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

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

INTRODUCTION

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

cross the blood/placenta barrier in a human
placenta in an in vitro model, as well as the
blood/breast milk barrier in vivo of lactating
mothers (Sorgel et al., 2002). Also, it is a nat-
ural by-product of carbohydrate-rich foods at
high temperatures above 120°C, and it is
formed by a reaction between amino acid as-
paragine and reducing sugars such as potatoes
when exposed to high temperature during the
process of frying, roasting, or baking (Stadler
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& Scholz, 2004). On the other hand, fried
products with a low level of acrylamide were
not a serious concern with regards to the po-
tential health issue associated with ingested
acrylamide as it is readily absorbed, metabo-
lized, and excreted via urine. It was only con-
sidered as a contaminant in water sources
(Rommens et al., 2008).

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

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

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

Epidemiological evidence on the relation be-
tween dietary acrylamide and the risk of sev-
eral cancers has continued to accumulate dur-
ing the last years (Khan et al., 2017). Many
studies have confirmed that human exposure
to acrylamide may lead to neurological effects
in humans (Calleman et al., 1994). Also, ex-
perimental animals that were administered
acrylamide orally experienced carcinogenic
effects such as tumours of mammary glands
in female rats, testicular tumours in male rats,
and increased rates of tumours of the thyroid
gland, central nervous system, uterus, clitoral
gland, and oral tissues (Fuhr et al., 20006).

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

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

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

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

MATERIALS AND METHODS

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

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

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

Sample Extraction: The extraction proce-
dure of the potato chips sample entailed the
following steps: weigh 7.5 g of thoroughly
homogenized sample into a 50 mL centrifuge
tube, then add 7.5 ml acetonitrile, 0.75 ml
acetic acid, and 5ml hexane. Vortex the tube
thoroughly for one min to solubilize/disperse
the sample in hexane. Centrifuge the tube for
5 min at 3700 rpm using an RT6000B centri-
fuge from Sorvall. Subsequently, discard the
hexane layer. The supernatant was transferred
into a clean centrifuge tube and add 375 mg
of anhydrous Mg SO4 and 125 mg of PSA.
Immediately, seal the tube and shake vigor-
ously for 30 seconds, and centrifuge at 3700
rpm for 5 min. The supernatant was evapo-
rated by a vacuum rotary evaporator. The dry
residue was reconstituted in 2 mL acetonitrile
for HPLC analysis (Anastassiades et al.,
2003).

The recovery experiment was performed by
spiked 5 mg of acrylamide standard to 7.5 mg
of thoroughly homogenized potato -chips
samples and extracted then dried. Then 10 mL
of acetonitrile was added to reach a concen-
tration of 100 pg mL™'. The percentage recov-
eries were calculated using the following
equation: percentage of recovery = [Cp/Cyx
100], where CE is the practical concentration
obtained from a standard solution of 100 ug
mL-1 of each compound in acetonitrile and
CM is the spiked concentration after extrac-
tion (Chowdhury et al., 2012).

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Instrumentation (HPLC): The HPLC sys-
tem consisted of Thermo Series P2000 Ana-
lytical Pump, The Series 200 Autosampler,
Series 200 UV/Vis Detector (from 190 to
1000 nm), and 20 pL loop injector. The sta-
tionary phase represents the analytical column
which was a Brownlee Bio C18 column of
250x4.6 mm and 5 um particle size.

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

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

RESULTS AND DISCUSSION

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

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

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

Intra-day precisions were determined using
five concentration levels. The data showed
that the method provided high levels of pre-
cision when used by the same analyst on the
same day. Thus, the precision of the pro-
posed method was determined by running
calibration series solutions at 2.5— 20 pgml™”
and then was evaluated in terms of repeata-
bility and expressed as the relative standard
deviation (RSD, %). The result of precision
was ranged between 0.45 and 1.79 %, indi-
cating good repeatability. All validation pa-
rameters for acrylamide are summarized in
Table 1.

Table: (1). Summary of validation data for the quan-
tification of acrylamide.

Parameter Acrylamide
tg (min) (t’ = 1.95 min®) 3.85
Capacity factor (k) 0.17
Symmetry factor (Ay) 1.01
LOD (ug mL™) 0.41
LOQ (ug mL™) 1.25
246.94(987.76) N ex-
N (plates) pressed in plates per me-
ter
Cocfficient of regression 0.999 (y = 209459x-
(R?) 93643)
Precision (%RSD) N=3
1 0.45
20 pgmL
1 0.96
15 pg mL
1 1.79
10 pg mL
1 0.34
5.0ng mL 142
2.5 ug mL! ’

Accuracy of the proposed method was also
determined, the results indicated that the ac-
curacy of the method performed in triplicate
using 20pug mL™' concentration level, showed
that in most cases, the recoveries of acryla-
mide ranged from 89.05% to 92.13%, with
RSDs less than 2.50% for the sample extrac-
tion procedure. Chromatogram of overlapped
six concentration series obtained at the de-
sired retention time is shown in Figure: 1.

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (1). HPLC chrorﬁéﬁograms of acrylamide
standards at wavelengths of 200 nm were 2.5;5.0;
10;15;20 pg mL-1

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

(200 nm) detection.

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

tion.The qualitative analysis of acrylamide

content with HPLC was done by comparing
the retention time of acrylamide standard at
20pugmL" with sample retention times. The

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

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

Product Name Acrylamide
Contents
Pringles sour cream and onion
(Poland) 4.65 ppm
Doritos sweet chili pepper
2.85 ppm
(Egypt) bp
Tiger
16.33ppm
(Egypt) PP
Lay's with chili and lemon
flavor 6.91 ppm
(Egypt)
Mr. Crunch ketchup
(Libya) 3.25 ppm
French fries 10.26 ppm

In the present study, the acrylamide quantity
of the potato chips of different brands and
French fries ingested in humans was deter-
mined. The data shows that the tested brands
contain a relatively high level of acrylamide.
The highest level was about 1104 ng/66g de-
tected in the Tiger brand, followed by French
fries 627 pg /60g, then Lays 301 pug/43g, Mr
crunch 210 pg/65g, Pringles 185/40g, and the
lowest was Doritos with 89 pg/32¢g (Figure 2).

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The most recent toxicological data and expo-
sure levels estimated the average human expo-
sure at 1 pg/ kg of body weight /day, with
high-intake consumers at 4 pg/kg of body
weight/ day (Fuhr et al., 2006). In light of this
data, there is a clear hazard of acrylamide
from long-time exposure, particularly with
young age people, who are more attracted to
chips and fries and ingest a high amount on a
daily basis. Moreover, acrylamide can be
found in most daily diet products such as
baked food, cornflakes, and coffee, which in-
creases the chance of more exposure and also,
toxicity. With acrylamide, there is no doubt
about the existence of a hazard. The Interna-
tional Agency for Research on Cancer of the
WHO has evaluated acrylamide as possibly
carcinogenic to humans (Stadler and Scholz,
2004). In view of these results, the consump-
tion of acrylamide in the diet should be con-
trolled to limit its hazards to human health.

1500+

1000+

500+

Acaylamide conc. (ugmL™!)

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

CONCLUSION

A quantitative HPLC-UV method has been
developed which is rapid, sensitive, and re-
producible. HPLC-UV is a method for the
analysis of acrylamide in potato chips and
French fries from the Libyan market using a
simple sample preparation procedure. The

LOQ and LOD were 1.25ugmL‘1 and 0.41
ugmL'1 respectively. The present HPLC

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

More measures should be made to lower and
control the level of acrylamide in food items,
especially in those consumed by susceptible
groups such as children, young adults, and
pregnant women.
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Abstract: This study aimed to evaluate the efficacy of collagen-calcium alginate as an accelera-
tor of wound healing in a clinical case of ten horses attended at the University Veterinary Hospi-
tal (UVH) at Omar Al-Mukhtar University, having non-healing chronic wounds. The pattern of
wound healing was evaluated both clinically and by planimetry. All cases showed healing pro-
gress after the application of the collagen-calcium alginate film. The study results suggested that
collagen-calcium alginate film can be a better wound healing biomaterial in horses. It can be
used as a less expensive skin substitute in order to stimulate and promote wound healing in ani-

mals especially in the case of chronic non-healing wounds.

Keywords: Biomaterial, Collagen-Calcium Alginate, Wound Healing, Chronic Wound.

