموجود في جـدار الخلیـة فیزیـد محتـواه بـالثمرة 

  .2011)الشیخ،(

ویتضــح مــن خــلال هــذه الدراســة أن أفضــل تركیــز مــن كلوریـــد 
الكالســـیوم حـــافظ علـــى جـــودة الثمـــار بشـــكل أفضـــل هـــو الـــرش 

% وهمـــا أعلـــى تركیـــزین 6% والغمـــر فـــي تركیـــز 0.06بتركیـــز 
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 في المعاملتین.

 :Golden  Deliciousم على الصفات الكیمیائیة لثمار التفاح صنف تأثیر فترات التخزین والمعاملة بكلورید الكالسیو  ).1الجدول (

 المعاملات

 الصفات الكیمیائیة

TSS(%) % للحموضة 
 فیتامین"ج"

(ملجم/جرام)100  
 تركیز الكالسیوم%

2017 2018 2017 2018 2017 2018 2017 2018 
الرش 
بكلورید 
 الكالسیوم

0  %  14.81b 15.43b 0.261b 0.287b 3.70b 4.14b 8.56b 8.20b 

0.06% 15.98a 16.15a 0.275a 0.301a 4.51a 4.62a 9.18a 8.74a 

الغمر في 
كلورید 
 الكالسیوم

0% 14.43c 13.93d 0.232d 0.261d 3.41d 3.37d 7.44d 7.30d 

2% 15.12b 14.65c 0.254c 0.284c 3.89c 3.86c 8.25c 7.84c 

4% 15.14b 15.60b 0.282b 0.298b 4.38b 4.33b 8.83b 8.39b 

6% 15.77a 16.33a 0.331a 0.311a 4.87a 4.79a 9.40a 8.93a 

 P 0.61 0.70 0.012 0.011 0.47 0.45 0.563 0.53  0.05عند LSDقیم 

 والتوصیات الاستنتاجات

ن رش ثمـــار التفـــاح صـــنف أنســـتنتج مـــن خـــلال هـــذه الدراســـة 
جولدن دلیشیص بكلورید الكالسـیوم حـافظ علـى جودتهـا كمـا أن 
غمرها في محالیـل كلوریـد الكالسـیوم حـافظ علـى جودتهـا بزیـادة 

نوصــي باســتخدام تراكیــز أعلــى مــن و تركیــزه فــي هــذه المحالیــل، 
أخــرى كلوریــد الكالســیوم ســواء عنــد الــرش أو الغمــر فــي تجــارب 

ـــــة هـــــذه المعـــــاملات فـــــي وكـــــذلك منـــــاطق أخـــــرى  وذلـــــك لأهمی
المحافظــــة وتحســــین جــــودة الثمــــار ممــــا یــــنعكس علــــى المــــردود 

 الاقتصادي لإنتاج التفاح في لیبیا.
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Abstract: This study aims to identify the possibility of using calcium chloride solutions to main-
tain the best quality of the fruits of the Golden Delicious apple variety stored in cold storage and 
grown under the conditions of the AL-Marj region in Libya. It was conducted during the 2017 
and 2018 planting seasons, and the treatments included spraying with two concentrations of cal-
cium chloride, namely (0% and 0.06%) where the first spray was a month after the peak of flow-
ering, and the spraying was repeated three times, one spray every 30 days, after harvesting, the 
fruits were immersed before storage in calcium chloride solutions at concentrations of (0%, 2%, 
4%, 6%) and stored for (120 days) at a temperature of zero Celsius. The obtained results showed 
that the use of calcium chloride sprayed on the fruits better preserved their quality compared to 
the non-sprayed ones. The immersion in calcium chloride solutions also preserved the quality of 
the fruits by increasing its concentration within the limits of the concentrations included in this 
study, which makes us conclude the important role of calcium chloride in maintaining the quality 
of the fruits of this variety. 
      
 
Keywords: Calcium Chloride; Apple; Storage; Al-Marj; Golden Delicious. 
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بعض على  B12تأثیر المستخلصات المائیة لأوراق نبات القرع وفیتامین 
 نواع من البقولیاتلأ  صفات النمو والصفات الفسلجیة

*وسن صالح حسینبان عبد العزیز عیدان و 

 الموصل، العراقجامعة ، العلوم كلیة ،علوم الحیاةقسم 

 2022یولیو  25/ تاریخ القبول: 2022أبریل  13تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v37i3.741 

ــــوم المســــتخلص :  ــــاة /كلیــــة العل ــــوم الحی ــــأثیر لمعرفــــة /جامعــــة الموصــــلأجریــــت هــــذه الدراســــة فــــي مختبــــرات قســــم عل ــــة  ت المعامل
 أنـواع مـن البقولیـات (الحمـص، ةوالخلیط على بعض الصفات الفسلجیة لثلاثـ ،والفیتامین B12القرع،  لأوراقبالمستخلصات المائیة 

الرویشـــة والجـــذیر طـــول  نبـــات،نســـبة الإ امیلیـــز،-αوالفاصـــولیا )، حیـــث تنـــاول البحـــث قیـــاس نســـبة التشـــرب، فعالیـــة انـــزیم  ،اللوبیـــا
أعطــت النتــائج زیــادة فــي نســبة التشــرب فــي  والخلــیط، B12ا الجافــة فــي البــذور المعاملــة بمســتخلص أوراق القــرع، فیتــامین مــوزانهأو 

الجافــة فقــد   وأوزانهمــانبــات ومعــدل طــول الرویشــة والجــذیر مــا نســبة الإأغلــب المعــاملات، أوفعالیــة الانــزیم فــي  ،جمیــع المعــاملات
% حیــث بلغــت 2علــى نســبة تحفیــز فــي بــذور الفاصــولیا المعاملــة بــالخلیط عنــد التركیــز أبــین الزیــادة والنقصــان وكانــت  تباینــت مــا

كمـا أظهـرت  ،وبلغت في بذور الفاصـولیا% 6% 21.05في حین كانت أعلى نسبة مئویة للانخفاض في إنبات البذور  48.34%
ـــــامین ب النتـــــائج أن المعاملـــــة ـــــادة فـــــي معـــــد ســـــببتالفیت ـــــادرات الأأل طـــــول الرویشـــــة والجـــــذیر و زی ـــــة وزانهمـــــا الجافـــــة  لب نـــــواع النباتی

ـــا، فاصـــولیا) ـــوحظو  ، الـــثلاث(حمص، لوبی ـــدأیضـــا  ل ـــة عن ـــرة معامل ـــواع المختب ـــ الأن ـــب ـــامین أالخلیط ب ـــل مـــنن الفیت ـــأثیر قل الضـــار  الت
 .التحفیزي لجمیع الصفات المختبرة التأثیروأعطى  ،لمستخلص القرع

 مكون التنسیق. قلم المدقة؛ التصمیم. إدراج (كلمات رئیسیة):  لكلمات المفتاحیةا

 لمقدمةا

 ,Molisch(ولأول مرة مـن قبـل العـالم  لیلوباثي قدیماً عرف الأ

ـــى  )1937 نـــه التـــداخلات البایوكیمیائیـــة التـــي تحـــدث بـــین أعل
حیاء المجهریة ویضم هذا جمیع أنواع النباتات ویشمل أیضا الأ

ة) والتـــداخلات مـــن التـــداخلات المحفزة(الإیجابیـــ المصـــطلح كـــلا
ــــداخلات  .المثبطــــة (الســــلبیة) ــــات إتتضــــمن هــــذه الت ــــاج مركب نت

حیاء المجهریـة التـي تـؤثر علـى و الأأكیمیائیة بواسطة النباتات 
ـــة الأخـــرى  ،وانتشـــار النباتـــات ،نمـــو وتطـــور ـــات المجهری والكائن

لأنظمــــــــــــــــة و اأدة فــــــــــــــــي المجتمعــــــــــــــــات الطبیعیــــــــــــــــة و الموجـــــــــــــــ
ــــــة ، تســــــمى هــــــذه المركبــــــات )Einhellig, 1995(الزراعی

Allelochemical نتاجهــا بشــكل إ وهــي مــواد غیــر مغذیــة یــتم
و نــــــواتج تحلــــــل المیكروبــــــات أأساســــــي كنــــــواتج ایــــــض ثانویــــــة 

