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versity, Al-Bayda, Libya

Received: 13 November 2021/ Accepted: 07 August 2022
Doi: https://doi.org/10.54172/mijsc.v37i3.384

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; Agueous extracts; Cistus incanus; Cistus salviifolius; Germination
percentage; Root length.

INTRODUCTION 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

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;

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
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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,

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).

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 EI-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 EI-Gadi,
1985) Figure 1(B).

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 EI-Gadi, 1985). C.
siliqua seeds are known to have a high per-
centage of germination if they are subject to

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 agueous 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 t01000 ml
(WIV %). 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 1% (I
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. siliqgua 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 20°C 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).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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.0.V DF SS MS P-
value value

Extract 5 2867 573 1.61° 0.177

type

Concen- 5 3141 1047 293"  0.043

tration

Interac- 15  40.76 2718 0.76™ 0.711

tion

Error 48 171.4 3.571

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

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. a
=0.05

Concentration (%) Means of germination per-

centage
Control 100?
25% 60%
50% 45°
100% 20°
F-Value 2.93"
LSD 0.386

S.0.vV D.F M.S F-value P-value
Extracttype 5  30.72 6.299" 0.177
Concentration 3 60.33 12.369°  0.043
Interaction 15 11.86 2.4397 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.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 ¢ 25 50 100 ¢ 25 50 100 ¢ 25 50 100 ¢ 25 50 100
E;O,- c NS
285 25 NS NS
863 50 NS NS NS
TS5 100 NS NS NS
o C
_=2 ¢ NS NS
222 25 A NS NS NS
o @
§§§ 50 A NS NS NS NS NS
o
223 10 A A A A A A A NS
859 c NS NS NS
T2E 25 NS NS NS NS NS NS
DO
25 & 50 NS NS NS NS NS NS NS NS NS
o
8% 100 A A A NS A A A NS A A A NS
39 ¢ NS NS NS NS
g§§ 25 NS NS NS NS NS NS NS NS NS NS NS NS NS NS
§§J§ 50 A NS B A NS B A NS B NS NS NS NS
- o
€2 100 A A A NS A A A NS A A A NS A A A NS
(%2}
=2 ¢ NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
€25 25 NS B NS NS B NS NS NS NS
2%5_: 50 A NS NS A NS NS NS NS NS NS NS NS NS NS NS NS NS
82 100 A A A NS A A B B A A A NS A A A 3 A NS NS NS
LSD 3.79

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 Lupinus 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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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 (Hussain & Dawson, 2013).

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

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

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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-  Category Number % of par-
ic character- of partici- ticipants
istics pants
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* %
0-5 Poor 19 4.6
6-11 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

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 °C. 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 Incorrect answer Do not know
N* (%) N* (%) N* (%)
Food poisoning occurs due to pathogenic mi- 341 12 57
croorganisms. (83.2) (2.9) (13.9)
Food poisoning can occur by spraying insec- 338 32 40
ticides at meal preparation locations. (82.4) (7.8) (9.8)
Food poisoning can occur due to the deter- 254 100 56
gents used in the kitchen. (62.0) (24.4) (13.6)
Food poisoning can occur due to cookware 280 79 51
used to cook meals and packages used to (68.3) (19.3) (12.4)
store them in the freezer.
Food poisoning causes serious illnesses that 365 21 24
end in the hospital and sometimes in death. (89.0) (5.1) (5.9)
The number of pathogenic bacteria rapidly 264 52 94
increases at room temperature. (64.4) (12.7) (22.9)
Any food must be disposed of if left at room 215 80 115
temperature for more than two hours or one (52.0) (20.0) (28.0)
hour at a temperature higher than 32C.
Food poisoning can cause health and eco- 373 8 29
nomic effects on society. (91.0) (2.0) (7.1)
Children and pregnant women and the elderly 356 30 24
are likely more prone to the risk of food poi- (86.8) (7.3) (5.9)
soning.
You should always wash your hands after 387 7 16
coughing or sneezing. (94.4) 1.7) (3.9
Handwashing with only water is sufficient to 313 86 11
remove the bacteria before touching the food. (76.3) (21.0) (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 X?
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).

Total Knowledge

Variable 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- 6 61
cation
University edu- 13 273
cation
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.

Yes

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).

Number of par- % of partici-

Symptoms ticipants pants
Vomiting 36 37.1
Nausea 25 25.8
Abdominal 36 37.1
pain
Diarrhea 51 52.6
Fever 7 7.2
All mentioned 20 20.6
above

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 N“'?“_’er of % of participants
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).

%40

%25

B Always M Usually B Sometimes Never

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.

294

Famous restaurants - 32

0

Party owner's kitchen

Commercial home... 85.4

50 100

Source of meals

Percentage of participants

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%).

0,
Buffet - 29.80%

0.00%
Percentage of participants

Directly in the
dishes

Ways of serving meals

50.00% 100.00%

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 No Some-times Do not know
N*(%) N*(%) N*(%) N*(%)
Meals served in the halls were frozen and not 55 71 138 146
fresh. (13.4) (17.3) (33.7) (35.6)
Meals were heated sufficiently and appropriately 60 106 170 74
before serving. (14.6) (25.9) (41.5) (18.0)
Meals heated directly without thawing them. 32 62 95 221
(7.8) (15.1) (23.2) (53.9)
You knew how much time the meal left after heat- 25 146 53 186
ing before serving it in the hall. (6.1) (35.6) (12.9) (45.4)
In the case of a buffet, hot food was available on 145 81 102 82
food warmers to keep it hot. (35.4) (19.7) (24.9) (20.0)
In the case of a buffet, the cold food was inside 89 120 99 102
bowls with ice to keep it cool. (21.7) (29.3) (24.2) (24.9)
You know if dishes were washed before using or 78 119 48 165
not. (19.0) (29.0) (12.0) (40.0)
Waitresses wore a special uniform. 262 35 97 16
(63.9) (8.5) (23.7) (3.9
Waitresses wore a head cover. 117 124 142 27
(28.5) (30.0) (35.0) (6.50)
Waitresses wore gloves. 76 188 109 37
(18.5) (45.9) (26.6) (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. 92 241 77
(22.4) (58.8) (18.8)
Meal served in the celebration hall is controlled by the competent au- 88 105 217
thorities in the country. (21.5) (25.6) (52.9)
The Kitchens inside the celebration hall are monitored by the competent 107 89 214
authorities in the state. (26.1) (21.7) (52.2)
The celebration owner is responsible for the safety of the meal served 291 47 72
inside the celebration hall. (71.0) (11.4) (17.6)
The celebration hall owner is responsible for the safety of the meal 233 69 108
served in the hall. (57.0) (17.0) (26.0)
The celebration hall owner employs workers in kitchens and waitresses 131 120 159
without health certificates. (32.0) (29.0) (39.0)
Commercial kitchens have licenses to prepare ready-to-eat meals for 175 126 109
celebrations. (42.7) (30.7) (26.6)
Private commercial kitchens owners use temporary laborers. 181 142 87
(44.0) (35.0) (21.0)
Private commercial kitchens use workers without health certificates. 125 120 165
(30.5) (29.3) (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 (lyasu 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 Kkitchens

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. (I1)
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.
(111) 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

e Assessment of the availability of health
requirements in commercial Kkitchens in
terms of the building, employees, source
of meal ingredients, cooking methods,
type of cooking utensils and cookware,
storage conditions, and packaging.

e Exploring knowledge and practices of
food safety among food handlers in com-
mercial Kitchens.