INTRODUCTION

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

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

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

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

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

1 mm

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

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

Case Age in . Wound Duration of

No Months Sex Nature and site of wound Exudate Size (cm’) Iliness (days)
1 22 F Right hand Purulent 12.6 20
2 36 F Left hand Serosanguinous 7.3 11
3 53 M Left elders from the neck Exudates 14.3 7
4 18 F Left hand Exudates 16 12
5 29 F Right elders from the neck No exudate 8.2 7
6 48 M Left man Purulent 4.8 24
7 66 F Left hand Serosanguinous 17.8 18
8 40 F Right hand No exudate 9.8 26
9 33 F Left hand No exudate 11.6 20
10 50 M Right hand Serosanguinous 8.1 9

M= Male, F= Female
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RESULTS

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

Table: (2). Wound planimetry

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

Case Wound healing (%)
No Characteristics = ond 31 4™t 50
(day 3) (day 6) (day 9) (day 12) (day 15)
Epithelialization 9.32 24.12 45.15 83.54
1 Contraction 13.98 32.78 73.89 89.38 NR
Wound healing 23.09 51.12 89.43 90.58
Epithelialization 11.67 32.10 56.41 89.32
2 Contraction 22.10 41.90 82.10 90.53 NR
Wound healing 34.78 49.67 76.28 79.97
Epithelialization 14.82 36.91 60.21 82.51
3 Contraction 24.18 51.88 90.16 96.32 NR
Wound healing 22.81 46.09 88.01 82.39
Epithelialization 9.89 47.32 65.28 83.05 96.21
4 Contraction 32.98 63.11 82.84 93.82 94.01
Wound healing 39.85 39.09 79.89 79.98 89.19
Epithelialization 18.09 31.98 67.95 83.27 89.65
5 Contraction 28.97 73.52 73.92 85.36 90.27
Wound healing 27.11 42.45 79.43 92.52 93.78
Epithelialization 11.98 46.98 63.63 79.54
6 Contraction 21.98 53.97 69.34 82.98 NR
Wound healing 34.50 39.48 78.43 85.29
Epithelialization 19.46 31.89 61.86 80.12 89.84
7 Contraction 34.98 58.65 79.49 89.63 92.87
Wound healing 25.98 41.96 81.95 79.54 86.37
Epithelialization 13.87 42.97 63.94 79.73
8 Contraction 27.52 63.52 75.89 88.89 NR
Wound healing 29.89 52.90 79.85 84.95
Epithelialization 10.86 35.89 59.12 78.23 87.97
9 Contraction 35.89 61.90 81.13 91.99 96.78
Wound healing 32.97 41.97 72.89 82.12 92.98
Epithelialization 11.98 38.96 60.87 75.89
10 Contraction 33.87 58.93 78.93 92.98 NR
Wound healing 39.53 60.19 80.31 90.23
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Before Treatment

After Treatment

Before Treatment After Treatment

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

DISCUSSION

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

during wound dressing.

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

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

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

CONCLUSION

The present study has shown that collagen-
calcium alginate film can be used as a wound-
healing stimulant to promote the healing of
chronic wounds in animals. This is a promising
finding because collagen-calcium alginate film
is an inexpensive biomaterial as a skin substi-
tute to stimulate wound healing in animals
where the cost of treatment is a major consid-
eration.
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Abstract: This study targets to assign the total carbon stock of Ashaavieen Nature Reserve, Msalla-
ta, Libya, assisting its potential carbon market value based on different global market sources.
Northern and Southern sites were adopted representing the dominant tree species; (Pinus halepen-
sis, Ziziphus lotus, and Ceratonia siliqua). The samples were conducted across the summer and
winter of 2020 to get an annual average. These samples were classified into leaves, stems, bark
(aboveground), and roots (belowground). The soil samples were collected at 0-10 cm, 10-20 cm,
and 20-30 cm depth. Organic carbon content was assessed based on the Loss on Ignition method
(LOIX). The results have shown that the bark has recorded the highest carbon content rate, followed
by the stem, leaf, and root. Also, the carbon in soil samples has a direct relationship with depth in
the order of (0-10 cm) > (10-20 cm) > (20-30 cm). Total carbon stock was 870.47 (t/ha/yr) and
1858.21 (t/ha/yr) in Northern and Southern sites. Total tree coverage of the study area was estimat-
ed at 91.26 hectares, while the potential carbon market value ranged from 0.72 t0 32.09 million
USD.

Keywords: Ashaavieen Nature Reserve, Carbon Stock, Carbon Market Value, Loss on Ignition.

INTRODUCTION The significance of carbon stock evaluation

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

Ashokri (2020) find out that Pinus halepensis

Forest ecosystems could play a vital role in
global carbon regulation and climatic change
mitigation (Li et al., 2019). But, the rapid
growth in social and economic levels fright-
eningly harms those ecosystems as it shrinks
at alarming rates. Forestlands in the Arab Re-

gion cover nearly 6% of the total forest cov-
erage worldwide. About 217 thousand ha.
Libya containing 6 million tons of carbon in
forest living biomass alone (El-Baha et al.,
2010).

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

is the most dominant species with an Im-
portance Value Index (IVI) of 66.64%, fol-
lowed by Ziziphus lotus and Ceratonia sili-
qua about 11.78% and 11.77%, respectively.
The highest biomass value was Pinus
halepensis at 7888.27 t ha=!.

Aboveground, belowground biomass, and soil
carbon are the most significant contributors
to the total ecosystem carbon. The forest soil
participates in more than two-thirds of the
total carbon stored in the forest ecosystem
due to a strong relationship between plant
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biomass and terrestrial

2018).

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

carbon (Ahmed,

MATERIALS AND METHODS

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

species. The samples were collected through
summer and winter.

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

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

Organic Carbon Content (t ha™') = mean
organic carbon content of the highest two
living parts (%) * total Biomass (t ha™’).

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

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

Soil Carbon (Mg ha~') = bulk density (g cm~
3)* soil depth interval (cm)*C%.

According to (Perera & Amarasinghe, 2013),
the total carbon was calculated by adding up
the mean carbon content of the living parts and
the total soil carbon of the chosen year (t ha C
yr= '). The total carbon stock for the whole
study area was estimated based on the follow-
ing equation:

Total Ecosystem Carbon Stock of a targeted
area (Mg) = total carbon (Mg ha™') * Area
(ha).

Total tree coverage of the study area was esti-
mated using ArcGIS 10.8

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The total carbon stock of the ecosystem was
converted into CO, euivalents (as CO, is
the most common GHG in the atmosphere),
and the following formula was utilized:

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

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

RESULTS & DISSCUSSION

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

Total biomass carbon stock was higher in the

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

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

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

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

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

Northern Site  Southern Site

Carbon Stocks

(t/ha/yr) (t/ha/yr)
Carbon Stock in Liv-
ing Parts (ABG & 190.42 322.50
BG)
Soil Carbon Stock 680.07 1535.71
Total 870.49 1858.21

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

Table: (2). Price of Carbon Stocks Based on Some Global Markets.
© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Ecosystem Carbon Stock

(T C yr™) Voluntary Market GHGs Initiative EU ETS
(N Site) 870.49%91.26 ha = 79440.41*6 USD = 79440.41%9.69 USD = 79440.41*191.80 USD =
(79440.91) (746642.46) (769777.57) 15.23 mil)
(S Site) 1858.21%¥91.26 ha=  169580.24%*6 USD = (1,02 169580.24*9.69 USD = 169850.24*191.80 USD =
(169580.24) mil) (1.68 mil) (32.57 mil)
(Average) . _ . _ 120403.88%191.80 USD =
1319.35%91 26 ha 120403.88*6 USD 120403.88%9.69 USD (23.09 mil

(120403.88) (722423.28)

(1.16 mil)

CONCLUSION

The study concludes that organic carbon con-
tent in three parts was high in the bark, then
stem, leaf and root. The soil carbon constitutes
about three-quarters of the total ecosystem car-
bon stock and the highest amount in the third
layer (20-30 cm). The carbon storage amount
over seasons was higher in summer than in
winter. The potential carbon market value of
the study area was in the range of 0.72 — 32.09
million USD.
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Abstract: Cognitive Radio (CR) can be defined as a technology that allows users to change
the transmission parameters as required to increase the spectrum efficiency. Because of this
mechanism, some threats emerge. Two major threats are found in CR. The first is the Primary
User Emulation Attack (PUEA), where the attacker is able to transmit at a forbidden time slot
effectively, emulating the signals of the primary user. This makes all the system users believe
that the spectrum is occupied by a good primary user. The second threat is known as the
spectrum sensing data falsification attack (SSDF). In this case, the attackers send false obser-
vation information, intentionally or unintentionally, to the fusion center (FC), causing it to
make the wrong decision. In this study, the scheme presented was based on a users' reputa-
tion for secure spectrum access in cognitive radio networks. Each Secondary User (SU) per-
forms local sensing and then forwards the sensing results to the main fusion center FC. The
FC makes the final decision about the presence of the primary user based on the proposed ap-
proach. The schemes substantially reduce the effect of cognitive users with low reputation
values while improving the impact of cognitive users with the high reputation values on the
final decision. It has been verified that the proposed approach can improve the sensing per-
formance under the impact of a different number of reliable and unreliable users in a CR net-
work. Results based on simulation show that the proposed scheme outperforms the traditional
majority scheme despite a high number of malicious users.