)Rice, 1984( ق لى البیئة بأربع طـر إ، وتتحرر هذه المركبات
)،الغســــیل Root exudateفــــرازات الجــــذور (إ: رئیســــیة هــــي

)Leaching فـرع  و الأأالسـیقان  المركبات مـن الأوراق،) تغسل
) Volatilizationالتطــــایر ( ،و قطــــرات النــــدىأبمــــاء المطــــر 

 بخــرةأو ألــى البیئــة بشــكل غــازات إتتحــرر المركبــات الكیمیائیــة 
)Kamal, 2020( كذلك عن طریق تحلـل المتبقیـات النباتیـة ، و
)Decompositionنســـــجة المیتـــــة ) والتــــي تتضـــــمن تحلــــل الأ

 ,Hussain( للنباتـات فـي التربـة بفعـل عوامـل حیـة وغیـر حیـة
2020(. 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.741&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:wassbio54@uomosul.edu.iq
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.741&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.741&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v37i3.741
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ثیرات ألیلوبــاثي بتطبیــق التــز الأهــداف الرئیســیة للبحــوث الأتركــت
ــــاج والحاصــــلالألیوباثیــــة  ــــي المجــــال الزراعــــي لتحســــین الإنت  ف

(بمثابـــة ســـماد طبیعـــي) وتقلیـــل اســـتخدام المبیـــدات ومـــا یترتـــب 
ن أذ إ )Jabran et al., 2015( علیهــا مــن تلــوث فــي البیئــة

)Allelochemicals لها تأثیرات متعددة على النباتات سـواء (
ن العدیـــد مـــن المركبـــات أغیـــر مباشـــرة فنجـــد  أوكانـــت مباشـــرة 

) تــؤثر فــي الصــفات الفســلجیة Allelochemicalsالكیمیائیــة (
للنبات كنفاذیة الخلیة ووظیفة الغشاء للبذور المتشربة بهـا وعنـد 

ثیر أ، یمكـــن دراســـة تـــ)Li et al., 2010( نـــةتراكیـــز معی
المركبــات الكیمیائیــة المتحــررة مــن المستخلصــات المائیــة للعدیــد 
مـن النباتـات الراقیــة ومـن الأجـزاء النباتیــة المختلفـة علـى حیویــة 

المختبریـة البذور في الظروف المختبریة، حیث ركزت التجـارب 
نبـــات البـــذور إثیر هـــذه المركبـــات علـــى أالأولیـــة علـــى دراســـة تـــ

ن الاختبــــار الحیــــوي إ، )Vyvyan, 2002( ونمــــو البــــادرات
حـــــد ألیوباثیـــــة هـــــو ور لدراســـــة طریقـــــة عمـــــل المركبـــــات الأللبـــــذ

تـــؤثر فـــي الألیوباثیـــة ن المركبـــات أالاعتبـــارات المهمـــة، فوجـــد بـــ
ثیر الى ان تشرب البذور أالت ن یعزى هذاإانبات البذور ویمكن 

بعملیة الانبات ولهذا  قویاً  ارتباطاً  امیلیز ترتبط-αوفعالیة انزیم 
میلیــز لتقیــیم ا-αیمكــن قیــاس نســبة تشــرب البــذور ونشــاط انــزیم 

نباتهـــا عنـــد إعلـــى البـــذور ودراســـة كفـــاءة  أالتغییـــرات التـــي تطـــر 
 ,.Baskin et al( الألیوباثیــةمعالجتهــا بمختلــف المركبــات 

. تعــد البقولیــات مــن المحاصــیل المهمــة التــي تزیــد مــن )2006
خصوبة التربة وتقوم بعملیة تثبیت النتروجین الجوي عن طریق 

 ,.Pervin et al(رایزوبیــا علاقتهــا التكافلیــة مــع بكتیریــا ال

للبـــروتین وكـــذلك تحتـــوي علـــى نســـب  كمـــا تعـــد مصـــدراً  )2017
كمــا تحتــوي علــى  %،58.2یقــارب  مــا الكربوهیــدراتعالیــة مــن 

لى إوالفسفور والبوتاسیوم بالإضافة  نسب من الكالسیوم والحدید
 .)2013(علوان وحمید ، 2Bو B1على فیتامین  احتوائها

لت والتــي ســج الألیوباثیــة بتأثیراتهــامــا العائلــة القرعیــة فمعروفــة أ
 انخفاضــاً حــدى الدراســات إبحــوث ودراســات، فقــد ســجلت  بعــدة
ـــراً  ـــاتفـــي نســـبة الإ كبی ـــى الـــوزن إوطـــول النبـــات بالإضـــافة  نب ل

النامیـــة فـــي تـــرب حاویـــة علـــى  الرطـــب لـــدغلي الســـعد والـــرزین
)، كمـــــا 2012مخلفــــات نبــــات القــــرع والخیار(طبــــاش وبــــوزقلي 

ولـــوحظ فـــي نفـــس الدراســـة انخفـــاض فـــي معـــدل ارتفـــاع النبـــات 
لنبـات الخـس عنـد ساحة الورقیة ومحتـوى الكلوروفیـل ومعدل الم

 10معاملتــــه بالمستخلصــــات المائیـــــة لبــــذور الخیــــار بـــــالتراكیز 
ــــــــي امتصــــــــاص الأ20و ــــــــات %، كمــــــــا ســــــــبب انخفــــــــاض ف یون

یونــات وزیــادة تــراكم الأ )S,K, Mg. Fe, Caالضــروریة (
 ).  Zn, Na, Cuالمعدنیة الثقیلة (

، ینتج فیتـامین  نسان والحیوانالإ مهم في تغذیة  B12فیتامین 
B12  ـــة التـــي ـــات وحیـــدة الخلی ـــا وبعـــض الكائن بواســـطة البكتیری

تعیش في الأمعاء الدقیقة في الحیوانات ولا یتواجد فـي النباتـات 
فـي تركیـب فیتـامین  مهمـاً  الوعائیة یعد عنصر الكوبلـت عنصـراً 

B12  اتـات والبقولیـات علـىكما یعـد مـن العناصـر المهمـة للنب 
نـه یحفـز تكـوین العقـد وتثبیـت النیتـروجین، إذ إوجه الخصـوص 

 cobalamineبصـــــورة  فـــــي الطبیعـــــة B12 یوجـــــد

,cyanocobalamine شــكال الفعالــة للفیتــامینوالتــي تعــد الأ، 
كســـدة قویـــة تعـــادل أتعمـــل كمضـــادات  Bن مجموعـــة فیتـــامین إ

. )E )Elfowiris & Banigesh, 2022و   Cفیتامینـات 
د ثنــاء وبعــأمینــات  كمنظمــات نمــو لهــا دور مهــم واعتبــرت الفیتا

ذ اســتخدمت الفیتامینــات كمنظمــات للنمــو (مثــل إنبــات البــذور إ
عطـــى النبـــات مقاومـــة و قـــدرة للتغلـــب أ) والـــذي Eو Bفیتـــامین 

علــى أي عوامــل محــددة فــي بیئتــه وذلــك بتحســین معــدل النمــو 
، لـذا تهـدف هـذه )Khatun et al., 2016( وتحمـل الملوحـة
وراق نبـــات القـــرع ثیر المستخلصــات المائیـــة لأأالدراســة لتقیـــیم تـــ

مـع  B12ثیر التازري لكـل مـن (أوكذلك التB12 ثیر فیتامینأوت
-αوراق القرع) علـى انبـات البـادرات وفعالیـة انـزیم أمستخلص 

 امیلیز وكذلك عملیة تشرب البذور

 المواد وطرق البحث

جــراء تجــارب مختبریـة فــي المختبــرات التابعــة إتضـمنت الدراســة 
 كلیة العلوم ،جامعة الموصل. \لقسم علوم الحیاة 

أوراق نبـات جمعـت : Cucurbita pepo مصـدر أوراق القـرع
حـــدى المـــزارع الخاصـــة فـــي محافظـــة إالقـــرع بعـــد الحصـــاد مـــن 

وحفظت في علب بلاستیكیة لحین  جففت الأوراق هوائیاً  نینوى،
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 .الاستعمال

 Cicer : تــم الحصــول علــى البــذور(الحمصمصــدر البــذور
aretinum اللوبیــا ،Vgina unguiculata، الفاصـــولیا 

Phaseolus vulgarisحلیة التابعة لمدینـة .) من الأسواق الم
 الموصل .

