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ABSTRACT: This study investigated the bioactivity profiles of Foeniculum vulgare extracts
and fractions obtained from different geographical origins and extraction conditions.
Extraction yield, total phenolic content (TPC), total flavonoid content (TFC), DPPH
radical-scavenging activity, FRAP reducing capacity, and a-amylase inhibitory activity
were evaluated, and the relationships among these parameters were further explored using
Pearson correlation and principal component analysis (PCA). The results revealed marked
variability among the investigated samples. TPC and TFC showed a relatively strong
positive correlation (r = 0.695), whereas their associations with a-amylase inhibition were
weak (r = —0.323 and —0.298, respectively), indicating that total phenolic and flavonoid
contents alone did not adequately explain the enzyme-inhibitory response. Distinct
antioxidant profiles were also observed between DPPH and FRAP assays; notably, FME
exhibited high reducing capacity (FRAP = 0.900 TEAC) and strong radical-scavenging
activity (DPPH-ECso = 0.0495), while showing only 6% «-amylase inhibition. In contrast,
DMD, SMD, and FMD displayed the highest a-amylase inhibitory activities, with values
of 23.84%, 20.50%, and 18.65%, respectively. PCA provided an integrated view of these
relationships, with the first two components explaining 65.442% of the total variance and
revealing distinct associations among quantitative phenolic/flavonoid descriptors and
biological responses. Overall, the findings demonstrate that F. wwfgare extracts and
fractions possess diverse and assay-dependent bioactivity profiles, and that their biological
properties cannot be predicted solely from global phenolic or flavonoid abundance.
Fractions exhibiting promising combined antioxidant and a-amylase inhibitory properties
may therefore represent suitable candidates for further chemical characterization and

identification of the metabolites underlying the observed activities.

The increasing interest in plant-derived bioactive compounds has been stimulated by the need to identify natural sources

endowed with multifunctional biological properties and potential applications in the food, pharmaceutical and nutraceutical

fields. Among these compounds, phenolic constituents have received particular attention because of their broad range of

biological activities, particularly antioxidant and enzyme-inhibitory effects (Albuquerque et al., 2021; Sun et al., 2020).

Consequently, plant extracts rich in phenolic compounds are frequently investigated for their antioxidant and enzyme-inhibitory

potential, while extraction conditions can influence the recovery and overall content of phenolic constituents (Shi et al., 2022).
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However, total phenolic content (TPC) provides only a global estimate of phenolic abundance and may not fully reflect
differences in biological responses. Reported relationships between TPC and antioxidant activity can vary among plant extracts
and according to the assay employed, suggesting that total phenolic abundance alone may not be sufficient to explain functional
activity (Skotti et al., 2014; Khiya et al., 2021).

Foeniculum vulgare Mill. (Apiaceae), commonly known as fennel, is an aromatic and widely distributed medicinal plant that has
attracted considerable scientific interest because of its diverse phytochemical composition and reported biological properties.
Different parts of the plant contain phenolic acids, flavonoids and other secondary metabolites that may contribute to
antioxidant, antimicrobial, anti-inflammatory and enzyme-modulating effects (Rafieian et al., 2024; Khammassi et al., 2022).
However, the phenolic characteristics and biological activities of F. wufgare may vary according to geographical origin,
environmental conditions, plant organ, developmental stage and extraction method. Previous studies have reported differences
in phenolic content and composition among fennel populations from different geographical origins and among different plant
parts and developmental stages (Ferioli et al., 2017; Khammassi et al., 2022). Furthermore, extraction method and solvent
selection can influence the recovery of phenolic constituents and the antioxidant properties of the resulting extracts (Malin et
al,, 2022). Against this background, antioxidant activity and a-amylase inhibition provide complementary functional perspectives
for evaluating plant extracts. Antioxidant activity can be assessed through assays based on different reaction mechanisms, while
a-amylase inhibition is relevant to the evaluation of the potential of plant extracts to modulate carbohydrate digestion (Sun et
al., 2020). Thus, examining TPC and TFC together with complementary antioxidant assays and «-amylase inhibition may

provide a broader assessment of the functional properties of F. vufgare extracts.