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

e Evaluation of food safety knowledge and
practices among waitresses in the celebra-
tion halls.
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Abstract: The aim of the present study is to measure the activity concentrations of **Ra,
222Rn, the mass exhalation rate of *’Rn, 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 Nal (TI) detector. The average activity concentrations of *°Ra and *’Rn
were 72.57 Bg.kg™ and 597.85 Bg.m™.The radon exhalation rate in marble samples vary from
0.05-0.30 Bg.kg™.S™ with an average of 0.13 Bg.kg™.S™. 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, Nal (TI) 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 (*2Th) and uranium-238 (***U)
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 (**°Ra), a decay product of the 22U
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
(***Rn) 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).
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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 °Ra, 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 **Ra 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 110C° 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 ***Ra 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
Nal(Tl) scintillation detector contains a
3"x3" 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  Trade Name Country of manu-
code 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)
Miral  Lacquer .
M8 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 Dby the relation (Al-
Sewaidan, 2019):

_ N

A_slytm (1)

Where: € is the absolute efficiency at pho-
topeak energy, t is the time of the sample
spectrum collection in seconds, I, is 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 **’Rn 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 ?’Rn emanat-
ed fraction released from building raw mate-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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rials and products containing naturally occur-
ring radionuclides such as “*°Ra in radioac-
tivity equilibrium with parents. The emana-
tion rate is estimated by measuring gamma-
rays from the radon decay daughter products,
21%ph and #“Bi. Assuming an equilibrium
state:

Crn = (ARa—Ap) x p (2)

Where Ag. is the measured activity of **Ra,
Ap is the measured activity of daughter ele-
ment **Pb (or #*Bi), which escapes into the
surrounding environment. p is the density of
radon (9.73 kg.m™). The introduction of the
radon emanation factor F, which is defined
as:

The radon exhalation rate Eg, (Bq.kg™.S™) is
the product of the emanation factor, and the
222Rn production rate was determined by used
relation (Turhan & Gindiz, 2008):

Ern = Frn . Aga. Arn (4)

Where: Agn is the decay constant of %?Rn
(2.1x10° 8.

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 EI-Halim, 2019):

CRnx0.4xKxH
AEDg, = ' 5
Rn ™ 3700 Bqm=3x170h ()

Where AEDg, is the annual effective dose
(mSv.y™"), Cry is the emanation coefficient of
radon (Bg.m™), K is the ICRP dose conver-
sion factor (5 mSv WL.M™ for occupational
workers, and 3.88 mSVWLM™ (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™ (ICRP, 1993).
RESULTS

The present values in Table (2) show, the ac-
tivity concentration of ?°Ra, **’Rn, radon
emanation factor Fr,, Radon mass exhalation
rate Egrn, and the annual effective dose from
radon (AEDg,). The activity concentrations
of *°Ra ranged between (26.03-148.58)
Bg.kg™, and the average value was 72.57
Bqg.kg™. For ?Rn, the activity concentrations
varied between (240.33 — 1392.85) Bg.m,
with an average 597.85 Bg.m™, as shown in
Figure (1).

160

P.L=50
Bq.kg?
120 4

Activity concentration

M1 M2 M3 M4 M5 Me M7 M8 M9 P.L

Samples

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

1600

The emanation coefficient

Samples

Figure (2). The emanation coefficient of ?*’Rn Bq.m’
% 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 *Ra Bq.kg™, emanation coefficient “Rn Bq.m, Eg, and

AEDg, in marble samples.

AEDg, mSv.y*!

Samples Code Ag. Bg.kg™ Crn Bq.m? Ern*107° Bq.kg".S™ forworker  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™®.S™ (Turkey -Libya) with a
0.13 Bq.kg™.S™ average, as shown in Figure

3).

0.4 -

Eﬂﬂ
Bq.Kg L5

M1 M2 M3 M4 M5 M6 M7 M8 MS

Samples

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

From Figure (4), the variation of radon mass
exhalation rate with ?*°Ra 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.

0.35 1 y=0.002x-0.034
0.3 R%=0.960 &
0.25 +
D02
o
g (0.15
o
0.1 *
0.05
0 T T T 1
0 50 100 150 200
Activity concentration of 22°Ra (Bq.kg™?)

Figure (4): Correlation between **°Ra 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).

M AEDRn of Worker M AEDRn of Residents

Ll

M7 M8 MO PL

25

20 -

AED,,
mSw.y?!
N
(%3]

ot

M1 M2 m3 M4 Mo w2 o VS M

Samples

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 °Ra for most samples is higher
than the world value of 50 Bg.kg™(WHO,
2021), and for **’Rn, the values are higher
than the average permissible level of 200
Bq.m'3 (Jasaitis & Girgzdys, 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.yl)
recommended by (ICRP,. 1993).

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

ferent countries.

Radium concentration

Radon exhalation

Countries Bq kgl rate xlloj References

’ Bg.kg™.S
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 1.66x10° (Kassi et al., 2018)
Spin 4.9-40.7 (2.8-6)x1072 (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 Bg.kg™” and
597.85 Bg.m™. Also, the obtained value of
radon mass exhalation rate varies between
0.05-0.30 Bq.kg™.S™ (Turkey -Libya) with an
average of 0.13 Bq.kg™.S™. 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* 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

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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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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-
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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; Hernandez 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
(Hernandez 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 pl plasma sample, the follow-
ing were added: 1ml (17.5%) trichloroacetic
acid (TCA) and Iml 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:

Absorbance at 532 nm

x D x 108
L X Ep

MDA (umol/l) =

L: light path (Icm).
Eo: Extinction coefficient 1.56 x105 M cm
D: Dilution factor.

1

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-

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



Al-Mukhtar Journal of Sciences 37 (3): 226-250, 2022

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)

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, o0,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)

Concentrations
of pesticide res-
idues (ppm)

Pesticides detected in farmers
group

Dichlorodiphenyltrichloroethane
DDT/metabolites

p.p -DDT

o,p -DDT
Dichlorodiphenyldichloroethylene
DDE total

o,p -DDE
Dichlorodiphenyldichloroethane
DDD total

p.p -DDD

0.169 £ 0.001
0.129 £ 0.003

0.328 £ 0.007

0.510 £ 0.01

Contl‘ol group Exposed farm

Characteristic workers
[n=25] [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-

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= Exposed farm
25) 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 5327+691*
Total protein 543 +£0.71%
(g/dl) 7.19+0.28
Albumin (g/dl) 541+0.23 3.90 £ 0.18%
Globulin (g/dl) 1.78 £0.08 1.53+£0.17*
Total —bilirubin 4 99, 003 139+ 0.07*
(mg/dl)

*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= Exposed farm
25) workers (n=
45)
Urea (mg/dl) ?6(32 + 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= Exposed farm
25) workers (n = 45)
Total Choles- 185.16 + "
terol (mg/dl)  11.09 219.02 £ 21.17
Triglycerides 160.72 + "
(me/dl) 11.13 199.0 +25.98
HDL-C (mg/dl) 39.61+1.16  21.10+3.93*
101.25 +
LDL-C (mg/dl) 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 Exposed farm
(n=25) workers
(n = 45)
TBARS 2.14+0.03 3.97 £ 0.29*
(nmol/ml)
GST (pmol/hr) 0.68 +
0.52 +£ 0.005 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.
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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 (Mufioz-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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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” <, 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 i0OS 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 i0OS 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.
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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, i0S, 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.

Cata Collection

!

Building App Screens

Il

App Integration with Firebase

!

Deploy Android and Web App

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

Table (1). The Libyan Ministry of Interior

Job Ranking Annual Bonuses

450
475
500
532
550
582

615
662
745
820 12

© © © OO Ww

-
N

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,

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

Firebase

sar

Android

a
i Notification

message

Web app
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 “Jsaa”,

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

“Lal” to display all salary details.

pay

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, i0S, or web app. FCM was

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

COMPORE POIACHRON

B

e o 2 o

Figure: (7). Salary Screen

4:08 PM

Wedne=zday, Februamy 16

=

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).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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About this app >
Libyan salary to display and calculate salaries
Tools
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403 reviews “"‘3“3‘3‘3' Downloads
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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 "Job go ojlacall’,

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-
S0 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.

