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Dyslipidemia; ~ Highfat  diet; This study evaluated the comparative ameliorative effects of sowa dill (Anethum
Anethum graveolens; Foeniculum  graveolens) and fennel - (Foeniculum wvulgare) seed powders on lipid profile,
vulgare; Lipid profile; Antioxidant hematological indices, hepatic and renal biomarkers, and serum proteins in high-

activity; Hepatoprotection; fat diet (HFD)-induced dyslipidemic rats. Eighteen albino Wistar rats were
Hematological indices; Functional randomly allocated into six groups (n=3): nmormal control (Go), dyslipidemic
food control (positive control; Gi), and four treatment groups (G2-Gs) receiving sowa or

fennel seed powders at a dosage of 250 mg or 500 mg for 28 days. Seed powders
Article History were characterized for physicochemical composition, functional properties, mineral
Received: 29 December 2025 profile, and antioxidant potential before in vivo evaluation. Significant (p < 0.05)
Accepted: 14 February 2026 compositional differences were observed between the two seeds, with fennel

Published: 28 February 2026 exhibiting a superior nutritional and mineral profile (p < 0.01). Hexane extracts

of fennel demonstrated the highest antioxidant activity (p < 0.01), supporting its
Copyright @Author nutraceutical potential. Both sowa and fennel significantly (p < 0.05) improved
dyslipidemia by reducing lipid profiles and enhancing HDL-cholesterol levels, with
the most prominent effects observed in the fennel 500 mg group. Hematological
parameters were markedly increased (p < 0.01), while liver enzyme activities,
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renal markers, and serum protein profiles were favorably modulated, particularly
fennel 500 mg group. Qwerall, Foeniculum wulgare seed powder at 500 mg
showed superior efficacy in ameliorating HFD-induced dyslipidemia and
improving systemic biochemical and hematological health markers, supporting its
potential as a natural therapeutic and functional food ingredient for dyslipidemia
management.
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INTRODUCTION

Traditional medicine, often referred to as
indigenous or folk medicine, has evolved over
generations in many cultures before the advent of
modern medicine (Khan and Ahmad, 2019). In
recent years, a global shift from conventional
medicine to herbal therapy has been observed,
often described as a “Return to Nature” (Najmi et
al.,, 2022). Recent scholarly reviews indicate that
global trade in medicinal and aromatic plants has
expanded significantly in recent years, with global
export and import values nearly doubling from
2010 to 2023, showing demand and strong
market growth for plantbased products
worldwide (Zamani et al., 2025). According to the
World Bank. (2023) reports that trade in
medicinal plants, botanical pharmaceuticals, and
related agricultural products has been growing at
an average annual rate of approximately 15%.
The term nutraceutical was first introduced by
Stephen DeFelice in 1989, who defined it as
foods or food components that provide medical
or health benefits beyond basic nutritional value.
The global nutraceutical market is substantial,
estimated at approximately USD 117 billion (Das
et al., 2012).

Numerous studies have demonstrated that herbal
nutraceuticals help maintain health and promote
optimal longevity and quality of life (Dominguez
et al., 2020; Taroncher et al., 2021). By 2020, the
global nutraceutical market was valued at USD
320.0 billion and is expected to hit USD 658.11
billion by 2028 (Sachdev et al., 2020). Owing to
the herbal plants' therapeutic efficacy, minimal
side effects, and economic feasibility attracted
significant scientific interest worldwide (Awuchi
et al, 2019). Phytochemicals (flavonoids,
alkaloids, saponins, terpenoids, glycosides,
steroids, tannins, and volatile oils) naturally
synthesized by plants cannot be produced by the
human body, act as antioxidants and free radical
scavengers help reduce oxidative stress, thereby
lowering the risk of chronic diseases (Nafees et
al., 2023; Mehra et al., 2021; Mallik et al., 2020).

Pakistan's diverse topography has approximately
6,000 species of higher plants, with around 600
to 700 species reportedly used for therapeutic
purposes (Igbal et al., 2022; Noorka et al., 2022).

About 30% of these species are bi- or pluri-
regional, while 70% are uni-regional (ljaz et al.,
2022; Khan et al., 2017). Historically, about 12%
of Pakistan’s higher plant species are used
medicinally, with approximately 84% of the
population in hilly areas (Hassan et al., 2017).
Globally, approximately 40% of newly approved
drugs over the past two decades are derived from
natural sources (Halder et al., 2021). The global
market for botanical pharmaceuticals was valued
at $19.5 billion in 2008 and was projected to
grow to $32.9 billion by 2013, with an annual
growth rate of 11.0%. At this rate, the annual
trade is expected to exceed $5 trillion by 2050
(Awuchi et al., 2019; Erb and Kliebenstein,
2020).

In recent years, a new health paradigm has
emerged, with cardiovascular disease (CVD)
globally the leading cause of death (Khan and
Ahmad, 2019). Elevated cholesterol 4.5% of all
global deaths, contributing to 29.7 million
disabilities, which raised cholesterol in adults was
estimated at 39% (WHO, 2019; Du et al., 2022).
In Pakistan, according to the WHO (2019),
CVDs account for 29% of all deaths. This
number is projected to increase significantly by
2030, potentially reaching 22.2 million (Alotaibi
et al, 2021). Dyslipidemia reported rates in
Pakistan range from 40% to 65% (Basit et al.,
2021; Wen et al., 2019).

Hyperlipidaemia is a major risk factor strongly
associated with diabetes, insulin resistance, and
obesity (Piché et al., 2020; Igbal et al., 2022).
Currently, statins, fibrates, and nicotinic acid are
among the most commonly prescribed allopathic
drugs for treating hyperlipidaemia. However,
statins can cause adverse effects, including liver
damage. Medicinal herbs and spices are
increasingly recognized for their potential to
manage lipid disorders due to their lower toxicity,
fewer side effects, and costeffectiveness. (Liu et
al., 2018; Parvin et al., 2022).

