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Students and its Correlation with sociodemographic Factors
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ABSTRACT

This study aimed to assess the level of nutritional awareness among students at Sana'a University
and its relationship to various socio-demographic characteristics. A total of 748 male and female
students were selected from six Faculties, namely, Media, Arts, Education, Agriculture, Medicine, and
Pharmacy. Data were collected using a questionnaire that covered the participants' socio-demographic
characteristics and their levels of nutritional awareness. The participants included both first-year and
final-year students. The results revealed that the participants' ages ranged from 18 to 27 years. Of the
total sample, 50.40% were males and 49.60% were females, with the majority of students (88.10%) being
unmarried. Notably, students' fathers (22.1%) were found to be more educated than their mothers
(7.6%). Regarding the level of nutritional awareness among participants, the predominant level was
moderate (57.76%), followed by a high level (28.34%) and a low level (13.90%). No significant differences
(P < 0.05) were observed between nutritional awareness levels and the socio-demographic
characteristics of the participants. The study recommends increasing nutritional awareness among
university's students through adapting effective educational programs. Furthermore, it suggests that
future studies should be conducted to explore other factors that may influence nutritional awareness

among students in the Yemeni environment.
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Article history ABSTRACT
Received:
28.10.2025 This study aimed to determine the bioactive compounds and antioxidant activity of pumpkin
fruits cultivated in Yemen. Fresh Pumpkin samples were collected from four governorates of
Accepted: the country, namely, Sana’a, Ibb, Taiz, and Dhamar. The samples were analysed for B-carotene,
21.11.2025 vitamin A, ascorbic acid, total phenol, and DPPH ICsy activity of fresh pumpkin. The results
showed that the mean values were ranged between (1.93 +0.97 to 2.51 +0.78 mg/100 g),
Published: (1620.12 +81.48 t0 210.84 +65.52 ug RAE/100 g), (11.58 + 3.23 to 15.12 + 2.53 mg/100g), (2.57
+ 0.67 to 3.59 + 0.97 mg GAE/100 g) and (0.88 +0.48 to 3.28 +0.39 mg/ml) for B-carotene,
1.12.2025 vitamin A, ascorbic acid, total phenol and DPPH ICsp activity respectively. Pumpkin samples
from Taiz governorate (TP) had the highest B-carotene, vitamin A, ascorbic acid, and DPPH ICs
scavenging activity; whereas, the pumpkin samples from Dhamar governorate (DP) had the
highest total phenolic content. These findings suggest that Yemeni pumpkin, particularly from
the Taiz region, is a valuable source of natural antioxidants and could be promoted as a
functional food. Further studies are recommended to comprehensively profile the bioactive
compounds and antioxidant activity in different pumpkin parts and well-defined varieties
across various Yemeni regions and seasons.
Keywords: Antioxidants activity, DPPH, Total phenolic, Ascorbic acid, B-Carotene, Pumpkin,
Yemen
INTRODCTION
The consumption of fruits and vegetables minerals, and fiber present in fruits have beneficial
promotes health, energy, and quality of life. Fruit and effects on health (Bijauliya et al., 2017). For this reason,
vegetable intake decreases health-related diseases the interest of the public and health professionals in
including cancer, cardiovascular diseases, diabetes etc. functional foods in the prevention of diseases is gaining
Bioactive compounds including polyphenols, ground. In light of this, pumpkin has attracted the
carotenoids, tocopherols, anthocyanin, vitamins, attention of researchers due to its nutritional profile and

© 2025. This open-access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
(https://creativecommons.org/licenses/by-nc/4.0/).
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health-promoting properties (Gonzdlez et al.,, 2023;
Aydin, 2022).

Pumpkin, commonly known as Sitaphal or
kashiphal belongs to the Cucurbitaceae family and the
Cucurbita genus. The word pumpkin originated from the
Greek word pepon which means large melon (Marret al.,
2004; Adebayo et al., 2013). The most widely grown
pumpkin worldwide are Cucurbita maxima, Cucurbita
moschata and Cucurbita pepo (Yoo et al., 2023).
Cucurbita maxima, Cucurbita pepo, Cucurbita moschata,
Cucurbita ficifolia, and Cucurbita turbaniformis are the
five common species of pumpkin.in this contex. It 's
believed that the genetic diversity of the germplasms of
pumpkin leads to great variation in the shape, size,
flavor, color, and n tritional content, and its nutrient
composition also differs depending on the origin and
cultivation environment (Kowalska et al., 2017; Muthoni
and Shimelis, 2025).

Pumpkin is widely cultivated in different climatic
zones, famous for its nutritional value and health-
promoting effects, is consumed in abundance as a
functional food and as a medicine for the treatment of
various health conditions (Stovel, 2005; Hussain et al.,
2021). Furthermore several studies have shown that the
antioxidant components contained in pumpkin inhibit
free radicals and reduce the risk of cancer,
cardiovascular and neurodegenerative diseases (Xie et
al., 2013; Kulczynski et al., 2020; Hussain et al., 2021),
and antibacterial, anti-inflammatory capabilities, with
the onset of many diseases or their symptoms (Hagos et
al., 2023; Pinna et al., 2024).

Pumpkin flesh, is a source of micronutrients,
and its seeds possess significant amounts of proteins,
minerals, phytosterols, and essential fatty acids.
Furthermore, pumpkin flesh is rich in bioactive
compounds, especially carotenoids, polyphenols, amino
acids, vitamins, and minerals. It is an excellent source of
trace elements such as potassium, phosphate, and
magnesium (Djutin, 1991; Adams et al., 2011; Dar et al.,
2017; Hussain et al., 2021; Batool et al., 2022; Ghendov-
Mosanu et al., 2023). Pumpkin is consumed directly or
as byproducts. It's pulp is widely used in the food
industry for the production of pastries, baked goods,
juices, jams, marinades, and baby food (Kulczynsk and
Gramza-Michatowska, 2019).

InYemen, pumpkin cultivation is primarily
concentrated in the Sana'a governorate (specifically
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the Bilad Al-Rus Directorate) and Hadhramaut (in Al-
Hadabah). The Bilad Al-Rus (Walan) region has been
known for this cultivation since ancient times, However,
to the best of our knowledge, no data are available on
the bioactive compound content and antioxidant activity
of Yemeni pumpkin flesh. Therefore, the objectives of
this study were to determine the bioactive compound
content and antioxidant activity of pumpkin fruits
collected from different cultivation areas in Yemen.

MATERIALS AND METHODS
Study area

The study was carried out in the laboratory of the
Biotechnology and Food Technology Department, Faculty
of Agriculture, Thamar University. Yemen is a country
located in the southwestern corner of the Arabian
Peninsula. It has an area of approximately 530,000
square kilometers, which accounts for about 15% of the
total area of the Arabian Peninsula. Yemen's territory
includes around 200 islands, with the largest being
Socotra (Al-Marwani, 2023). Yemen has a diverse climate
that varies significantly by elevation, with a tropical
arid/semiarid climate on the coast and in the desert, and
a more temperate climate in the highlands. Coastal areas
are hot and humid year-round, while the highlands
experience warm summers and cooler winters with
potential for frost. The mean temperatures in the
highlands range from below 15°C in winter to 25°C in
summer, and in the coastal lowlands from 22.5°C in
winter to up to 35°C in summer. Yemen has two main
rainy seasons, the summer (April-May) and the autumn
(July-September), though rainfall amounts are highly
variable across the country (World Bank Group, 2021).

Materials & Chemicals

Plant material of four pumpkin cultivars were
purchased from local markets of four governorates of
Yemen i.e. Bilad Al-Rawas district, Sana’a governorate
(SP), Abaser, Mayfa’a Ans district, Dhamar governorate
(DP), Al-Nashma and Al-Ma’afer district, Taiz governorate
(TP), and Yarim district, Kitab area, Ibb governorate (IP)
during the Autumn season of 2024. As illustrated in Photo
1. The pumpkin materials were then brought to
laboratory for processing and analyses. Chemicals and
solvents used in the study were procured from market of
Dhamar city.
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Photo. 1. Pumpkin samples from different cultivation
areas of Yemen

Grading and sorting of pumpkins

Sorting and grading of pumpkins were done
manually based on different quality parameters like
color, size, shape, and maturity. Defective and
undesirable fruits were removed during sorting using
the keys given by Dhiman et al. (2018).

Plant material preparation

At the laboratory, the pumpkin fruits were
washed and cut into two portions; the fruit matrix and
seeds were scooped out. The samples were evaluated in
triplicate for each analysis.

0.6
0.5 y = 0.0483x
0.4 R?=0.9938
0.3 N
0.2 &
0.1 L B

0

Absorbance

0 5 10 15
Ascorbic Acid Concentration (ug/ml)

Fig.1. Calibration curve of ascorbic acid (at 254 nm)
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Estimation of bioactive compounds
Ascorbic acid determination

Ascorbic acid content of pumpkin flesh was
determined by measuring the absorbance of pumpkin
flesh extract using a UV-VIS spectrophotometer (Cary
50, Varian, Australia) at 254 nm as described by Yulia et
al. (2023) with some modifications. 5 g of the pumpkin
sample was weighted and homogenized with 50 ml
Oxalic acid solution 0.4%, then the mixture was filtered
using filter paper. After then the absorbance of sample
filtrate was measured. Oxalic acid solution 0.4% was
used as a blank. Standard curve of ascorbic acid (0 — 10
pg/ml) was prepared and ascorbic acid contents of each
sample were calculated from the regression equation of
the calibration curve (y=0.0483x, R?= 0.9938) (Fig. 1).