تــم زراعــة البــذور فــي : نبــاتتبــار حیویــة البــذور ونســبة الإ اخ
مكــــررات، وتــــم  ربــــعأطبــــاق بتــــري بــــین ورقتــــي ترشــــیح وبواقــــع أ

 ، الخلـیطB12للقـرع،  المستخلصـات المائیـة(مل من  8إضافة 
% 6و 2بـــالتركیزین )  B12للقـــرع مـــع  المستخلصـــات المائیـــة(

ــة الســیطرة، حضــنت الأمــع إضــافة المــاء  طبــاق المقطــر لمعامل
نبات بعـد ، وتم قیاس نسبة الإºم 25في الحاضنة بدرجة حرارة 

 5لـــى إلزراعـــة وبعـــدها خفـــض عـــدد البـــادرات ســـبعة أیـــام مـــن ا
طــــوال الرویشــــة أیــــوم تــــم قیــــاس  14ات لكــــل طبــــق وبعــــد بــــادر 

خـذ الاوزان الجافـة لهـا بعـد تجفیفهـا فـي الفـرن بدرجـة أوالجذیر و 
) وتـــم حســـاب 2017ســـاعة (الجحیشـــي ، 72ئویـــة ولمـــدة م 60

 :)Saied, 1984( نسبة الانبات حسب معادلة

عــدد البــذور \= عــدد البــادرات الطبیعیة للإنبــاتالنســبة المئویــة 
 100× المزروعة 

 )Baskin et al., 2006(طریقة  اتبعت نسبة التشرب: قیاس
 نسبة التشرب  لحساب

 وزن البذور -نسبة التشرب= [وزن البذور بعد التشرب 
  100× بذور قبل التشرب] وزن ال \قبل التشرب  

ــــة انــــزیم تــــتم اســــتخلاص الانــــزیم  :α-amylase قیــــاس فعالی
وتـم  ،)Białecka & Kępczyński, 2010(حسـب طریقـة 

 نزیم بالرجوع للمنحني القیاسي للمالتوز.قیاس فعالیة الأ

 النتائج

التشـــرب للبـــذور فـــي ) ارتفـــاع نســـبة 1توضـــح بیانـــات الجـــدول (
على نسبة تحفیز في بـذور الفاصـولیا أجمیع المعاملات وكانت 

%. وقد 48.34% حیث بلغت 2المعاملة بالخلیط عند التركیز 
ثرت علـى الغشـاء أالمركبات الكیمیائیة التي  رلتأثییعود السبب 

 .)Li et al., 2010( وسببت زیادة في نفاذیته

 .على نسبة التشرب % )القرع، بالفیتامین والخلیط (لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)1لجدول(ا

 التركیز نوع المستخلص
نوع المعاملة *  النوع النباتي

 التركیز
 التركیز تأثیر المعاملة تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 j 96.87 o 71.81 u 92.94 g 110.16 مقارنة

 

 

2 121.4 i 120.26 h 89.68 q 110.45 c 
6 125.3 e 100.2 n 79.63 t 101.71 f 

 B12فیتامین 
 j 96.87 o 71.81 u 92.94 g 110.16 مقارنة

2 130.26 c 122.54 f 84.35 r 112.38 b 
6 112.26 i 104.24 l 96.43 p 104.31 d 

 خلیط
 j 96.87 o 71.81 u 92.49 g 110.16 مقارنة

2 133.14 b 134.4 a 106.53 k 124.69 a 
6 126.4 d 103.29m 82.53 s 104.08 e 

نـــــــــــــوع المعاملـــــــــــــة * 
 النوع النباتي

 b 105.77 f 80.37 i 118.95 مستخلص القرع

 

101.7 c 

 B12 117.56 c 107.88 e 84.19 h 103.21 bفیتامین 

 a 111.52 d 86.95 g 107.24 a 123.24 خلیط

التركیــــــــــــز * النــــــــــــوع 
 النباتي

 d 96.87 f 71.81 i 110.16 مقارنة

 

92.94 c 
2 128.27 a 125.73 b 93.52 g 115.84 a 
6 121.33 c 102.57 e 86.2 h 103.37 b 

   a 108.39 b 83.84 119.92 النوع النباتي تأثیر
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 نـــزیمة الأزیـــادة فـــي فعالیـــ حصـــلت:α-amylaseنـــزیم أفعالیـــة 
كانت في بذور  وكان أعلى معدل للزیادةعند جمیع المعاملات 

% وبلغــت أكثــر مــن ثلاثــة 6بتــأثیر المعاملــة بــالخلیط الحمــص 
(معاملـــة الســـیطرة) فـــي حـــین  موجـــود فـــي المقارنـــة ضـــعاف مـــاأ

 لأوراقبـــذور الفاصـــولیا المعاملـــة بالمســـتخلص المـــائي  ننجـــد إ
ذ إ نــــــزیمفعالیـــــة الأ اً فــــــيضـــــاانخفهــــــرت اظ%6تركیـــــز بالقـــــرع 

ــــة الســــیطرة فــــي   93.31انخفضــــت مــــن  ــــى إمعامل . 74.46ل

 amylase-الفا نزیمإبالفیتامین والخلیط على فعالیة  القرع، لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)2جدول(

 التركیز نوع المستخلص
نوع المعاملة *  النوع النباتي

 التركیز
 التركیز تأثیر المعاملة تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 p 77.77 q 93.31 n 84.24 g 81.65 مقارنة

 

 

2 311.14 c 166.64 k 228.26 h 235.35 c 
6 189.33 j 107.26m 74.46 r 123.68 e 

 B12فیتامین 
 p 77.77 q  93.31 n 84.24 g 81.65 مقارنة

2 166.64 k 255.36 g 108.31 l 176.77 d 
6 82.31 o 81.56 p 107.14 m 90.34 f 

 خلیط
 p 77.77 q 93.31 n 84.24 g 81.65 مقارنة

2 401.4 a 308.2 d 288.16 e 332.59 a 
6 355.34 b 265.16 f 224.26 i 281.59 b 

نـــــــــوع المعاملـــــــــة * 
 النوع النباتي

 d 117.22 g 132.01 f 194.04 مستخلص القرع

 

147.76 b 

 B12 110.2 h 138.23 e 102.92 i 117.12 cفیتامین 

 a 217.04 b 201.91 c 232.8 a 279.46 خلیط

ــــــــوع  التركیــــــــز * الن
 النباتي

 h 77.77 i 93.31 g 81.65 مقارنة

 

84.24 c 
2 293.06 a 243.4 b 208.25 d 248.23 a 
6 208.99 c 151.33 e 135.29 f 165.2 b 

  a 157.5 b 145.61 c 194.57 النوع النباتي تأثیر
 

ـــ نبـــات ) حصـــول انخفـــاض فـــي نســـبة الإ3ین نتـــائج الجـــدول(تب
نـــــواع النباتیـــــة المختبـــــرة (حمـــــص ،لوبیـــــا ، فاصـــــولیا) لأابـــــذور 

وبلغت % 6القرع بالتركیز  لأوراقالمعاملة بالمستخلص المائي 
، % فــي بــذور الفاصــولیا21.05علــى نســبة مئویــة للانخفــاض أ
علــى أعطــى أنبــات و یتــامین فقــد ســبب زیــادة فــي نســبة الإمــا الفأ

% فـي نبــات 14علـى نســبة تثبـیط فقـد بلغـت أمـا أنبـات، إنسـب 
نــــوع  تــــأثیر% ومــــن 6اللوبیــــا عنــــد المعاملــــة بــــالخلیط بــــالتركیز 

النبــــاتي تتفــــوق المعاملــــة بالفیتــــامین لبــــذور المعاملــــة فــــي النــــوع 
نــــواع مقارنــــة ببــــاقي الأ للإنبــــاتاعلــــى نســــبة  بإعطائهــــااللوبیــــا 

 والمعاملات.