Users = by Country

COUNTRY USERS

Libya 10K

o . - P e
., £ 23 . ) ! lgeria
g Al
. PN, Egypt 55
H
Y by’ i
E ~had

-

Tunisia 43

Irag 38
United States 36

France 20

View countries =3

Figure: (10). Users by Country

Users New users

MK 2K

Total revenue @

$0.00

Average engagement time @

3m 57s

ol 1
Jan Feb

£2
3

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

App

App Download A_pp Rviews Rating
Name . Size
Size
Olexall
6 MB 149MB 840 4
"dila s
"l " 8.3 MB 48 MB 403 4.5
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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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/cm?®. 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
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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 (Gudifia 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.
Table: (1). The sequence of 16s rDNA primers

The samples were taken at a depth of about (2-
5) cm. The dilutions of soil were done by tak-
ing 1g soil/9 cm? sterile distilled water, mixed
with a vortex for 100 seconds to obtain cell
preparation/cm®, and then performing succes-
sive decimals to reach dilution to 10™. 1cm® of
dilution 10 and 10 were taken and distribut-
ed by pouring on Starch Casein Agar. The
plates were incubated aerobically for 7-10 days
at a temperature of 30°C (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 37°C 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/pul.

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 ™ Nucleic acid.

The name of gene

used 5'—3’ Primer Product size Bp  Reference
AGAGTTTGATCCTGGCTCAG 27 Upstream (Cotarlet et al., 2010)
165 rDNA GACGGGCGGTGTGTAC 1392 Downstream 1350 (Lane, 1991)

PCR reactions to investigate the 16s rDNA

gene: A total of 25ul for all samples containing
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the following ingredients were prepared by
mixing 12.5ul of green master mix, 1pl from
each forward and reverse primers, 4pl of DNA
template extracts at a concentration of 50ng/pul,
and 6.5 ul 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 94°C 1 Cycle

Sec 30 94°C

Min 1 55°C 30 Cycles

Min 1 72°C

Min 5 72°C 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 ™ 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
37°C 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 10ul 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
37°C 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: 50ul of
distilled water was added to the Petri dish, Fol-
lowed by adding 20ul of crude oil on the sur-
face of the water. 10ul 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
(cm)*100/total height of solution (cm)

formed

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

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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30°C in a shaker incubator at 120 rpm for seven
days. 2-Starch nitrate medium, the broth cul-
tures were incubated aerobically at 30°C 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/Vv) 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 HCI was added to
the supernatant to reach pH 2.0. The precipitate
was collected by centrifugation at 12000
rpm/min for 30 min at 4°C 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*10°
cell/lcm®) compared to McFarland tubes were
inoculated by swab on Muller-Hinton Agar.
The sensitivity to the following antibiotics:
Tetracycline 10pug, Oxacillin 5ug, Carbencillin
25ug, Erythromycin  10pg, Nalidixic acid
30pg, and Gentamicin 10ug was studied, the
plates were incubated at 37°C 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%10% cell/cm®(compared to
McFarland tubes). The plates were incubated at
37°C 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 27°C. 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:

%Gl = (% 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 cm® X
20 cm?® 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.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 110° 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 (MEGATY) 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

% 8 g £ Type of
Isolated © 8 & 3 Number of
. S 3o sam-
bacteria S » @ samples |
S ples
25  hydrocar-
8 2 .
Streptomyces bonate soil .
. . Soil
rochei 25 uncontami-
16 4 :
nated soil
Staphylococ- 35 10 28 swabs Wound
cus 7
Pseudomonas 26' 2 12 swabs Burns

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).

14 168DF

19 168rDF

1 16smF

13 16aDF

‘ 994 %

27 1650F

12 16s0F

00500 00400 00300 0.0200 00100 0,0000

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 B-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,

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

Nalidixic

No. Bacteria Vancomycin Oxacillin Erythromycin Carbencillin Gentamicin acid (NA) Tetracyclin
Isolation (VA) 30 (0X)5 (E) 10 (PY) 25 (CN) 10 30 e (TE)10
1 Staph.aureus 1 S R R R S R R

2 Staph.aureus 6 M R R R R R R

3 Staph.aureus 7 S R R R S R R

4 Staph.aureus 9 S R R R M R R

5 Staph.aureus 10 M R R R R R R

6 Staph.aureus 17 S R R R R R S

7 P.aeruginosa 1 R R R R R R R

8 P.aeruginosa 2 R R R R R R R

R=resistance = S= sensitive M= moderate

Table: (4). Initial investigation of Streptomyces rochei to produce biosurfactants.

Accession humber in . Hydrolysis on Lipolysis  Modified drop col- . .. .
NCBI Strains E)/Ioodyagar mre),-diﬁm lapse tesls Oil dispersion test
MN589659 Streptomyces rocheil + - - +
MN594555 Streptomyces rochei 12 + + - +
MN594553 Streptomyces rochei 13 + + - +
MN594540 Streptomyces rochei 14 + - - +
MN589658 Streptomyces rochei 19 + + + +
MN594530 Streptomyces rochei 27 + + - +
Percentage % 100 66.6 16.6 100

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-

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

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 rocheil9 identified by gas chroma-

tography-mass spectrometer (GC/MS) analysis.

Compound

Molecular

Compounds RT : Activity References
formula weight

. Antimicrobial Hismiogullari et )
Octanoic acid 11.147 CsH160, 144 activity (al., 2008

L Antimicrobial Hismiogullari et )
Hexanoic acid 8.048 CsH 120, 116 activity (al., 2008
Phenol, 2,4-bis(1,1- Antibacterial
dimethylethyl)- 15.863 Cy4H2,0 206 activity (Lata, 2015)
Undecanoic acid 12.557 C11H2,0, 186 Antifungal activity  (Peres et al., 2011)
Dodecane, 2,6,10- trime- Antibacterial Nahid et al., )
thyl- 12.824 CisHz, 212 activity (2012

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/cm®.
Biosurfactants were diagnosed as Lipopeptides
by using thin layer chromatography and GC-
Mass technique.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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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 types of teat injury are external or "uncovered"
lesions, and internal or "covered" lesions.
For dairy farmers, the health of their udders (Nichols, 2009). They can also be divided into
and teats is becoming more and more important  superficial and deep categories based on the
because diseases that damage these organs re-  various layers involved. (Ashraf. abdel-hamed.
duce productivity and cause big financial loss- Hegazi & Khaled. M. A. Hussin, 2008; Nouh et
es. (Abd-El-Hady, 2015). The mucosa, submu-  al,, 2014; Rafi. Mustafa. Elkaseh. Abdulla et
cosa, highly vascularized connective tissue,  al., 2008). Injuries to the papillary duct and teat
muscularis, and skin make up the goat's teat's  cistern are examples of internal injuries. Teat
five layers. (Hendrickson, 2007) Stenosis  wall lacerations of any kind are considered ex-
(31.5%), laceration  without perforation  ternal injuries, while injuries to the papillary
(22.2%), skin wound (21%), rupture or split-  duct and teat cistern are considered interior in-
ting (20%), and perforating injury (4.9%) are  juries. (Sreenu et al., 2014). When cattle are
the several types of teat injuries that can occur housed (78%) as opposed to maintained in pas-
in goats. Teat lacerations are frequently flap  tures (21%), the majority of teat injuries occur.
wounds with varied forms and penetration (Molaei et al., 2002). They can happen in tie
depths rather than neat, straight, and incised  stalls or free stall barns and are frequently self-
wounds. (Molaei & Ebrahimi, 2014). The two
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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)