Keywords: Cognitive Radio CR; Users’ Trust; Primary User; Primary User Emulation Attack
(PUEA); Cooperative Spectrum Sensing.

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

Spectrum sensing and spectrum sharing are

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

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

There are some previous contributions related
to this work. For example, a method known
as clustering and soften hard combination is
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presented to perform a significant trade-off
between the overhead saving and perfor-
mance increase. The cluster cooperative spec-
trum sensing has some disadvantages, such as
in the case when the SUs that have good lo-
cation correlation are grouped into the same
cluster in order to decrease the consumption
of the energy for data transition to the clus-
ter-head CH. So, it is very likely that many
SU within a cluster can be affected by shad-
owing or attacker’s distribution. Hence CH
may take incorrect group decisions about the
primary’s user availability and then send it to
the fusion center misleading the final deci-
sion (Cabric et al., 2004; Yucek & Arslan,
2009). This paper uses both the terms ’trust’
and ‘reputation’ to refer to the same meaning.

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

COOPERATIVE SPECTRUM SENSING
CHALLENGES

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

R; (reputation values) are performed by the
FC and these values represent the trustwor-
thiness for the i™ CR user based on local

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

CR SIMULATED NETWORK STRUC-
TURE

The scenario of the simulated CR network is
presented in Figure 1. The network consists
of:

- A number of good cognitive users (second-
ary users).

- A number of malicious users (attackers).

- A Fusion Center FC. The main task of the
FC is to use the reports sent from the good
and malicious users to decide on whether the
primary user is present or not (Dutta &
Arora, 2018).

o -
AV

G

Attacker

Good SU

Primary User

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

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

Two hypotheses are presented in this work. If
the primary user is present (H;) or not present
(Ho).

Some variables used in this algorithm are as
follows:

L4 =Local decision of user i

N = The number of Secondary Users

MODEL ALGORITHM BASED ON US-
ERS’ REPUTATION SCHEME

The following algorithm represents the main
steps of the proposed approach:
Begin
R; = Reputation of user i, A Threshold of
trustworthiness
Lg4; = Local decision of user i
if Lgi = 1 spectrum is occupied
if Lg; = -1 spectrum is unoccupied
Ri,i=1:to N
For 1=1:to N do
If R;>= A then
User i is a reliable SU
Add user i to reliable SU list
Else User i is a malicious user
Add user i1 to Malicious users’ list

End if

End for

For i=1:to N do

Take a final decision according to the equa-
tion below

H, llei Ldi R, >0

decision =
H, if otherwise
End for
RESULTS AND DISCUSSION

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

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

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

Good Users against Malicious Users Ratio for a correct decision

imum Malicious SUs: 50%

Good SUs: >= 50%

Figure (2). Users’ ratio based on conventional role
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Figure 3 shows the relationship between M
and K. o and B in this case are chosen to
evaluate the network under low-value param-
eters (0=0.6 and B=0.2). It’s crucial to check
how many malicious users the network can
tolerate. For example, from figure 3, if the
total number of users M is 29, it’s found that
the maximum number of malicious users the
system can tolerate to make a correct deci-
sion is 22, which means there are only 7 good
users who were able to make a correct sense.

Trust-Based System
T - IR;anée of Correct Sense.

(o P e ey P e i i~ orsl e o 7l ety il 4

S
w e
pegt )

K [Number of Malicios Users]
- - NN l:!‘

N o N&

w o ©

4 8 12 16 2124 2932 36 4144 48 52 57 61
M Cognitive Users Number
1=0.2

Figure (2)¢ Users number when a=0.6 and =0.2

It is clear from figure 3 that the ratio of good
SUs the system needs to make a correct sense
is at least 24% of all users. This means that
the system can tolerate about 76% of mali-
cious users. Figure 4 shows the good users’
ratio when 0=0.6 and =0.2 based on the
proposed algorithm.

Good SUs Ratio Average for a Correct Decision

aximum Malicious SUs: 76%

Good SUs:>= 24%

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

CONCLUSION

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

The proposed scheme outperforms the tradi-
tional majority scheme in terms of malicious
user toleration. In fact, the traditional majori-
ty scheme can tolerate only about 50% of all
users to make a correct decision while in the
reputation-based scheme the system can tol-
erate about 76% of malicious users to make a
correct final decision.
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Abstract: The effect of medium states (liquid, semi solid, solid), pH (5.0, 5.5, 6.0, 6.5) and sucrose
concentrations (10, 20, 30, 40 g/l) on in vitro rooting of pineapple cultured in full strength MS en-
riched with IBA at 0.5 mg/l were investigated. According to average overall sucrose concentrations,
overall pH adjustments, and at each combination of equal sucrose and pH, liquid medium was al-
ways super than solid and semisolid. The tallest plantlets (66 to 71 mm) obtained in liquid medium
enriched with sucrose at 10 and 20 g/l both adjusted to pH 6.0; sucrose at 20 g/l and adjusted to pH
6.5 and sucrose at 30 g/l and adjusted to pH 5.0. All of the above combinations except sucrose at 20
and pH 6.0 resulted in 100% rooting. Sucrose at 30 g/l and pH 5.0 resulted in two times more (11
roots per shoot) and three times longer roots (39 mm) than the other treatments (5 roots each about
14 mm long). Each rooting parameter had different optimum combinations of medium state, sucrose
and pH adjustment. For any parameter, proper pH adjustment could reduce the optimal sucrose en-
richment from 30 to 20 and even to 10 g/l. Hence, pH adjustment is suggested as an important ap-

proach for reduction of in vitro rooting medium cost.

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

INTRODUCTION

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

and cultivars (Hamad et al., 2013) , mix of
commercial sugar with sucrose (Dutta et al.,
2013) were found to induce significant effect
on the in vitro rooting responses of pineap-
ple. Medium pH adjustment in all of these
cases was kept fixed at pH 5.7, and sucrose
enrichments, on the other hand, most of the
cases kept fixed at 30 g/l. In some cases, su-
crose at 20 (Ko et al., 2006; Sunitibala Devi
et al., 1997) and 40 g/l (De Almeida et al.,
1997) in solid medium and at 20 (Soneji et
al., 2002) and 35 g/1 \ (Kofi & Adachi, 1993)
in liquid medium was used for rooting.

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

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

that compared to solid media enriched with
sucrose at 30 g/l using of mix of commercial
sugar with sucrose in liquid media with luffa
matrix reduced the chemical cost of multipli-
cation by 15 % and rooting cost by 62 %. Su-
crose is just a one of several factors that
could have independent and interaction effect
on rooting (Hamad, et al 2013; Hamad,
2019). Minimum sucrose concentration that
would maintain highest response for each
rooting parameter is expected to be different
at different combinations of other root effect-
ing factors such as medium state and pH ad-
justments. The objective of this study is to
compare the effect of different pH adjust-
ments (5.0, 5.5, 6.0 and 6.5) and agar concen-
trations (0.0, 3.5, 7.0 g/1) on the rooting re-
sponses of Queen pineapple to different con-
centrations of sucrose (10, 20, 30, 40 g/I).
The goal is to determine the pH of liquid me-
dium that maintained the highest rooting re-
sponses at lowest sucrose concentration.