ـــائج الجـــدول ( ـــادة فـــي )4مـــن نت ـــین حـــدوث زی معـــدل طـــول  یتب
اللوبیـا والفاصــولیا عنــد معاملتهــا  الرویشـة فــي بــادرات الحمــص،

فـــــي علـــــى نســـــبة زیـــــادة أن إ % ، و 6و 2بالفیتــــامین بـــــالتركیزین 
طــــــول الرویشــــــة ســــــجلت فــــــي بــــــادرات اللوبیــــــا عنــــــد معاملتهــــــا 

% ، بینمـا انخفـض فـي البـادرات المعاملـة 6بالفیتامین بـالتركیز 
. كمــا نلاحــظ وكــذلك الخلــیطالقــرع  لأوراقبالمســتخلص المــائي 

 B12حصــــائي تفــــوق المعاملــــة بفتــــامین مـــن نتــــائج التحلیــــل الإ
جمیـع الأنـواع النباتیـة كمـا نجـد  أعطت أعلى معدل للزیادة عند

 .كبر في زیادة طول الرویشة% كان له الدور الأ2ن التركیز إ
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 .نباتبالفیتامین والخلیط على نسبة الإ القرع، لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)3جدول(

 التركیز نوع المستخلص
نوع المعاملة *  النباتي النوع

 التركیز
 التركیز تأثیر المعاملة تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 ab 100 a 76.66 f 91.1 ab 96.66 مقارنة

 

 

2 96.66 ab 93.33 abc 76.66 f 88.88 ab 
6 90 bcd 90 bcd 60 g 80 c 

 B12فیتامین 
 ab 100 a 76.66 f 91.11 ab 96.66 مقارنة

2 100 a 100 a 80 f 93.33 a 
6 96.66 ab 100 a 76.66 f 91.11 

 خلیط
 ab 100 a 76.66 f 91.11 96.66 مقارنة

2 100 a 90 bcd 83.33 def 91.11 ab 
6 96.66 a 86.66 cde 76.66 f 86.66 b 

نــــــــــوع المعاملــــــــــة * 
 النوع النباتي

 bc 94.44 bc 71.11 e 94.44 مستخلص القرع

 

86.66 b 

 B12 97.77 ab 100 a 77.77 d 91.85 aفیتامین 

 ab 92.22 c 78.88 d 89.63 b 97.77 خلیط

ـــــــــوع  التركیـــــــــز * الن
 النباتي

 abc 100 a 76.66 d 96.66 مقارنة
 

91.11 a 
2 98.88 ab 94.44 bc 80 d 91.11 a 
6 94.44  bc 92.22 c 71.11 e 85.92 b 

     a 95.55 a 75.92 96.66 النوع النباتي تأثیر

 (سم)القرع، بالفیتامین والخلیط على معدل طول الرویشة لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)4جدول(

 التركیز نوع المستخلص
نوع المعاملة *  النوع النباتي

 التركیز
 تأثیر

 المعاملة
 التركیز تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 m 11.62 e 9.96 j 10.27 c 9.25 مقارنة

 

 

2 8.28 r 12.28 d 9.21 o 9.92 e 
6 7.21 u 11.13 g 7.94 t 8.76 g 

 B12فیتامین 
 m 11.62 e 9.96 j 10.27 c 9.25 مقارنة

2 9.89 k 13.73 a 10.32 h 11.31 a 
6 9.63 l 12.64 b 11.24 f 11.17 b 

 خلیط
 m 11.62 e 9.96 j 10.27 c 9.25 مقارنة

2 9.12 q 12.38 d 9.22 n 10.24 d 
6 9.14 p 10.21 i 8.13 s 9.16 f 

ــــــــوع  ــــــــة * الن نــــــــوع المعامل
 النباتي

 I  11.67 b 9.03 h 8.24 مستخلص القرع

 

9.65 c 

 B12 9.59 e 12.66 a 10.5 d 10.92 aفیتامین 

 f 11.4 c 9.1 g 9.89 b 9.17 خلیط

 التركیز * النوع النباتي
 f 11.62 b 9.96 d 9.25 مقارنة

 
10.27 b 

2 9.09 h 12.79 a 9.58 e 10.49 a 
6 8.66 i 11.32 c 9.1 g 9.69 c 

     c 11.91 a 9.54 9.00 النوع النباتي تأثیر
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وجد فروقـات معنویـة فـي طـول عدم  )5ظهرت نتائج الجدول (أ
القــــرع  لأوراقالجــــذیر للبــــادرات المعاملــــة بالمســــتخلص المــــائي 

فــــي طــــول  اختــــزالاً % فقــــد ســـبب 6مــــا التركیــــز أ%، 2بـــالتركیز
معـدل طـول الجـذیر فـي  وأزدادة الـثلاث، النباتیـ للأنـواعالجذیر 
بالفیتامین وفي كـلا  فاصولیا) المعاملة ،(حمص، لوبیا البادرات

ـــــزین و  ـــــز هـــــي أالتركی ـــــى نســـــبة تحفی ـــــادرات 19.78عل % فـــــي ب
%. المعاملة بـالخلیط سـببت زیـادة فـي 6الفاصولیا عند التركیز 

%) بینمـا 2,6لبادرات الحمص وبـالتركیزین( معدل طول الجذیر
املــــة تفــــوق المع یضــــاً ونجــــد أ انخفــــض فــــي اللوبیــــا والفاصــــولیا.

على نسـبة زیـادة فـي طـول ي إعطاء أ% ف2بالفیتامین والتركیز 
 .الجذیر

حصـــل انخفـــاض فـــي الـــوزن الجـــاف للرویشـــة لجمیـــع البـــادرات 
%)  6و 2المعاملـــة بالمســـتخلص المــــائي لقـــرع لكـــلا التركیــــزین(

اقصــى انخفــاض فــي الــوزن كــان فــي بــادرات الحمــص المعامــل 
). بینمـا ارتفـع الـوزن فــي 6% وكمـا موضـح بالجــدول(6بـالتركیز

مــا أهــا بالفیتــامین ولكــلا التركیــزین. ات عنــد معاملتجمیــع البــادر 
ــــوزن الجــــاف للرویشــــة  ــــادة فــــي ال ــــالخلیط فســــببت زی ــــة ب المعامل

% لبــــادرات اللوبیــــا والفاصــــولیا، وزیــــادة فــــي بــــادرات 2بــــالتركیز
علـى معـدل للزیـادة وأعطت اللوبیا أ الحمص في كلا التركیزین.
 .في الوزن الجاف للرویشة

ة فـــي الـــوزن الجـــاف للجـــذیر لبـــادرات ) یوضـــح زیـــاد7الجـــدول (
ــــرع بــــالتركیز  ــــة بمســــتخلص الق ــــة المعامل ــــة الثلاث ــــواع النباتی الأن

زداد الـــوزن أ%.وكـــذلك 6بینمـــا انخفـــض الـــوزن بـــالتركیز %، 2
 التركیـــزین وأعطـــت فـــي البـــادرات المعاملـــة بالفیتـــامین وفـــي كـــلا

% عند التركیز 45.26ادة بلغت على نسبة زیأبادرات الحمص 
لــى زیــادة الــوزن الجــاف فــي إمعاملــة الخلــیط فقــد أدت  مــاأ%.2

جمیـــع الأنـــواع النباتیـــة المختبـــرة وكـــلا التركیـــزین ماعـــدا بـــادرات 
لــــى إ% حیــــث انخفــــض الــــوزن 6لــــة بــــالتركیز الفاصــــولیا المعام

 .0.235مقارنة بمعاملة السیطرة  0.215

 (سم)القرع، بالفیتامین والخلیط على معدل طول الجذیر لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)5جدول(

 التركیز نوع المستخلص
نوع المعاملة *  النوع النباتي

 التركیز
 التركیز تأثیر المعاملة تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 o 13.36 d 11.27 l 11.88 d 11.03 مقارنة

 

 

2 11.1 n 13.29 e 11.32 k 11.90 d 
6 9.26 q 11.61 i 9.32 p 10.06 f 

 B12فیتامین 
 o 13.36 d 11.27 l 11.88 d 11.03 مقارنة

2 11.26 lm 14.18 a 11.59 i 12.34 c 
6 12.42 g 13.62 b 13.51 c 13.18 a 

 خلیط
 d 11.27 l 11.88 d 13.36 0 11.03 مقارنة

2 13.31 e 12.91 e 11.53 j 12.58 b 
6 11.23 m 11.74 h 8.81 r 10.59 e 

ـــــــــــة *  ـــــــــــوع المعامل ن
 النوع النباتي

 i 12.75 b 10.63 g 10.46 مستخلص القرع

 

