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ABSTRACT

Since its introduction in the early 1980s, the invasive freshwater crayfish
Procambarus clarkii has flourished in the River Nile. Its distribution now
spans from the Delta region and Giza in the north to Aswan in the south. The
economic importance of this species in Egypt has increased over the past
decade, as reflected in the significant rise in the export of processed and live
animals to China and the USA. Crayfish processing factories along the River
Nile heavily depend on fisheries targeting this species, further enhancing its
economic value in Egypt. The present study aimed to assess the genetic
variation in the COI gene of P. clarkii from the Giza and Aswan populations
in comparison to native USA populations. Isolates collected from Giza were
closely related to P. clarkii, with a similarity index of 99.41%, while isolates
from Aswan were also closely related, with a similarity index of 99.26%.
Aswan isolates are derived from the Giza isolates. Egyptian isolates show the
closest relationship to Chinese isolates, both of which are descended from the
United States isolates. Furthermore, the nutritional composition of the flesh
was evaluated during different fishing seasons to assess its nutritional quality
in the two locations. The levels of lipids and proteins were significantly higher
in Aswan than in Giza, in both sexes and during the summer season. This
suggests that the flesh from the southern regions of Egypt is of a higher
quality.

INTRODUCTION

The freshwater crayfish Procambarus clarkii, a member of the family
Cambaridae, is native to the southern and central states of the United States.
Additionally, it has been introduced to every continent except Antarctica and
Australia (Loureiro et al., 2015; Oficialdegui et al., 2019). This species is suited for
commercial exploitation due to a variety of life history characteristics, such as high
fecundity, polytrophism, behavioral adaptability, rapid growth, and resistance to
illnesses and harsh climatic conditions (Huner & Lindqvist, 1995; Barbaresi &
Gherardi, 2000; Hazlett et al., 2003). Additionally, it has adapted effectively to
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living in regions where the level of shallow waters fluctuates significantly throughout
the year, often burrowing to survive (Huner & Barr, 1984).

P. clarkii was introduced into Egyptian aquatic habitats for aquaculture in the
early 1980s from the USA. It has spread throughout all freshwater environments,
such as marshes, bonds, and streams (Ibrahim et al., 1995; Rawi, 1995; Tolba,
2017). It has spread quickly throughout Egypt's aquatic ecosystems, extending from
the Giza Governorate to the whole Delta region in the north and Aswan Governorate
in the south (Ibrahim et al., 1995; Rawi, 1995).

High genetic diversity results from invasive species' ability to avoid inbreeding
and to adapt well to new environments (Keller & Waller, 2002; Yue et al., 2010).
The red swamp crayfish, for example, is one of the most successful invasive species
and has a significant amount of genetic diversity due to traits like rapid migratory and
breeding rates (Yue et al., 2010; Liu et al., 2013). Molecular markers, including
AFLP, RAPD, SSR, and mtDNA, are used frequently to evaluate genetic diversity
(Powell et al., 1996; Zhai et al., 2019).

Due to advances in data analysis and sequencing, mtDNA has gained
popularity; however, it is susceptible to the effects of genetic drift (Filipova et al.,
2011). Maternal inheritance, resistance to genetic recombination, fast evolution, and
the availability of effective PCR primers are some of the characteristics of mtDNA as
a genetic marker (Simon et al., 1994; Hebert et al., 2004). Consequently, mtDNA is
considered as potent instrument for researching molecular diversity and population
genetic structure (Xu et al., 2009).

One of the mitochondrial genes with a moderate rate of evolution and a strong
intra- and interspecies evolutionary signal is cytochrome oxidase subunit 1. Due to
these characteristics, COIl has frequently been used to conduct research on
phylogeography, evolution, and genetic variants, as well as to settle taxonomic
disputes in a variety of animal groups (Avise, 2000; Cao & Wu, 2019). Scientists
realized how useful these COI primers were for more comprehensive, systematic
research on metazoan invertebrates, such as coelomate protostomes and
deuterostomes, acoelomates, and pseudocoelomates (Brown, 1985).

The genetic diversity of various P. clarkii populations has spread worldwide,
both in its native and introduced habitats, based on different detection methods at
various time points (Barbaresi et al., 2003; Yue et al., 2008; Zhu & Yue, 2008;
Yue et al., 2010; Ibrasheva, 2011; Torres & Alvarez, 2012; Liu et al., 2013; Zhu
et al., 2013; Paulson & Martin, 2014; Quan et al., 2014; Radwan et al., 2014;
Jiang et al., 2015; Huang et al., 2017; Liu & Zhou, 2017; Vella et al., 2017;
Almeré&o et al., 2018; Yi et al., 2018; Oficialdegui et al., 2019; Liu et al., 2020;
Zhong et al., 2020; Dorr et al., 2021; Guo et al., 2022).