) —_ m D =~TO —~ m @ o > o W
2% g s> 2@ 28 zhE9z29z2 5 537 335 FF gzE Bk
S 3 @ 23 Q= 82 S8e@ £<85<83 <} S 3 o9 g ® Q 82 3 a
B g 2® & 33 ¥ g 238327 % ¢ &7 g7% g &g 75
: Barbed _
1 Crossbred 3 36 Grazing 1 17 2 wire Yes Globular LFT Cylindrical 4
. Barbed
2 Crossbred 4 42 Grazing 1 23 5 wire Yes Globular RHT Funnel 6
3 Crossbred 5 45 Stall 1 11 3 Bar'bed Yes Pendulous LHT Cylindrical 3.7
fed wire
4 Crossbred 43 39 Grazing 1 30 12 B\'j‘vri?:d Yes  Pendulous  RFT Funnel 2.9
5 Crossbred 3.2 33 Stall 1 26 6 Bar_bed Yes Globular RHT  Cylindrical 7
fed wire
: Barbed A
6 Crossbred 4 36 Grazing 1 32 8 Yes Globular LHT Cylindrical 5

wire

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

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

Milkability Colour of milk

Consistency of milk

California mastitis Somatic cell count

pH

An test (1.00.000cell/mi)
- h h h h h h
imal  Day of 10 Day of 10 Day of 10 Day of 10 Day of 10 Day of 10
Postop- Postop- Postop- Postop- Postop- Postoper-
NO  Presen- o tive  ProeM™  orative  POSEM™ oradive PRSI orative  PESEMT oave  PrESeNta- ative
tation Day tation Day tation Day tation Day tation Day tion Day
1 0 0134  White  White  Normal  Normal 65 7 '\Le\?: '\if\?: 249893 294876
2 0 0122  White  White  Normal  Normal 7 75 ’\f\?: '\‘tle\?: 273524 334972
3 0 0080  White  White  Normal  Normal 7 75 '\f\?: '\‘“e\?: 308953 390328
4 0 0093  White  White  Normal  Normal 65 7 '\Le\?: '\if\?: 258986 294765
5 0 0071  White  White  Normal  Normal 65 7 ’\f\?: '\‘tle\?: 230472 289745
6 0 002  White  White  Normal  Normal 7 75 '\f\?: '\‘“e\?: 300467 359870
0.096+0. 27812412 37452419
Mean + SE 013 7241 754.6

It was discovered that thoroughly debriding the
wound edges and irrigation with 0.5% Pov-
idone lodine 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 Il animal morphological examination (n = 6)

Intactness of N Nature of Nature of the . Wound
- 0. of sutures present . - Discharge -
Animal no sutures suture line suture site dehiscence
7" day 0™ day 7" day 7" day 7" day 7" day 7" 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,

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



Al-Mukhtar Journal of Sciences 37 (3): 274-283

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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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.

Keyvtvords: Broken pellet; Pellet formation; Feed manufacturing; Pellet temperature; Pellet
moisture.
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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.

*Corresponding author: Entesar M. A.ben Rema: entesar.abdalah@uob.edu.ly , Department of Botany, Faculty of Arts and Sciences, Al-Marj,
University of Benghazi, Libya

296


mailto:entesar.abdalah@uob.edu.ly
https://doi.org/10.54172/mjsc.v37i3.598

2022 <308-297 :(3) 37 astall juisal) dlaa
ISSN: online 2617-2186 print 2617-2178
Journal Homepage https://omu.edu.ly/journals/index.php/mjsc/index

-,
|| ]

Check for
updates

oary Ao B12 (alidy o Al cily (3 gY duilall cilualidunl) a0
cldgid) e £16Y Laladl) clially salll cilia

“Oman mlla gy Ol el ae ol

2022 550 25 sl )i /2022 Jid 13 PO
https://doi.org/10.54172/mijsc.v37i3.741:Doi

Alebead) 5505 Adpeal Jnsall dnala/ aslall A0S/ 5Ll agle aud iy fide 8 A uall sda Cayal: Galii )
cpanall) Gl e g el LD Laludll cilaall ey e Tadalls ¢ cualilly B12 gl 3y Aglll clialiilly
ally Adg )l Jsda ecnlaY) A« Sabial—on a3l Adled eyl A Gl Cuadl Joli s o Ll saalills ¢ Lyl
& i) A 30l il culael caslally B12 el g pdl) (35} aliiine dlaball sl 8 26 Legilisy
25 Aalall Lagilisly pudally g )l Joda James Yl s Ll cdlabaal) alel 6 i) dllads ccDlaladl asen
Gialy Cun %2 585 vie Ladadly dlalaall Wgaaldl) jhy 8 Suias A el il laaiilly salpll o Le s
Cyelsl LS clpualdll jsh & cialyy %6 %21.05 sill ) b (alsadDU Ay da el cilS (8 %48.34
Aslal) g 1) el Al Lagilysly v ally &gl Jpda Jama (o8 5005 s cpalidlly 3 lalaal) (of il
sl bl e QB el ol Jadadls 5558l g 1539 dlalae die Ll Jaas ¢ (Llgald cLusl ¢ pman) DN

yidall Gliall auaad (ghaaaill L0 aely @il (aliiid

() LS Dol - apanail €382al) o8 . Gansiill ()5Sa + Apalidal) clal

I Leally) 2ty 4udie e 39 a5 Allelochemical
il Sl Jas il f Al Gl il il
ok ol L) ) Sl ol 5 o(RiCe, 1984)  Molisch, )l Ji cro 550 5N s sl Cige
desille(ROOL  exudate) psiad) Bl i Ay s o) AilaS ) ATl o e (1937
) S Qlandl (BN oa Sl duis (LeaChiNG) 1y gy pen ) elad Liad Gy il 15 paes
(Volatilization) kil ol ey dad oy dadl olay eDalally (e osiadd AN (o M el
DA S @hle I8 A0l ) Alal GG DR g L) eDlalatl ia e L (Relad) Alaiia
Al cldsdl JIss ol oo JlISy o(Kamal, 2020) o sy o el oLall i bl daulys 3ikas
il A Qs anzan il (Decomposition) A A enl) )y cnlalall Ly ¢ gty g
Hussain, ) das 55 & dalse dady B0l (3 QUL 5 1) a bl il adiadl 8535 ol
(2020 <yl ein o o(Einhellig,  1995)ie),3)

-

Aadiall

-3hal) (Jeasall dadls cpslall 408 lall asle and WassbioS4@uomosul.edu.iq @ s lla (s *
297



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

2022 308-297 :(3) 37 pslell sl dlas

ol ¢ Lay) Jare & (aleds) il (eis 8 Jas syl
vie Geddl bl Jadg)slSH (g5inay 48)6l) dalisall Jaxas
10 Sslally Hleall jsad Al claliiually 4lles
Sl palaial b palasil o LS %20
L) oShyisalys (S,K, Mg. Fe, Ca) iyl

-(Zn, Na, Cu ) 2Ll dpaeal)