B-Carotene determination

The B-carotene was determined as the
techniques described by Fikselovd et al. (2008) with
some modifications. 1 g of sample paste was soaked in
5 ml (methanol-hexane, 1:1) for 2 hrs. at room
temperature in the dark. The B-carotene layer (hexane
layer) was separated using a separating funnel. The
volume was made up to 10 ml with hexane, and filtered
through sodium sulphate to remove moisture from
extract. The absorbance was measured at 450 nm using
hexane as a blank. The B-carotene content was

calculated using the formula:

A X VxD x 10*
B-carotene (ug/g) = TA W

Where: A: Absorbance at 450 nm., V: Total
volume of extract (ml), D: Dilution factor, W: Sample
weight (g), A %1 .m: Specific absorbance coefficient of 6-
carotene. Then, the B-carotene values were converted
from (ug/g) and expressed as (mg/100g of sample).

Vitamin A determination:

Vitamin A content in pumpkin samples was
expressed as a Retinol Activity Equivalent (RAE) from
the B-carotene values using the relationship between -
carotene and vitamin A content following the keys given
by IOM (2001) and using the following formula:

12 pg B-carotene = 1 ug RAE.

Estimation of antioxidant activity
Sample extraction

For estimation of total phenolic content (TPC)
and DPPH radical scavenging activity, the samples were
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extracted with methanol. 5 g of each sample was
suspended in 100 ml methanol, allowed to extract for 3
hrs. with agitation, centrifuged at 3000 rpm for 10
minutes, and filtered. The extracts were analyzed for
total phenolic content and antioxidant activity.

Determination of total phenolic content (TPC)

Total phenolic content was determined using
the Folin-Ciocalteu reagent as techniques described by
Mala and Kurian (2016). To the methanolic extracts of
pumpkin pulp, 0.5 ml of Folin-Ciocalteu reagent was
added. The contents were mixed, and 1 ml of saturated
sodium carbonate solution was added; then the volume
was adjusted to 10 ml with distilled water. The mixture
in tubes was thoroughly mixed. Tubes were allowed to
stand at room temperature for 1 hr. until the blue color
developed. The blank was prepared with methanol.
Absorbance of the clear supernatants was measured at
675 nm using a spectrophotometer. Gallic acid standard
curve (0 - 250 mg/ml) was prepared, and the total
phenolic content was calculated and expressed as mg
gallic acid equivalent (GAE)/100g of pumpkin flesh (Fig.
2).

3
2.5 | y=0.0101x+0.0547
g, R? = 0.9962
=
(1
£15
2 1
=
<
0.5
0
0 50 100 150 200 250 300

Gallic Acid Concentration (mg/ml)

Fig. 2. Standard curve of gallic acid for total phenolic
content.

Radical scavenging activity by DPPH assay

DPPH radical scavenging activity was measured
following the method of Mala and Kurian (2016).
Different dilutions of pumpkin extract were prepared (0
-250 pg/ml). From each sample dilution, 1 ml was
pipetted into a test tube and 4 ml of 0.1 mM methanolic
solution of DPPH was added. Then the tubes were
shaken vigorously and allowed to stand at room
temperature for 30 min. The control was prepared
without a sample extract using 1 ml of methanol in a test
tube instead of a sample extract and 4 ml of 0.1 mM
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methanolic DPPH. The methanol was used as a blank.
The changes in the absorbance of each sample dilution
were measured at 517 nm. Radical scavenging activity
was expressed as the inhibition percentage using the
following formula.

A control —A sample

% Radical scavenging activity = X 100

Where:

A control: Absorbance of control at 517 nm,
A sample: absorbance of the sample at 517 nm.

A control

The ICso of each sample was derived from the %
radical scavenging activity vs concentration plot as
(ng/ml) using the linear regression equation: y=ax+b

Where: x. Sample concentration and y: %
Scavenging activity. (Fig. 3).

Then, the DPPH ICso value for samples were

converted from (ug/ml) to (mg/ml).

0.8

0.7 y =0.0027x + 0.0017

0.6 R>=0.9754

0.5

0.4

0.3

0.2

0.1
0

% Inhibition

0 50 100 150 200 250 300

Concentration (ng/ml)

Fig. 3. DPPH scavenging activity curve of
pumpkin sample (pg/ml).

Statistical analysis

The data obtained were analyzed using SPSS
software (Version.16). The results were recorded as
means £SD. Significant differences (p<0.05) between the
values of the samples' properties were determined by
Duncan’s multiple range test. p < 0.05 was considered
significant.

RESULTS &DISCUSSION

The fruit of pumpkin is mainly made up of peel,
seeds and pulp. Fresh pumpkin comprises 91.2%
moisture, 0.16% fat, 0.97% protein, 0.73% ash, 0.52%



Yemeni Journal of Agriculture and Veterinary Sciences (2025) 6(2):10-21

Albera’a et al.

crude fiber and 4.3% carbohydrates (Nincevic Grassino
et al., 2023).

Nutraceutical is an umbrella term that includes
foods, food parts or dietary supplements that provide
physical or protective benefits against chronic diseases.
(Kalra, 2003). The bioactive components of pumpkin,
such as polyphenols, fibers, polysaccharides, proteins,
lipids, amino acids, carotenoids (precursors of vitamin
A), vitamins (vitamin C, vitamin B2, vitamin E), minerals
(potassium, calcium, magnesium, selenium) (Hussain et
al., 2021), have been shown to be effective
nutraceuticals in the treatment of oxidative stress-
related healing disorders, including allergies,
Alzheimer’s disease, cardiovascular disease, cancer,
diabetes, ocular, immune, inflammatory and
Parkinson’s diseases, as well as obesity (Nasri et al.,
2014).

The qualitative and quantitative profile of
biologically active compounds in pumpkin seeds, peels
and cores depends on several factors: genotype
(Kulczy’'nski and Gramza-Michatowska, 2019),
cultivation method, maturity degree, storage
conditions and duration, processing method, drying
and functional compound extraction process
(Ratnayake et al., 2004; Sharma and Rao, 2023). Several
studies have shown that the antioxidant components
contained in pumpkin inhibit free radicals and reduce
the risk of cancer, cardiovascular and
neurodegenerative diseases (Xie et al., 2023).

Bioactive compounds of fresh pumpkin
B-Carotene content:

Pigments including carotenoids, zeaxanthin,
and lutein are mainly responsible for the orange-yellow
color of pumpkins. Among all the pigments,
carotenoids play an important role in the changing of
color from yellow to orange, following its immature to
mature stage due to elevation in the content of
carotenoids in the fruit by approximately 10 folds.The
pigments in pulp are utilized as food additives and are
also widely used in the field of health sector (Ahmad et
al., 2021). Carotenoids and B-carotene are fat soluble
compounds that function as pigments, antioxidants,
bioactive agents, etc. These are characterized by the
presence of alternate isoprenoid units. They play
significant role in improve vision and are also
metabolized to form vitamin A, which help to improve
bodily function and immunity (Altaf et al.,, 2025).
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Furthermore, The B-carotene have a great importance
to human health, and a carotenoid-rich diet is
suggested for the prevention of different age-related
and chronic diseases (Raikos, 2017).

The Table 1 shows the results of B-Carotene
content in Yemeni pumpkins in current study. As
shown, The statistical analysis revealed that there were
no significant differences( P<0.05) in B-carotene means
values among pumpkin samples studied. The pB-
carotene mean values were 2.13 #0.70, 1.93 +0.97,
2.51 +0.78, and 2.16 +1.10 mg/100g in IP, DP, TP, and
SP of fresh pumpkins respectively. Moreover, the TP
pumpkin samples have the highest B-carotene
contents, whereas, DP pumpkin samples have the
lowest B-carotene contents. These results are higher
than the findings reported by previous studies of (Zhou
etal,, 2017; Chuwa et al., 2022; Mala and Kurian, 2016;
Rana et al., 2022; Stryjecka et al., 2023), and in parallel
with the results reported by many workers (Karanja et
al., 2017; Kulczynski and Michatowska, 2019;
Ramachandran et al., 2022), and lower than findings of
Shajan (2023). The consistent and contrary among the
results of present study and previous studied could be
attributed to varieties of pumpkins, maturity stages,
and the location of pumpkin cultivation, color of
pumpkin and harvesting time (Zahra et al., 2020; Pham
et al., 2024; Pinna et al., 2024 ).

Table 1. Mean * SD of B-carotene and vitamin A
contents in fresh Yemeni pumpkins
Sample B-carotene (mg/100; Vitamin A (ug RAE /100¢
IP 2.13+£0.70° 178.92 + 58.8°

DP 1.93 +0.97° 162.12 + 81.48°
TP 2.51+0.78° 210.84 + 65.52°
SP 2.16 +1.10° 181.44 +92.4°

Different superscript letters in the same column are significantly
different (p< 0.05) according to Duncan’s test.