P. clarkii is an economic crustacean species. Its tremendous fecundity, diverse
feeding preferences, rapid growth, and ease of breeding have made it a valuable
aquatic resource. Over the past few vyears, freshwater crayfish production and
consumption have skyrocketed worldwide, with China currently leading the world in
crayfish production (Rodriguez-Estival et al., 2019). Chinese customers greatly
esteem crayfish due to their distinct flavor, texture, and high nutritional content
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(Souty-Grosset et al., 2016; Li et al., 2021; Zhou et al., 2021). As the consumer
market grows, crayfish processing also expands quickly (Zhu et al., 2021).

Regardless of this negative side of the occurance of P. clarkii in the Nile water, it
can still be a source of food in Egypt and internationally (Hunner, 1988; Huner et
al., 1988; Huner & Barr, 1991). The same authors discovered that, depending on
size, age, and whether or not the chelae muscles are healed, the yield of its abdominal
muscle varies between 10 and 40% of the total body mass. As a result, it may be
regarded as a novel, inexpensive food source that is a favorite aquatic supper in Egypt
and other countries (Ibironke et al., 2018).

The flesh of the crayfish acts as a source of protein, and it contains more
phosphorus than freshwater fish. Moreover, its exoskeleton can be used as forage for
animals due to the presence of iron, fats, and carbohydrates. Furthermore, the young
crayfish can be used as bait in fish hunting (Mona et al., 2000a).

Hamdi and Zaghloul (2006) evaluated P. clarkii as a cheap source of human
diet and males yielded more flesh than females. They also found that its muscles
contained a high protein content and essential minerals which were cheaper than
those in some marine shrimps.

In 2009, two studies were performed on the nutritional content of P. clarkii in
Egypt. According to the first study's analysis of the crayfish abdomen samples'
chemical composition, the mean amounts of total protein, fat, and ash were 13.88,
1.76, and 1.52%, respectively, for dry weight (Zaglol & Eltadawy, 2009). Rendering
to the second study, dry crayfish meat had the following percentages: 79, 40.9, 42,
and 13.1% for moisture, ash, protein, and fat, respectively (Ibrahim & Khalil, 2009).

Nutritional value of P. clarkii flesh was discussed by various authors in Egypt
and all over the world (Huner et al., 1988; EImossalami & Emara, 1999; Mona et
al., 2000b; Amine et al., 2008; Zaglol & Eltadawy, 2009; EI-Kholie et al., 2012;
El-Sherif & Abd El-Ghafour, 2015; Abd-Elgawad et al., 2018; Li et al., 2021;
Farrag et al., 2022; Yang et al., 2023; Zhang et al., 2023).

The present study aimed to assess the genetic variation in the mitochondrial
cytochrome oxidase subunit 1 gene (COI) of P. clarkii by comparing samples from
Giza and Aswan populations. The primary goal was to assess the genetic diversity
between these two populations and to compare them to the native populations of P.
clarkii from China and the USA. Additionally, the study evaluated the nutritional
value of P. clarkii flesh (muscle) in both sexes during different fishing seasons to
determine the meat quality of populations from Giza and Aswan.

MATERIALS AND METHODS

1. Study area and sampling
The River Nile flows into the Mediterranean Sea after emerging from Lake
Victoria in central Africa, covering a total surface area of 3,350,000km? and a total
length of 6,671km. The Egyptian sector of the Nile is about 1,532km long and has a



2134
Saeed et al., 2024

surface area of approximately 769,330kmz2. The main course of the Nile extends for
about 950km from the Aswan High Dam to Cairo (Fig. 1).
Crayfish samples were collected from two landing sites; Giza on the north of
the Nile (29° 48" N, 31° 16°E) and Aswan on on the south of the Nile (24° 58" N,
32° 52" E), during the summer and autumn of 2022 (Fig. 1).
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Fig. 1. Egypt map showing 2 study sites along the River Nile (El-Rawy et al., 2022)
2. Genetic variation
2.1 DNA extraction