Opalid =iy ¢ lsaally QL) 085 8 age B12 (pelid
) Al sy LSl ey Lyl dda sy B12
cllall 8 aalsiy Yy clilgall 8 488100 clady) 8 s
Calid S5 8 Lags e LIl e ey duile
Sl alladly albilall dagall jalill (e a2y WS B12

comnginll Gty a8all (9S8 Jang 4] Y pagadll 4a
cobalamine 35y daphll 8 Bl2aias

cosalll Alladl) JICEY) ax3 5 cyanocobalamine
Jalas a8 30T laliaaS Jant B (el de gana ()
.(Elfowiris & Banigesh, 2022) E ;C lu.lis
g oL age )90 Ll gt iladiial clisaliadl] cydic
i) saill iladaial liaalial) Crandin) ) Hedll <l
Colall 508 5 Aaglie bl el (g3ls (E5 B el
sl Jame Cpay @lldg 4ty b saaae Julse of Ao
sda argi 1M ((Khatun et al.,, 2016) asslall Juass
el il 3hsY Al clialiiid) il and Al
e B12) G ISV 31l il Gl B120yalid il
—0 a3 Aallads bl @l e (gl @bl palitio

sl il Alee SISy bl

Gl 35k Sgal

Al Gy il 84 )0ae oyl elya) Auhall Cuiead
cJasall daalac aglall AN 3Lal) agle andl

il Glysl Cazes : Cucurbita pepogall sl siwas
dbilae 8 aldl) &l aa) e dbandl aay &4l
Ol LA e b claia g Tloa G5V s o5t

il Gkt SUSLIY) sl 4l Calaal) 3<5m
Joalally = Liy) paatl e )3 Jlad) 6 2505l
iy Lay laal) ol Joliy (anda sl Ala)
ol 3 (Jabran et al., 2015) Ll 3 sl e Lgle
elom clilall e saxie cly5b L (Allelochemicals)
SLOa (e apnal) o 2 8y 3le e ol 8y3le S
dalud) claall & 55 (Allelochemicals) 4l
diey Ler dpiall shll ¢ Lall ddds 5 4dal) 40U culall
sl Ay o< o(Li et al, 2010) dums 3-S5
Laall Alall lbaldiiad) (e 3y paial) A0Sl LS yal)
g o Aabiaa) Aslal) ehal¥) ey 2 Gl e
Apiaall cyladll iS) Cua ddgyiaall cagplll (&)
sl i) e il all sha Hal Ay e 205
@l L) o) o(Vyvyan,  2002) <haldl gaig
2ol sa 5L LSl Jrae Adpha byl 5l
o 0 At LSl ol aagd gl i)
sl i o (OBl 13 (e o) Sy s il
1gly L) Alany Tosh Ualy) i Slual—a i) allad
il Salaalmor agydl el sl oyl Al (S
vie Ll seliS Audyag poaall o Dyl ) eyl
Baskin et al., ) idlsal Gl Calisg Lgiallas
e 25 Al daga)l dralad) e clid @il aa5 (2006
Gk 0o @l Gl Cull Alasy agiig L Lypad
Pervin et al., ) Lugnbll LS aw 4080 Leidle
ot e (557 GBS (4 5l Dyriaa e LS (2017
e 553 LS (%58.2 iy Le hhasySll (e Adle
s ALLYL asalindls studlly aaadls a sl Sl e s

((2013¢ sans osle) B2 BL gpalis o Ledlgial

Gilaas S5 LEL oY) Ll A8 jaad G 8 ALY L
Laalissl cludyall (gan) Cilau 28 (il g Cigay 3oy
sl A ALY bl Jolag syl A b 1S
e Asla ot (B Anall) s el Jlead )l
LaS (2012 8555 (ilaka) SLadly g8l il culdla,

(CC-BY) 4.0 oy gLiall dad y I o ) e sl oy lanal) Jliall 138 (i) Cialid) 2022 ©



2022 308-297 :(3) 37 pslell sl dlas

Dol dae\mndall clalll sae = Gl A i) Ayl
100 x dc )l

(Baskin et al., 2006) 4ipk cunii) i) dud (ulid
) A luad

sl (s — il amy o) ] =il A

100 * [capall J& Hsaal ¢y \ oyl Jé

) Gadlai) ais rg-amylase agi-) Allad (L@
35 «(Biatecka & Kepczynski, 2010) il cova
3L ) niall gy a3 Allad (il

gy

2 sl ol A g Ll (1) Jsaall Glily g
Wl sdy (b uind s el il cOlbaall pan
By .%48.34 caly tua %2 S5l vie Il Alabeall
sliadl o ol Aglel Sl il Gl s gay

.(Lietal., 2010) auilas & 83l g

cJleariY)

Cicer gasall) sl e Joaall a5t y5dall jauas
LWsaldll Vgina unguiculata Lyt caretinum
el daylill 4dsall 3l5uY) e (-Phaseolus vulgaris
. sl

o osidl Aely) o3 rlY) Ay o) g L)
ais el ySa )l ableng adii (s G g Gl
Lulal) (B12 g sl Akl clbialiiviall) (0 Ja 8 Adl)
%652 (S AL ((B12 pe g il Aglall lialiiill)
GLbY) cias syl dlelead daiall ¢ L) ddlia) g
axy QLY At Gl 255 0 25 B)ha Ay aalal) 8
5 A chuld) sae (mia basy deh ) o ol daes
iyl Jlsll a8 o g 14 2y G JS0 il
Aoy (pdl) (B Lebiad ey L) 8 i) 33Ty el
o 235 (2017¢ (finall) el 72 334l dysia 60

:(Saied, 1984) slaa cvea L) s

Yo ol A e (halally patiailly il GhY) Al Galiiadly sl Alales 53l g (1))

s Ll * allaall g5 Sl gl ”
SN LEE el : BS: el g5
BES] Wpald Lugl EEPEN

92.94¢ 71.81u 96.87 0 110.16 j 45 lae
110.45¢ 89.68 120.26 h 12141 2 gl paliin

101.71 f 79.63 100.2 n 125.3 ¢ 6

92.94¢ 71.81 u 96.87 0 110.16 )G
112.38 b 84.351 122.54 130.26 ¢ 2 B12 (nalid

104.31 d 96.43 p 104.24 | 112.26 i 6

92.49 g 71.81 u 96.87 0 110.16 j 45 laa
124.69 a 106.53 k 134.4a 133.14 b 2 Lils

104.08 e 82.53s 103.29m 126.4 d 6

101.7 ¢ 80.37 i 105.77 f 11895h gl aliiue
* 4 Lladll gy s
103.21b 84.19 h 107.88 e 11756 ¢ B12 ;ulis Al g

107.24 a 86.95 g 111.52d 123.24 a Lja
92.94 ¢ 71811 96.87 f 110.16 d Wlhe o ue cq
115.84 a 93529 125.73 b 128.27 a Ll

103.37b 86.2 h 102.57 e 121.33 ¢ 6 L

83.84 108.39 b 119.92 a sl gl s

(CC-BY) 4.0 o= 11¥1 gLl dmd 5 A (o dll s sl 2 ilanall JUal 18 (0 sialill) Gl 2022 ©

299



2022 308-297 :(3) 37 pslell sl dlas

GhsY Sl paliiudly dlabed) LWlsalall oy ) aas
3 a1 A lad 8 Lialatsl ¢y ¢ BaI%6 3 S g5 4l
L7446 ) spby ) dlalas o3 93.31 (e Cuimi)

aY) At 350l cliaszo-amylase sl Allad
s b culS Bl Jaes el IS5 cOllaall apen i
A (e ST Caalis %6 Laladly dlalaal) il Gaeal)
O b (Bhd) Aleleg) A5)a) 3 2sase Lo Calaal

-amylaseldl) ) adlad e Tadally Gualialy il GhY Sl paldivall il dlslee il mag - (2)d st