Anethum graveolens, commonly known as dill or
sowa, is an annual aromatic herb from the
Umbelliferae family, native to southern Europe
and widely cultivated in the Mediterranean. Dill
has been used as a culinary spice and medicinal
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herb for more than 5,000 years (Hamza, 2017;
Chahal et al., 2017). Dill seeds are rich in:
essential  oils, phenolic compounds, and
secondary metabolites with pharmacological
significance (Singletary, 2023). Anethum graveolens
seed extracts have been reported to lower TC,
TG, and LDL, and increase HDL levels. The
active components, particularly carvone and
limonene, contribute significantly to the
reduction of lipid levels and improvement in liver
function, play a key role in managing
hyperlipidemia and dyslipidemia (Al-Sheddi et
al., 2019).

Foeniculum Vulgare, widely known as Fennel, a
highly valued medicinal and culinary herb
belonging to the Apiaceae family, is traditionally
used in Indian, Greek, Egyptian, and Chinese
systems of medicine (Zulfiqar, 2019; Dheebishba
and Vishwanath, 2020; Anka et al., 2020). Fennel
seeds are widely used in culinary, pharmaceutical,
and cosmetic industries, with the global market
projected to grow from USD 909.41 million in
2026 to over USD 1.43 billion by 2032, reflecting
a CAGR of 7.77% (Research and Markets, 2026).
Fennel seeds are rich in bioactive constituents
(anethole, estragole, and fenchone) that
contribute to lowering serum total cholesterol,
triglycerides, and LDL-C, while increasing HDL-
C levels (Kaveh et al., 2022; Rezq, 2021; Noreen
etal., 2023).

By standardizing and evaluating the therapeutic
potential of plant derived active compounds,
herbal medicines can contribute to the
emergence of a new era in healthcare for the
treatment of diseases. The study aims to explore
the antioxidant effects of sowa/dill and fennel
seeds in high-fat dietinduced dyslipidemia.
Additionally, check its nutritional profile and
assess its hepatoprotective potential.

Materials and Methods

Procurement of raw materials

Antheum Graveolens L. (sowa/dill) seeds and
Foeniculum Vulgare Mill. (fennel) seeds were
purchased from a local herbal market in Multan,
Pakistan. All chemicals and reagents used in this
study were of analytical grade (Merck, Germany).

Preparation of seed powders

The seeds were manually sorted to remove
impurities, thoroughly washed with distilled
water, and sun dried to constant weight. The
dried seeds were then ground into fine powders
using an electric grinder. The powders were
passed through an 80-mesh sieve to obtain a
uniform particle size. The resulting powders were
packed in polyethylene bags and stored under
moisture-free conditions until further analysis.
The overall procedure was followed as described

by Ismail et al. (2026) (Figure 1).
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Figure 1: Standardized procedure for the preparation of A. graveolens and F. vulgare seed powders

Proximate composition analysis

The proximate composition of A. graveolens and
F. vulgare seed powders, including moisture, ash,
crude fat, crude fiber, protein, and nitrogen-free
extract (NFE), was determined using standard
methods as reported in the literature (Asif et al.,

2025a).

Mineral analysis

The mineral composition of A. graveolens and F.
vulgare seed powders was determined using wet
digestion followed by instrumental quantification
(colorimetric, spectrophotometric, and titrimetric
methods). 5 g of each powdered sample was
initially preheated over a Bunsen burner and
subsequently incinerated in a muffle furnace at
550-600 °C until white ash was obtained. The
resulting ash was digested in diluted acid, filtered,
and the final volume was adjusted to 250 mL
using distilled water. Mineral elements, including
calcium (Ca), iron (Fe), zinc (Zn), and other
selected minerals, were quantified using atomic
absorption spectrophotometry (Agilent AA240,
Varian, USA) based on the procedure described
by Asif et al. (2023). Mineral concentrations were
calculated using standard calibration curves and

expressed as mg/ 100 g dry weight (DW).

Functional properties of seed powders

Water absorption capacity (WAC)

Woater absorption capacity was determined
following the procedures described by Chandra
and Samsher (2013) and recently applied by
Tsegay et al. (2024) with minor modifications by
the centrifugation method. 3 g of sample was
mixed with 25mL of distilled water in pre-
weighed Falcon tubes and centrifuged at
3000 rpm for 30 min. The mixture was allowed
to stand for 5 min and centrifuged again under
the same conditions. The supernatant was
carefully decanted, and the residue was
transferred to a Petri dish and dried in a hot-air
oven at 55°C for 20 min. Water absorption
capacity was expressed as grams of water retained
per gram of sample (dry basis).

Qil absorption capacity (OAC)

Qil absorption capacity was assessed by prescribed
procedures (Zahid et al., 2025) with minor
modifications. By mixing 5 g of the sample with
6 mL of refined corn oil. The mixture was stirred
for 1 min, then allowed to stand for 5 min, and
centrifuged at 3000 rpm for 30 min. The
unbound oil was decanted, and the tube
containing the residue was weighed. Oil
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absorption capacity was expressed as grams of oil
retained per gram of sample.