MATERIALS AND METHODS

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

RESULTS

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

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

Comparing of all combinations of sucrose,
pH and medium states (Table 2) showed that
the tallest plantlet (70 and 71 mm) was ob-
tained in liquid medium enriched with su-
crose at 10 and 20 g /1 and adjusted to pH 6.0
and the most stunted plantlets (15.0 mm) ob-
tained on semi solid enriched with sucrose at
40 g/1 and adjusted to pH 5.0 and pH 6.0. On
the other hand, all shoots (100 %) could be
rooted in liquid media enriched with sucrose
at 10 g/l and adjusted to pH 6.0; sucrose at 20
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g/l and pH 5.0 and pH 6.5; sucrose at 30 g/l
and pH 5.0 and on semi solid media enriched
with sucrose at 20 g/l and adjusted to pH 6.5;
sucrose at 30 g/l and pH 5.0 and sucrose at 40
g/l and pH 6.5. However, 100 % rooting ob-
tained in liquid medium could be reversed to
22 % if enriched with sucrose at 10 g/l and
adjusted to pH 5.5 and that of semi solid re-
versed to 11 % if enriched with sucrose at 40
g/l and adjusted to pH 5.0 and 6.0. Contrary,
none of the combinations in which solid me-
dium was used irrespective of sucrose and pH
and none of the combination in which the
media adjusted to pH 5.5 irrespective of su-
crose and medium states resulted in 100 %
rooting. The highest rooting percentage in
solid media was 89 %, obtained in medium
enriched with sucrose at 20 g/l and adjusted
to pH 5.0 and sucrose at 30 g/l and pH 5.0
and pH 5.5. Highest root formation (10-11
roots) obtained in liquid medium enriched
with sucrose at 20 and 30 g/l and adjusted to
pH 5.0 and pH 5.5 and in solid medium en-
riched with sucrose at 30 g/l and adjusted to

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

Table. (1). Significant of main and interaction effect of medium states, sucrose concentrations and pH of full strength

MS medium on the in vitro rooting of Queen pineapple.

Rooting parameters (p values)

Factors df Plantlet height Rooting % Root No. Root length
Medium states 2 0.0001** 0.1310 9.09E-07** 5.14E-05**
Sucrose conc. 3 5.19E-08** 0.0001** 1.53E-12%** 7.59E-09**
pH 3 0.8404 0.5973 0.4395 0.1909
State*Sucrose 6 0.0103* 0.4861 0.0055%** 0.1382
State*pH 6 0.5682 0.2698 0.2666 0.4854
Sucrose*pH 9 1.07E-05** 0.0238 ** 1.23E-06** 0.0004**
State*Sucrose*pH 18 0.2315 0.0085%** 2.39E-05%* 0.0038**
Error 96

Total 144
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Medium states pH Sucrose (g/1)
(Agar/l) 10 20 30 40 Average
Plantlet height (mm)
Liquid 5 55 be 56 be 66 ab 22 ef 49.75 AB
(0.0 g/ 5.5 61 abc 57 be 60 abc 22 ef 50 AB
6 70 a 71 a 56 be 31 cdef 57 A
6.5 38 cde 68 ab 38 cde 46 cd 47.5 AB
Average 56 AB 63 A 55 AB 30.25D 51.06
Semi solid 5 52 bed 53 be 56 be 16 f 44.25 AB
(3.5¢g/ 5.5 32 cdef 42 cd 55 be 24 ef 38.25B
6 38 cde 65 ab 48 bed 15f 41.5 AB
6.5 27 def 52 bed 27 def 58 abc 41 AB
Average 37.25 CD 53 AB 46.5 BC 28.25D 41.25
Solid 5 33 cdef 36 cde 51 bed 32 cdef 40.5 AB
(7 g/ 5.5 28 def 42 cd 56 be 27 def 38.25B
6 30 cdef 43 cd 27 ef 42 cd 355B
6.5 44 cd 39 cde 37 cde 48 bed 42 AB
Average 33.75 CD 42.5 BCD 42.75 BCD 37.25 CD 39.06
Grand aver 42.3 52.8 48.08 31.91 43.7
Rooting %
Liquid 5 44.3 abcde 100 a 100 a 33.3 abcde 69.4 NS
(0.0 g/ 5.5 22.3 de 89 abc 96.3 ab 37 abcde 61.2 NS
6 100 a 44.3 abcde 77.7 abed 78 abcd 75 NS
6.5 33.3 abcde 100 a 78 abcd 78 abcd 72.3 NS
Average 49.98 BCD 83.08 AB 88.0 A 56.58 ABCD 69.41
Semi solid 5 66.7 abcde 77.7 abed 100 a Ile 63.8 NS
(3.5 g/ 5.5 22 bede 55.7 abcede 55.7 abcde 44.3 abcde 44.4 NS
6 22 bede 89 abc 77.7 abed Ile 49.9 NS
6.5 14.7 de 100 a 55.7 abcde 100 a 67.6 NS
Average 31.3D 80.6 AB 72.3 ABC 41.6 CD 56.42
Solid 5 33.3 abcede 89 abc 89 abc 44.3 abcde 63.9 NS
(7.0 g/ 5.5 22 bede 77.7 abed 89 abc 55.3 abcede 61 NS
6 44.3 abcde 77.7 abed 44.3 abcde 89 abce 63.8 NS
6.5 78 abcd 33.3 cde 33.3 cde 44.3 abcde 47.3 NS
Average 444 CD 69.4 ABC 63.9 ABCD 583 ABCD 59
Grand Aver 41.89 77.69 74.78 52.16 61.63
Root number
Liquid 5 1 hi 10 ab 11a 1 hi 5.75 AB
(0.0 g/ 5.5 1 hi 10 ab 11a 3 defgh 6.25 A
6 5 abcdef 3 defgh 7 abced 4 cdefg 475 B
6.5 1 hi 6 abcde 6 abcde 6 abcde 4.75B
Average 2 CDE 7.3 AB 8.8 A 3.5CD 5.38
Semi solid 5 1 hi 3 defgh 8 abc 01 3CD
(3.5¢g/M 5.5 1 hi 2 efghi 3 defgh 2 efgh 2D
6 01 7 abed 6 abcde 1 hi 3.5BC
6.5 0i 5 abcedef 2 efgh 4 cdefg 2.75 CD
Average 05E 4.25 CD 4.75 BC 1.75 DE 2.81
Solid 5 1 hi 5 bedef 11a 1 hi 45B
(7 g/ 5.5 1 hi 2 efgh 7 abed 4 cdefg 3.5BC
6 2 efgh 2 efgh 1 hi 6 abcde 2.75 CD
6.5 4 cdefg 1 hi 1 hi 1 hi 1.75D
Average 2 CDE 2.5 CDE 5 BC 3CD 3.12
Grand aver 1.5 4.68 6.18 2.75 3.77
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Medium states pH Sucrose (g/1)

(Agar/l) 10 20 30 40 Average

Root length (mm)

Liquid 5 14 bed 24 abc 39a 8 cde 213 A

(0.0 g/ 5.5 9 cde 27 abce 28 abc 6 cde 17.5 AB
6 16 abed 12 bed 37 ab 12 bed 19.3 A
6.5 4 de 20 abed 12 bed 25 abce 15.3 AB
Average 10.8 CD 20.5 AB 29 A 12.8 BCD 18.25

Semi solid 5 9 cde 14 bed 24 abc 3e 12.5 AB

(3.5 g/ 5.5 4 de 11 bed 8 cde 7 cde 7.5B
6 5de 25 abc 14 bed 3e 11.8 AB
6.5 3e 25 abc 8 cde 15 bed 12.8 AB
Average 53D 18.75 AB 13.5 BC 7 CD 11.15

Solid 5 10 bed 15 bed 26 abc 6 cde 14.3 AB

(7.0 g/ 5.5 3e 14 bed 24 abc 7 cde 12 AB
6 7 cde 11 bed 6 cde 14 bed 9.5 AB
6.5 12 bed 7 cde 7 cde 6 cde 8B
Average 8 CD 11.8 BCD 15.75 BC 8.3 CD 10.96
Grand aver 8.03 17.01 19.41 9.36 13.45

Means of each rooting parameter followed by small letters and overall average followed by capital letters were not significantly different at p

< 0.05 according to Duncan Multiple Range Test.
NS. (Not significant).

DISCUSSION

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

also combination which optimum for one pa-
rameter could suppress or promote another
one, two or three rooting parameter. Two
combinations (liquid enriched with sucrose at
10 g/1, pH 6.0; sucrose at 20 g/l, pH 6.5) was
optimal for rooting percentage (100 %) and
plantlet height (68 and 70 mm) but sup-
pressed root number from 11 to 5 and 6 roots
and root length from 39 to 16 and 20 mm re-
spectively. Other two combinations (liquid
enriched with sucrose at 20 g/l pH 5.0 and
sucrose at 30 g/l, pH 5.5) was optimum for
rooting percentage (100 and 96 %) and root
number (10 and 11 roots) but suppressed the
plantlet height from 70 to 56 and 60 mm and
root length from 39 to 24 and 28 mm respec-
tively. Semi sold medium enriched with su-
crose at 20 g/l and adjusted to pH 6.5, su-
crose at 30 g/l and pH 5.0 and sucrose at 40
g/l and pH 6.5 was optimum only for rooting
percentage (100 %). Liquid medium enriched
with sucrose at 20 g/l and adjusted to pH 6.0
was optimum only for plantlet height (71
mm). Liquid medium enriched with sucrose
at 20 and 30 g/l and adjusted to pH 5.5 and
solid medium enriched with sucrose at 30 g/l
and adjusted to pH 5.0 was optimum only for
root number (10 tol1 roots). Liquid medium
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enriched with sucrose at 30 g/l and adjusted
to pH 6.0 was optimum only for root length
(37 mm).