) o * ikl o g
U LA el 50 S5 saliiuad) g g
55 KPR s R c
84.24 ¢ 93.31n 77.77q 81.65 p )l
235.35¢ 228.26 h 166.64 k 311.14c¢ 2 A palii.
123.68 e 74.46 107.26m 189.33 6
84.24 g 93.31n 77.77q 81.65 p 4)lie
176.77d 108.311 255.36 g 166.64 k 2 B12 (palis
90.34f  107.14m 81.56 p 82310 6
84.24 g 93.31n 77.77q 81.65 p 4)lie
332.59a 288.16 ¢ 308.2d 401.4a 2 Lila
281.59 b 224.26 i 265.16 f  355.34b 6
147.76 b 132.01 f 117.22 g 194.04d gyl aliive
* i Lalaall g5
117.12 ¢ 102.92 138.23 ¢ 1102h  BI12 gmbis L
all gl
232.8a 201.91 ¢ 217.04b 279.46 a Ly
84.24 ¢ 93.31 g 77771 81.65 h Whe o gie 5 g
248.23 a 208.25 d 243.4 b 293.06 a Ll
165.2 b 135.29 f 151.33 ¢ 208.99 ¢ 6 @
145.61 ¢ 157.5b 194.57 a Sl gl

Jsb Jame 350l Sigaa oy (4) Jorall w8l (4w
Leilebes 2ie Llgualdlly Luslll «panad)h cilpaly & 4,0
= 33l A (el ol ¢ %65 2 Sl Cpalially
Leilabae oo Lslll bl (8 cla s Ayl o
Aalrall Chaldl 8 (il Lain ¢ %6 38504 Gaalially
Lad LS L daplal) A el 3)sY Al aliially
B12 (el A Lalaall 358 Jlaa) Jlatll #5l5 oy
2 LS A5l £ 153 msen ie 3030 Jame e cilac]
Ayl Jslasalyy (& SV sl 4l IS %2 585 o)

Gl A (A paliasl Jeas (3)dsral) il cpd
(Womald ¢ Lask aan) 3yl bl g 1539) 5y
Cialis %6 585l gl GhsY Al paliidl Al
Wpaldll H5dy 3 %21.05 (aliaidl dyshe A e
el hels SlaY) L 52l canas 28 Gualil) U
Gl A %14 <l ai layin A el W el
55 LS a5 %6 S5l Jalalls Alalaal) e Lyl
D5 Opeldlly Alalaall (95855 Sl gsall 8 Alaleal)
£ 15 ALy Alie Ll A e Lgilae by Lansll

I el g

(CC-BY) 4.0 =Yl gliall das 5 J3A (o 4] J s sl oy (Sl Jaall 138 (o 5ialll) i) 2022 ©



2022 308-297 :(3) 37 pslell sl dlas

Y A e Jadaly (paelilly gl G3lsY Sl Galitiadly 55l dlelas 550 ansy o(3)ds2

) * Al g5 sl gl
5Sal el il L3l . . = S5 raliivl ¢ 53
S W sald Ll e
91.1 ab 76.66 f 100a  96.66 ab 4)lie
88.88 ab 76.66f 93.33abc  96.66 ab 2 Al aliive
80c 60 g 90 bcd 90 bcd 6
91.11 ab 76.66 f 100a  96.66 ab 4)lie
93.33a 80 f 100 a 100 a 2 B12 (nalid
91.11 76.66 f 100a  96.66 ab 6
91.11 76.66 f 100a  96.66 ab 5 )lie
91.11ab  83.33 def 90 bed 100 a 2 Lils
86.66 b 76.66 f  86.66 cde 96.66 a 6
86.66 b 711le  9444bc  9444bc il el
* 3 Lbadll g5 s
91.85a 77.77d 100a  97.77ab  BI12 ebis el g
89.63 b 78.88d 92.22¢c  97.77ab Lja
91.11a 76.66 d 100a  96.66 abc e oy uie 5 g
91.11a 80d  9444bc  98.88ab w
85.92 b 71.11e 92.22¢c  94.44 be 6 E
75.92 95.55 a 96.66 a Gl gl s
()il Jsha Jona o Jasdally (ppeliaills g il s (Al paliinally o) Alslaa il g (4)d st
Ll * ileled) g 58 bl gl
. Al ..L i . - ‘ . \ .
BESUIEPte ALl S Lt o BEyd paliiual ¢ 55
10.27 ¢ 9.96 1162 e 9.25m )i
9.92¢ 9.210 12.28d 8.28 r 2 Al paliin
8.76 g 7.94 1 11.13 g 7.21u 6
10.27 ¢ 9.96 1162 e 9.25m 5 )lie
1131a 10.32 h 13.73 a 9.89 k 2 B12 aelid
11.17 b 11.24 f 12.64b 9.631 6
10.27 ¢ 9.96 11.62 e 9.25m 4)lie
10.24 d 9.22n 12.38d 9.12q 2 Lila
9.16 f 8.13s 10.21 i 9.14p 6
9.65 ¢ 9.03 h 11.67b 8241 gl Laliiu
gl * A Labadll g5
10.92 a 10.5d 12.66 a 9.59 e B12 (yulis A
9.89 b 9.1g 114¢ 9.17 f Lja
10.27 b 9.96 d 11.62b 9.25 f L)lie
10.49 a 9.58 ¢ 12.79 a 9.09 h 2 Sl F sl
9.69 C 9.1g 11.32 ¢ 8.66 i 6
9.54 1191 a 9.00 ¢ bl g5 2k

(CC-BY) 4.0 e!a¥1 gLiall a5 JNA (go 4] I sum 1 i ilanall Jiall 138 (0 5inlill) aalill 2022 ©
301



2022 308-297 :(3) 37 pslell sl dlas

Ll Sl Sy il Lgilalas die cipald) aaes
g ll Gladl sl (8 3aly) G Jadaldly A laleal)
Gl (83l <Ll saalally Lslll ol %2 58 AL
sl Jars Aef Lyglll cidaey . 5SS 3 )

Ayl calsll oyl

Chalad ppaall Galadl (sll 830l sy (7) dsaad)
S8 gl alat e Alalaal) AN dslal) £ 15-Y)
sl A2y A5 %6 S8l sl adds) Laiy %2
Cibaely Sl AS s bl Alalaall ol &
3G vie %45.26 ¢l sal) dand Jef Gaeal) ¢l
s alall sl ol ) ol ai Laylal) el Wl %2
ey Jaele Sl NSy 3ysaal) dalall ¢ 1559) asen
) s il Com %6 ST Alaleall Ll

.0.235 5yhauadl dlelaay 43)lia 0.215

Jsh & dgsine By ang oo (5) Usanll it oyl
e LY Sl paliiall dlelaall cihlall il
Jsb o YBa) e 28 %6 5S5l Ll (%2 58501
&b ol Jsla Jaea 233l DN Aalall ¢ 15350 aal)
NS o5 el Alebaal (Wl puald Lyl ¢ ann) ol
ol 3 %19.78 b Siat A ey cuyS 5l
& 8oL s Llally Alaladl) %6 385l e L sl
Leis (%2,6) 0S5l panall chaldl sl Jgla Jona
Alalaall (355 L 2y L palilly Lglll 6 (i
Jsb b 8aly s el slhe] 3 %2 85l Gualidlly

cadal)

bl asead Ay )l Glall (sl 6 alisil Joan
(%6 5 2) Sl NS g 53l Al aliteally 3 Laladl)
Jadll menll by 5 OIS (350 b paliail sl
b sl i) L (6) Jsally e LSy %6 38 5Ly

() 3] Jsla Jame e Tadally cualidlly el 355 Alal) aliinally 553l Alalas il sy - (5)dses