Eight P. clarkii specimens were collected in September 2021, with four from
Giza and four from Aswan. The specimens were euthanized by freezing and then
dissected to obtain eight fresh abdominal muscle samples. The muscle samples were
immediately placed on ice to preserve the integrity of the DNA. To homogenize the
tissue samples, 250pl of lysis buffer (100 mM Tris-HCI, 1.4M NaCl, 20 mM EDTA,
and 10% SDS) was used. The specimens were then homogenized in CTAB extraction
buffer (200 mM Tris-HCI, 1.4M NaCl, 20 mM EDTA, CTAB powder, and 2% p-
mercaptoethanol), with 25ul of 20mg/ ml proteinase K added to break down cellular
structures and release DNA. The homogenates were incubated for 2-3 hours at 65°C
in a water bath. Chloroform-isoamyl alcohol (24:1) was used to purify the DNA, and
isopropanol was added to precipitate the DNA. The DNA-containing aqueous phase
was carefully transferred to a fresh tube. Isopropanol was added again to further
precipitate the DNA, and the mixture was centrifuged to form a visible DNA pellet at
the bottom of the tube. The DNA pellet was washed with ethanol to remove any
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residual contaminants, then air-dried. Finally, the dried DNA pellet was re-suspended
in sterile, DEPC-treated water and stored at -20°C until further use.

2.2 Polymerase chain reaction

The target region, approximately 700bp of the mitochondrial cytochrome c
oxidase subunit | (COI) gene, was amplified using the primers described by Folmer
etal. (1994). LCO 1490 [F]: 5'- GGTCAACAAATCATAAAGATATTGG -3
HCO 2198 [R]: 5'- TAAACTTCAGGGTGACCAAAAAATCA -3

The PCR reaction was conducted in an Applied Biosystems thermal cycler.
A total volume of 25ul was used to prepare the PCR reaction mixture, which included
12.5ul of 2X Master Mix, 1.5ul each of forward and reverse primers, 2.5ul of
template DNA, and 7.5ul of nuclease-free water.

The PCR thermal cycling conditions were as follows: an initial denaturation
step for 5 minutes at 94°C, followed by 35 cycles of 30 seconds at 94°C, 60 seconds
at 60°C, and 60 seconds at 72°C, with a final extension of 7 minutes at 72°C.

2.3 Gel electrophoresis

1.5g of glass was dissolved in 100ml of 1x TAE buffer in a microwave, and
then 3pul of ethidium bromide dye was added to create a 1.5% agarose gel. Molten
agarose was poured onto tray with comb allowing it to solidify. Gel was transferred
into electrophoresis chamber filled with buffer. After solidification, the comb was
removed forming wells. DNA leader and PCR products were loaded into wells. 100
volt was applied across the gel for 50min. Nucleic acids in gel were visualized under
UV light [Spectroline ™] as orange bands. Estimation of obtained band size was
judged by comprising it with DNA leader.

2.4 Sequencing and analysis of COI gene

PCR products were purified using the Qiagen extraction kit according to
the manufacturer's instructions before being submitted for DNA sequencing. The
Macrogen facility in Korea employed the BigDye™ Terminator sequencing kit [ABI
Applied Biosystems] to analyze the amplified fragments.

The resulting mitochondrial COI gene sequence was analyzed, assembled,
and compared with all available sequences in the National Center for Biotechnology
Information (NCBI) database using the Basic Local Alignment Search Tool
(BLAST), with the BioEdit software version 7.2.5. The nucleotide sequences were
uploaded to GenBank. Multiple sequence alignments were performed using
ClustalW. Gaps were reduced, and the alignment was visually verified using BioEdit
7.2.5.

2.5 Phylogenetic analysis

The mitochondrial COI gene sequences of P. clarkii samples were aligned and
compared with the closely related sequences retrieved from the GenBank database of
NCBI. Phylogenetic analysis of all isolates was carried out using MEGA version 7.0
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using the neighbor-joining method with 1000 bootstrap replications (Tamura et al.,
2007). The P-distance of nucleotide difference was used to construct Phylogenetic
tree (Saitou & Nei, 1987).

3. Nutritional value
The assessment of the nutritional composition of P. clarkii flesh is crucial for

determining the meat quality obtained from populations in Giza and Aswan. This
study aimed to compare key nutritional components, specifically crude protein, crude
lipid, and ash contents, between crayfish populations in these two regions

To facilitate a comparison, crayfish specimens were systematically collected
from both Giza and Aswan during summer and the early autumn of 2022. The
selection of these seasons is strategic, aligning with the commercial fishing seasons
for P. clarkii in the River Nile in Egypt, while commercial fishing was temporarily
suspended from October to April. This suspension is in line with the crayfish
spawning seasons, occurring in late autumn and late mid-spring. The careful
consideration of these seasonal factors ensures that the collected specimens are
representative of the optimal harvesting periods, allowing for a meaningful and
accurate assessment of the nutritional value of P. clarkii in Giza and Aswan. Note
that each parameter was determined in 5 specimens per season in each location.