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

roots, 39 mm long). It is clear that in liquid
medium, simple manipulation of medium pH
could reduce the optimum sucrose from 30
g/l to 20 g/l by adjusting the medium to pH
6.5 and even to 10 g/l by adjusting to pH 6.0.
Obtaining 100 % of rooting and 70 mm tall
plantlets with 5 roots each 16 mm long in
liquid medium enriched with sucrose at 10 g/1
by adjusting the medium to pH 6.0 is very
important approach for reduction of in vitro
rooting cost. It is simpler and easier approach
than using of cheap sucrose alternative at
fixed pH of 5.7 as mean of cost reduction in
micropro-pagation of pineapple (Dutta et al.,
2013; Mengesha et al., 2021; Nelson et al.,
2015), banana (Kodym & Zapata-Arias,
2001) and several  plant species
(Gangopadhyay et al., 2002).

Future investigation of combinations of low
concentration range of 5 to 20 g/l of cheap
sucrose alternative and wider pH range of 3.5
to 8.0 may lead to optimum sucrose enrich-
ment lower than 10 g/1, and substantial reduc-
tion in cost of rooting medium and worth be-
ing tested. Since cost of rooting (Hamad,
2019) is expected to be about three times cost
of multiplication (Hamad, 2017a and b) any
effort for minimizing the cost of rooting will
be very important for reduction of total cost
of micropropagation. In large scale produc-
tion any small reduction of sucrose enrich-
ment per liter of medium could be turning
point for commercially feasible micropropa-
gation system.

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

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

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

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

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

Visser, 1989), while lowering the pH from
5.7 to 4.0 increased the rooting percentage of
Australian woody plants from 28 to 100 %
(Williams et al., 1985). In a solid WPM me-
dium enriched with sucrose at 30 g/l, lower-
ing the pH from 5.7 to 3.5 decreased the root-
ing of Choisya ternata by up to 60 % and
Delphinium by 15 % (Leifert et al., 1992). At
fixed concentration of sucrose (30 g/l), using
of solid and liquid MS medium and adjusting
the pH to range of 4.2 up to 6.2 did not affect
the rooting percentage of Maranta leuconeu-
ra cv Kerchoviana (Bennett et al., 2003;
Ebrahim & Ibrahim, 2000) reported that the
lower rooting percentage (62 %) and few
roots (4 roots) of Eucalyptus glabulus were
mainly due to presence of NHNO. In medium
devoid of NHNO, rooting increased to 94%
and roots to 7 roots per shoot over pH range
of 4.0 to 6.0. (Harbage et al., 1993) noticed
that the optimal pH for root formation of Ga-
la apple varied at different concentration of
IBA. Increasing the sucrose concentration
shifted the in vitro rooting dose-response
curve of Jork 9 apple to auxin to the right
(Calamar & De Klerk, 2002). Our results in-
dicated that for in vitro rooting of pineapple,
the rooting dose response curve to sucrose
could be shifted by medium pH and the su-
crose concentration could be minimized by
adjusting the medium to proper pH.

Most of the reported rooting studies used ei-
ther solid or liquid medium at full or half
strength at fixed sucrose of 30 g/l and pH 5.7
and recommended different concentration and
combination of rooting hormones. For as-
sessment of rooting treatments some used on-
ly one parameter and others used two or three
rooting parameters and come up with differ-
ent recommendations for in vitro rooting de-
pending in which parameter was used for as-
sessment and which factors was included in
testing of rooting. In this study, liquid medi-
um enriched with sucrose at 30 g/l and ad-
justed to pH 5.0 was optimum for all rooting
parameters, (100 % rooting, 66 mm tall plant-
let with11 roots per shoot each 39 mm long.
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However, none of the treatments recom-
mended in previous studies or in this study
could be adopted as a universal treatment for
rooting unless the cost of rooting kept at its
lowest. The crucial rooting parameter for
survival of acclimatization identified, and the
mode of the factor effect on each of the three
physiological steps of rooting elucidated. Fu-
ture studies of in vitro rooting should focus in
determining the relation between rooting pa-
rameters and percentage of survival during
acclimatization. The two stages should be
studied in connection with each other. De-
termining of optimum combination for each
single rooting parameter as done in this study
will help in selection of the most proper
treatment and best timing for histological,
physiological and biochemical study of root
formation steps.
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Abstract: This study aimed to evaluate the incidence and spontaneous closure of ventricular septal
defects in a randomly selected newborn population, using color Doppler echocardiographic screen-
ing. Color flow Doppler echocardiographic screening was performed in 635 neonates within the
first week of life. Patients with a ventricular septal defect were also followed up for 6 months to
detect spontaneous closure rate and its timing. The incidences of a ventricular septal defect in all
neonates, preterm neonates, and term neonates were found as 48.8/1,000, 64/1,000, and 48.1/1,000
live births, respectively. Only three patients were symptomatic. 21 cases had a muscular ventricular
septal defect and 10 cases had a perimembranous ventricular septal defect. Most of them had a
small ventricular septal defect (<3 mm). Spontaneous closure was observed in 64.5% of ventricular
septal defects within 6 months Closure rate was found as 80% for preterm infants and 66.8% for
term infants (p>0.05). The incidence of a ventricular septal defect was considerably high in neo-
nates when routine color flow Doppler echocardiographic examination was performed. Despite the
increased incidence of ventricular septal defect, spontaneous closure rate was remarkably high
within the first 6 months of life. These defects may result from delayed physiologic development
and have a good prognosis.

Keywords: Echocardiography, Newborn, Ventricular Septal Defect, Incidence

INTRODUCTION past. The increasing preterm delivery, envi-
ronmental factors, or better echocardiographic

A ventricular septal defect is the most common imaging due to evolving technology may be

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

responsible for the increase in the reported in-
cidence of VSD. Data regarding the epidemiol-
ogy of VSD is very limited and depends on a
few epidemiological studies (Clark, 2001).

Thus, this study was designed to evaluate the
incidence of VSD in a randomly selected pre-
term and full-term newborn population, using
color Doppler echocardiographic screening.
Also, the study intended to follow-up patients
with VSD for a year to detect the rate and tim-
ing of spontaneous closure.

MATERIALS AND METHODS

All live newborns delivered in the Obstetrics
Department of Albayda Hospital and kept in
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the nursery for more than one day in the period
from April 2018 to December 2018 were in-
cluded in the study group. Parental consents
were obtained from the parents of each neo-
nate. A detailed history of the neonates, par-
ents, and family members was taken by inter-
viewing the parents. Clinical characteristics of
cases with VSD were compared with neonates
without congenital heart defect (CHD). 635
(320 M, 315 F) were included in the study.
There were 540 (85%) full-term and 77(12.1%)
preterm (gestational age<37 weeks) infants.
Their gestational ages ranged from 30 to 42
weeks Echocardiographic studies were per-
formed in all neonates within the first week in
the Department of Pediatric in Albayda Hospi-
tal. Complete trans-thoracic two-dimensional,
M-mode, continuous wave and pulsed wave
Doppler and color Doppler echocardiographic
examinations were performed in all cases fol-
lowed by a thorough physical examination.
Echocardiographic examination was performed
using Toshiba Xario cardiac imager.

The diagnosis of a VSD was established based
on the presence of a mosaic image passing an-
ywhere through the ventricular septum from
the left ventricle to the right ventricle, and a
turbulent systolic flow jet recorded on the right
surface of the VSD by pulsed or continuous
wave Doppler. The diameter of VSD in two-
dimensional and/or color flow mapping was
measured in all planes and the largest diameter
of VSD was recorded. Apical four-chamber,
parasternal long- and short-axis, and subcostal
positions were used to image the defect. The
defects were classified according to previously
defined criteria (Snider et al., 1997). Infants
who had associated complex structural cardio-
vascular defects were excluded from the isolat-
ed VSD group in neonates with VSD, echocar-
diography was repeated at the 1%, 3", 6"
months of age or until the spontaneous closure
of the VSD was confirmed. The chi-square test
was used to compare the differences where ap-
propriate. A p value less than 0.05 was consid-
ered statistically significant.