= Ll g Sl gl
U LA el 50 - S5l saliidl &g
55 Wyl s e ¢
11.88d 11.271 13.36d 11.030 a)laa
11.90d 11.32 k 13.29 e 11.1n 2 gl palding
10.06 f 9.32p 11.61 i 9.26 q 6
11.88d 11.271 13.36 d 11.03 0 4l
12.34¢ 1159 1418a  11.26Im 2 B12 (palid
13.18a 1351¢ 13.62 b 12.42 g 6
11.88d 11.271 13.36 d 11.030 )l
12.58 b 11.53j 1291e 1331e 2 L
10.59 e 8.81r 11.74 h 11.23m 6
11.28 ¢ 10.63 g 12.75b 10461 gl aliie
* 4 Llaall g5
12.46 a 12.12d 13.72a 1157 f B12 cpabis Ll g
11.68 ¢ 10.53 h 12.67 ¢ 1185e Lila
1222 a 1148 e 13.46 a 11.89d Ll
11.28 ¢ 10.54 i 12.32¢ 10.97 h 6 &
c11.1 13.04 a 11.29 b Sl gl

(CC-BY) 4.0 =Yl gliall das 5 J3A (o 4] J s sl oy (Sl Jaall 138 (o 5ialll) i) 2022 ©

302



2022 308-297 :(3) 37 pslell sl dlas

()220 Gilal el e Jadally cpalislly gl B AL alitisdly 550 Alelen L3 inss - (B)dls

e g e Sl A et
S AN ,EB 4 Y|k Byl L) & 93
55 KPR s s ¢
0.724d 0.702 k 1.016 d 0.454 2 )lie
0.697 e 0.6771 0.973¢e 0.442s 2 el aldivg
0.659 g 0.653 m 0912 ¢ 0.413u 6
0.724d 0.702 k 1.016 d 0.454 r 1 )lie
0.833a 0.738 i 1.240 a 0.521 0 2 B12 palis
0.804 b 0.872h 1.078 b 0.463 q 6
0.724d 0.702 k 1.016 d 0.454 r 1 )lie
0.734 ¢ 0.722 1.041¢ 0.438t 2 Ly
0.688 f 0.632n 0.955 f 0.478 p 6
0.693 ¢ 0.677 f 0.967 ¢ 04361 gl (aliive
* A Lled) g5
0.787 a 0.770d 1.11a 0.479 g B12 ;ulid il g0
0.715b 0.685 e 1.004 b 0.456 h Lja
0.724 b 0.702 f 1.016 b 0.454 h Whe o uie 5 g
0.754 a 0.712¢e 1.084 a 0.467 g 2 sl
0.717 ¢ 0.719d 0.981c¢ 0.451 i 6 L
B 0.711 1.027 a 0.457 ¢ Sl gl s
() ol Gl 3l e Jadally cpualialy gl G3sY (Sl palitiunalls H5adl dlelea il sy - (7)d 52
) o F Ll g Sl gl
SSal el dldadl L8k Sl caliiidl g
55 KPR s PR ¢
0.231¢g 0235k  0.217qr j30.24 1 )lie
0.272¢ 7 h40.2 0.228 n i2450. 2 el aldivg
0.252 ¢ m300.2 0.213s 7 k30.2 6
0.231¢g 0.2351 0.217 qr 0.243 1 )lie
0.293 a 0.275 f 0.250 g 0.353a 2 B12 palis
0.288 b 0.304d 0.220 p 0.342 b 6
0.231¢g 0235k  0.217qr 0.243 1 )lie
0.263d 0.243 0.224 0 0.322¢ 2 Lils
0.239 f 0.215r 0.218 q 0.285¢ 6
0.232¢ 0.237¢e 0.219h 0241d gl paliive
* A Lled) g5
0.270 a 0.271c 0.229 g 0.312a B12 cpebid Ll g
0.244 b 0.231f 0.219h 0.283 b Lja
0.231¢c 0.235 f 0.217 g 0.243 ¢ Wlhe o e 5 g
0.265 a 0.255 ¢ 0.234 f 0.306 a 2 Ll
0.251 b 0.249 d 0.217g 0.288 b 6 s
0.246 b 0.222 ¢ 0.279 a Sl gl s

(CC-BY) 4.0 e!a¥1 gLiall a5 JNA (go 4] I sum 1 i ilanall Jiall 138 (0 5inlill) aalill 2022 ©

303



2022 308-297 :(3) 37 pslell sl dlas

sl ety il e B12 el gl 48l clialiiuall 56 (1) Jedd

Gt A g L) )l s 58 Gl a8y patal
Ol sai aias 8)3) ()5S a3 Absessic acid
O3S Ala & edll Jas oMy aly) bl Ly iy
undl 352 o) Sar 4l (Oracz et al., 2007) e llasl
o3 L e 3ol Ayl Adled 8 (mlaay) )
) Glsl e By yatiall ALl LSl il
liall 50 L bl s o) cluhall cuiy 3)
L) Adee Gipaal g pal) Ailas slills dan gl souadll
S Glagy¥) Adlady Cpiad) a4ty o Lally sl oyl
Weir et ) LaisSsulal) Laliss g5se3Y) 2gal) 4 Layils

.(al., 2004

Aty )l GLal (35l pially Aag )l Jyda Janae Ll
ilalaall i (mlaaiVy ¢ L1 e Lo cpls 28 5uaally
AS3 L g (3 Al o2 g5l (35l clalitig
oxially Adyg )l Jyda Jaas 33035 s «(2020) Lilall

Lzdlial)

9o LS bl Ay e bl dlalaall (568 Jaadls
o el A 30l ) il cilade il 8 mage
lasSl LSyl il ) a5y a5 D lebead) apan
Li et ) Lewilis 3 saly) a1l Apslal) Apze ) e
28 sall Saba¥) i dllad 8 salyl s -(al., 2010
Ol (el ad A8l Gl yall Sias () gy
sl 0asSs asy oA ((Beck &  Ziegler, 1989)
Bl 0y ) A il LA e 5baY)
& Bl Cliad) Ly & ) (g5 (g2l 33l DL
AT ) il e ciluall sha Cabiddy cculagi¥) (s
s (alass) ladl Jad) g (2017 —damall)
oaliiually dlabeal) (Lnald clysl (ana) 55l cilay)
28 Ll Alelaall Laglll 53 Ll 580 (3155Y ALl

S—sh ssime ilsS Qhla il Il oy
Bogatek & ) Ethylene s Absessic acid
Ll Syl il (Gniazdowska, 2007

(CC-BY) 4.0 o= 11¥1 gLl dmd 5 A (o dll s sl 2 ilanall JUal 18 (0 sialill) Gl 2022 ©



2022 308-297 :(3) 37 pslell sl dlas

Glaliiiue e B12 ahainl ag bl S o
il s (o @kl Aima HShig 5)a) Al
allal) Al il aa peibinl) AaiUaal 40as)

el

Gl aladiul L (2017) cpes mlla Crug ¢ Hunal)
JLed) Gyl i a o) 43l 8 4glal)
il G gl 8 Bl el
cpslall AIS 35780 Aag Ayl Aaludl

114 s Jeagal drala ¢ Jaasall daala

el jLalla o ji o e 4 ol (Jaal )
ieclll A daiall e Cilial 4lan ).(2020)
Adlal) (e g ol DU linad 350l A dleal
inals caglall ALK ())p o Aag Ao 6l

134t deasd) daala ¢ Jiagall

St 5 1.(2012). )5 2 anay (ilibe e
irde saiy Gl (8 LSl Lall Gls il
L) oo
Tishreen Journal-.(Cyperus rotundus L.)
124-117:(6)34:Biological Science Series

2lls (Sorghumhalepens

JLial (2013) - ases rens diga cighal Flia olgle
L sdd iyl Cha Sl AeS et
V) A agliall ydads Jeilal aaes Alaleall
deg)all deal) ML Gy T.harzianum
Al-Kufa University Journal for .Jsll 3
.8 (=:(1)5<Biology

Ansari, S., Afridi, S. M., & Khan, N. A.