Foaming capacity (FC) and Foaming stability
(FS)
Foaming properties were evaluated following a

standard blending method Nwokeke et al. (2025)

with modifications. A 1.5g sample was mixed

Foaming capacity (%) =

with 50 mL of distilled water in a graduated
cylinder and homogenized for 2 min. The total
volume was recorded immediately to determine
foaming capacity, while foaming stability was
recorded after 10 min and 30 min. Foaming
capacity and stability were calculated using the
following equations:

Vi—"Vo

Vo

x 100

V.
Foaming stability (%) = % x 100
1

Where:

V, = initial volume before whipping (mL)

V| = volume immediately after whipping (mL)
V3o = volume after 30 min (mL)

Bulk density (BD)
Bulk density was determined as the ratio of
sample mass to the volume occupied (Asif et al.,

2025b; Tsegay et al., 2024). 5g of powder was

Bulk Density (g/cm3) =

Emulsification activity (EA)

Emulsification activity was assessed based on the
procedure described by Chandra et al. (2015).
0.5g of the sample was mixed with 5mL of
distilled water and 5 mL of refined maize oil in a

Emulsification activity (%) =

Antioxidants activity

Preparation of seed extracts

The antioxidant potential of A. graveolens and F.
vulgare seed extracts was assessed using solvents of
varying polarity, including acetone, ethanol,
hexane, and distilled water. Each powdered
sample was extracted at 40 °C for 89 hrs under
continuous agitation. The resulting mixture was

placed into a 50 mL graduated cylinder and the
final volume was recorded. Bulk density was
calculated using:

Sample weight

Volume occupied

The Falcon tube was vigorously shaken for 5 min.
The mixture was left to stand and the height of
the emulsion layer was measured. Emulsification
activity was calculated as:

Height of emulsion layer

Total height of the mixture

filtered to remove insoluble residues, and the
filtrates were concentrated under reduced
pressure using a rotary evaporator at 25 °C. The
concentrated extracts were further dried to
constant weight and stored in air-tight containers
at room temperature (Naqvi et al., 2023;
Sasidharan et al., 2020). The overall extraction
procedure is illustrated in Figure 2.
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Figure 2: Schematic illustration of solvent-based extraction of A. graveolens and F. vulgare seed powders
using acetone, ethanol, hexane, and distilled water

Total phenolic content (TPC)

Total phenolic content was measured using the
Folin-Ciocalteu (FC) colorimetric method as
outlined by Ghafar et al. (2017) and Fatima et al.
(2025). The FC reagent was diluted 10-fold with
distilled water before use. For each sample, 1 mL
of extract was mixed with 2 mL of diluted FC
reagent, followed by the addition of 2mL of
7.5% (w/v) Na,COs solution. The reaction
mixture was incubated in the dark at room
temperature for Absorbance was
measured 760nm using a UV-isible
spectrophotometer. Total phenolic content was
expressed as mg gallic acid equivalents per gram

dry weight (mg GAE/g DW).

30 min.
at

Radical Scavenging Activity (%) =

DPPH radical scavenging assay

The DPPH scavenging assay was
performed to evaluate the antioxidant activity of
the seed extracts according to the methods
described by Atique et al. (2026) and Fejer et al.
(2021). Various concentrations of each extract
(100-500 pL) were mixed with 3 mL of 0.004%
DPPH solution prepared in methanol. The
mixtures were incubated in the dark at 27 °C for
20 min, and absorbance was recorded at 517 nm
using a UV.visible spectrophotometer. Radical
scavenging activity (RSA) was calculated using the
following equation:

radical

Acontrol-Asample

X100

Acontrol

Where:
Aconrol = absorbance of the DPPH control (without extract)
Ample = absorbance of the reaction mixture with extract

Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was conducted to determine the
reducing power of the seed extracts. The FRAP

reagent was freshly prepared by mixing 10
volumes of 300 mM sodium acetate buffer (pH
3.7), 1 volume of 10 mM 2,4,6-tripyridyl-s-triazine
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(TPTZ) solution in 40 mM HCL, and 1 volume
of 0.020M ferric chloride (FeCl;. 6H20) in a
ratio of 10:1:1, following the procedure
demonstrated by Sharma et al. (2024) and Patil et
al. (2025). Approximately 25 mg of dried extract
was dissolved in methanol, and 200 pL of FRAP
reagent was added to each test tube. The reaction
mixture was incubated, and the absorbance was
measured at 593nm using a UV-isible
spectrophotometer. after incubation. Antioxidant
capacity was expressed as umol Fe?* equivalents
per gram of dry weight (umol Fe?*/g DW) using a
standard calibration curve prepared with ferrous

sulfate (FeSO,4-7H,0).

In vivo study: Comparative efficacy evaluation
Animal selection and housing conditions

The in vivo efficacy trial was conducted to
explore the therapeutic potential of A. graveolens

and F. vulgare seed powders in ameliorating HFD-
induced dyslipidemia in male Wistar albino rats.

Eighteen healthy male Wistar albino rats, aged 4-
6 weeks and weighing between 150-190 g, were
obtained from the Laboratory Animal House,
University of Lahore, Pakistan. All animals were
physically examined before the commencement
of the experiment to ensure their health status.
Rats were acclimatized for one week under
standard laboratory conditions, during which
they were fed a conventional chow diet to
stabilize metabolic parameters. Animals were
housed in wellventilated polypropylene cages
under controlled environmental conditions:
temperature 22 + 2 °C, relative humidity 40-60%,
and a 12-h light/dark cycle. Filtered water was
provided ad libitum throughout the study.

Diet formulation

Standard diet composition

Following acclimatization, rats were transitioned
to either a standard or experimental diet. The
standard diet was prepared with the following
composition as shown in Table 1.

Table 1: Standard diet composition administered to experimental rats

Ingredients Quantity (%)
Corn starch 70

Corn oil 10

Wheat bran 10

Casein protein 5

Mineral mixture 2

Vitamin mixture 1

Cellulose 2.5

The formulation of the standard diet was based on previously published purified diet models used in

rodent metabolic studies (Aguiar et al., 2022).