RESULTS

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

Tetralogy of Fallot (3 cases), Transposition of
great arteries (2 cases), Double outlet right ven-
tricle (1 case), single ventricle (1 case) were
also identified. In this study, the first echocar-
diographic examination of babies was per-
formed within the first week after birth. Patent
ductus arteriosus was also detected in 213 ba-
bies within the first week after birth. At the end
of the first year of life, it was observed that pa-
tent ductus arteriosus persisted in only 7 of
them. Gestational age, birth weight, and sex
distribution of cases with VSD were not differ-
ent from neonates without CHD (Table 1). By
echocardiography, 21cases (67.7%) had a mus-
cular VSD (14 located at the apical region, 7
located at the mid-muscular region and 10 cas-
es (32/2%) had perimembranous VSD. 25 cases
had single and 6 cases (19.3 %) had 2 VSDs.
Thus, 37 VSDs were detected in 31 neonates.
Defect sizes ranged from 1 to 7 mm in diameter
VSDs detected in preterm neonates were all
small-sized and located in the muscular region.
Only 7 of 37 VSDs were detected by using
two- dimensional imaging solely. However, all
defects were easily recognized after using color
Doppler echocardiographic imaging. 2 cases
did not present for follow-up examinations af-
ter the first visit. The remaining 29 cases with
VSD were followed up during 6 months. 9 of
them had a peri-membranous and 20 of them
had a muscular VSD. 6 of them had 2 VSDs.

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Except for 3; all had small-sized VSD. Sponta-
neous closure was recorded in 20 of 31 (64.5%)
of VSDs.

Table: (1) Clinical Characteristics of Neonates with
Ventricular Septal Defect

. Neonates without

ventricular >
septal ventricular
defect(n=31) heart defect (n= 604)
No. of No. of value
cases(%) cases(%) p
Gestational 383 4 1.8 189519 05
age (weeks)
Sex
(female/male) 1.31 0.80 0.11
Birth weight 3150
(gram) 3125+ 540 1550 0. 66
Maternal age 2874 4 8345 08
(year)
[Char{ Area

14 B Muscular
B Perimembranous
Apical

® mid muscular

Figure: (1). Ventricular Septal Defect Location

M closed

H Not closed

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

DISCUSSION

The incidence of VSD in term newborn infants
varies from 20.4 to 53.2/1,000 live births
(Sands et al., 1999) Like these studies, it was
observed that the incidence of VSD was con-

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

CONCLUSION

It was concluded in this study that 64.5% of
cases closed spontaneously within six months
of life. If newborns were preselected by physi-
cal examination for echocardiographic exami-
nation, the incidence of VSD would have been
lower than what was determined. Major factors
influencing the spontaneous closure rate of
VSDs are the patient’s age at the first examina-
tion, localization, and size of the defects. By
color flow Doppler echocardiography, Closure
was seen in 86.5% of muscular VSDs. These
results were similar to those of (Du et al., 1998;
Miyake et al., 2004)’s studies. The other 13.5%
were not closed at the time of this study and
followed beyond that time. The current study
also could not show a difference_in spontane-
ous closure rate of VSD between full-term and
preterm neonates, as in (Roguin et al., 1995)’s
study. The current study showed that the inci-
dence of VSD was considerably high in full-
term and preterm neonates when routine color
flow Doppler echocardiographic examination
was performed. Despite the increased incidence
of VSD, most patients’ VSD was clinically in-
significant and the spontaneous closure rate

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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was remarkably high within the first six months
of life. Thus, this study concludes that these
defects may be the consequence of delayed
physiological development and have a fairly
good prognosis. Indeed, since the majority of
tiny VSDs may either close spontaneously or
never cause medical problems, patients with
small VSD do not need specialized cardiologic
care (Hoffman & Kaplan, 2002). The current
study also conclude that routine echocardio-
graphic screening in all neonates without clini-
cal findings is not necessary, except in neo-
nates with a familial history of CHD or having
well-defined risk factors.
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Abstract: This study investigated the interaction of poultry breeds x environment under Libyan
conditions and compared with that under a temperate zone for a seven-week bodyweight. Data were
collected from the weekly records during the rearing period for three grandparent breeds Hypeco,
Avian, and Shaver, at Ghotsultan and Tawargha from 1986 to 2001. Traits studied were daily feed
consumption, cumulative feed consumption, body weight, feed consumption ratio, and mortality.
The model used to analyze the data for the rearing period was included: overall mean, the effects of
location, breeds within the year, the flock, seasons, and the age. Breeds x seasons and breeds x lo-
cations interaction were found in weight at seven weeks of age. Avian showed consistent perfor-
mance under both hot and cold seasons for seven weeks bodyweight (1308.3-1304.4¢g), while
Hypeco and Shaver perform well under cold seasons but not in hot seasons in Libya. Hypeco and
Avian perform less under Libyan conditions compared to temperate zone conditions, whereas Shav-
er performs a little better under Libyan conditions. In addition, Hypeco had lower mortality, which
was about 2.84%, compared with Avian 3.0%, and Shaver, which was 4.38% during the rearing pe-
riod. This study could conclude that the performance of grandparent breeds under Libyan conditions
was affected by weather and management.

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

INTRODUCTION

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

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

environment (Babinszky et al., 2011). The
increasing indication for G x E interactions in
recent broilers and various suboptimal condi-
tions confirm the need for breeding programs
to improve performance under particular
stressful environments (Pakdel et al., 2005).
One of the primary reasons for low produc-
tion in the hot tropical climate is heat stress.
In poultry production, broiler growth and
meat yield have been strongly and negatively
affected by high ambient temperatures
(Ahaotu et al., 2019; Okonkwo and Ahaotu,
2019). It appears that broiler stocks reared for
a high growth rate and meat yield in optimal
environments cannot entirely express their
genetic potential when bred in hot climates
unless their selection programs include
breeding for heat tolerance (Adeyinka et al. ,
2006).

*Corresponding Author: Rabab F. Eldernawi, rabab.fathi@uob.edu.ly , Department of Zoology, Faculty of Science, University of Benghazi, Ben-

ghazi, Libya.


mailto:rabab.fathi@uob.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.57&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v36i2.57
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.57&amp;domain=pdf&amp;date_stamp=2008-08-14

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

Due to the low performance of the local
breed, many projects were established by the
Libyan government to cover the increasing
demand for broiler meat. These projects used
standard broiler parents, selected for temper-
ate climates, whereas Libyan weather is hot,
dry, and humid during summer, moderate-
warm in winter with some variations between
different locations. The use of standard broil-
er grandparents in hot climates may respond
differently to different climate and manage-
ment conditions. Therefore the objective of
this study was to test the interaction of three
imported breeds with location and season ud-
der Libyan conditions and compared with
that under the temperate zone for seven-week
body weight.

MATERIALS AND METHODS

Location : The study was conducted in two
different climatic zones: in Libya, which is
characterized by a subtropical climate and two
projects (Ghot-Al-Sultan and Tawargha) were
selected to be investigated in Libya, and in a
temperate zone which is characterized by rela-
tively moderate mean yearly temperatures, with
average monthly temperatures above 10°C in
their warmest months and above —3°C in their
colder months (Trewartha and Horn, 1980).
Most areas with a temperate climate present
four seasons, and temperatures can cause varia-
tion considerably between summer and winter
(McColl, 2005). Ghot-Al-sultan is located on
the east side of Libya on the width line 32 and
longitude line 21. The temperature range from
6 to 17 C° and 18 to 33 C° in winter and sum-
mer respectively. Tawargha is located on the
west side, on the width line 32 and longitude
line 15. The range of temperature ranges from
9 to 17 C° winter and 19.57 to 29.24 C° in
summer.

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

(A and B) and female lines (C and D).

Data were collected from the weekly records
for several birds for each breed during rearing,
as shown in Table 1.

Table (1): Total number of birds in each breed during
rearing.

Ghot-Al sultan Tawargha
Hypeco 16590 16734
Avian 14103 12561
Shaver 15633 16699

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

Traits studied: The traits studied were daily
feed consumption (DFC), cumulative feed con-
sumption (CFC). 7 Week body weight, feed
consumption ratio (FCR), and mortality.