11.28 c 

 B12 11.57 f 13.72 a 12.12 d 12.46 aفیتامین 

 e 12.67 c 10.53 h 11.68 c 11.85 خلیط

* النــــــــــوع  التركیــــــــــز
 النباتي

 g 13.36 b 11.27 f 11.03 مقارنة

 

11.88 b 
2 11.89 d 13.46 a 11.48 e 12.22 a 
6 10.97 h 12.32 c 10.54 i 11.28 c 

  b 13.04 a 11.1 c 11.29 النوع النباتي تأثیر
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 (غم)القرع، بالفیتامین والخلیط على الوزن الجاف للرویشة لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)6جدول(

 التركیز نوع المستخلص
نوع المعاملة *  النوع النباتي

 التركیز
 التركیز تأثیر المعاملة تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 r 1.016 d 0.702 k 0.724 d 0.454 مقارنة

 

 

2 0.442 s 0.973 e 0.677 l 0.697 e 
6 0.413 u 0.912 g 0.653 m 0.659 g 

 B12فیتامین 
 r 1.016 d 0.702 k 0.724 d 0.454 مقارنة

2 0.521 o 1.240 a 0.738 i 0.833 a 
6 0.463 q 1.078 b 0.872 h 0.804 b 

 خلیط
 r 1.016 d 0.702 k 0.724 d 0.454 مقارنة

2 0.438 t 1.041 c 0.722 j 0.734 c 
6 0.478 p 0.955 f 0.632 n 0.688 f 

ـــــــــــة *  نـــــــــــوع المعامل
 النوع النباتي

 i 0.967 c 0.677 f 0.436 مستخلص القرع

 

0.693 c 

 B12 0.479 g 1.11 a 0.770 d 0.787 aفیتامین 

 h 1.004 b 0.685 e 0.715 b 0.456 خلیط

ــــــــــوع  ــــــــــز * الن التركی
 النباتي

 h 1.016 b 0.702 f 0.454 مقارنة

 

0.724 b 
2 0.467 g 1.084 a 0.712 e 0.754 a 
6 0.451 i 0.981 c 0.719 d 0.717 c 

  c 1.027 a 0.711 B 0.457 النوع النباتي تأثیر

 (غم) القرع، بالفیتامین والخلیط على الوزن الجاف للجذیر لأوراقمعاملة البذور بالمستخلص المائي  تأثیریوضح  .)7جدول(

 التركیز نوع المستخلص
نوع المعاملة *  النوع النباتي

 التركیز
 التركیز تأثیر المعاملة تأثیر

 فاصولیا لوبیا حمص

 مستخلص القرع
 j 0.217 qr 0.235 k 0.231 g 0.243 مقارنة

 

 

2 0.245 i 0.228  n 0.247 h 0.272 c 
6 0.237 k 0.213 s 0.230 m 0.252 e 

 B12فیتامین 
 j 0.217 qr 0.235 l 0.231 g 0.243 مقارنة

2 0.353 a 0.250 g 0.275 f 0.293 a 
6 0.342 b 0.220 p 0.304 d 0.288 b 

 خلیط
 j 0.217 qr 0.235 k 0.231 g 0.243 مقارنة

2 0.322 c 0.224 o 0.243 j 0.263 d 
6 0.285 e 0.218 q 0.215 r 0.239 f 

ـــــــــــة *  نـــــــــــوع المعامل
 النباتي النوع

 d 0.219 h 0.237 e 0.241 مستخلص القرع

 

0.232 c 

 B12 0.312 a 0.229 g 0.271 c 0.270 aفیتامین 

 b 0.219 h 0.231 f 0.244 b 0.283 خلیط

ــــــــــوع  ــــــــــز * الن التركی
 النباتي

 e 0.217 g 0.235 f 0.243 مقارنة

 

0.231 c 
2 0.306 a 0.234 f 0.255 c 0.265 a 
6 0.288 b 0.217 g 0.249 d 0.251 b 

  a 0.222 c 0.246 b 0.279 النوع النباتي تأثیر
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 .على انبات ونمو اللوبیا B12المستخلصات المائیة للقرع وفیتامین  تأثیر) 1الشكل (

 المناقشة

 كمـا هـونلاحظ تفوق المعاملـة بالفیتـامین علـى بقیـة المعـاملات 
لـى زیـادة نســبة التشـرب فــي إموضـح فـي النتــائج ،فـدلت النتــائج 

ثیر المركبــات الكیمیائیــة أمیــع المعــاملات وقــد یعــود الســبب لتــج
 Li et( غشـیة الخلویـة والتـي سـببت زیـادة فـي نفاذیتهـاعلـى الأ

al., 2010(.  یم الامیلیــز للبــذور قــد نــز أن الزیــادة فــي فعالیــة إ و
ـــــریلین لـــــى إیعـــــزى  ـــــة لحـــــامض الجب ـــــز المركبـــــات الكیمیائی تحفی

)Beck & Ziegler, 1989(،  الـــذي یحفـــز تكـــوین أنـــزیم
ن الموجـــودة فــــي الامیلیـــز مـــن خــــلال تـــأثیره فــــي طبقـــة الالیــــرو 

ـــى تنشـــیط الجینـــات المـــؤثرة فـــي یـــؤ  غـــلاف البـــذرة والـــذي دي إل
لــى آخــر إتكــوین الانزیمــات، وتختلــف هــذه الجینــات مــن نبــات 

فــــــي المقابــــــل نلاحــــــظ انخفــــــاض نســــــبة و )، 2017(الجحیشــــــي،
فاصــولیا) المعاملــة بالمســتخلص  نبــات للبــذور(حمص، لوبیــا،الإ

القـــرع وأیضـــا بـــذور اللوبیـــا المعاملـــة بـــالخلیط قـــد  لأوراقالمــائي 
لــــــــى اضــــــــطراب تــــــــوازن مســــــــتوى هورمــــــــوني یرجــــــــع الســــــــبب ا

Absessic acid  و Ethylene)Bogatek & 

Gniazdowska, 2007( المركبات الكیمیائیة  بتأثیر 

 

لـى ارتفـاع نسـبة هورمـون إتحررة من أوراق القـرع والتـي أدت الم
Absessic acid منــع نمــو الجنــین لــذي ســبب كمــون البــذرة و ا
والـــذي جعـــل البـــذور فـــي حالـــة كمـــون  یضـــيبتثبـــیط النشـــاط الأ

د السـبب ن یعو أو یمكن إ )Oracz et al., 2007( صطناعیةا
میلیـــز حســـب نتـــائج هــــذه نـــزیم الاإلـــى الانخفـــاض فـــي فعالیـــة أ

المتحــررة مــن أوراق القــرع  الألیوباثیــة ثیر المركبــات الدراســة بتــأ
 ا تـــأثیر فـــي الصـــفاتن هـــذه المركبـــات لهـــإذ بینـــت الدراســـات إ

ـــات  الفســـیولوجیة و  ـــة الضـــروریة لحـــدوث عملیـــة الإنب البایوكیمائی
كـــذلك  وفعالیـــة الإنزیمـــات الجنـــین وتنبـــه بالمـــاء البـــذور كتشـــرب

 Weir et(تأثیرهـا فـي الجهـد الأزمـوزي ونشـاط المایتوكونـدریا 

al., 2004(. 