Experimental diet formulation

The high-fat experimental diet was formulated to
induce dyslipidemia. Composition of the high-fat
and treatment diets is shown in Table 2. Rats
were fed a diet enriched with fats, sugar, and

other components to promote dyslipidemia and
metabolic impairment, following previously
described rodent hyperlipidemia models (Munshi
etal., 2014).

Table 2: Experimental diet composition administered to rats

Ingredients Quantity (%)
Starch 70

Casein 5

Minerals 2

Corn oil 8
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Vanaspati ghee 10
Vitamin 1
Carboxymethyl cellulose (CMC) 5
Wheat bran 5
Sugar 10

F. vulgare seed powder

250 mg, 500mg

A. graveolens seed powder

250mg, 500mg

Experimental design

Eighteen male Wistar albino rats were randomly
assigned to six groups (n=3 per group). All groups
except the normal control were fed an HFD for

one week to induce dyslipidemia. Subsequently,
treatment with sowa/dill or fennel seed powders
was administered according to the group design
as shown in Figure 3.

Grou

powder

Figure 3: Experimental design for evaluating th
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dyslipidemia in Wistar albino rats

Feed intake, water consumption, and body weight
regularly  throughout the
experimental period to monitor the animals'
response to dietary interventions.

were monitored

Physical

assessment
The nutritional and physiological status of the
experimental animals was monitored throughout
the study. Body weights were recorded weekly

monitoring and organ weight
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using a digital precision balance, while daily feed
and water intake were measured by calculating
the difference between the amount provided and
the leftover. General health and behavior of the
rats were observed daily as qualitative indicators
of well-being. At the end of the experimental
period, rats were humanely euthanized following
institutional ethical guidelines. Internal organs,
including the heart, liver, kidneys, and spleen,
were excised, freed of adherent tissues, and
weighed individually. Relative organ weights were
calculated as a percentage of total body weight to
assess physiological responses and potential
toxicological effects of the treatments.

Blood collection and sample preparation

At the end of the 28day experimental period,
blood sample were collected from the animals
under chloroform-induced anesthesia via cardiac
puncture, following the modified procedure
outlined by Fagbohun et al. (2020). Collected
samples were placed into two types of tubes:
EDTA-coated tubes for hematological analysis
and serum separator tubes for biochemical
evaluation. Serum was isolated by centrifugation
at 4200 rpm for 10 min and stored at -20 °C until
further analysis.

Biochemical and hematological analysis

Biochemical parameters were analyzed as
described by Al-Dedah et al. (2023) and included:
lipid profile: total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C),
and very-low-density lipoprotein (VLDL). Liver
function enzymes: alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), and bilirubin. Serum
proteins: albumin, globulin, and total protein.
Haematological parameters were determined
using standard clinical analyzers as described by
Shehri (2017) and included: hemoglobin (Hb),
red blood cell count (RBC), white blood cell
count (WBC), hematocrit (HCT), mean
corpuscular  hemoglobin ~ (MCH),  mean
corpuscular hemoglobin concentration (MCHC),
and mean corpuscular volume (MCV). These
measurements were used to evaluate the

hematological impact of each therapeutic
intervention.

Statistical analysis

Experimental data were analyzed using a
completely randomized design and one-way
analysis of variance (ANOVA) (Murid et al,,
2023; Asif et al, 2024). Group means were
compared using least significant difference tests
to determine significant differences among
treatments.
statistically significant at p < 0.05. All statistical
analyses were performed using Statistix 8.1
software (Analytical Software, USA).

Differences  were  considered

1- Results and Discussion

Proximate composition

Table 3 shows the proximate composition of A.
graveolens (sowa) and F. wulgare (fennel) seed
powders. The findings revealed that sowa powder
exhibited significantly (p < 0.05) higher levels of
fat, fiber, and protein compared to fennel.
Specifically, the fat content in sowa was
17.50 £ 0.10%, which was 69.73% higher than
that in fennel (10.31+0.04%). Similarly, the
fiber content of sowa increased by 31.37%, and
protein ' content was approximately 47.80%
higher than in fennel. These enhancements
highlight the nutrient-dense nature of sowa seeds,
particularly their lipid and protein profiles. In
contrast, fennel showed significantly (p < 0.05)
higher moisture, ash, and nitrogen-free extract
(NFE) contents. Moisture content in fennel was
7.83 £0.03%, slightly higher than sowa
(7.64 £ 0.04%), while ash content was elevated by
50.07% which, showing a greater mineral density.
NFE, representing total carbohydrates, was also
33.44% higher in fennel compared to sowa.
These outcomes are consistent with previous
findings by Zulfigar (2019), and underscore the
potential utilization of both seed powders in
functional food development.

A significant difference was also observed in the
mineral composition of the two seeds. Fennel
possessed the highest concentration of lead
(50.78 mg/100g), followed by iron (49.20
mg/100g) and zinc (39.47 mg/100g), while

cadmium was present in the lowest level (0.12
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mg/ 100 g). Conversely, sowa was particularly rich
in iron (273.50 mg/100 g), significantly exceeding
the iron contents of fennel. However, the zinc
and lead levels in sowa were comparatively lower
at (14.76 mg/100g and 16.06 mg/100g,
respectively), with cadmium detected at 2.09
mg/100 g. The high iron content in sowa aligns

with the findings of Saleh-e-In et al. (2017), who
reported elevated iron levels (206.88 mg/kg) in
dill seeds. Overall, both seeds are good sources of
essential minerals, with sowa being especially rich
in iron, whereas fennel provides higher levels of

and
nutritional

zinc lead,

indicating

mineral profiles.