(1990). Response of field-grown lentil

to pre-sowing seed enrichment with

pyridoxine. Field Crops Research,
23(1), 45-53.

AL A tbasl) LSl a5 08 A8 Lagilisly
Ghs¥ Al claliiud) G 5y paially slall & glsdll
Sluhay 4 a5 35 Ferulic  acid Leies g8l
Ll aph G salll (8 (ghaiaill )50y Cagpma shy Al
A cleladil agyy A, bl Jals ATP 5 calagyV)
A bllly sl e e gy Sl d plal
Jsb b Joalall Iy gl L, (2017, —iusall)ilal)
Sl () (ga 28 AN Lagilsly aially Ayl
¢ua palmtic acid s galic acid  Jie 3) yaiall 45l
sail Al il L () (Kalinova et al., 2007) <

bl e t\}ﬁ

Jaxa 500 G Gpalidlls alaall o) milal) <y eda)
£ 1) bl Adlal) Lyl ually g sl) Jsla
e Ll LaaSlige (Ll yaall ¢l ¢ pman) EDEY Al
Dball Ll sy o) g Uil bl o Jaglad) dlalae
Gliall pgead gigaill 5L dacly oyl (alitwd
Jrany S (paliall oY) B 35ay Vany 6yl
Ansari et al., ) a5l g1yl sac & jsdall sall JéaS
ainl 35ay 38 Gualidll (ghaiatll LA G o5 (1990
Cun (Opalidll S 55 (8 4938l 350l Jhay (g3l by Sl
3 s S jumie o (Jaleel et al., 2009) as;
Leilalre 2ie 500) bl jaall Jsday culall g L))
lall el 8 8alyy cuw LS amg\Kg 50 S50l
Alalray A3)lae Aaial) bl (g odalls (g andl) ¢ swnll

-(Hu et al., 2022) 3kl

Gluagilly clalitiuy)

Aleleall o) gl cyelal o) duhall s2a A (e it
ol lug)ll Joda Jane (830l G (palidlly
(Ll ¢ man) DN A5l ¢ 1Y) bl A Legilysly
Llally 5yl ¢ 18] Aol e Liadf Jansl oLl sclds
hels g5 palaiua Hlall Sl e JB cpabiadl ol

yidall Gliall pueal ghaaaill L5l

(CC-BY) 4.0 oy gLiall dad y I o ) e sl oy lanal) Jliall 138 (i) Cialid) 2022 ©



2022 308-297 :(3) 37 pslell sl dlas

weed control in agricultural systems.
Crop protection, 72, 57-65 .

Jaleel, C. A., Changxing, Z., Jayakumar, K., &
Igbal, M. (2009). Low concentration of
cobalt increases growth, biochemical
constituents, mineral status and yield in
Zea mays. Journal of Scientific
Research, 1(1), 128-137 .

Kalinova, J., Vrchotova, N., & Triska, J.
(2007). Exudation of allelopathic
substances in buckwheat (Fagopyrum
esculentum  Moench). Journal of
agricultural and food chemistry,
55(16), 6453-6459 .

Kamal, J. (2020). Allelopathy: A brief review.
Jordan J. Appl. Sci, 9, 1-12..

Khatun, S., Roy, T. S., Haque, M. N., &
Alamgir, B. (2016). Effect of plant
growth regulators and their time of
application on yield attributes and

quality of soybean. International
Journal of Plant & Soil Science, 11(1),
1-9.

Li, Z.-H., Wang, Q., Ruan, X., Pan, C.-D., &
Jiang, D.-A. (2010). Phenolics and plant
allelopathy. Molecules, 15(12), 8933-
8952 .

Molisch, H. (1937). Einfluss einer pflanze auf
die andere, allelopathie .

Oracz, K., Bailly, C., Gniazdowska, A., Come,
D., Corbineau, F., & Bogatek, R.
(2007). Induction of oxidative stress by
sunflower phytotoxins in germinating
mustard seeds. Journal of chemical
ecology, 33(2), 251-264 .

Pervin, S., Jannat, B., & Al Sanjee, S. (2017).
Characterization of Rhizobia from Root
Nodule and Rhizosphere of Lablab

purpureus and Vigna sinensis in
Bangladesh.  Turkish  Journal  of
Agriculture-Food Science and

Technology, 5(1), 14-17 .

Baskin, J. M., Baskin, C. C., & Dixon, K. W.
(2006). Physical dormancy in the
endemic Australian genus Stylobasium,
a first report for the family Surianaceae
(Fabales). Seed Science Research,
16(3), 229-232 .

Beck, E., & Ziegler, P. (1989). Biosynthesis
and degradation of starch in higher
plants. Annual review of plant biology,
40(1), 95-117 .

Bialecka, B., & Kepczynski, J. (2010).
Germination, o-, B-amylase and total
dehydrogenase activities of Amaranthus
caudatus seeds under water stress in the
presence of ethephon or gibberellin A3.
Acta  Biologica  Cracoviensia s.
Botanica, 52(1 .(

Bogatek, R & «.Gniazdowska, A. (2007). ROS
and phytohormons in plant-plant
allelopathic interaction. Plant Signaling
& Behavior, 2(4), 317-318 .

Einhellig, F. A. (1995). Allelopathy: current

status and future goals. In. ACS
Publications .
Elfowiris, A., & Banigesh <A. (2022).

Evaluation of Antioxidant Therapeutic
Value of ACE Inhibitor as Adjunct
Therapy on Type 2 Diabetes Mellitus
Patients with Cardiovascular Disease.
ACS Pharmacol Transl Sci, 5(6), 413-
418.

Hu, X., Wei, X «<Ling, J., & Chen, J. (2022).
Cobalt: An Essential Micronutrient for
Plant Growth? Micronutrients: the
Borderline Between Their Beneficial
Role and Toxicity in Plants .

Hussain, W. S. (2020). Effect of Soil Cultivar
with legume in germination and growth
of Cucumbers. Rafidain Journal of
Science, 29(2), 11-19 .

Jabran, K., Mahajan, G., Sardana, V. &

Chauhan, B. S. (2015). Allelopathy for

(CC-BY) 4.0 oy gLiall dad y I o ) e sl oy lanal) Jliall 138 (i) Cialid) 2022 ©



2022 308-297 :(3) 37 pslell sl dlas

Rice, E. (1984). Allelopathy. 2nd (ed.) Acad.
Press. Inc. Orlando. Florida, USA .

Saied, S. (1984). Seed technology studies, seed
vigour, Field establishment and
performance in cereals Ph. D thesis.,
363p.[

Vyvyan, J. R. (2002). Allelochemicals as leads
for new herbicides and agrochemicals.
Tetrahedron, 58(9), 1631-1646 .

Weir, T. L., Park, S.-W., & Vivanco, J. M.
(2004). Biochemical and physiological
mechanisms mediated by
allelochemicals. Current opinion in
plant biology, 7(4), 472-479 .

(CC-BY) 4.0 o 1uyl gLl i 5 N4 (0 &) Ul s (ibaall Jill 38 (0 sinlll) Caldl 2022 ©
307



Al-Mukhtar Journal of Sciences 37 (3): 297-308, 2022

Effect of Aqueous Extracts of Pumpkin Leaves and Vitamin B12 on some
Growth and Physiological Characteristics of Types of Legumes

Ban A.ldan and Wasan S. Hussain”

Department of Biology, Faculty of Science, University of Mosul, Mosul, Iraq

Received: 13 April 2022/ Accepted: 25 July 2022
Doi: https://doi.org/10.54172/mijsc.v37i3.741

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 a-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.
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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.
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