3.1. Determination of crude protein contents

The crude protein content of the experimental diets was measured by Dumas’s
method using Tru Spec Nitrogen determinator (AOAC, 2016a) as follows:

The principle of this method is based on three phases, during the analysis cycle,
namely: purge, combust, and analyze phases. Firstly, P. clarkii flesh samples were
homogenized, ground, and then encapsulated. During the purge phase, the
encapsulated sample was placed in the loading head, peeled, and purged of any
atmospheric gases that had entered during the sample loading. In the combust phase,
the sample was dropped into a burning furnace at 950°C and was flushed with
oxygen for accelerating and complete combustion. For additional oxidation and
particle removal, the combustion products were sent through a secondary furnace set
at 850°C. A two-stage thermoelectric cooler and an extra furnace filter were
employed to remove moisture. After that, the combustion gasses were gathered in the
ballast, a collection vessel. Oxygen was fed into the ballast and combined with the
combustion gasses during the analyze phase. After that, a 3ml aliquot loop was used
to purge the ballast's homogeneous combustion gasses. Once the gases had
equilibrated, they were transferred to a helium carrier flow, swept through hot copper
to remove oxygen, change nitrogen dioxide (NOz) to molecular nitrogen (N2), and
then flowed through a Lecosorb and anhydrone to remove carbon dioxide (CO2) and
water (H20), respectively. A thermal conductivity cell was used to determine the
nitrogen content. The final result was represented as a weight percentage. The crude
protein was calculated via the multiplication of the nitrogen content by a conventional
factor of 6.25.
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3.2. Determination of crude lipid contents

The crude lipid content in flesh specimens of crayfish was determined according
to the method of the AOAC (1995) as follows:

Two parts from the sample (0.5-1g) were taken. The two parts were placed in
two weighed ashless filter paper in a soxhelet apparatus (500ml capacity). Petroleum
ether (60-80 °C) was used as a fat solvent, and the extraction period ranged between
16-18 hours. The insoluble residue for each sample was dried in the oven at 80°C for
4 hours, and the constant weight was recorded. The difference in weight gave the
amount of extract of the present lipids, which was calculated as a percentage.

3.3 Determination of ash contents

The ash content of the flesh samples of P. clarkii was determined according to
the method of AOAC (1995) by using a muffle furnace. Part of the fine powder of
the samples (1g) was put in a weighed porcelain crucible and incinerated in the
muffle furnace at 550°C for 7 hours. The crucible containing the ash was placed in a
desiccator and was then weighed. The residue remaining in the crucible indicates the
amount of ash present in the flesh sample.
4. Statistical analysis

Statistical analysis was conducted by one-way ANOVA test to determine if there
were significant differences in mean values of protein, lipids, and ash contents in the
flesh of P. clarkii between locations, seasons, and sexes. IBM SPSS Statistics 27.0.1
software was used for all statistical analyses.

RESULTS AND DISCUSSION

1. Genetic variation

The nucleotide sequence of the mitochondrial COI gene from eight isolates was
subjected to nucleotide BLAST analysis using the NCBI database. Four isolates
collected from Giza were closely related to P clarkii with a similarity index of
99.41% while other isolates collected from Aswan were closely related to P. clarkii
with a similarity index of 99.26%. The sequences of all isolates were submitted in
GenBank as P. clarkii isolate PC-Gi-1, PC-Gi-2, PC-Gi-3, PC-Gi-4, PC-As-5, PC-
As-6, PC-As-7, PC-As-8 with accession numbers OR016165.1, OR016166.1,
OR016167.1, OR016168.1, OR018993.1, OR018994.1, OR018995.1, and
OR018996.1, respectively.

The present results were supported by phylogenetic analysis using the neighbor-
joining tree method with 1000 bootstrap replications compared with isolates collected
from China and the United States (Fig. 2). Phylogenetic analysis indicated that the
isolates from Egypt were placed within the P. clarkii clade. The Aswan isolates are
originated from the Giza isolates. The Egyptian isolates are most closely related to
those from China, and both are derived from the United States isolates. All isolates
showed a reduced genetic variation compared to the native isolates.
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Procambarus clarkn isolate PC-As-7 OR018995.1 (Aswan, Egypt)
62 | Procambarus clarkn 1solate PC-As-8 OR018996.1 (Aswan, Egypt)
Procambarus clark ssolate PC-As-6 OR018994.1 (Aswan. Egypt)
Procambarus clarkn isolate PC-As-5 OR018993.1 (Aswan, Egypt)
99 | Procambarus clarksi solate PC-Gi-4 OR016168 1 (Gaza, Egypt)
Procambarus clarku ssolate PC-Gi-3OR016167.1 (Gaza, Egypt)
Procambarusclarkisolate PC-Gi-2 OR016166.1 (Gaza. Egypt)
.l Procambarus clarki 1solate PC-Gi-1 OR016165.1 (Giza Egypt)
100 [~ Procambarusclarknsolate 12KC499591.1 (Cluna)
Procambarus clarku isolate 11 KC499590.1 (Chuna)
3917 Procambarus clarkusolate 13 KC499592.1 (Chuna)
h?l} Procambarus clarkiiisolate 7KC499586.1 (China)
100 |[72 *— Procambarus clarksi 1solate 6 KC499585. 1 (Chuna)
‘L Procambasus clarkx haplotype Hap C5 JX120107.1 (USA)
| Procambarus clarkis haplotype b INO00904 1 (USA)
o‘lL Procambarus clarki haplotype 1 INO00905.1 (USA)