Vitamin A content

The main source of vitamin A is carotenoids,
which are important in the growth of embryonic
development; thus, the high content of carotenoids in
pumpkin makes it a highly valuable and nutritive fruit.
B -carotene, a-carotene, lutein, and lycopene are the
main carotenoids providing the excellent basis of pro-
vitamin A carotenoids (Dhiman et al., 2009). Vitamin A
content was determined as retinol activity equivalents
(RAE) based on B-carotene content in fresh pumpkin.
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The mean values of vitamin A in fresh Yemeni pumpkins
are presented in Table 1. The statistical analysis
revealed that there were no significant differences (p
<0.05) in vitamin A contents among pumpkin samples
included in this study. The means values of vitamin A
in fresh pumpkins were 178.92 £58.8, 162.12 +81.48,
210.84 +65.52, and 181.44 +92.4 ug RAE/100g for IP,
DP, TP, and SP respectively. These results are lower
than findings of Kulczynsk and Gramza-Michatowska
(2019), who reported higher mean values. The
differences mean values recorded among pumpkin
samples subjeted to investigation in this study may be
due to the genetic diversity of the Cucurbita species
and the environmental conditions under which the
pumpkins were grown. In addition, the samples
included in this study were belong to different varieties
and cultivars for example; the TP pumpkin samples
belong to the Cucurbita moschata species, whereas the
DP, IP, and SP samples belong to both Cucurbita
moschata and Cucurbita pepo species. Ripening degree
may also be the other reason for differences among
pumpkin samples. Furthermore, Zahra et al. (2020)
cited that, amount of vitamin A influenced by the color
of Pumpkin pulp.

Ascorbic acid content

Pumpkin contains varying amounts of ascorbic
acid (Vitamin C), typically between 9 to 10 mg/100g,
although it can range from about 6.4 to 14.7 mg/100g
depending on the variety and growing conditions. As an
antioxidant, ascorbic acid in pumpkin contributes to
boosting the immune system and is important for skin
health. It is also an antioxidant that helps protect cells
from damages.

Table 2 shows the results of ascorbic acid in
fresh Yemeni pumpkins. As shown, The ascorbic acid
contents were significantly different (P<0.05) among
pumpkin  samples collected from different
geographical areas of Yemen. The highest mean values
of ascorbic acid was recorded in TP pumpkin (15.12
+2.53); while, the lowest value (11.58 +3.23 mg/100g)
was recorded in DP pumpkin. The ascorbic acid means
values of IP and SP pumpkin samples were 13.56 +4.17
and 12.22 + 3.11 mg/100g respectively. These results
are higher than findings reported by previous studies
(Blessing et al. 2011; Chuwa et al., 2022), and similar
to findings of Tong et al. (2025) who studied the
vitamin C contents in four varieties of pumpkin pulp in
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Vietnam. However, These results are lower than the
findings of Hagos et al. (2023) and Kulczynski and
Gramza-Michatowska, (2019) , who found the ascorbic
acid contents in fresh pumpkin ranging between 24.2-
84.23 mg/100g. These contrary in ascorbic acid
contents may be due to variations in the maturity
degree, pumpkin varieties, and soil composition, in
which pumpkins grown.

Table 2. Mean * SD of Ascorbic acid content in fresh
pumpkins from different areas of Yemen

Sample Ascorbic acid (mg/100 g).
IP 13.56 + 4.17%°
DP 11.58 +3.23°
TP 15.12 + 2.53°
SP 12.22 +3.11%

Different superscript letters in the same column are significantly
different (p< 0.05) according to Duncan’s test.

Antioxidant activity of fresh pumpkin

Pumpkin flesh has antioxidant activity due to
its high content of bioactive compounds. These
antioxidants help protect the body from damage
caused by free radicals, potentially lowering the risk of
chronic diseases. Cooking can affect the levels of these
compounds and the overall antioxidant capacity
(Gonzalez et al., 2023).

Total phenolic content (TPC)

TPC in flesh pumpkin has been calculated as
gallic acid equivalent (GAE) using the gallic acid
standard curve equation y = 0.0101+ 0.0547, R?>= 0.996
(Fig. 2). Based on the results in Table 3. The results
revealed that the TPC significantly differed (P<0.05)
between pumpkin samples of DP and SP; while, none
with other samples subjected to investigation in this
study. The mean values of TPC pumpkin samples were
3.59 £0.97, 3.07 +£0.33, 2.97 £0.31, and 2.57 +0.67 mg
GAE/100g in DP, TP, IP, and SP, respectively. These
results are similar to findings found by (Rana et al.,
2022); whereas, its lower than findings reported by
Priori et al.(2022) in Brazil, and Hagos et al.(2023) from
Ethiopia, the mean values reported by above workers
were in the range of (288 and 369 mg GAE/100 g).
These results are higher than the results of (Sharma
and Rao, 2013). Other research workers from different
regions of world (Zduni¢ et al., 2016; Kulczynsk and
Gramza-Michatowska, 2019: Shajan, 2023; Arshad et



Yemeni Journal of Agriculture and Veterinary Sciences (2025) 6(2):10-21

Albera’a et al.

al.,, 2025; Tong et al., 2025; Algahtani, 2025) also
reported different mean values of TPC, the mean
values reported by them were ranged between 2.58-
635.75 mg/100g). The differences or consistent among
mean values of pumpkin samples studied in current
study and other studies could be attributed to genetical
factors, harvesting time, storage periods, and
environmental factors.

Table 3. Mean * SD of Total phenolic content and ICso
of DPPH scavenging activity in fresh Yemeni pumpkins

Pumpkin  Total phenolic ICs, of DPPH
Sample compounds (mg/mi)

(mg GAE/100g)
IP 3.07 £0.33% 3.15+0.75°
DP 3.59+0.97° 3.28+0.39°
TP 2.97 £0.31%° 0.88 +0.48°
SP 2.57+0.67° 1.94 +0.67°

Different superscript letters in the same column are significantly
different (p <0.05) according to Duncan’s test.

ICso of DPPH scavenging activity:

The scavenging activity of pumpkin samples
was calculated based on the concentrations of sample
extract that provided 50% inhibition (ICso), or the
quantity needed to scavenge 50% of DPPH free
radicals. The value of antioxidant activity (ICso) was
calculated based on the linear regression equation
between % inhibition and the concentration of the
samples. The results of ICso of DPPH scavenging activity
dipected in Table 3. As shown, The results are revealed
that there were significant differences (p < 0.05) in the
DPPH ICso radical scavenging activity among the
pumpkin samples. The TP pumpkin flesh samples have
the strongest scavenging activity, as indicated by the
lowest ICso value (0.88 mg/ml); whereas, the pumpkin
from DP has the lowest scavenging activity (3.28 +0.39
mg/ml). The DPPH ICs radical scavenging activity of IP
and SP pumpkin samples were 3.15 #0.75 and 1.94
+0.67 mg/ml respectively. These results are in line with
findings of (Pham et al. 2024; Astutik and Yanti, 2023)
and higher than the findings of (Mala and Kurian, 2016)
but its lower than the findings of (Algahtani, 2025;
Hagos et al., 2023). The variations in DPPH ICso mean
values of pumpkin in current study and previous
studies may be due to the genetical, geographical and
environmental factors. Furthermore, Waode and
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Umriani (2018) suggested that variations in the
ripening stage may affect the 1Cso value of pumpkin.

CONCLUSIONS

This  study provides the  first
comprehensive analysis of bioactive compounds and
antioxidant activity in pumpkin fruits cultivated across
different regions of Yemen. The results demonstrate
that Yemeni pumpkin flesh contain significant amounts
of B-carotene, vitamin A, ascorbic acid, and phenolic
compounds, with notable variation among
geographical origins. Pumpkin samples from Taiz
governorate (TP) exhibited the most promising
antioxidant profile, showing the highest level of B-
carotene, vitamin A, ascorbic acid, and the most potent
DPPH ICso radical scavenging activity. In contrast,
samples from Dhamar (DP) recorded the highest total
phenolic content. The significant influence of
cultivation area on bioactive compounds composition
underscores the importance of geographical and
environmental factors in enhancing the nutraceutical
value of pumpkin. These findings position Yemeni
pumpkin, particularly from the Taiz region, as a
valuable natural source of antioxidants with potential
functional food applications.
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INTRODCTION

Sheep and goats are crucial livestock in
Yemen for food security, nutrition, income, and as
financial assets, especially for rural communities and
vulnerable households. They provide meat, milk, and
wool, with rural families relying on them to meet daily
needs, fund education, and as a safety net during
economic crises (Wilson, 2003; Pradyut et al., 2025).
Livestock health is a priority for sustaining these
livelihoods, which are essential for the resilience of
many Yemenis, particularly in the context of the
ongoing conflict and collapsing veterinary
services. These animals are raised under traditional
systems, and the feeding mostly depends largely on
available natural pastures and crop residues (UN,
2023).