ــــوزن الجــــاف للرویشــــة أ مــــا معــــدل طــــول الرویشــــة والجــــذیر وال
بــین الارتفــاع والانخفــاض عنــد المعاملــة  والجــذیر فقــد تبــاین مــا

ذكرتــــه  بمستخلصــــات أوراق القــــرع وهــــذه النتیجــــة تتفــــق مــــع مــــا
یـــــادة معـــــدل طـــــول الرویشـــــة والجـــــذیر ن ز إ )، و 2020الحـــــافظ (
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بســـبب المركبـــات الكیمیائیـــة القابلـــة وزانهمـــا الجافـــة قـــد یكـــون أو 
وراق لمتحــررة مــن المستخلصــات المائیــة لأللــذوبان فــي المــاء وا

ـــم تشخیصـــه بدراســـات  Ferulic acidالقـــرع ومنهـــا  ـــذي ت وال
حفیـزي فـي النمـو حیـث یزیـد نشـاط سابقة وهو معروف بـدوره الت

داخل النبـات وكـذلك یزیـد انقسـامات الخلایـا  ATPنزیمات والأ
ــــــــــــة  ــــــــــــالي یزیــــــــــــد مــــــــــــن معــــــــــــدل النمــــــــــــالنباتی و والكتلــــــــــــة وبالت

الحاصــــــل فــــــي طــــــول مــــــا التثبــــــیط أ).2017الجافة(الجحیشــــــي.
لــــى المركبــــات إوزانهمــــا الجافــــة فقــــد یعــــزى أالرویشــــة والجــــذیر و 

حیـث  palmtic acidو  galic acidالكیمیائیة المتحـررة مثـل 
ثیرات مثبطة لنمو أن لها تإ )Kalinova et al., 2007(اثبت 

 أنواع من النباتات.

ة فــي معــدل زیــاد ســببتالفیتــامین ب ن المعاملــةاظهــرت النتــائج إ
ـــــواع وزانهمـــــا الجافـــــة  لبـــــادرات الأأطـــــول الرویشـــــة والجـــــذیر و  ن

ــــا، فاصــــولیا) ــــثلاث(حمص، لوبی ،ونلاحظ أیضــــا مــــن النباتیــــة ال
ثیر الضـار أن یغطـي التـإن الفیتامین اسـتطاع أمعاملة الخلیط ب

ثیر التحفیــــزي لجمیــــع الصــــفات أقــــرع وأعطــــى التــــلمســــتخلص ال
ـــرة، ـــ المختب ثیر الإیجـــابي للفیتـــامین حیـــث یعمـــل أوهـــذا یعـــود للت

 ,.Ansari et al( كمحفـز لنمـو الجـذور فـي عـدة أنـواع نباتیـة

ثیر التحفیــزي للفیتــامین قــد یعــود لعنصــر أن ســبب التــإ و  )1990
حیـث  الكوبلت الـذي یمثـل الـذرة المركزیـة فـي تركیـب الفیتـامین،

ن عنصر الكوبلت سبب زیـادة أب )Jaleel et al., 2009(وجد 
فــــي ارتفــــاع النبــــات وطــــول الجــــذر لنبــــات الــــذرة عنــــد معاملتهــــا 

ــــالتركیز  ــــادة mg\Kg 50ب ــــوزن الجــــاف ، كمــــا ســــبب زی فــــي ال
ــــة  للمجمــــوع الخضــــري والجــــذري لنبــــات الحنطــــة مقارنــــة بمعامل

 .)Hu et al., 2022( السیطرة

 والتوصیات الاستنتاجات

 ن المعاملـةاظهـرت النتـائج أنستنتج من خـلال هـذه الدراسـة إن 
ة فـــــي معـــــدل طـــــول الرویشـــــة والجـــــذیر زیـــــاد ســـــببتالفیتـــــامین ب
نواع النباتیة الثلاث(حمص، لوبیـا، وزانهما الجافة  لبادرات الأأو 

الخلیط بــ نــواع المختبــرةالأ معاملــة عنــد أیضــاً  لــوحظو  فاصــولیا)،
لضـار لمسـتخلص القـرع وأعطـى ا التـأثیر قلل مـنن الفیتامین أب

 .  التحفیزي لجمیع الصفات المختبرة التأثیر

مـــع مستخلصـــات  B12ومـــن خـــلال النتـــائج نوصـــي باســـتخدام 
خــــرى وبتراكیــــز معینــــة وتطبــــق علــــى مســــتوى التجــــارب نباتیــــة ا

 الحقلیة لمطابقة النتائج مع نتائج الدراسة الحالیة.

 المراجع
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Abstract: The current study was conducted in the laboratories of the Department of Life 
Sciences / College of Science / University of Mosul to know the effect of treatment with aqueous 
extracts of pumpkin leaves, vitamin B12, and the mixture on some physiological characteristics 
of three types of legumes (chickpeas, cowpeas, and beans), where the research dealt with 
measuring the percentage of impregnation, the effectiveness of α-amylase enzyme, germination 
percentage, stem and root length, and their dry weight in seeds treated with pumpkin leaf extract, 
vitamin B12, and the mixture, the results gave an increase in the percentage of impregnation in 
all treatments and enzyme activity in most of the treatments. As for the percentage of 
germination, the average length of the plumule and the radicle, and their dry weights, they varied 
between increasing and decreasing, and the highest percentage of stimulation was in the bean 
seeds treated with the mixture at the concentration of 2%, which amounted to 48.34%, while the 
highest percentage decrease in the germination of the seeds was 21.05% and reached 6% in the 
bean seeds.The results also showed that the vitamin treatment caused an increase in the average 
length and dry weight of the plumule and seedlings of the three plant species (chickpeas, 
cowpea, and beans), and it was also noted when treating the tested species with the mixture that 
the vitamin was able to cover the harmful effect of the pumpkin extract and gave the stimulating 
effect to all tested traits. 
 
Keywords: Pumpkin; B12, Allelopathic Compounds; Impregnation; Amylase Enzyme. 
 

 
 

 

 

mailto:wassbio54@uomosul.edu.iq
https://doi.org/10.54172/mjsc.v37i3.741


2022، 315-309): 3( 37مجلة المختار للعلوم  
    ISSN:  online 2617-2186   print 2617-2178 
  Journal Homepage https://omu.edu.ly/journals/index.php/mjsc/index 

 .مصراته، لیبیا جامعة الصحیة، العلوم كلیة العدوى، ومكافحة الوبائیات قسم ،  samiaahmed7499@gmail.com  ،سامیة أحمد الباهي ¹*
309 

تأثیر درجة حموضة الماء على كفاءة قشور البیض في إزالة
 أیون معدن الكروم سداسي التكافؤ من المیاه 

سامیة أحمد الباهي
 قسم الوبائیات ومكافحة العدوى ، كلیة العلوم الصحیة ، جامعة مصراته ، لیبیا

 2022یولیو  21/ تاریخ القبول:  2022مایو  26تاریخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v37i3.838 

في الآونة الأخیرة، تم استكشاف أنواع مختلفة من الممتزات الحیویـة ذات مصـدر حیـواني أو نبـاتي ذات الحـد الأدنـى المستخلص : 
من حیث التكلفة والجهد، والتي یتم الحصـول علیهـا مـن النفایـات المنزلیـة ونفایـات الزراعـة. فـي العمـل الحـالي، تمـت دراسـة إمكانیـة 

 ،كربونـات الكالسـیوم دصـة لإزالـة معـدن الكـروم السداسـي مـن المحلـول المـائي. تعـدمدة ماستخدام مسـحوق قشـور بـیض الـدجاج كمـا
وفوسـفات الكالسـیوم مـن المكونـات الأساسـیة لمسـحوق قشـور البـیض، والتـي بـدورها لهـا دور كبیـر وفعـال فـي  ،وكربونات المغنیسیوم

ملجـم مـن الكـروم السداسـي لكـل لتـر مــن  3ر البـیض) مـع جـم مـن مـادة الامتــزاز (قشـو  6عملیـة الامتـزاز. فـي هـذه الدراسـة تـم مـزج 
. وقــد تبــین أن قشــور البــیض )9،6،3( ) درجــة مئویــة، وضــمن مجــال الــرقم الهیــدروجیني40محلــول المــاء النقــي عنــد درجــة حــرارة (

خـلال  6لهیـدروجیني % عنـد الـرقم ا 88.767المتكلسة تمتلك القدرة على امتزاز أیونات الكروم السداسي، حیث بلغـت نسـبة الإزالـة 
 دقیقة. 60

الكروم السداسي. الهیدروجیني،، الرقم الامتزاز البیض،قشور :  لكلمات المفتاحیةا

 لمقدمةا

قــــد تكــــون العولمــــة قــــد أدت إلــــى التقــــدم الســــریع فــــي الأنشــــطة 
 ، تلحق أضرارًا جسیمة بالبیئـةنفسه الصناعیة ولكنها في الوقت

)Mia et al., 2020( فالصناعات هي المساهم الرئیسـي فـي .
إطــلاق النفایــات الســامة فــي أشــكالها الصــلبة والســائلة والغازیــة 
بشكل مباشر في نظامنا البیئي، حیث تتضمن النفایـات السـامة 
على المعادن الثقیلة، فلـزات وملوثـات عضـویة یمكـن أن تسـبب 

 .)Elahi et al., 2020( جسـیمة للتربـة وأنظمـة المیـاهأضـرارًا 
وكـــان أكثـــر الملوثـــات المعدنیـــة المدرجـــة ســـمیة مـــن قبـــل وكالـــة 

فهو یمثـل  معدن الكروم سداسي التكافؤ ،حمایة البیئة الأمریكیة
 ةعنصــــر انتقــــالي یوجــــد بشــــكله الطبیعــــي فــــي الصــــخور والتربــــ

)Mane et al., 2016; Mia et al., 2020(.  