85 Procambarus clark haplotype Hap C6 JX120108.1 (USA)
Eamﬂmb.\ﬂmx.\'(l)lsuT 1
i Procambarus fallax NC020021.1

Cherax quadncannanss NC022937.1

Fig. 2. COI gene sequence of local isolates of P. clarkii and its relatives: a neighbor-
joining phylogenetic tree. Bootstrap values retrieved from 1000 trees are represented
by the numbers on the nods. A 5% nucleotide substitution is shown by the bar. The
current isolates' accession numbers were highlighted.

One of the primary studies to assess the genetic variation of P. clarkii is that of
Busack (1988). They used enzyme electrophoresis to investigate nine populations in
the southeastern United States, spanning from Illinois to Texas, which represents the
species' natural range. Busack’s findings revealed little variation between
populations, which was believed to be due to the species' likely recent emergence in
the late Miocene, when much of its present native range was formed. In both the
current study and that of Busack (1988), little genetic variation was identified,
regardless of the number of organisms introduced, based on the genetic similarity of
populations from the native range.

It is noteworthy that even after more than 80 years, the exotic populations from
east-central China have not significantly differentiated from native populations of P.
clarkii (Yue et al., 2010). No populations were recorded in Europe after more than 35
years of invasion (Barbaresi et al., 2007).

Using microsatellites, Yue et al. (2010) found a "significant heterozygote deficit"
in six P. clarkii populations they examined in China, including one that was the
original population introduced in 1929. The authors suggested that recent bottlenecks
are the cause of these populations' reduced genetic diversity.

Barbaresi et al. (2007) acquired 16S and COI mitochondrial gene sequences of
P. clarkii from 12 populations in Italy, Spain, France, Portugal, and Switzerland. The
16S sequences showed only one haplotype with no variation, while six haplotypes
were detected for COI, with one haplotype found in 10 of the 12 populations.
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In the latter case, however, all of the haplotypes were highly similar, with the
exception of one or two nucleotide alterations. In the present study, little genetic
variation was detected. Isolates collected from Giza and Aswan were closely related
to P. clarkii, with similarity indices of 99.41 and 99.26%, respectively. Egyptian
isolates were most closely related to Chinese isolates, and both of these groups were
more closely related to the United States isolates.

In contrast to the results described above, Barbaresi et al. (2003) found an
"unexpectedly high" level of genetic variation in P. clarkii populations from Portugal
and Italy using RAPD markers, linking this pattern to repeated importing into the
same regions. According to the previously discussed studies, and unlike the findings
reported here, P. clarkii shows less genetic variation both within its native range and
across a variety of introduced regions.

Oficialdegui et al. (2019) found the highest haplotype diversity of P. clarkii in its
native range in the USA. The majority of haplotypes found in other invaded areas
around the world also appeared in Louisiana but not in other native populations of the
USA or Mexico (Fig. 3). This pattern is likely linked to the commercial exploitation
of this species in Louisiana (Gary, 1975; Alford et al., 2017).

The question of how such a species could become a successful invader remains,
given the limited genetic variation discovered for P. clarkii in this and earlier studies.
A recent analysis suggests that many introduced species have experienced genetic
bottlenecks but have still managed to establish and thrive in new habitats (Dlugosch
& Parker, 2008).

SR
G @ The native range
{ @ Invasion hubs
~— Main routes reported from the literature i
—— Invasion routes confirmed through genetic analysis ". "
-------- New (genetic-based) invasion routes reported Q I
.. == Other hypothesized invasion routes

- ~amans
e < -
R — =, o=

Fig. 3. The global invasion routes of the red swamp crayfish, Procambarus clarkii,
based on mitochondrial DNA (Oficialdegui et al., 2019)

2. Nutritional value

The values of these parameters for the fishing season in the two locations are
presented in Table (1). The one-way ANOVA test was conducted to determine if
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there were significant differences in the nutritional value of crayfish from Giza and
Aswan (Table 2).