complementary

Table 3: Proximate and mineral composition of Anethum graveolens (sowa) and Foeniculum vulgare (fennel) seed powders

Herbal Moisture Fat Fiber (%) Protein Ash Carbohy | Zn Fe Cd Pb
plants (%) (%) (%) (%) drates (mg/1 | (mg/100 | (mg/1 | (mg/100g)
(%) 00g) g 00g)
Sowa 7.64+0.04 17.50+0.10 | 25.15#0.13 | 17.53£0.2 | 7.59+ | 29.58+0. | 14.76+ | 273.50+ | 2.09+ | 16.06+0.5
5 0.04 14 0.41 2.85 0.06 8
Fennel 7.83+0.03 | 10.31+0.04 | 19.14+0.04 | 11.86+0. | 11.39 | 39.47+0. | 39.47+ | 49.20+1. | 0.12+ | 50.78+1.0
02 +0.04 | 08 0.60 12 0.01 3

Antioxidant activity

The antioxidant potential of sow and fennel
powders varied significantly (p < 0.05) depending
on the solvent used, as shown in Table 4. TPC of

and hexane extracts by 27.6%, 44.3%, and
30.1%, respectively. DPPH radical scavenging
activity showed that fennel revealed maximum
activity in methanol (98.13%), which was 4.2%

fennel was highest in the hexane extract higher than ethanol, 35.8% than hexane, and
(176.86 mg GAE/g), showing a 51.7%, 55.2%, 45.9%  than water extracts, respectively.
and 89.1% increase over the ethanol, methanol, Conversely, sowa demonstrated the highest

and water extracts, respectively. Notably, the
fennel hexane TPC was approximately 2.78-fold
higher than that of sowa, suggesting stronger
phenolicmediated antioxidant potential. FRAP
also showed a significant difference. Sowa
indicated the highest FRAP in hexane (903.67 ng
Fe/g), which was 196.2%, 66.6%, and 68.5%
greater than ethanol, methanol, and water
extracts, respectively. In contrast, fennel’s
ethanol extract exhibited the highest FRAP
(721.30 pg Fe/g), showing its methanol, water,

DPPH activity in water (89.82%), representing an
11% higher than ethanol, 17.1% than hexane,
and 28.6% than methanol extracts, respectively.
These outcomes align with Mehra et al. (20220
and Ahmed et al. (2019), indicating that fennel
extracts, particularly in methanol, show higher
antioxidant activity, while sowa aqueous extracts
also possess substantial activity, likely due to
water-soluble compounds such as carvone and

dillapiole (Singh et al., 2017).

Table 4: Antioxidant activity of Anethum graveolens and Foeniculum vulgare seed powders extracts

FRAP (pg Fe/g)

DPPH (%)

521.99 + 1.496f

89.820 +0.103°

535.89 £ 1.398°

67.273 £4.233¢

903.67 £0.1549"

76.730 +0.103¢

499.14 £ 1.014¢

72.244 +0.103"

574.41 £ 1.6006°

69.810 +0.014

565.31+0.1828¢

98.134 £0.125°

305.00 +2.9325"

81.022 +0.076"

Solvents Herbal plants TPC (mg GAE/g)
Water Sowa/Dill 14.51 £ 0.068¢
Fennel 19.21 +0.168"
Hexane Sowa/Dill 63.68 +0.091¢
Fennel 176.86 +0.962*
Methanol Sowa/Dill 8.94 +0.167"
Fennel 79.14 £ 0.043¢
Ethanol Sowa/Dill 56.37 £2.029°
Fennel 116.55 +0.269"

72130 £1.2338"

94.194 £ 0.526"
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Functional properties

Table 5 summarizes the functional characteristics
of A. graveolens and F. wulgare seed powders.
Significant differences (p < 0.05) were observed
across most measured parameters. Water
Absorption Capacity (WAC) of sowa powder
(82.72 £ 1.40%) was 17.7% higher compared to
fennel (70.28 +0.95%), revealing a stronger
hydrophilic nature and better water-binding
ability. Emulsifying Stability (ES) was also greater
in sowa (71.42 +1.35m%/g), showing a 7.0%
fennel  (66.76 £ 0.5 m2/g),
suggesting more stable emulsion stability.
Similarly, Emulsifying Activity (EA) was 15.5%
higher in sowa (81.72 + 1.20m?/g) compared to
fennel (70.80 +0.48m?2/g), likely due to higher
protein or mucilage content enhancing interfacial
film formation. Oil Absorption Capacity (OAC)
of sowa (70.33 £ 1.23%) exceeded that of fennel
(60.84 £0.03%) by 15.6%, indicating better fat

retention potential, which can improve flavor

increase over

retention and texture in food formulations. In
contrast, Bulk Density (BD) was lower in fennel
(63.58 + 1.18g/cm?) than sowa
(78.18 £ 0.86g/cm?), exhibiting a difference of
18.7%, implying greater compressibility and a
potentially larger volume required for packaging.
Foaming Activity (FA) was higher in fennel
(76.50 £ 0.70%) compared to sowa
(71.15+£0.63%), indicating superior aeration
capacity, whereas Foaming Capacity (FC) of both
powders had statistically similar (68.92 + 0.86%),
suggesting comparable foam volume and stability.
Collectively, these results indicate that sowa seed
powder may be more suitable for applications
suited for emulsification and water or oil
retention, whereas fennel seed powder may be
preferred  for light-texture
development in food formulations. These
responses are consistent with earlier observations

by A¢imovi¢ et al. (2020).

aeration and

Table 5: Functional properties of Anethum graveolens and Foeniculum vulgare seed powders