Statistical Analysis: To test breeds interaction
with location and season for body weight at
seven weeks, this model included year-season,
breeds, and location. The following statistical
model using Stat Soft Inc (2007):

Yijkl = p + Li+Sj-Yk+BI /Sj-Yk+BI *Li+ Bl *
Sj-Yk +Eiijkl

Whereas:

u = overall mean, Li= the effect of i"™ location
(fixed) i (i = Ghot-Al sultan, Tawargha), Sj -Yk
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= the effect of Sj™ -Yk™ year (fixed) BI/Sj BI"
= the effect of BI™ breed / Sj™ season-Yk ™
year, Bl *Li = the interaction between BI" with
Li™ location BI * Sj-Yk = the interaction be-
tween BI™ breed with the Sj™ season - Yk™
year, Eijkl=the unexplained residuals.

RESULTS

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

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

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

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

Hypeco Avian Shaver
FBD (2) 79.7°£0.76  72.2°+0.75  75.7°+0.82
Mean+SD e e U
CFB (Ke) 3.90%0.15  3.54°+0.07 3.71°¢ 0.06
MeantSD R T o
Weight 1569°+19.8  1501°+18.7 1533 20.9
MeantSD - o T
FCR 2.48°+0.007 2.36°+0.003  2.42°+0.002
};fomhty 2.84° 3.0° 438°¢
N 1345 1352 1384

Means within the same row with different letters are significantly dif-
ferent (P <0.001)

DISCUSSION

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

e AViaN == Hypeco Shaver
1500
Avian
1400 \ Shaver
300
é Hypeco —\ HypeCO
92
00 Avian
1100
Shaver
1000 T )
Got Taw

Locations

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

© 2021The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



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

e AViaN == Hypeco Shaver
1350 Hypeco
1300 +—Avian .
1250 o “~——Shaver—
~1200 Hypeco
01150
1100

Shaver
1050
1000 T )
Hot Cold

Seasons

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

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

e Avian Hypeco Shaver

3000
Avian
2500 -
Hypeco
2000 A
Ny .
3 1500 {——Avian
@
Hypeco
1000 - Shaver
Shaver
500 A
0
Libyan Temperate zone

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

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

BWG, FI, FCR, and mortality. The findings by
(Aksit et al., 2006) also demonstrated a signifi-
cantly reduced body weight in broiler chickens
at 4 to 7 weeks of age at 34°C. (Plavnik and
Yahav, 1998) concluded that the bodyweight of
chickens declined progressively with an in-
crease in temperature. Hypeco breed had a con-
stant body weight during all seasons.

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

CONCLUSION

The Libyan government has established many
projects like (Ghot Al sultan and Tawergha) to
improve the productivity of the local breed and
cover the increasing demand for broiler meat.
These projects used standard broiler parents
(Hypeco, Avian, and Shaver breeds), which
were selected from temperate climates. Where-
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as the Libyan climate is hot, dry, and humid
during summer, moderate- warm in winter with
variations between different locations. There-
fore, when importing breeds, it needs to con-
sider the interaction between breeds and the
location. Furthermore, it essential to evaluate
and compare the performance of Hypeco, Avi-
an, and Shaver breeds during the rearing period
determining the most suitable breed under local
conditions. Finally, the main conclusions of
these experimental work should be presented.
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Abstract: The development of software projects consists of several stages, such as analysis and de-
sign. It also requires a set of skills that the software developer can use to work on the project, such
as specifying the requirements and writing code. Developers usually search for source code on the
internet for remix and reuse in software production. This paper aims to investigate the influence and
effect of code retrieved from the web on programmers’ views, decisions, and skills. A questionnaire
instrument was designed and distributed to programmers for their feedback. As a result, we were
able to address some points and achieved a better understanding of the interaction between pro-
grammers and the code from the web, especially the code from programming forums such as Stack

Over Flow.

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

INTRODUCTION

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

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

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

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

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

MATERIALS AND METHODS

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

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

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

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

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

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

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

THREATS TO VALIDITY

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

This research is no exception. Moreover, par-
ticipants were selected from mailing lists and
programming groups. That is why there is no
attempt to quantify the propagation of some
types of behavior.

Instead, we are searching for a diversity of
search behaviors and patterns, which is suitable
for a discovery study. The objectives of this
study are to find answers to the following four
research questions:

QI. To what extent 'Code retrieval from the

web" improves programmer’s knowledge and
skills?

Q2. What is the impact of ‘Code retrieval

from the web" on limiting programmer’s views

when trying to solve coding problems and
bottlenecks?

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

web ?
Q4. What are the
disadvantages of using ‘Code retrieval from the

web ?

advantages  and

RESULTS AND DISCUSSION

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

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

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

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

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

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

SFrongly disagree  neutral agree Strongly Mean STDev Outcome
disagree agree
Q1 0 0 14 20 4.46 0.65 Strongly agree
Q2 2 4 4 10 17 3.97 1.24 Agree
Q3 4 5 17 8 3.54 1.28 Agree

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

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

possibility of a better solution not being
explored.

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

SFrongly disagree  neutral agree Strongly Mean STDev Outcome
disagree agree

Q1 15 6 5 8 3 241 1.42 Disagree

Q2 7 4 4 15 7 3.30 1.41 Neutral

Q3 9 3 6 10 9 3.19 1.52 Neutral

Q4 10 10 2 13 2 2.65 1.36 Neutral

The third question of the study inspects the best

criterion by which to measure the quality of

code retrieval from the web. The study revealed
that clarity, scalability, security, and ease of

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

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

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

CONCLUSION

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

some advantages and disadvantages of code
retrieval from the web.

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

Furthermore, further investigation can be done
on the reasons why respondents consider
retrieved code to be scalable and the majority of
them are attempting to well understand the
retrieved code before using it. Moreover, future
studies could focus on investigating the reasons
that make programmers less proactive in shar-
ing solutions to problems on programming
forums.
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Abstract:Vinyl cyanide (VCN) is an aliphatic nitrile product which is extensively used in various
synthetic chemical industries. VCN is known to exert toxic actions to human beings as well as ex-
perimental animals. The present study was designed to examine the ability of B-cryptoxanthin, a
naturally occurring antioxidant, to attenuate VCN-induced testicular toxicity in adult albino rats.
Daily oral administration of VCN at a dose level of 30 mg/kg b.w. (7.2mg/ animal) to male rats for
a period of 5 days significantly reduced the levels of serum testosterone (T), androsterone, follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) which indicates injury to the testis func-
tion. Compared to VCN-treated animals, pretreatment with p-cryptoxanthin and its co-
administration with VCN once daily at a dose of 40 mg/kg b.w. (9.6mg/ animal) for 30 days in-
duced a remarkable degree of improvement in the levels of endocrine parameters including T, an-
drosterone, FSH and LH. In conclusion, the present results clearly demonstrate the protective role

of B-cryptoxanthin against VCN-induced physiological changes in the testis of rats.

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

INTRODUCTION

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

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

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

VCN-induced embryotoxic and teratogenic
effects have also been found in VCN-exposed
workers (Wu et al., 1995). According to envi-
ronmental teratologic epidemiological study
in inhabitants living in the surrounding re-
gion of an acrylonitrile factory, three congen-
ital abnormalities (pectus excavatum, undes-
cended testis and clubfoot) in 46,326 infants
showed significant time-space clusters in the

*Corresponding Author: Nura 1. Al-Zail nurazaill 982@gmail.com , Department of Zoology, Faculty of Science, Omar Al-Mukhtar University, El-

Beida, Libya.


mailto:nurazail1982@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i2.58&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v36i2.58

Al-Mukhtar Journal of Sciences 36 (2): 167-174, 2021

study region. There was a decrease in risk of
undescended testis with increasing distance
from the acrylonitrile factory (Czeizel et al.,
1999). Therefore, women not professionally
exposed would appear to be at risk of terato-
genic effects due to VCN toxicity.

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

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

MATERIALS AND METHODS

Chemicals: Vinyl cyanide (VCN) and pB-
cryptoxanthin were obtained from Sigma-

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

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

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

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

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

Group IV: (B-cryptoxanthin and VCN group)
pre-treated with pB-cryptoxanthin (40 mg/kg
b.w.) for 25 days and treatment continued with
VCN (30 mg/kg b.w) for additional 5 days.

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

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

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

P<0.01, P<0.05.
RESULTS AND DISCUSSION

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

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

Table:(1). The effect of vinyl cyanide (30 mg/kg b.w.) and/or B-cryptoxanthin (40 mg/kg b.w.) on serum testosterone,

androsterone, FSH and LH of male albino rats.