In Giza, fresh crayfish meat had the following constituents in summer for males
and females, respectively, on a wet weight basis: crude protein 14.28, 17.11%; fat
4.37, 4.69%; and ash 1.58, 1.53%. In autumn, the values were: crude protein 11.66,
12.89%; fat 3.26, 3.55%; and ash 1.67, 1.61% for males and females, respectively
(Table 1).

In the Giza region, the percentages of crude protein and crude lipids were
significantly higher in females compared to males in each season. When considering
the seasons, both sexes displayed significantly higher values for these two parameters
in summer compared to autumn. Additionally, the percentages of ash content were
significantly higher in males than in females during the same season, and also higher
in both sexes in autumn than in summer (Fig. 4A).

In Aswan, the flesh of P. clarkii had the following constituents in summer for
males and females, respectively, on a wet weight basis: crude protein 17.3, 23.4%; fat
4.57, 5.08%; and ash 1.12, 0.95%. In autumn, the values were: crude protein 12.51%,
14.37%; fat 4.23%, 4.51%; and ash 1.21%, 1.13% for males and females, respectively
(Table 1).

Similar to the observations in Giza, the percentages of protein and lipids in
Aswan exhibited analogous patterns. The values for both parameters were higher in
females compared to males in each season, and there was a noticeable increase in
both sexes during the summer compared to the autumn. The percentage of ash content
was significantly higher in male samples compared to females in both summer and
autumn. Moreover, the percentage of ash was significantly higher in both sexes in
autumn than in summer (Fig. 4B).

When comparing the data from the two locations, Giza and Aswan, it is evident
that the levels of crude protein and crude lipids were significantly higher in Aswan
than in Giza in both sexes and during the summer season. This observation suggests a
higher quality of flesh from the southern regions of Egypt. This conclusion is further
supported by the lower ash contents in Aswan samples, confirming the superior
quality of flesh for consumption (Fig. 4C, D).

The chemical composition and nutritional values of fish and shellfish vary
greatly depending on a number of factors, such as species, nutritional level, diet,
harvest season, catch location, and environmental conditions (Tanakol et al., 1999;
Guillaume, 2001; Berge et al., 2004; Bayissa, 2021).

Various types of shellfish are harvested globally for human consumption. The
consumable parts mainly consist of the muscular portions, which are considered a



2141
Comparative Study on Genetic Variation and Nutritional Value of Freshwater
Crayfish Procambarus calrkii in the River Nile, Egypt

source of high-quality nutritional protein. Consequently, the findings of the present
study confirm that P. clarkii is an excellent food source, owing to its high protein
levels and satisfactory fat content. This makes P. clarkii a valuable source of animal
protein (Huner & Barr, 1991; Soliman et al., 1998) for the Egyptian population,
many of whom suffer from malnutrition.

Table 1. Percentages of protein, lipid, and ash content in the flesh of red swamp
crayfish P. clarkii during fishing seasons in Giza and Aswan (n=5 for each value)

Slc Protein Lipids Ash

502 |3

o 8 v 0, 0, 0,

S |» % SD SE % SD SE % SD SE
E M | 14.28 | 0.192 | 0.086 | 4.37 | 0.101 | 0.045 | 1.58 | 0.110 | 0.049
£

ol @ F | 17.11 | 0.143 | 0.064 | 4.69 | 0.109 | 0.049 | 1.53 | 0.084 | 0.037

N
c| M | 11.66 | 0.096 | 0.043 | 3.26 | 0.110 | 0.049 | 1.67 | 0.094 | 0.042
2
< | F | 12.89 | 0.188 | 0.084 | 3.55 [ 0.084 | 0.037 | 1.61 | 0.109 | 0.049
ol M| 17.3 | 1592 | 0.712 | 4.57 | 0.073 | 0.032 | 1.12 | 0.079 | 0.034
£
£

S| 3| F | 23.40 [ o258 | 0.115 | 5.08 | 0.152 | 0.086 | 0.95 | 0.07 | 0.031

2

< g M | 12.51 | 0.057 | 0.025 | 4.23 | 0.233 | 0.104 | 1.21 | 0.074 | 0.033
=]

)
< | F | 14.37 | 0145 | 0.065 | 4.51 | 0.143 | 0.064 | 1.13 | 0.083 | 0.037

Table 2. Two—-way ANOVA to show the difference in biochemical composition of
P. clarkii between locations, sexes, and seasons