Minerals are vital for growth and health of
animals due to their physiological, catalytic, and
regulatory functions processing. Adequate mineral
intake supports the proper functioning of bones, teeth,
muscles, and nerves, and is essential for enzyme and
hormone production. However; their deficiencies can
lead to huge health and economic losses. The mineral
deficiency occurs as result of inadequate nutrition, poor
nutrient absorption, or metabolic disturbances
(Baugreet et al., 2017; Asin et al., 2021; Suttle, 2020;
Arshad et al., 2021).

Calcium (Ca) is one of the macro-elements
required for contraction of muscles (Hu et al., 2018),
the transmission of neuron signals (Williams and
Smith, 2018), bone formation, and blood coagulation
(Wasilewski et al., 2019). Phosphorus (P) is regarded
as the second macro-mineral, essential for synthesis of
biological components such as nucleic acids,
phospholipids, and high energy phosphate complexes
(Vorland et al., 2017). Magnesium (Mg) is essential for
the activation of kinase and polymerase enzymes
(Faraji et al., 2021) as well as the transport of other
cations across the cell membrane, including Ca, sodium
(Na), and potassium (Mathew and Panonnummal,
2021).

Concerning micro-elements, copper (Cu) is
essential for the activation of several key enzymes
(Min et al., 2022). It contributes to cellular respiration,
the immunological system, lipid metabolism, growth,
wool quality, hemoglobin biosynthesis, bone
construction, connective tissue development and the
synthesis of carbohydrates and proteins. Cu is also
essential for the creation of a pigment melanin of
leather and wool (Ipek and Keskin 2007; Radwinska,
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and Zarczynska 2014). Zinc (Zn) is necessary for
crucial processes including growth, cell health,
immune system, neurological system, reproduction,
and protein synthesis (Kozat et al., 2007; Maares and
Haase 2016; Driessnack et al., 2017; Jin et al., 2023).
Iron (Fe) is another trace element needed in nearly all
species and plays an important role in hemoglobin
formation, neurological transmission (Huang et al.,
2018), transport of oxygen and DNA creation and
repair (Ito et al., 2021).

Mineral deficiencies are common in sheep and
goats grazing on low-quality pastures and raised under
conventional systems (Sowande et al., 2008; Kawas et
al., 2010; Xin et al., 2011). They may produce clinical
disorders with significant consequences on health and
survival of animals (Balamurugan et al., 2017). Lack of
appetite, emaciation, diarrhea, dehydration, anemia,
and pale mucous membranes are more prevalent in
sheep that showed a drop in serum levels of Ca, P, Mg,
Zn, Cu and Fe (Ibrahim et al., 2017). Trace mineral
deficiencies impact the production and performance of
sheep and goats (Xinetal.,2011; Lengarite et al., 2012;
Yatoo et al., 2013). A decrease in serum Zn
concentration produced physiological issues as well as
arange of ailments such as anorexia, weight loss, delay
growth, skin lesions, eyelid enlargement, loss of wool,
and dermatitis (Sloup et al., 2017), joint stiffness and a
fall in hematological indicators (Song and Shen, 2020).
Reduced serum Cu levels caused sheep to suffer from
anemia, poor growth, wool keratinization, and bone
disorders (Hefnawy and El-Khaiat 2015; Mandour et
al., 2021).

Nutritional deficiency is recognized as one of
the most significant problems impacting animal
productivity. The most critical aspect of avoiding
wasting in sheep and goat herds is nutritional
management. Adequate and high-quality feed is
necessary for proper mineral, vitamin, and
micronutrient intake (Asin et al., 2021). Sheep and
goats in Sana'a governorate, Yemen, are grazing
animals that obtain most of their nutrients from pasture
and local roughage. Due to the differences among the
levels of essential elements in grass and pasture plants,
they are vulnerable to mineral insufficiencies. To the
best of our knowledge, very limited information is
available on mineral deficiency disorders in local
Yemeni sheep and goats. Therefore, the aim of the
current study is to evaluate the mineral deficiency in
grazing sheep and goats at Sana’a Governorate, this
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will provide baseline data for future preventive and
control strategies.

MATERIALS AND METHODS

Study area

The current study was conducted from May to
August 2024 at Sana'a Governorate, Yemen. Sana'a
Governorate is located in a mountainous region of
Yemen, situated at a high altitude of over 2,200 meters
(7, 392 feet). It has a semi-arid climate with warm
summers and cool, dry winters, and experiences
significant temperature differences between day and
night. The highest daytime temperatures can reach
33°C  (91°F) in June, while temperatures can
occasionally drop below 0°C (32°F) in winter. Rainfall
is sparse, with the wettest months being July and
August (Hasan et al., 2025).

Animals and study design

A total of 200 indigenous breed of sheep and
goats (one hundred each) of both sexes and different
ages (1-4 years) from different areas of Sana'a
Governorate were selected and investigated in this
study. Animals were sharing same grazing pastures and
management conditions. The pastures consist of native
shrubs, perennial grasses, and agricultural forage crops.

The animals of each species were assigned into
two groups: a control group and a mineral-deficient
group. The control group was contained 20 animals
(each species) apparently healthy. Prior to the
commence the study, each animal’s physiological
parameters, rectal temperature (38.1-39.3 <C),
respiratory rate (18-32 rpm), and heart rate (68-92
bpm) were monitored to evaluate their health status
according the techniques described by Radostits et al.
(2006). Mineral-deficient group was contained 80
animals (each species) showed clinical signs of mineral
insufficiency such as hair/wool loss, color change,
decreased body weight, pale mucous membranes, and
other related symptoms animals were maintained on a
free-grazing diet with unlimited food and water. Blood
samples were collected from these animals for the
study. The collection was performed under the
supervision of animal welfare experts and a pathologist
from the University of Sana'a, Yemen.
Clinical examination

Clinical examination of animals was carried
out according to the techniques described previously by
Jackson and Cockcroft (2002); Radostits et al. (2006).
A specific questionnaire was created to record the
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animal owner's bio -information and clinical signs
exhibited by animals.

Samples collection

The blood samples were collected according to
the techniques described by Ibrahim et al. (2017). In
brief, blood samples were collected by puncturing the
jugular vein using hypodermic needles after clipping
the hair or wool in the area of puncture, followed by
disinfection with 70% ethyl alcohol. Two blood
samples were collected from each animal of all groups.
The first sample (5 ml) was taken in a sterile tube with
ethylene diamine tetra acetic acid (EDTA) as an
anticoagulant for hematological parameters analysis.
The second sample (5 ml) was taken in a sterile tube
without anticoagulant for biochemical parameters
analysis. The samples were labelled properly and
transported in an ice pack to the National Centre of
Public Health Laboratories, Sana‘a city. The samples
(without anticoagulant) were allowed to clot in a
slanting position at room temperature for about 2 hours,
then stored overnight in the refrigerator at 4°C, then
centrifuged at 3000 rpm for 10 minutes. Clear non-
hemolyzed serum was obtained and stored in
Eppendorf tubes at -20°C until the time of biochemical
analysis.
Hematological parameters analysis

The hematological parameters were estimated
using Micros ESV 60 hematology Analyzer (Horiba
ABX, France) as manufacturer instructions. The
parameters estimated include: Total erythrocyte count
(RBCs), Packed cell volume (PCV), Hemoglobin
concentration (Hb), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and
Total leukocyte count (WBCs), as well as Platelets and
Red cell distribution width (RDW blood test).

Serum biochemical parameters analysis
Biochemical parameters were analyzed using
the blood analyzer atomic absorption
spectrophotometer according to method described by Ji
and Ren (2002). Serum Ca, P, Mg, Cu, Fe and Zn
concentrations were estimated photometrically using
commercial kits (Bio-Diagnostic, Giza, Egypt)
according to the manufacturers instructions. serum
total protein (TP) and albumin concentrations were

analyzed using commercial kits  (Spectrum
Diagnostics, Cairo, Egypt) according to the
manufacturer instructions. Serum globulin

concentration was calculated mathematically by
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subtracting the total protein values minus albumin
values (Kaneko et al., 2008).

Statistical analysis

The obtained results for blood hematology and
biochemical and trace element analyses were recorded
using Microsoft Excel. The statistical analyses,
including the calculation of standard error and means,
were performed using SPSS program version 25
Software, Inc., Chicago Ill., USA, For the comparison
between healthy and affected animals' groups, the
student’s t-test was used. The difference was
considered statistically significant when P<0.05.

RESULTS

Clinical examination

LA S S RN

The clinical examination results revealed that
sheep and goats in menial deficient groups showed
variety ranges of clinical signs include: easily detached
hair/wool (70.0 &45%), alopecia (35.0% & 15.0%), a
change in hair/wool color (22.5% & 20.0%), a pale
mucous membrane (60.0% & 65.0%), inappetence and
emaciation (40.0% & 42.0%), dullness (37.5%
&32.5%), and diarrhea (10.0% & 2.5%) respectively
for Sheep and goat compared to control groups as
presented in Figure 1 & Table 1. Body temperature,
respiratory and pulse rates were recorded accordingly.
The mean of body temperature was similar in both
control and mineral deficiency group. While the means
of respiratory and pulse rate were significantly higher
in the affected animal group compared to the control
(p<0.0) as depicted in Table 2.