Powders | WAC (%) | ES (m?/g) | EA (m*/g) | OAC (%) _ | BD (g/cm®) | FA (%) FC (%)
Sowa | 82.72+1.40 | 71.42+1.35 | 81.72+1.20¢ | 70.33+ 1.23* | 78.18 +0.86* | 71.15+ 0.63" | 68.92 + 0.86
Fennel | 70.28 +0.95" | 66.76 +0.54° | 70.80 £ 0.48° | 60.84  0.03° | 63.58 + 1.18° | 76.50 +0.70% | 68.92 + 0.86*

Experimental results

Body and organ weights

Figure 4 illustrates the effects of seed powder
supplementation in the experimental diet on
body and organ weights in dyslipidemic rats over
28 days. Statistically significant differences
(p<0.05) were observed among the treatment
groups. The positive control group revealed a
1.25fold increase in body weight compared to
the normal control (220.0l1g wvs. 176.00¢),
indicating weight gain induced by the HFD. Sowa
supplementation at 500 mg (195.85 g) showed a
0.89-times reduction compared to the positive
control, whereas 250 mg sowa led to (189.00 g) a
0.86-times reduction. Similarly, fennel-treated
rats showed notable reductions, with 500 mg
fennel (188.33g) led to a 0.86-times reduction
relative to the positive control. Liver weights did
not differ significantly among groups. However,
sowa 250 mg (3.87 g) and fennel 500 mg (3.94 g)

showed slightly reductions relative to the positive

control (4.54¢g), suggesting potential mild
hepatoprotective effects. Kidney weights varied
with treatments. The right kidney weight was
lowest in the sowa 250 mg group (0.326 g) and
highest in the sowa 500mg group (0.480g),
representing a 0.67-times reduction. For the left
kidney, the positive control showed the highest
weight (0.45 g), while sowa 250 mg (0.380 g) and
fennel 250 mg (0.37 g) demonstrated 0.84-times
and 0.82-times reductions, respectively. Spleen
weights were also significantly varied. The
positive control group possessed the highest
weight (0.35 g), whereas fennel 500 mg (0.243 g)
and fennel 250 mg (0.26g) showed 0.69-times
and 0.74-times reductions, respectively. Sowa
250 mg (0.30 g) exhibited a 0.85-times reduction,
suggesting possible immunomodulatory effects.
Lung weights increased with supplementation.
Sowa 500mg (0.913g) showed a 1.14-times
increase relative to the fennel 250 mg group

(0.800 g), while fennel 500 mg (0.876 g) showed a

https://policyrj.com

| Urooj et al., 2026 |

Page 516


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022

Policy Research Journal
ISSN (E): 3006-7030 ISSN (P) : 3006-7022

Volume 4, Issue 2, 2026

1.09-times increase. Overall, the outcomes align

supplementation can improve organ function

with previous reports by Al-Amoudi (2017) and under metabolic stress conditions in rats.
Luaibi et al. (2017), who reported that fennel
250 5
4.54
220.01 4.5 4.33 4.21
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200 176 176.33 4
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C o8
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Figure 4: Comparative effects of A. graveolens and F. vulgare supplementation on body and organ weights

Lipid profile
Table 6 demonstrates statistically significant
differences (p < 0.05) among the treatment groups
for serum glucose and lipid profiles. The positive
control group showed elevated glucose and
dyslipidemic alterations, revealing metabolic
impairment and insulin
Supplementation with  both

resistance.
seed powders
modulated the lipid profile; however, F. vulgare
indicated more consistent and pronounced
improvements across most indices. A markable
reduction in triglycerides (TG) was observed, with
fennel (250 mg) showing the strongest effect
(—20.1% vs positive control). Fennel (500 mg)
and sowa (250 mg) revealed moderate reductions
comparatively (—10.6% and —9.5%, respectively),
whereas sowa (500 mg) possessed only a minimal
change (—2.9%). Total cholesterol (TC)
decreased across all supplemented groups, with
the maximum reduction monitored in fennel

(250 mg) (—25.7%), followed by fennel (500 mg)
(—20.6%) and both sowa doses (—15.5% each).
High-density lipoprotein cholesterol (HDL-C)
increased significantly following

supplementation, particularly in fennel-treated

rats. Fennel (500 mg) induced the highest rise in
HDL-C (+67.3%), followed by fennel (250 mg)
(+48.7%), sowa (500 mg) (+43.4%), and sowa
(250 mg) (+38.1%) compared with the positive
group.  Low-density  lipoprotein
cholesterol (LDL-C) was markedly minimized,
with fennel (250 mg) and (500 mg) producing the
strongest decreases (—45.9% each). Sowa
(500mg) and (250 mg) reduced LDL-C by
—20.5% and —6.9%, respectively. Similarly, very
low-density lipoprotein (VLDL) levels declined
substantially, with fennel (250 mg/kg) producing
the greatest reduction (—53.8%), followed by
sowa (250 mg/kg) (—45.6%), fennel (500 mg/kg)
(—45.6%), and sowa (500 mg/kg) (—40.6%).
Overall, these results confirm that F. Vulgare,
particularly at 250 mg, exerted notable effects on
hypolipidemic activity compared with sowa,

control

indicating its stronger potential to improve lipid
metabolism under dyslipidemic conditions. These
outcomes are consistent with the findings of
Parsaeyan (2016), who also reported significant
lipid profile improvements following fennel
administration in diabetic rats.