Groupe Control VCN Beryptoxanthin Beryptoxanthin +VCN
Hormone
Testosterone 3.00+0.03 7.63+ 0.09 4.62+0.16
7.05+ 0.04 (- 57.45%) (8.23%) (-34.47%)
/ml
ng m a** a**b** a**b** C**
Androsterone 30.41+£0.22 52.40+0.27 41.61+0.83
49.41+0.29 (-38.45%) (6.05%) (-15.79%)
pg/ml a** a**b** a**b** C**
12.61+0.16 8.32+0.22
4.09+0.26
FSH N (18.52%) (-21.80%)
pe/ml 10.64+0.12 ag-*6*1.65 %) - AR gk
9.26+ 0.15 7.48+0.12
4.51+£0.06
LH o (3.35%) (-16.52%)
mIU/ml 8.96+0.10 g-i?.67 %) o -

- Data are expressed as means + SE (n = 10 in each group).

- Values between parentheses are the difference % of each parameter with respect to control value.

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

b: Significant change at P< 0.05 with respect to VCN-group.

c: Significant change at P< 0.05 with respect to B-cryptoxanthin -group.
**Very high significant change exists at P< 0.001.

Whole body autoradiography and toxicokinetic
studies showed that the brain is a target organ
for VCN toxicity (Ahmed et al., 1982).
(McLachlan et al., 2002)reported that endo-
crine support is essential for normal spermato

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

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

To protect spermatogenesis from toxicant ex-
posure, many clinical and experimental trials of
antioxidant agents have been attempted. Carot-
enoids as potential antioxidant are well known
as highly efficient scavengers of singlet molec-
ular oxygen (102), and other excited species.
The present study indicates the beneficial ef-
fects of B-cryptoxanthin against vinyl cyanide
induced testicular toxicity. p-cryptoxanthin
treatment improved the levels of endocrine pa-
rameters including T, androsterone, FSH and
LH. These results are in agreement with those

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

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

CONCLUSION

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

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

INTRODUCTION

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

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

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

the guppy.
MATERIAL AND METHODS

Experimental diets preparation: Three ex-
perimental diets were formulated based on a
basal diet formulated from practical ingredi-
ents to satisfy all known nutrient require-

ments Poecilia reticulata according to (NRC,
1993).

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

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

Table (1): Ingredient and proximate composition of
the experimental diets.

Ingredients %
Dietary protein level
(% dryy£eight) 20 30 40
Fishmeal 17 27 36
Soybean meal 26 37 38
Ground corn 48 27 17
Soy oil 7 7 7
Vitamins 1 1 1
Mineral premix 1 1 1
Proximate composition (% dry weight)
Dry matter 93.12 9391 94.63
Crude protein 20.81 30.56 40.11
Crude lipid 6.14  6.88 6.65
Ash 6.65 7.1 7.82

Experimental setup: A total number of 72
Guppy (P. reticulata) fry were purchased
from local suppliers of aquarium fish shops,
Libya, and placed in a 500 L fiberglass tank.
Fish were randomly and equally stocked into
nine rectangular glass aquaria (80x35x50cm)
of 60 L dechlorinated fresh tap water for a 20
days acclimation period and fed with a com-
mercial diet designed for ornamental fishes.
All guppy in the aquaria were weighed indi-
vidually at the start of the experiment. At the
start of the experiment, each guppy fry was
weighed individually, and had an average body
of 0.365 + 0.01 g. The aquaria were then
randomly designated to each dietary protein
treatment in triplicates. All fish were fed the
experimental diets twice daily (9:00 a.m. and
4:00 p.m) until apparent satiation (Belal et
al., 2015; McGoogan & Reigh, 1996). Each
aquarium received gentle aeration with natu-
ral photoperiod (13 hours light 11 hours dark)
and an ambient temperature of (26—28°C).
The water parameters were measured daily.
The pH was measured using a digital pH
probe (Jenway 3305), water temperature and
dissolved oxygen were measured using OXI
92. pH and the dissolved oxygen were 7.8—
8.1 and 4.8-5.6 mg// respectively. At every
72 hours, aquarium water exchange was per-
formed, and the aquaria were thoroughly
cleaned. The fish was fasted one day before
ending the feeding trial.

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

Growth performance: The percent weight
gain (WQ), average daily gain (ADG), and
specific growth rate (SGR) (Han et al. 2015)
were calculated by the following equations:

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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WG (%) = [(BWf_BWi) /BWi] x 100

ADG (g /day) = (BWf_ BWi)/ T

SGR (%/day) = [In (BWf _InBWi)/ T] x100
Where, BWf, BWi, and T are the final body
weight, the initial body weight and time in
days, respectively, and all weights are in
grams (g).

Condition Factor (CF) (Rad et al., 2012) was
calculated by the following equation:
CF=[TW (g) /L (cm3)] x 100

Where, TW and L are the total body weight
(g) and total length (cm), respectively.

Daily feed intake (FI) and Feed conversion
ratio (FCR) were calculated according to
(Rad et al. 2012) by the following equations:
(FI, g /d/ fish) = Diet consumed % 100 / dura-
tion in days /fish number per tank

(FCR, g) = [dry weight of feed (g)/ wet
weight gain (g)].

The percent of survival was calculated accord-
ing to (Han et al. 2015) by the following equa-
tion:

Survival (%) = (N//N;) x 100

Where, N; and N; are the number of surviving
fish and the initial number of fish, respectively

Statistical analysis: All data were presented
as means (+ standard deviation). A one-way
analysis of variance (ANOVA) was utilized
for the data analyses, after prior confirmation
of homogeneity and normality. Statistical
significance at P < 0.05 was used and means
were separated using Duncan's multiple range
tests to determine differences between treat-
ments. The SPSS version 22.0 was used for
all statistical analyses.

RESULTS AND DISCUSSION

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

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

Table (2): Growth performance and feed utilization of
guppy, fed diets with different protein levels for 8
weeks.

Parameter Dietary protein level (%)

20 30 40
ImFlal 0.364+0.00  0.365%0.00 0.365+0.00
weight(g)
Final weight - o0 0 00¢  2705022° 3912015
(2
ADG (g) 1.9340.21°  2.33+0.22° 3.55£0.15"
V(,Ve‘ght gain 527.91£66.3° 639.480£57.3° 972.47435.7°
(%)
F.eed conver- 2.83£0.29°  2.21+0.21° 1.20+0.00°
sion ratio
Specific 0.57+0.18°  0.65:0.07°  0.98+0.03°
growth rate
Feed intake 7.3140.52° 6.04+0.43° 3.58+0.04¢

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

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

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure 1: Survival rate (%) of guppy fed diets with
different protein levels.

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

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

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

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

16 -
o a
©° 11

©

L C

C 6

o

-
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Figure 2: Condition factor of guppy fed different lev-
els of crude protein (CP) diet.

They also added that, a high level condition
factor indicated the healthy growth of fish,
which is desirable for ornamental fish farms.
In conclusion, a dietary protein level of 40%
is necessary for maximum growth and a bet-
ter condition factor for guppy fish.
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Identifying the Cause of Chocolate Spot (Botrytis fabae) Disease on Faba Bean
Leaves in Al-Marj and Al-Wasitah regions in Al-Jabel Al-Akhdar
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Abstract: This study aimed to identify the fungus that causes chocolate spot disease on bean leaves.
Bean leaves were collected randomly from fields in Al-Marj and Al-Wasitah regions during Febru-
ary and March 2017 in late flowering and fruiting stages, showing symptoms of disease 50
plants/field. The infection rate and severity of the samples were estimated. The pathogen of choco-
late spot disease was isolated from naturally infected leaves. After testing its pathogenicity, the pure
fungus was grown on solid food media that included both Zapex (Cz) and potato dextrose agar
(PDA) and environment malt agar (MA) and incubated at 22 Celsius.The results of the study
showed that the bean leaves grown in the fields of both Al-Marj and Al-Wasitah were infected with
chocolate spot disease, as its symptoms appeared in the form of small reddish-brown spots on the
leaves with an average diameter of 0.52 cm. The severity of the disease was recorded by calculating
the infection rate, and it reached 87.6% in Al-Marj fields, while the severity of infection was higher
in Al-Wasila fields, reaching 49.7%. The study also confirmed the ability of the pure fungus isolat-
ed from bean leaves to infect and record the stain on the leaves of the Egyptian bean plant 48 hours
after injection. It became clear through the measurements that the pathogen responsible for the dis-
ease is the fungus Botrytis fabae, characterized by dark divided mycelium, its thickness (average of
11.75 micrometers), and its production of conidia bacteria in clusters at the ends of a branched-
chain, which are single-celled, round, light brown in color, average length 14.5 micrometers and
width 10.8 micrometers. Also, the Zapex environment gave the highest growth of mycelium, germs,
and microsclerotia compared to other nutritional media.

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