المعــادن التــي تســبب تلــوث المیــاه،  أكثــرمعــدن الكــروم مــن  دیعــ
رغـــم أنـــه أحـــد العناصـــر الأساســـیة لبنـــاء جســـم الإنســـان، حیـــث 

 ،والأنســولین ،یشــارك بعمــق فــي عملیــة التمثیــل الغــذائي للــدهون
 وقـــد یـــؤدي نقصـــه إلـــى الإصـــابة بمـــرض الســـكري ،والجلوكـــوز

)Martone et al., 2013( . ومــن ناحیــة أخــرى، یصــنف
ومســــــرطنة  ،معـــــدن الكــــــروم واحـــــدًا مــــــن أكثــــــر الأنـــــواع ســــــمیة

خصوصــا الكــروم سداســي التكــافؤ عنــد مقارنتــه بــالكروم ثلاثــي 
 ,.Ahmed & Mokhtar, 2020; Korshoj et al( ؤالتكاف

مــــن بــــین العدیــــد مــــن أنــــواع الكــــروم، یســــتخدم معــــدن . )2015
على نطاق واسع في العدید مـن الصـناعات بمـا فـي  Cr الكروم

وصــــناعات  ،الكهربــــائي والطــــلاءذلــــك دباغــــة الجلــــود والطــــلاء 
والأصباغ، والفولاذ المقاوم للصدأ، والأسلاك المسخنة  ،المعادن

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.838&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
mailto:samiaahmed7499@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.838&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i3.838&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v37i3.838
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كهربائیــــاً. وعلــــى الــــرغم مــــن أهمیتــــه فــــي الصــــناعات المختلفــــة 
ن فیمـــا یخـــص دراســـات و هـــتم بـــه البـــاحثانشـــطة الصـــناعیة، والأ

 ,Al-Obaidi et al., 2020; Gu & Zhu( أثـره البیئـي

 ومراقبـة محتـوى ،علیـه تـم وضـع معیـار لجـودة المیـاه .)2011

میـاه البیئیـة، لـذلك وضـعت وال ،لمیـاه الصـنبورالكروم السداسـي 
، حــدًا أقصــى 2004عــام  )WHO( منظمــة الصــحة العالمیــة

لتـــر لتركیـــز الكـــروم میكروغـــرام / 50وهـــو  صـــحیا مســـموحًا بـــه
  .)Rajoriya et al., 2021( السداسي في میاه الشرب

ـــر الطـــرق فعالیـــة  ـــة مكثفـــة لاكتشـــاف أكث ـــم إجـــراء جهـــود بحثی ت
ـــة الكـــروم مـــن المـــاء مثـــل طـــرق التبـــادل  ـــوني، طریقـــة لإزال الأی

 & Liu et al., 2017; Peng( الترسـیب الكیمیـائي والترشـیح

Guo, 2020(. لـى وجـود طـرق أخـرى مثـل المعالجــة إضـافة إ
والكفـــاءة الممتـــازة فـــي إزالـــة  لمنخفضـــةتكلفـــة اذات الالبیولوجیـــة 

المعــادن الثقیلــة، حیــث یمكــن تعریــف عملیــة الامتــزاز علــى أنهــا 
أو المـــــادة الســــائلة فـــــي  ،وعــــة متنوعـــــة مــــن الغــــازمجمارتبــــاط 

أو الأیونــــات علــــى ســــطح مــــادة صــــلبة  ،أو الــــذرات ،الجزیئــــات
(المــــــادة المعالجــــــة) وهــــــذا الارتبــــــاط یمكــــــن أن یكــــــون ارتباطًــــــا 

ــا لجزیئــات المــواد فــي المواقــع النشــطة علــى  ،فیزیائیًــا أو كیمیائیً
  Van der Waals ســطح المــواد المــازة مــن خــلال قـــوة

 الموجودة بین الجزیئات. 

ــــأثر عملیــــة الامتــــزاز بعوامــــل مختلفــــة مثــــل درجــــة  یمكــــن أن تت
 ،والتركیــز الأولــي ،ووقــت الــتلامس ،ودرجــة الحموضــة ،الحــرارة

وبشـكل عـام فـإن . )Komur et al., 2017( ومسـاحة السـطح
المعالجــة الحیویــة للمحالیــل المائیــة، هــي أحــد الطــرق الخضــراء 

علـى لها ثلاث مهام رئیسـیة: إعـادة تـدویر النفایـات بشـكل آمـن 
 Lee( نسان والبیئة، إزالة المواد الضارة، التقلیل من سـمیتهاالإ

et al., 2022; Zhang et al., 2017(.  

إمكانیـة  بحاث في السنوات الأخیرة حـولتم إجراء الدراسات والأ
 المیـاهاستخدام قشور البیض كمواد ماصة في عملیـات معالجـة 

)Sankaran et al., 2020; Tsai et al., 2008(.  تعتمـد
فعالیــة تنقیــة محالیــل المیــاه علــى عــدد مــن العوامــل، مــن بینهــا 

 ،وحجــم جزیئــات المــواد الماصــة ،والتركیــز ،الــرقم الهیــدروجیني

 ;Ghasemi et al., 2020( وفتـــرة الــتلامس ،والجرعــة

Govindarajan et al., 2011(.  

قشور البیض هـي مصـدر بـدیل لكربونـات الكالسـیوم التـي تزیـل 
بكفــاءة أیونــات المعــادن الثقیلــة عنــد ارتباطهــا بهــا فــي المحلــول 
المــائي، حیــث تعتمــد قــدرة الامتصــاص الخاصــة بقشــور البــیض 

وتــــــأثیر الظــــــروف  ،والكیمیائیــــــة ،ائصــــــها الفیزیائیــــــةعلــــــى خص
التجریبیة، حیث تتكون قشر البیض من مواد خزفیـة مكونـة مـن 

بشـــرة علـــى الســـطح الخـــارجي، ال طبقـــةهیكـــل ثلاثـــي الطبقـــات، 
(الجیریـــــــة) والطبقـــــــة الداخلیـــــــة  الوســـــــطى والطبقـــــــة الإســـــــفنجیة

 ;Rajoriya et al., 2021( الصــــفائحیة أو الثدییــــة

Stadelman, 2000( . وهـــي ألیـــاف بروتینیـــة مرتبـــة لتكـــوین
وألیاف غیر قابلة للذوبان في  ،غشاء مزدوج الطبقات شبه منفذ

 ولهــــا مســــاحة ســــطح عالیــــة ذات خاصــــیة الامتصــــاص ،المــــاء
)Sankaran et al., 2020; Tsai et al., 2006(.  

 المواد وطرق البحث

ــول القیاســي مــن الكــروم سداســي التكــافؤ تــم  :تحضــیر المحل
جـــزء فـــي الملیـــون مـــن الكـــروم سداســـي بأخـــذ  1000تحضـــیر 

ثنــائي كرومــات البوتاســیوم K2Cr2O7 جــم مــن مركــب 0.283
مـل مـاء  100سـاعة) مـع  درجـة مئویـة لمـدة 100(یجفف عنـد 

 .)Klatt & Kunze, 2009( في دورق حجمي

تـم الحصـول  ):تحضیر مادة الامتزاز المعالجة (قشـور البـیض
على قشور البیض الطبیعـي الخـام مـن مطعـم الإفطـار الخـاص 
 بـــالحرم الجـــامعي فـــي كلیـــة علـــوم البیئـــة التطبیقیـــة صـــربیا. بعـــد

درجــة  55تنظیــف قشــر البــیض. تــم تجفیــف هــذه العینــات عنــد 
مئویة في فرن ثم طحنها إلى مسحوق بواسطة مطحنة خاصـة. 