Parameter Source F ratio P-values

location 248.489 | <0.001

Protein season 782.283 | <0.001

sex 264.973 | <0.001

location 199.663 | <0.001

Fat season 315.161 | <0.001

sex 62.017 <0.001

location 310.938 | <0.001

Ash season 15.900 <0.001
sex 9.840 0.004
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Fig. 4. Percentage of protein, lipid, and ash values in the flesh of P. clarkii during the
fishing season in summer and autumn. (A) Giza. (B) Aswan. (C) Males in Giza and

Aswan. (C) Females in Giza and Aswan
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Elmossalami and Emara (1999) analyzed the chemical composition of P.
clarkii meat harvested from riverbanks in Cairo and Giza. They found that the mean
values for crude protein, crude fat, and ash contents were 15.6, 0.59, and 1.51%,
respectively. These findings align with the present study, particularly in terms of
crude protein values during summer in Giza, which were lower than those in Aswan
in summer but higher than those in autumn in both locations. Regarding ash content,
this study concurs with the values from Giza and surpasses those from Aswan.
However, in terms of fat content, the values from the present study were significantly
lower than those observed in ElImossalami and Emara’s (1999) study.

Mona et al. (2000b) investigated the nutritive value of P. clarkii samples
collected from El-Agezy drain in Tanta City, Gharbia Governorate. They reported the
following protein, fat, and ash levels for both males and females: 15.6, 23.5% for
protein; 4.1, 1.8% for fat; and ash contents of 5.4, 5.2%. The protein content in males
aligns with the corresponding value in our study during summer. Additionally, the
protein content in females is comparable to that of females collected during the
summer in Aswan in the present study. Regarding fat content, the values from this
study correspond with our study on females but are notably lower than those recorded
for males in all instances. The ash content values in this study are approximately
three times higher than those found in our study, both for males and females.

Amine et al. (2008) investigated the chemical composition of the red swamp
crayfish meat sourced from various markets in Alexandria, Egypt. Their findings
revealed protein percentages ranging from 14.9 to 22.66%, fat from 0.84 to 1.33%,
and ash from 1.064 to 1.8%. The protein and ash content ranges in their study align
with our results, while the fat content range is notably lower than what we observed.

El-Kholie et al. (2012) conducted a study on the chemical composition of
crayfish flesh collected from the River Nile between October and December 2010.
They reported protein, lipid, and ash contents of 19.77, 1.99, and 1.45%, respectively.
The protein content in their study is higher than all values observed in the present
study, except for the protein content in females collected during the summer in
Aswan, which was 23.4%. The fat content is lower than that recorded in the present
study, but the ash content is similar to our findings.

El-Sherif and Abd EI-Ghafour (2015) performed a study on the chemical
composition of crayfish flesh collected from El-Kanater fish market, Egypt. The
reported percentages, for protein, lipid, and ash contents, of 15.22, 1.29, and 1.18%,
respectively. The protein content aligns with that of specimens collected in the
summer in our study. However, the fat content is lower than what we observed, while
the ash content corresponds with our findings.

Outside Egypt, several studies have explored the nutritional composition of P.
clarkii. For example, Huner and Barr (1991) examined crayfish in Louisiana, USA,
revealing protein, lipid, and ash contents of 17.13, 2.83, and 1.05%, respectively. In
Shanghai, China, Li et al. (2021) assessed the nutritional quality of P. clarkii muscle
cultivated using a commercial diet and biofloc technology. Their findings indicated
protein values of 19.48 and 19.52%, lipid values of 0.89 and 0.91%, and ash values of
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1.41 and 1.39% for specimens reared on the commercial diet and biofloc,
respectively.

Zhang et al. (2023) compared the nutritional qualities of P. clarkii meat from
aquaculture ponds, rice fields, and wild environments in Jiangsu Province, China.
They found that the percentage of crude protein was 15.5% in rice field specimens,
17.91% in wild-caught specimens, and 18.95% in aquaculture pond specimens. They
also observed that the lipid contents in specimens from rice fields and ponds were 1.1
and 1.19%, respectively, which were higher than those in wild samples. Finally, they
reported that the highest ash level, 1.65%, was found in pond specimens. These
findings, influenced by diverse environmental conditions, food composition, and
growth periods (Miao et al., 2020), suggest that crayfish in cultivated ponds exhibit
accelerated growth and increased body mass at harvest (Xiong et al., 2020). Pond and
rice-field crayfish are fed various diets, including compound feed, minced meat, and
plant-based feed such as wheat and rice bran, as well as vegetable leaves (Zou &
Zhang, 2015). In contrast, wild crayfish do not receive artificial feeding, which
causes variations in the chemical composition of crayfish meat.