Table 6: Effects of Anethum graveolens and Foeniculum vulgare powders on lipid profiles in dyslipidemic rats

Serum indices Control Positive Sowa Fennel Sowa Fennel
control (250 mg) (250 mg) (500 mg) (500 mg)
Glucose 106.0+15.1° | 120.45+1.63* | 107.67+3.80 | 139.67+1.53* | 112.00+3" 112.3349.61°
(mg/dL) b
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TG (mg/dL) 55.00+2% 60.05+1.68" | 54.33+4.51™ | 48.00+1" 58.33+2.52" | 53.66+2.90"
TC (mg/dL) 47.33+6.42" | 52.07+2.45" | 44.00+1* 38.66+2.10° 44.00+3a 41.33+7.10°
HDL (mg/dL) 16.6644.93" | 12.55+1.04" | 17.33+1.53" | 18.66+1.53 18.00+1a 21.00+2"
LDL (mg/dL) 13.00+1% 19.70+1.62" | 18.33+0.60* | 10.66+2.10° 15.66+1.20" | 10.66+1.53°
VLDL (mg/dL) | 11.66+1.53* | 20.21+1.09* | 11.00+1* 9.33+1.53° 12.00+1° 11.00+1°
Hematological indices
Table 7 shows that hematological parameters increases, respectively, compared to the

essential biomarkers for detecting
disturbances. In these parameters,
significant differences (p <0.05) were observed in
RBC count, hemoglobin (Hb), hematocrit
(HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC)
across all treatment groups. The RBC count in
dyslipidemic rats increased by 1.14-times
compared to the normal control (7.52 vs. 6.58
million/pL), possibly due to  abnormal
stimulation of erythropoietin secretion under
metabolic stress. However, RBC levels were
reduced with treatment. Fennel 250 mg showed a
0.90-times reduction, sowa 500 mg a 0.95-times
reduction, sowa 250 mg a 0.95-times reduction,
and fennel 500mg a 0.97-times reduction
compared to the  dyslipidemic ~ group.
Hemoglobin levels declined in dyslipidemic rats
by 0.91 times compared to the control
(12.52g/dL vs. 13.81g/dL), likely due to
inflammation and compromised bone marrow
function. Treatment improved Hb levels. Sowa
250 mg and 500 mg resulted in 1.05 and 1.01-

times increases, respectively, while fennel 250 mg

serve as
systemic

dyslipidemic group. Hematocrit (HCT) and mean
corpuscular volume (MCV) were elevated in the
dyslipidemic  group  but decreased with
supplementation. The HCT value was reduced by
0.89-times in fennel 250 mg and 0.9 times in
sowa 500 mg. Likewise, MCV decreased by 0.94-
times in fennel 250 mg and 0.92-times in sowa
500 mg groups compared to the dyslipidemic rats.
MCH showed a mild increase in the dyslipidemic
group but declined post-treatment in all groups
except fennel 250 mg, where it remained elevated
(19.10 picograms per cell (pg)). MCHC values
increased in the dyslipidemic group but showed a
slight reduction (0.97-0.99 times) in treated
groups, although still slightly higher than the
normal control. These hematological
improvements reflect the potential of fennel and
sowa seed powders in restoring blood indices
disrupted by hyperlipidemia. The observed effects
may be attributed to the antioxidant and anti-
inflammatory constituents, particularly
polyphenols, present in these medicinal seeds.
This aligns with findings by Mansouri et al.
(2015) and Qasim et al (2022), who reported

similar ~ hematological and blood serum

and 500mg showed 0.98 and 1.00-times modulation in rats treated with fennel.
Table 7: Effects of Anethum graveolens and Foeniculum vulgare powders on lipid profiles in dyslipidemic rats
Blood indices Control Positive Sowa Fennel Sowa Fennel

control (250 mg) (250 mg) (500 mg) (500 mg)

RBCs (10%/uL) | 6.53+0.40" 7.52+0.73 7.14£0.29" 6.79+0.03" | 7.11:0.22* 7.31:0.33°
Hb (g/dL) 13.81+1.42° 12.52+1.05° 12.66+0.28" 12.53+0.32° 13.13+0.25° 12.26+0.35°
HCT (%) 33.5+2.80 39.61+0.98° 35.86+2.59° 35.78+1.96" 38.12+0.92° 35.90+3.69°
MCV (fL) 52.3x1.52° 54.35+1.02° 51.33+2.30° 53.00+1° 51.00+2° 51.33+1.52°
MCH (pg) 17.1£1.04° 18.38+1.08" 17.80+0.56" 19.10+1.2° 18.60+1.08" 16.93+0.71°
MCHC (g/dL) 34.1+0.61a 36.41+2.02a 35.53+0.74a 36.13+2.0la | 36.30+2.31a 36.16+1.72a
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Serum proteins

Significant differences (p < 0.05) were observed in
the serum proteins, as shown in Table 8.
Compared to the control group, the dyslipidemic
group showed a 1.29-times increase in total
protein levels, indicating systemic inflammation
and insulin resistance. However, treatment with
fennel and sowa at 500 mg led to 0.86-times
reductions in total protein levels, while fennel
and sowa at 250 mg showed 0.87 and 0.7-times
reductions, respectively. Serum albumin levels
also declined in all treated groups. The greatest
reduction, a 0.83-times decrease, was observed in
250 mg, indicating  improved
inflammatory control. Globulin levels varied:

the sowa

sowa 500mg showed a 0.85 times reduction
compared to the dyslipidemic group, while fennel
500 mg and sowa 250 mg) showed 1.35 and 1.07-
times increases, respectively. The
albumin/globulin  (A/G) ratio, which had
decreased to 0.63 in the dyslipidemic group,
improved with treatment. Fennel 500 mg
increased the A/G ratio by 2.57-times, while sowa
250 mg resulted in a 1.22 times increase. These
results suggest that both sowa and fennel powders
exert hepatoprotective and anti-inflammatory
effects, with fennel showing more favorable
modulation of serum protein fractions. These
findings are consistent with the results reported

by Helal et al. (2019).