Figure 1. Sheep and goats about 1-4 years of age with highly detached hair/wool.

alopecia and emaciation.
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Table 1. Clinical signs observed on mineral deficient grazing sheep and goats at Sana’a governorate (n= 80
for each species)

Clinical signs Sheep Goats
Number %o Number %
Easily detached hair/wool 56 70.0 36 45.0
Alopecia 28 35.0 12 15.0
Change in hair/wool color 18 22.5 16 20.0
Pale mucous membrane 48 60.0 52 65.0
Inappetence 32 40.0 34 42.5
Emaciation 32 40.0 34 42.5
Dullness 30 37.5 26 325
Diarrhea 8.0 10.0 2.0 2.50

Table 2. Mean = SE of temperature, pulse and respiration in healthy control and mineral-deficient groups of
sheep and goats

Sheep Goats
Parameters Control Mineral-deficient Control Mineral-deficient
(n=20) (n=80) (n=20) (n=80)
Body temperature (C°) 38.72+0.20 39.21+0.14 39.30+0.16 39.28+0.10
Pulse rate (beats/min) 79.61+1.75 118.20+2.25" 81.70+0.36 124.55+2.85"
Respiratory rate 23.0740.78 39.28+1.59" 26.1540.67 42.29+2.37"

(breaths/min)

*Values with an asterisk within the same raw are statistically significant (P<0.05)

Table 3. Mean + SE of hematological parameters in control and mineral-deficient groups of sheep and goats

Sheep Goats
Parameters . .
((jl(:l:l;l;](;l Mlnel(':lllz-gg;iment ((jl(:l:l;l;](;l Mineral-deficient (n=80)

RBC (x10%/ul) 11.67+£0.22 7.06+0.27" 11.89+0.10 6.414£0.19"
Hb (g/dl) 9.86+0.67 6.21£0.18" 10.73+0.45 6.24+0.30"
PCV (%) 35.69+0.81 21.42+0.14" 33.72+0.51 20.11+£0.21"
MCYV (fL) 29.824+0.59 33.62+0.57 29.49+0.18 32.984+0.76
MCH (pg) 9.10+0.83 12.23+1.19 9.75+0.30 12.56+0.28
MCHC (g/dl) 30.12+0.29 33.88+1.41 31.47+0.23 36.78+0.59
RDW 9.1+£0.27 15.940.87" 10.4+0.42 15.8+0.83"
Platelet(x10%/ul)  298.4+21.9 605.7+48.7" 266.5+£33.6 591.5+67.5"
WBC (x10%/ul) 12.344+0.67 6.32+0.43" 12.59+0.29 6.01£0.51"

*Values with an asterisk within the same raw are statistically significant (P<0.05). WBCs (white blood cells), Hb

(hemoglobin), RBCs (red blood cells), PCV (hematocrit), MCV (mean corpuscular volume), MCHC (Mean corpuscular

hemoglobin concentration), RDW (red cell distribution width).

26



Yemeni Journal of Agriculture and Veterinary Sciences (2025) 6(1):22-34

Alshami et al

Table 4. Mean + SE of serum minerals concentrations in control and mineral-deficient groups sheep and

goats.
Sheep Goats

Parameters - .

Control Mineral-deficient Control . . _

(n=20) (n=80) (n=20) Mineral-deficient (n=80)
Ca (mg/dl) 8.95+0.42 6.42+0.25" 8.98+0.37 6.21+0.28"
P (mg/dl) 5.86%0.39 3.24+0.11" 5.59+0.27 2.99+0.10"
Mg (mg/dl) 3.11+0.07 2.00+0.04" 3.27+0.01 2.01+0.02"
Cu (pg/dl) 119.60+3.21 81.10+1.26" 112.61+4.32 74.31+2.14°
Fe (ng/dl) 113.74+4.57 65.32+1.29" 118.56+3.71 64.29+2.19"
Zn (pg/dl) 98.7614.62 52.37+1.61" 87.931£3.68 44.71+2.32"

*Values with an asterisk within the same raw are statistically significant (P<0.05). Ca (calcium), P (phosphorus), Mg

(magnesium), Zn (zinc), Fe (iron).

Table 5. Mean + SE of serum albumin, total protein and globulin concentrations in control and mineral-

deficient groups of sheep and goats

Sheep Goats
Parameters Control Mineral-deficient Control Mineral-deficient
(n=20) (n=80) (n=20) (n=80)
Total protein (g/dl)  8.01+0.36 6.86+0.53" 7.89%0.76 6.46+0.19°
Albumin (g/dl) 3.98+0.41 2.29+0.14° 3.87+0.57 2.27+0.13°
Globulin (mg/dl) 4.03+0.32 4.57+0.23 4.02+0.36 4.19+0.29

*Values with an asterisk within the same raw are statistically significant (P<0.05).

Hematological analysis

The results of hematological parameters
analysis revealed that there was significant decrease
(P<0.05) in total RBCs, Hb, PCV, and WBCs in
mineral-deficient group of sheep and goats compared
to the control group. The mean values were (7.060.27
& 6.41£0.19), (6.21+0.18 & 6.24+0.30), (21.42+0.14
& 20.11+0.21) and (6.32+0.43 & 6.01£0.51) for RBCs,
Hb, PCV, and WBCs in mineral deficient groups of
sheep and goats respectively, whereas, the mean values
in control groups were (11.67+0.22 and1 1.89+0.10),
(9.86+0.67 & 10.73£0.45), (35.69+0.81 & 33.72+0.51)
and (12.34+0.67 & 12.59+0.29) for sheep and goats
respectively as presented in Table 3. However, there
were significant increases (P<0.05) in red cell
distribution width (RDW) and platelet counts. The
mean value of red cell distribution width was
15.9+0.87 & 15.8+0.83 in the mineral-deficient group
sheep and goats, respectively, compared to the control

groups (9.1+£0.27 & 10.4+0.42, respectively). The
mean value of platelets was 605.7£48.7 and
591.5467.5 in the mineral-deficient group of sheep and
goats, respectively, compared to the control groups
(298.44+21.9 & 266.5+33.6) respectively. Furthermore,
no significant differences (P<0.0) were observed in the
mean values of MCV, MCH, and MCHC of mineral-
deficient groups compared to the control groups of
sheep and goats as illustrated in Table 3.

Biochemical analysis

Biochemical analysis results of serum revealed
that there was a significant decrease (P<0.05) in serum
levels of Ca, P, Mg, Cu, Fe, and Zn in the mineral-
deficient groups of sheep and goats compared to the
control groups. As shown, the mean values of serum
calcium, phosphorus, magnesium, copper, iron and
zinc in deficient groups were (6.42+0.25&6.21+0.28),
(3.24+0.11 & 2.994+0.10), (2.00+£0.04 & 2.01+0.02),
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(81.10 £1.26 & 74.31 +2.14), (65.32 £1.29 &64.29
+2.19) and (52.37 £1.61 & 44.71 £2.32) of sheep and
goats respectively. While; the mean values in control
groups were (8.95 £0.42 & 8.98 £0.37), (5.86 £0.39 &
5.59 4£0.27), (3.11£0.07 & 3.27+£0.01), 119.60+3.21 &
112.61+4.32), (113.74 +4.57 & 118.56 £3.71) and
(98.76 +4.62 & 87.93 £3.68) of sheep and goats
respectively as presented in Table 4.

Considering the total protein and albumin
levels in animals subjected in this study, the results
revealed significant decrease (P<0.05) in total protein
and albumin in the mineral-deficient sheep and goats
compared to the control groups, as shown in Table 5.
The mean values of total protein were (6.86+0.53 &
6.46+0.19) in the mineral-deficient of sheep and goats
respectively, compared to the control groups
(8.01£0.36 & 7.8940.76). The mean values of albumin
were (2.29+0.14 and 2.27£0.13) in the mineral-
deficient of sheep and goats respectively compared to
the control groups (3.98+0.41 & 3.87+0.57). However,
there were no significant differences (P<0.0) in mean
values of globulin between the mineral-deficient and
control groups of sheep and goats (Table 5).

DISCUSSION

In the current study, animals showed various
clinical signs of mineral deficiency in sheep and goats
such as change in hair/wool color, readily detached
hair/wool, and alopecia in some parts of the body.
These results are in consistent with findings reported
by (El-khaiat et al., 2012; Constable et al., 2016; Saleh,
2019; Emam et al., 2024). In general, rough hair coat
and/or wool abnormalities were linked to copper, zinc,
and selenium deficiencies. Copper deficiency causes
low tyrosinase activity (Hefnawy and El-Khaiat, 2015),
resulting in incomplete sulthydryl group oxidation in
prekeratin  and reduced melanogenesis, which
clinically manifests in animals as poor wool quality and
hypopigmentation (Mauldin and Peters-Kennedy
2015). Zinc deficiency causes wool fibers to lose their
crimp, become thin and loose, and the entire fleece to
shed, since zinc supports cellular integrity, epidermal
cell growth, keratin production, and wound healing.
Furthermore, it promotes the growth and differentiation
of epidermal keratinocytes (Song and Shen, 2020;
Ogawa et al., 2016). Moreover, Pond et al., (2004)
suggested that, Primarily, rough hair coat condition
and/or wool abnormalities were usually related to
deficiency of copper, zinc and cobalt.