 200غربلــة هــذه العینــات بواســطة منخــل رقــم  تبعــد ذلــك، تمــ
  ي.للحصول على العینات المعالجة النهائیة للاستخدام التجریب

 6م وضـع تـ :تحضیر عینات المیاه الملوثة بـالكروم السداسـي
جم/ لتر من المواد الماصـة الجافـة (قشـور البـیض) فـي سلسـلة 

تحتـوي علـى عینـات  مل والتي 100من القواریر المعملیة عبوة 
ملجم مـن معـدن الكـروم  3وذات تركیز  ،المیاه المحضرة مسبقا
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 NH3 وأ  HNO3لتر تم استخدام Cr (VI)/ سداسي التكافؤ

الهیــــــــدروجیني للحصــــــــول علــــــــى معــــــــاییر مختلفــــــــة مــــــــن الأس 
 . )9، 6 ،3المستخدمة في البحث (

 300ســتخدام جهــاز الطــرد المركــزي ارجــت محتویــات القــواریر ب
درجــة مئویــة. تمــت معــایرة محتویــات  40دورة فــي الدقیقــة عنــد 

، 100، 80، 60، 40، 20مختلفــة (القــواریر فــي أوقــات زمنیــة 
 ) دقیقـــة مـــن بدایـــة التعـــرض. تـــم ترشـــیح النفایـــات الســـائلة120

وحساب الكمیة الممتصة  Whatman 1 المعالجة بورق ترشیح
 Atomic الضــوئيللكــروم بواســطة جهــاز مقیــاس الطیــف 

adsorption spectrometer (AAS). 

متصـاص الكـروم علـى النحـو اتم حساب النسـبة المئویـة لكفـاءة 
 :التالي

𝟏𝟎𝟎  = النسبة المئویة لكفاءة الامتزاز (%) × 𝑪𝟎−𝑪𝒕
𝑪𝟎

 

C0 =ركیز الأولي لأیون الكروم قبل المعالجةالت  

Ct =التركیز المتبقي لأیون الكروم بعد المعالجة 

تــم تنفیــذ كـل مجموعــة تجریبیــة علــى شــكل  :حصــائيالتحلیــل الإ
ــــــل التبــــــاین  ــــــل التجــــــارب مــــــن خــــــلال تحلی ــــــم تحلی مكــــــررات. ت

)ANOVA) في برنامج التحلیل الإحصائي (SPSS وتعتبر (
P <0.05 .ذات دلالة إحصائیة 

 المناقشةو  النتائج

تــأثیر درجــة حموضــة المـــاء والــزمن علــى كفــاءة امتصـــاص 
) 1لشـــكل (ا یبـــین :الكــروم السداســـي بواســـطة قشـــور البــیض

تــــأثیر اخــــتلاف الــــرقم الهیــــدروجیني علــــى قــــدرة وكفــــاءة قشــــور 
متــزاز أیونــات معــدن الكــروم السداســي مــن االبــیض فــي عملیــة 
) أفضــل 1الجــدول (ا تظهــر البیانــات فــي كمــالمحلــول المــائي، 

للمحلول المائي، حیث PH=6 ن متزاز عندما كانسبة كفاءة للا
دقیقــة مــن وقــت التفاعــل، یمكــن  60% خــلال  88.767بلغــت 

أن تعـــزى الزیـــادة الســـریعة فـــي معـــدل الامتـــزاز خـــلال الـــدقائق 
الأولــى إلــى وجــود عــدد كبیــر مــن المواقــع الشــاغرة علــى أســطح 

، كمــا لــوحظ انخفــاض نســبة كفــاءة قشــور البــیض قشــور البــیض
دقیقة من زمـن المعالجـة نتیجـة انخفـاض كمیـة المواقـع  60بعد 

وامـــتلاء مســـام أســـطح قشــور البـــیض بأیونـــات الكـــروم  ،النشــطة
 Adebisi et( السداسـي ممـا یحـد مـن حركـة عملیـة الامتـزاز

al., 2017; Naghipour et al., 2020(. 

كمـــا لـــوحظ الانخفـــاض والارتفـــاع فـــي قیمـــة الـــرقم الهیـــدروجیني 
 .یؤدي إلى انخفاض أداء قشور البیض في عملیة الامتزاز

عـــزى عملیــة تـــأثیر امتصـــاص أیونــات المعـــدن علـــى تُ یمكــن أن 
ـــى ـــى حـــد كبیـــر إل والحالـــة  ،النـــوع عامـــل الـــرقم الهیـــدروجیني إل

الأیونیة للمجموعة الوظیفیة الموجودة في المادة الماصة وأیضًا 
 ;Gupta, 2009( إلــــى كیمیـــــاء المعـــــدن فـــــي المحلـــــول

Naghipour et al., 2020(.  

Jain et al., 
2010; Maleki et al., 2015; Naghipour et al., 

2020(. 

 

تــأثیر درجــة حموضـة المحلــول المـائي علــى كفـاءة قشــور البــیض  ).1(:شـكل
  .  في امتزاز الكروم السداسي خلال فترات زمنیة مختلفة
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تأثیر درجة حموضة المحلـول المـائي علـى كفـاءة قشـور البـیض  ).1(:جدول
 في امتزاز الكروم السداسي خلال فترات زمنیة مختلفة

 درجة حموضة
 الماء

 متزاز (دقیقة)زمن التعرض للا
20 40 60 100 120 

 متزازالنسبة المئویة لكفاءة الا %
3 35.967 37.200 48.267 49.978 48.967 

6 40.956 49.933 88.767 66.589 65.911 

9 25.567 26.033 26.167 26.633 37.544 

 استنتاج

هـذه الدراسـة،  خـلال تم التوصل إلى عدد من الاسـتنتاجات مـن
حیـــــث یمكــــــن اســـــتخدام قشــــــور البــــــیض المجففـــــة كمــــــواد مــــــازة 
"خضـراء" منخفضــة التكلفـة فــي معالجــة وإزالـة الكــروم السداســي 
مــن المحالیــل المائیــة تحــت ظــروف معینــة كــالرقم الهیــدروجیني 

لـــى وقـــت الـــتلامس، یتنـــاقص إللمـــاء المـــراد معالجتـــه بالإضـــافة 
و زیـادة أامتزاز أیونات الكروم على قشور البیض مع انخفـاض 

عــلاوة علــى ذلــك، نســـتنتج أن  .6 درجــة درجــة الحموضــة عــن
كفاءة امتـزاز الكـروم تـزداد مـع وقـت الـتلامس. یمكـن تبنـي هـذه 
الفكــرة لإزالــة الكــروم علــى نطــاق واســع مــن نفایاتــه مثــل نفایــات 

 الســـــمیةالأصـــــباغ الســـــائلة ومیـــــاه الصـــــرف المـــــدابغ ومصـــــانع 
 الملوثة بأیونات الكروم السداسي.
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Abstract: Recently, various types of bio-adsorbents of animal or vegetable sources with 
minimal cost and less effort, which are obtained from domestic and agricultural waste, have been 
explored. In the present work, the possibility of using chicken eggshell powder as an adsorbent 
material to remove hexa-chromium metal from an aqueous solution was studied. Calcium 
carbonate, magnesium carbonate, and calcium phosphate are the primary components of eggshell 
powder, which in turn have a substantial and effective role in the adsorption process. In this 
study, 6 g of adsorbent (egg shells) was mixed with 3 mg of hexa-chromium per liter of pure 
water solution at a temperature of (40) °C and within the pH range (3, 6, 9). It was found that 
calcified eggshells have the ability to adsorb hexa-chromium ions, with a removal rate of 
88.767% at pH 6 within 60 minutes. 
 
Keywords: ; Adsorption; pH; Cr (VI). 
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