In the present study, the values for crude protein and crude lipid were
significantly higher in Aswan than in Giza for both sexes and during the summer
season. In both locations, females exhibited higher values than males (Tables 1, 3).
Fernandes et al. (1994) studied P. clarkii in the River of Portugal and found
considerable seasonal variation in total lipid levels. Lipid levels increased in spring,
declined in the summer, and remained stable throughout winter. As a result, P. clarkii
does not accumulate large amounts of food for use during winter. Furthermore, the
reproductive cycle of the species, rather than its dietary cycle, is linked to seasonal
variations in total lipid levels. Seasonal variations in protein levels were minimal and
did not appear to be related to nutritional metabolism. The authors also noted that the
nutritive content was higher in females than in males. Additionally, Schirf et al.
(1987) reported that winter food deprivation in P. clarkii resulted in a significant
decrease in muscle lipid and protein contents.

It is well known that protein levels can influence the gonadal development of
fish and crayfish. Higher protein and lipid levels in females of P. clarkii in the
present study may be attributed to the demands of ovarian development. Lu et al.
(2020) reported that higher protein contents in females of P. clarkii are essential for
the development of oocytes, especially in the late stages. For instance, Gunasekera
et al. (1995) reported that a high-protein diet promoted earlier sexual maturation in
the Nile tilapia (Oreochromis niloticus), while a low-protein diet (10% protein)
delayed oocyte growth and resulted in fewer eggs or changes in their chemical
composition. The American lobster (Homarus americanus) relies primarily on protein
for reproduction, and a high-protein diet facilitated the development of its gonadal
organs. Rodriguez-Gonzélez et al. (2009) investigated the effects of changing protein
levels on gonadal growth in the red claw crayfish (Cherax quadricarinatus) and
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found that high protein levels resulted in elevated protein content in the
hepatopancreas, which was subsequently made available for gonadal development.
Rodriguez-Gonzalez et al. (2014) further noted that protein content in the female red
claw crayfish influenced the growth and survival of their juveniles significantly.

Table 3. Percentage of crude protein, crude lipid, and ash contents in flesh of P.
clarkii from different studies in Egypt and other countries

Location Source 5 X :g_ < Author

S gl <
Giza, Egypt Summer, Male 14.28 | 4.37 | 1.58
Giza, Egypt Summer, Female 17.11 | 4.69 | 1.53
Giza, Egypt Autumn, Male 11.66 | 3.26 | 1.67
Giza, Egypt Autumn, Female 12.89 | 3.55 | 1.61

Present study
Aswan, Egypt Summer, Male 17.3 4,57 | 1.12
Aswan, Egypt Summer, Female 23.4 5.08 | 0.95
Aswan, Egypt Autumn, Male 12.51 | 4.23 | 1.21
Aswan, Egypt Autumn, Female 1437 | 4.51 | 1.13
Giza, Egypt Combined sexes 15.6 0.59 | 1.51 Elmossalami 1999
Tanta, Egypt Male 15.6 4.1 5.4
Mona et al., (2000b)

Tanta, Egypt Female 23.5 15 5.2

149 | 0.84 | 1.06
Alexandria, Egypt Combined sexes to to to Amine et al., (2008)

22.66 | 1.33 | 1.8
Egypt Combined sexes 19.77 | 1.99 | 1.45 El-Kholie et al., (2012)
El-Kanater, Egypt | Combinedsexes | 15.22 | 1.29 | 1.18 E"Z:Z;g:r’,":zgzg)E"
Louisiana, USA Combined sexes 17.13 | 2.83 | 1.05 | Huner and Barr, (1991)
Shanghai, China | Feed o commercial | 49 48 | 0.89 | 1.41

diet Li et al., (2021)
Shanghai, China Feed on Biofloc 19.52 | 0.91 | 1.39
Jiangsu, China Aquaculture Pond 18.95 | 1.19 | 1.65
Jiangsu, China Rice field 15.5 1.1 - Zhang et al., (2023)
Jiangsu, China Wild caught 17.91 - -
CONCLUSION

This study analyzes mitochondrial COIl gene variations in eight P. clarkii
samples from Egypt. Four isolates from Giza showed a 99.41% similarity to native P.
clarkii from the USA, while those from Aswan showed a 99.26% similarity.
Biochemical constituents fluctuated during the fishing seasons in Giza and Aswan,
with higher concentrations of crude protein and fat in Aswan. This suggests that the
flesh quality in southern Egypt is superior. Future research should focus on assessing
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genetic variability among different crayfish populations and investigating seasonal
changes in the chemical composition of P. clarkii flesh across different Egyptian
governorates.
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