Pale mucous membranes, inappetence,
emaciation, and diarrhea signs were also observed in
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mineral deficient animals. These results are in line with
findings of Wu et al., (2020); Abo Amer et al., (2020);
and Emam et al., (2024). Unthriftiness (emaciation)
and paleness of mucous membranes of studied animals
could be attributed to deficiency of iron, zinc and
copper (Radostits et al., (2000). In addition, Hethawy
& El-khaiat (2015) and Naji (2017) suggested that, the
effect of hypoxia reduced RBCs result in pale mucous
membrane and the loss of natural light pink color due
to anemia related with copper deficiency.

Diarrhea is a common clinical sign in
secondary copper insufficiency related with
molybdenosis and previous investigation has shown
that diarrhea in sheep occurs when Cu, Zn, and cobalt
concentrations are dropped to low levels (Kaneko et al.,
2008). Diarrhea is usually a major clinical finding in
secondary copper deficiency associated with
molybdenosis and may also occur due to the atrophy of
intestinal villi. The inhibitory role of copper in the
regulation of intestinal motility leads to disturbances in
the gastrointestinal motility (Kaneko et al., 2008)

The physical examination of studied animals
demonstrated that there was no significant difference in
body temperature between the mineral-deficient and
control groups. This finding is similar to previously
findings of Saleh (2019), who observed that mineral
deficiency did not cause an increase of body
temperature due to the absence of an inflammatory
state. However, there was significant increase (P<0.05)
in respiratory and pulse rates in mineral-deficient
compared to control groups. These findings agreed
with those mentioned by Abd El-Raof and Ghanem
(2006), Naji (2017), Saleh (2019), Emam et al. (2024).
Earlier studies (Kusiluka and Kambarage, 1996)
demonstrated that copper or zinc insufficiently causes
hypoxia and anaemic conditions, resulting in increased
respiratory and pulse rates as a compensatory
mechanism.

The hematological examination displayed that,
there was significant decrease (P<0.05) in total RBCs,
Hb, PCV, and WBCs in mineral-deficient groups
compared to the control groups of sheep and goats.
These results are in agreement with previous studies by
Mohammed et al. (2013), Saleh (2019), Galbat et al.
(2021), and Emam et al. (2024). The reduction in total
RBC, Hb and PCV might be attributed to many reasons
such as disturbance in iron metabolism, as insufficient
copper intake impairs iron absorption, the release of
iron from bodily stores, and its utilisation in
haemoglobin synthesis (Abd El Raof and Ghanem,
2006; Ibrahim et al., 2017). To decrease in the



Yemeni Journal of Agriculture and Veterinary Sciences (2025) 6(1):22-34

Alshami et al

ceruloplasmin enzyme in serum (Hefnawy and El-
Khaiat, 2015), which is responsible for moving iron
from storage cells in the colon and liver to transferase
in plasma. To Transferase enzyme that transports iron
to the bone marrow for haemoglobin production. To
decrease in iron liberation from typically injured
erythrocytes (Sharma et al., 2005; Kaneko et al., 2008).
The zinc deficiency, as highlighted by Ibrahim et al.
(2016), who stated that low levels of red blood cells,
haemoglobin, and white blood cells associated with
induced zinc deficiency could lead to impaired cell
replication and protein synthesis, ultimately affecting
the production of blood cells. Whereas, the reduction
count of WBC, might be attributed to the complexity
of immune system responses to mineral deficiencies,
the presence of confounding factors like age, stress,
and parasitic infections, and various study
methodologies and regional differences in mineral
availability.

The biochemical analysis results of serum
displayed that, there was significant decrease (P<0.05)
of serum Ca, P, Mg, Cu, Fe and Zn levels in the
mineral-deficient sheep and goats compared to the
control groups. These results are aligning with the
findings published by Emam et al. (2024), who
reported a significant reduction of serum Ca, P, Mg,
Cu, Fe, Zn and Se in diseased sheep compared to the
control. Galbat et al. (2021) also reported significant
decrease of serum Ca, P, Mg, Cu, Fe and Zn in the
mineral-deficient group of sheep at El-Dakhla locality,
Egypt. Another study conducted by Saleh (2019), who
observed a significant reduction in Ca, P, Mg, Cu and
Zn levels in affected sheep. The lower mineral level in
studied animals in current and previous studies could
be linked to decreased feed intake or eating low-quality
feed, as most of the survey was done on sheep and goat
flocks that grazed at random without a good feeding
management system.

Calcium and phosphorus are physiologically
vital minerals that are essential for growth and energy
generation (Weaver et al. 2016). Reduction in feed
intake and hypoalbuminemia could be the cause of low
level of Ca in the present study. About 40-45% of
excreted calcium is bounded with albumin mainly
(Faez et al., 2013). The significant decline in serum
phosphorus concentrations appears to be caused by
reduced phosphorus absorption from the gut and tissue
phosphorus resorption (Orr et al., 1990). Low P levels
are connected with decreased feed intake, bone
softness, lameness, and acid-base imbalance.

The development of a low Mg level could be
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attributed to several factors that affect Mg absorption
and utilisation in ruminants, such as parathyroid
hormone, which decreases urinary excretion and
stimulates bone resorption, thereby releasing Mg into
the extracellular fluid. Mg urinary excretion and
absorption from the gastrointestinal tract, which may
be due to high dietary K, which reduces Mg absorption.
Several studies found that sheep fed high-K diets
suffered from hypomagnesaemia (Castillo et al., 2016).
In contrast, Galbat et al. (2021) ascribed
hypomagnesaemia in their study to poor dietary
magnesium intake, which was supported by the
presence of low soil magnesium levels.

Copper deficiency in sheep can be caused by
lower consumption, altered absorption, reduced tissue
availability, or elevated excretion due to interactions
with dietary molybdenum (Mo) and sulphur in
ruminants, resulting in the formation of molybdates
and thiomolybdates that bind Cu and decrease its
uptake and utilization (El-khaiat et al., 2012; Asin et
al., 2021).

Zinc is very important for animal health and
production. Zinc is a constituent of numerous meta
loenzymes and required for normal protein synthesis
and metabolism. Zinc deficiency may be primary due
to inadequate levels in the ration or secondary as a
result of the presence of a substance interfering with its
absorption or metabolism, in spite of the normal diet
concentration (Wasilewski et al., 1992; Abd El-Raof.
and Ghanem,2006; Ibrahim et al., 2017).

Current study revealed a drop in serum iron
levels, which led to a decline in the majority of
haematological markers. Iron deficiency in sheep and
goat may be due to the adequate content of iron in
forages (Yatoo et al., 2011). Low iron levels may also
be associated with cu insufficiency, which regulates
iron absorption and utilisation from storage cells, as
well as its use in haemoglobin production via the action
of ceruloplasmin, as stated by Sharma et al. (2005) and
Kaneko et al. (2008).

Our study showed significant decreases
(P<0.05) in total protein and albumin levels in mineral-
deficient sheep and goats, compared to control groups.
This finding is in consistent with Abd El-Raof and
Ghanem (2006), Huo et al. (2020), and Emam et al.
(2024), who found that a low level of albumin indicates
protein insufficiency in animals, but it could also be
due to a decline in albumin production caused by liver
illness. On the other hand, this finding contradicts with
Jin et al. (2023), who observed that mineral shortage is
related with an increase in total protein and albumin
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and ascribed that damage to hepatocytes in the event of
nutritional deficit.

Study Limitations

This study was limited in geographical
coverage and a lack of consideration of seasonal
variations, which may affect the generalizability of the
findings. Variability in feeding practices among flocks
and the presence of other health conditions such as
parasitic infections may have confounded the clinical
signs attributed to mineral deficiency.

CONCLUSIONS
Based on the present findings it could be
concluded, naturally grazed sheep in different Sana'a
localities, exhibited variable degrees of clinical signs
and serum minerals deficiency that led marked
deceases in performance and health of animals. Hence,
mineral supplementation in the form of mineral
mixture or other preparations of these animals is
recommended. Further studies are also encouraged to
explore long-term impacts of mineral supplementation
on health, productivity, and reproductive performance
in small ruminants in study areas.
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ABSTRACT

The study was carried at Faculty of Agriculture and Veterinary Medicine, Thamar
University, Dhamar, during the period from May to July 2013 with main objective
to investigate the effects of P. ginseng on hematological and biochemical
parameters in local rabbits. A total of 49 adult female rabbits were selected and
subjected for experiment. The rabbirs were randomly located into seven groups.
1st, 2nd and 3rd groups were received daily oral doses of P. ginseng root powder
at concentration of 1g, 3g and 5g / body weight respectively and 4th, 5th and
6th groups were received daily overall doses P. ginseng capsules at
concentration of 0.2g, 0.6g and 1g/Kg respectively. The 7th group distilled water
and acted as control group. Blood samples were collected from rabbits for
hematological and biochemical analyses using standard techniques. The results
revealed significant (P>0.05) an increase in hemoglobin blood in 2nd and 4th
groups with mean values as (31.53+ 0.45) and (32.00£4.50) respectively compared
to the control group (16.03+ 1.45). But, the results itself revealed that P. ginseng
did not cause a significant (P<0.05) change in the total number of white blood cells
(WBCs) in the experimental animal groups. Moreover, the results demonstrated
that a significant (P<0.05) decreases in levels of in enzyme liver (AST, ALT, and ALP)
and markers of kidney i.e., Urea and creatinine. In conclusion, the ginseng crud
powder and capsules at different doses has biological effect on the hematological
and biochemical parameters, thus justify its use in traditional and alternative
medicine. Further studies are recommended to study toxicity of ginseng.