Table 8: Effects of Anethum graveolens and Foeniculum vulgare powders on serum proteins in dyslipidemic rats

Serum indices Control Positive Sowa Fennel Sowa Fennel
Control (250 mg) (250 mg) (500 mg) (500 mg)
Total protein (g/dL) 3.38+0.16™ 436+0.02¢ |3.23+0.21" 3.7320.21* | 3.73+0.15° 3.73+0.15°
Albumin (g/dL) 3.16+0.50° 3.23+0.53¢ | 2.93+0.15" 2.60+0.2° 2.733+0.15* | 2.70+0.1°
Globulin (g/dL) 2.20+0.30° 2.2920.06° 2.10£0.1° 2.10£0.2° 1.96+0.60" 2.66+0.15
A/G ratio 1.00£0.5" 0.63£0.04° | 0.77£0.112" | 0.90+0.2" | 1.400.3" 1.62+0.10°

Liver functions

Table 9 summarizes hepatic function biomarkers
in dyslipidemic groups following
supplementation with A. graveolens and F. vulgare
seed powders. The positive control group
indicated elevated hepatic markers, showing liver
sunder dyslipidemic conditions. Serum bilirubin
increased markedly in the positive control group
compared with the normal control (1.30 vs. 0.26
mg/dL). Supplementation with both seed
powders significantly reduced bilirubin levels,
with the strongest reductions observed in sowa
(250 mg) (—76.9%) and fennel (250 mg)
(—72.3%) relative to the positive control. Fennel
(500 mg) also lowered bilirubin substantially
(—74.6%), whereas sowa (500 mg) produced a
comparatively smaller reduction (—61.5%).
Alanine aminotransferase (ALT) showed variable
responses across treatments. ALT remained
comparable to the positive control in sowa (250
mg), whereas it increased markedly in sowa (500
mg) (+50.1%) and in both fennel-treated groups,

particularly fennel (250 mg) (+17.6%) and fennel
(500 mg) (+34.2%), suggesting a dose-dependent
and  treatmentspecific =~ hepatic  response.
Similarly, aspartate aminotransferase (AST) was
reduced in sowa (250 mg) (—14.7%) and fennel
(500 mg) (—14.3%), while fennel (250 mg)
resulted in a slight elevation (+3.8%) compared
with the positive control. Alkaline phosphatase
(ALP) showed the most pronounced divergence
between treatments. ALP was markedly elevated
in fennel (250 mg) (+65.4%), whereas fennel (500
mg) significantly reduced ALP (—35.9%) relative
to the positive control. Both sowa doses produced
moderate reductions, with sowa (250 mg/kg) and
sowa (500 mg/kg) lowering ALP by —7.9% and
—3.2%, respectively. Overall, the findings show
that both seed powders exert hepatomodulatory
effects; however, the response was biomarker- and
dose-dependent. Sowa (250 mg) demonstrated
more consistent normalization of bilirubin and
AST, while fennel (500 mg) showed the greatest
overall improvement in bilirubin and ALP. These
results are consistent with Samadi Noshahr et al.
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(2021), Shawky et al. (2020), Shnain & Ezzat
(2022), Oshaghi et al. (2017), and Naderi et al.
(2019), describing hepatoprotective effects of

fennel and sowa under metabolic stress

conditions.

Table 9: Effects of Anethum graveolens and Foeniculum vulgare powders on liver enzymes in rats

Serum Control Positive Sowa Fennel Sowa Fennel
indices control (250 mg) (250 mg) (500 mg) (500 mg)
Bilirubin 0.26x0.10° 1.30+0.04* 0.30+0.1° 0.36+0.21° 0.50+0.01* 0.3320.10°
(mg/dL)
ALT (U/L) | 43.33+3.10° 48.17+0.15 48.33+2.10% 56.66+5.03" 72.33+3.10° 64.66+2.52"
AST (U/L) 153.33+45.10" | 180.12+0.22° 153.67+5.686" | 187.00+2° 176.00+1° 154.33+0.577°
ALP (U/L) 133.00+19.16° | 183.13+4.40" 168.67+1.53" 303.00+2.00" 177.33+1.53" 117.33+1.53"
2- Conclusion cardiovascular and metabolic health. These

This study demonstrated that both A. graveolens
(sowa) and F. vulgare (fennel) seed powders

possess significant effects in a dyslipidemic rat
model, including modulation of lipid
metabolism, improvement in antioxidant activity,
favorable changes in hematological indices, and
partial normalization of hepatic and systemic
biomarkers. Overall, fennel supplementation at
the 500 mg dose consistently showed significant
improvements in lipid profile indices, particularly
reductions in triglycerides, total cholesterol, LDL-
C, and VLDL, along with a marked elevation in
HDL-C, revealing stronger antihyperlipidemic
potential compared with sowa. Notably, the
extent of response varied by dose and biomarker.
While fennel showed  superior  overall
performance,  especially  for  lipid-related
outcomes. While sowa also exhibited therapeutic
potential, particularly at a 250 mg, dose for
specific ~ hepatic and renal  biomarkers.
Collectively, these comparative findings highlight
fennel as a potential natural dietary ingredient for
intervention for mitigating hyperlipidemia-
associated metabolic disturbances likely due to
the combined and synergistic actions of its
bioactive constituents. Moreover, the synergistic
action of its bioactive constituents may offer
broader therapeutic benefits. From a perspective,
the functional and nutritional characteristics of
both seed powders further support their
suitability for incorporation into functional foods
or nutraceutical formulations aimed at improving

outcomes suggest that fennel seed powder,
especially at higher doses, could be strategically
incorporated into dietary interventions or

nutraceutical formulations aimed at
cardiovascular and metabolic health
improvement.
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