Keywords: Activity, Ginseng, hematological and biochemical parameters, Rabbit,
Root

INTRODUCTION

source of modern drugs. The use of plants for their

Medicinal plants have been used since therapeutic properties is an ancient tradition,
antiquity to combat diseases and are an important preceding modern medicine, pharmacology, and
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chemistry (Simonovd et al., 2025). Today, many
drugs are derived from plants, and they remain
crucial in healthcare systems worldwide, particularly
in traditional medicine, which is often the primary
healthcare system in many developing societies
(Majid, 2019; El-Saadony et al., 2025) .

Ginseng (Panax ginseng Meyer) is a perennial plant
of the Araliaceae family that grows in shaded and
humid areas of Asian countries particularly in China
and Korea. It has been used as an herbal remedy in
ancient China, Korea, Japan and the Far East for
more than 5,000 years and the medical efficacy of
ginseng was documented in ancient Asian literatures
(Attele et al. 1999; Bucci 2000). But, American
ginseng (Panax quinquefolium L.), a plant native to
North America, is now also cultivated and used in
many countries (Abdel- Fattah et al., 2010; Gao et
al., 2025). Several researches have well documented
that ginseng contains saponins, antioxidants,
peptides, polysaccharides, alkaloids, phenols and
vitamins B1 and B2, lignin etc. Among these,
saponins (ginsenoside) are considered to be the
principal bioactive ingredients (Qi et al.,, 2011,
Lakshmi et al., 2011; Kim, 2018 ;; Majid, 2019; He et
al., 2025). Saponins are believed to boost the
immune system and to provide pharmaceutical and
antioxidant benefits to humans and animals. These
positive properties could be explored for better
rabbit productivity (Amaefule et al., 2019).

Several investigations have been carried out on
ginseng and strongly support the evidence that
ginseng Possesses a wide range of pharmacological
and physiological activities, including antiaging,
immunoenhancement, antistress, anti-fatigue, and
anti-tumor action anti-inflammatory activity,
improvement of physical stamina, and stimulation of
the appetite, and also thought to has effects on
learning, memory and behavior (Liu and Xiao 1992;
Sun 2004). In study carried by Gadkarem et al.
(2010). They reported that the ginseng has
significant effects on the RBC and
hemoglobin(Hb)count (Sotaniemi, et al. 1995; Salim
et al. 1997; Sun 2004; Simsek et al. 2007; Waugh &
Grant 2010; Iwuiji et al. 2018; Amaefule et al. 2019).
Panax ginseng increased leukocyte activity (Hu et al.
1995) and numbers of total leukocytes (WBC),
lymphocytes and alveolar macrophages (Engels and
Wirth 1997; Scaglione et al. 2001; Muller et al. 2011;
Iwuji et al. 2018). Panax ginseng increase plasma
levels of total protein (TP), albumin (A), globulin (G),

while decrease bilirubin , urea, creatinine and
glucose in serum body (lwuji et al. 2018; Omar et al.
2021; Hamed et Al. 2025). Treatment with ginseng
caused decrease in concentrations of plasma alanine
amino transferase (ALT), aspartate amino
transaminase (AST), alkaline phosphatase (ALP)
activities (Tavares et al. 2004; Silva et al. 2005; Elmas
et al. 2006; Melillo 2007; Jenkins 2008; Muller et al.
2011; Nguyen et al. 2012; Iwuji et al. 2018; Al-
Dhufairi & Al-Mahdawi 2020; Omar et al. 2021).
Therefore, the present study was designed to
investigate the effect of ginseng on hematological
and biochemical parameters of local rabbits.

MATERIALS AND METHODS
Study sitting

The study was carried on experimental farm,
at the Faculty of Agriculture and Veterinary
Medicine, Thamar University, Dhamar during the
period from May to July, 2013.

Experimental Animals

A total of 49 adult female rabbits of local
breed, 9-12-month-old and weighting 1700 -1200 g
were purchased from Al-Raboa market (animal
market). The rabbits were bought to experimental
farm at the Faculty of Agriculture and Veterinary
Medicine, Thamar University. The rabbits were kept
in door and allowed them to acclimatize for 1 week
before the beginning of the experiment. All rabbits
were fed with same ration green fodder, wheat
grains and access to fresh water ad libitum. The
animals were housed in constant temperature and
relative humidity. The study's experimental protocol
adheres to the National Committee for Research
Ethics in Science and Technology's ethical guidelines
for the use of animals in research (Mikkelsen et al.,
2017).
Plant Materials

The dry roots of Panax ginseng (Red Korean
Ginseng, RKG), were purchased from local market
(Yassin Atara store) Sana'a, Yemen. Ginseng
capsules were obtained from pharcophmmletid,
(Patch No. 155, Egypt). The roots were identified and
authenticated by the Botanical expert, Faculty of
Agriculture, Thamar University. The roots were
powdered using a commercial blender. The powder
was packaged and kept at retrigger till used.
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Experimental design

After acclimation period, the experimental
rabbits were randomly divided into seven groups,
each group contained 7 animals 1%, 2" and 3™
groups received Panax ginseng powder daily orally
at doses of 1g, 3g and 5g body weight respectively,
whereas 45" and 6% groups received daily Korean
Panax ginseng capsules orally at the doses of 0.2 g,
0.6g and 1g body weigh respectively. The 7*" group
received distal water and acted as control group.
The experiment was terminated after one month.
The hematological and biochemical parameters
were measured at the being of experimental and
daily up to termination of experimental.
Collection of blood samples

Blood samples were collected daily from
experimental animals for hematological and
biochemical analyses. Blood samples were collected
according to Archetti et al. (2008), in brief, A total
of 5 ml blood sample directly were collected from
cardiac puncture of immobilized animals. This was
done very quickly in order to limit the effect of acute
stress on blood parameters. A 22- gauge sterile
needle was used in all categories, except in 30-45
days old rabbits, where a 26-gauge needle was used.
Half of the sample was expelled gradually into
graduated tubes containing K3-EDTA (Ethylene
diamine tetra-acetic acid); then, tubes were
immediately capped and mixed gently by repeated
inversion. The rest of the sample was collected in
sterile tubes without anticoagulant. All blood
samples were transported to the laboratory at +4°C
within 3 hours. Serum was separated and frozen at -
20°C for biochemical analyses. Hematological
analyses on EDTA samples were analyzed on the day
of collection.
Hematological assay

Hematological parameters were analyzed
by automatic whole blood analysis (Abbott
Diagnostic Division, Sonta ClavaCa) according to the
instructor of manufacture. The hematological
parameters analyzed were hemoglobin (Hb), white
blood cells (WBC) and differential cell counts
(lymphocyte, neutrophil, monocytes and
eosinophil). Briefly, 5 ml of Drapkin solution was
added to the plastic tube and 20ul were added to
whole blood and leave it for 10 minutes in order to
be the decomposition of red blood cells. The device
was set at wavelength 54 nm. The device was
filtered the hemoglobin solution and then the
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sample was read by the HB device the reading
formula as follow: Reading sample * = 36.6 g / dI
(100) ml.
Biochemical assay

Sera were used for determination of
biochemical parameters, at 37 °Cin a random-access
clinical analyzer (SYNCRON CX5-DELTA, Beckman
Coulter, Fullerton, U.S.A.) using kits by the same
firm. The parameters and the respective methods
applied are the following: Aspartate Amino
Transferase (AST) - Henry method; creatine kinase
(CK) - Rosalki method; Alanine Amino Transferase
(ALT) - Henry method; lactate dehydrogenase (LDH)
- pyruvate to lactate method; creatinine -
colorimetric, Jaffé method; urea - enzymatic
colorimetric, urease method; (method. Serum
lysozyme, a parameter of non-specific immunity,
was investigated according to an established
procedure (Amadori et al., 1997).
Statistical analysis

All the measurements were presented as
mean * S.E and statistical significance among the
group was analyzed by analysis of variance (ANOVA)
following LSD test at P<0.05 using SPSS® version 14.0
program (Chicago, USA).
RESULTS &DISCUSSION

Hematological and biochemical parameters
in human and animals can be affected by many
factors such as diet, environmental conditions,
disease status, housing density and exposure to
environmental pollutants (Aviram and
Dornfeld,2001). Numerous plant-based materials
are widely being researched for their use in
animal/rabbit production, of which ginseng is one of
them. Ginseng, especially the genus, Panax, has
been extensively described and documented (De
Jong et al., 2005); and its biological activities in both
human and animal models have been widely
reviewed (lwuji, 2016). Some of the reported
biological activities of Panax ginseng include
antioxidant properties, immune function,
aphrodisiac properties, endocrine effect, protein
synthesis, hematological and hepato-protective
effect (Sandroni, 2001; Oremosu et al., 2013; Leung
& Wong, 2013; Iwuji et al., 2017). This study was
carried out in local rabbits with main objective to
evaluate the activity of P. ginseng on hematological
and biochemicals parameters.

The effect of P. ginseng on hematological
parameters are presented in Table 1. As shown, the




Yemeni Journal of Agriculture and Veterinary Sciences (2025) 6(1):35-43

Baslama et al

results revealed that significant (P>0.05) increase in
hemoglobin blood, but the results itself revealed
that ginseng did not cause a significant (P<0.05)
change in the total number of white blood cells
(WBCs) counts in the experimental animal groups
compared to the control group. The higher mean
value of hemoglobin (Hb) was recorded in 1% group
(34.46+.25) of experimental animals; whereas, the
lower mean value in 6% group (14.53+1.65)
compared to control group (16.03+1.45). The higher
mean value of WBCs was recorded in 4" group
(5.70+1.20); whereas the lower mean value in 3™
group (3.03+.65) compared to control group
(4.704£2.50). These results are in agreement with
findings of lbrahim et al; 2021; ELnaggar et al, 2022;
who studies the effect of ginseng in rats, Japanese
Quail respectively. However, it's in contrary with
findings of Abou El-Gheit et al., 2011; Amaefule et
al., 2019; Khaled et al., 2022 who studies the effect
of ginseng in rabbits and lambs respectively.
Considering the counts of lymphocyte,
neutrophil, Monocytes and eosinophils, the results
showed that, higher mean value of lymphocyte
counts was recorded in 3™ group (68.66+16.01);
whereas, the lower mean value in 6™ group
(57.0043.00) and 5™ groups (57.33+2.02) compared
to control group (52.00+7.50). The higher mean
value of the neutrophil was recorded in group 6%
(36.33+2.51); whereas, the lower mean value in 3™
group (25.00+8.66) compared to control group
(25.33+£7.79). The higher of mean value of the
Monocytes was recorded in 4"group (9.00+3.46);
whereas, lower values in 3™ groups (1.50+0.28)
compared to control group (5.00+£.00). The effect of
P. ginseng on the eosinophils was also investigated
in current study and the higher mean value of
eosinophils was recorded in 1% group (7.50+0.28);
whereas, the lower mean value in 2™ group
compared to control group1.50+0.28). Statistically,
there were no significant differences observed
(P>0.05) in mean values among treatment and
control groups of the rabbits (Table 1). These results
are in contrary with findings of (Hu et al. 1995;
Engels and Wirth 1997; Scaglione, et al. 2001; Muller
et al. 2011; Iwuji et al. 2018) who reported that
P.ginseng increase the activity of leukocytes and
lymphocytes.The improvement in hematological
parameters in experimental animals caused by
ginseng may be attributed to strong anti-oxidant
effect of ginseng which prevent the destruction of
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RBCs from free radical formation and enhance
hematopoietic process in bone marrow. However,
the contrast between the current results and
previous findings may due to animals' species, status
condition of animals, doses concentrations used,
immune factors.

AST, ALT, and ALP are considered to be the
markers of organ disfunction, indicator of cellular
damage, cell leakage and the loss of cell membrane
integrity in the liver, kidney, heart and other
organs(Uluisik & Keskin, 2016). The present
investigation indicated that administration of P.
ginseng in female rabbits displayed decease
significantly (P<0.05) in enzymes liver activities such
as aspartate amino transaminase (AST) and alkaline
phosphatase (ALP) in treated groups compared to
control groups; while none with alanine amino
transferase (ALT), as presented in Table 2. These
results are in parallel with findings reported
previous studies in rabbits and other animals
(Tavares et al. 2004; Silva et al. 2005; Elmas et al.
2006; Melillo, 2007; Jenkins 2008; Muller et al. 2011;
Nguyen et al. 2012; Iwuji et al. 2018; Al-Dhufairi &
Al-Mahdawi 2020; Omar et al. 2021). The decrease
of liver enzymes levels in rabbits in this study may be
attributed to the protective effects of ginseng on
kidney and liver damage (Uluisik & Keskin; 2016). In
addition, it has been reported that ginsenosides are
responsible for its hepatoprotective effect by
destroy lipid peroxyl radicals and reactive oxygen
species (Liu et al., 2010; Uluisik & Keskin; 2016).

Serum urea and creatinine levels are widely
used as markers for renal function screening as they
are the most sensitive parameters in diagnosis of
renal disease (Ferguson and Waikar, 2012).
Similarly, the results of this study revealed that P.
ginseng effect was non-significant (P<0.05) on mean
values of kidney makers i.e urea and creatinine
levels of treated groups compared to the control
(Table 2). These results are disagreed with findings
reported by (lwuji et al. 2018; Omar et al. 2021;
Hamed et Al., 2025) who cited that ginseng reduced
the activity of urea and creatinine serum of animals
including rabbits. The lower levels of urea and
creatinine serum in rabbits recorded in current
study may due P. ginseng minimize renal injury by
inhibiting oxidative stress, inflammatory responses,
epithelial-mesenchymal transition, and fibrosis( Xu
et al., 2020; Zhu et al., 2020; . Omar et al., 2022).
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Table 1: Effect of Panax ginseng on hematological values of rabbits (Mean +SD)

TG Hb WBCs Lymphocyte Neutrophil Monocyte Eosinophil
1t 34.4610.14° 3.65+0.14° 62.66+4.91° 25.33+6.06° 5.00+1.73*° 7.50+0.28°
2nd 31.53+0.26**  3.65+0.31° 62.33+6.64° 30.00+5.77° 3.83+0.16*°> 3.50+0.86*°
3rd 24.0045.13>%¢  3,03+0.37° 68.66+9.24° 25.00+8.66° 1.50+0.28°  4.50+0.28*°
4th 32.00+2.59%*  5.70+0.69° 59.33+1.45° 27.50+1.44° 9.00+3.46° 4.00+0.57>°
5th 14.5345.51%>¢  4.35+1.58* 57.33#2.02° 33.00#1.15° 4.00+1.1*®  5.50+2.02%°
6t 16.03+0.95¢ 3.53+0.95° 57.00+1.73° 36.33+1.45% 6.33+0.86°  4.00+2.30>°
Control 16.03+0.83°¢  4.70+1.44° 52.00+7.50° 25.33%7.79° 5.00+.00®°  1.50+0.28°

GT: Treatment groups, Hb=hemaglobin, WBC=white blood cells. Means within the same column carrying
different superscript letters are significant at P < 0.05.

Table 2: Effect of Panax ginseng on biochemical values of blood in rabbits (Mean £SD)

TG ALT(u/l) AST(u/I) ALP(u/l) Urea(mg/dl) Creatinine(mg/dl)
1st 30.00+0.58>°  22.33+0.88°¢  63.33+6.92¢¢ 8.65+0.32° 30+0.1220

2nd 29.43#3.17>®  23.50+3.18°¢  75.00+0.00°¢¢  7.80% 0.40° 60+0.17°

3 33.00+1.15>*  16.50+£2.510° 90.00+2.89*>¢  7.73+0.72° 65+0.20°

4th 27.50+2.023*° 23.00+£2.89°¢  74.50+2.02>%¢ 11.95+0.38* 75+0.03°

5t 26.33+6.06° 33.00+1.15>®  106.00+2.89*  7.90+0.46° 10+ 0.00°

6t 40.00£0.58° 31.00+2.31**  55.00+17.32¢ 8.86+0.18° 40+ 0.06*°
Control 38.00+7.50>®  37.00+6.92° 116.33+10.68* 7.70+0.35° 43.0+0.20a"

GT: Treatment groups, ALT=alanine aminotransferase, AST= aspartate aminotransferase, ALP=alkaline
phosphatase. Means within the same column carrying different superscript letters are significant at P < 0.05

CONCLUSION

The P. ginseng crud powder at different
doses have biological effect on the hematological
and biochemical parameters, thus justify its use in
traditional and alternative medicine.
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ABSTRACT

The cultivation and use of Qat (khat) in Yemen is a multifaceted challenge that negatively
affects the national economy and food security, as large agricultural areas of food crops are
converted to khat cultivation. Despite numerous reports indicating that chewing khat is
associated with serious health, social and economic effects on the individual and society, a large
number of people in Yemen still use khat daily, this research (review article) deals with reviewing
and analyzing the research and studies published on the cultivation and consumption of gat in
Yemen during the previous five decades, focusing on its multiple effects on the national
economy and society. The study concluded that the cultivation of qat represents a real challenge
to agriculture in the country, and its use leads to negative health, social and economic effects
on the individual and society. The study recommends taking strict measures by the state and
decision-makers to limit its cultivation, legislate its use, and encourage the cultivation of
alternative crops.
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