The present study investigated wild F. wu/gare inflorescences collected from seven geographical locations in Algeria. Crude
extracts were obtained using two extraction systems and subsequently fractionated by liquid—liquid partitioning. The resulting
extracts and fractions were evaluated for total phenolic and flavonoid contents, antioxidant activities and a-amylase inhibition,
with the aim of assessing how geographical origin, extraction system and fractionation affect phenolic contents, antioxidant

activities and a-amylase inhibitory activity.
2. MATERIALS AND METHODS
2.1. Samples Collection and Preparation

The aerial parts (umbels) of F. vulgare were collected at the anthesis stage in September—October from seven sites in Algeria:
Oued Mortra, Ain Madhi, El Assafia, El Ghicha, Aflou, Frenda and Ain Maabed. The geographical characteristics of the
collection sites are presented in Table 1. Botanical identification was carried out by Dr. Hadjira Benmebarek at the higher school

of teachers of Laghouat.

Table 1: Samples Geographical Characterization

Locality Longitude (°E) Latitude (°N) Altitude (m)
Aflou (A) 2.0973 341139 1400

Oued Motra (O) 23167 341667 1303

Ain Madhi (M) 23011 33.7939 987

El Assafia (S) 2.9833 33.8333 755

El Ghicha (G) 2.1500 33.9333 1156

Ain Maabed (D) 3.1294 34.8048 1038

Frenda (F) 1.050 35.0667 1064

2.2. Preparation of Extracts

Directly after collection, the flowers were carefully cleaned, sliced, and air-dried at room temperature (25 °C) for several days
until complete dehydration. Then, grounded into fine powder.
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Phenolic compounds were extracted from the dried flower powder by cold maceration using methanol/water (80:20, v/v) and
acetone/water (70:30, v/v), following slight modifications to the method described in [25]. Briefly, 10 g of the powdered sample
was extracted with 100 mL of each solvent mixture at room temperature in the dark for 24 h, with intermittent shaking. The
extraction was repeated twice using fresh solvent each time. The resulting filtrates were combined and concentrated under
reduced pressure to remove methanol or acetone. The concentrated aqueous extracts were first subjected to liquid—liquid
partitioning with n-hexane to remove non-polar compounds, such as lipids and pigments. The remaining aqueous phase was
subsequently partitioned successively with dichloromethane and ethyl acetate. The dichloromethane and ethyl acetate phases
were collected separately, to obtain two fractions (dichloromethane and ethyl acetate fractions) for each extract.

After evaporation of the organic solvents, the dried dichloromethane (DCM) and ethyl acetate (AE) fractions were weighed,
and their yields were calculated relative to the initial dry plant material according to the following equation. then, the dried

residues were reconstituted in absolute methanol and stored at —4 °C until further analysis.
Yield (%) = [Mass of dried fraction (g) / Mass of dry plant material (g)] X 100
2.3. Determination of Total Phenolic Content

The total phenolic content (TPC) of F. vulgare extracts was determined using a modified Folin—Ciocalteu method (Singleton
and Rossi, 1965). Gallic acid was used as the standard.

Different concentrations of gallic acid (0.03—-0.3 mg/mL) wete used to construct the calibration curve. Briefly, 100 pL of gallic
acid solution was mixed with 500 uL of Folin—Ciocalteu reagent solution (10% v/v), vortexed, and incubated for 5 min. 2 mL
of 5% sodium carbonate (Na;COg, w/v) was added and the mixture was vortexed again. Following a 30 min incubation at
room temperature (25 °C), absorption was measured at 760 nm using a spectrophotometer. The same procedure was applied
to the plant extracts, replacing gallic acid with the respective extract solutions. The TPC was calculated from the gallic acid
calibration equation, (A = 3.2111C; R? = 0.9976), and expressed as milligrams of gallic acid equivalents per gram of dry weight
(mg GAE/g DW. All analyses were performed in triplicate.

2.4. Determination of Total Flavonoids Content

The total flavonoid content (TFC) was determined spectrophotometrically based on the formation of a flavonoid—aluminum
complex, following the method described by Djeridane et al. (2006). Rutin was used as the reference standard to construct the
calibration cutve, and the results were expressed as milligrams of rutin equivalents per gram of dty weight (mg RE/g DW).
Briefly, 1 mL of the sample solution was mixed with 1 mL of 2% (w/v) AlCl3 prepated in methanol. The mixture was vortexed
and incubated at room temperature for 15 min, after which the absorbance was measured at 430 nm using a spectrophotometer.
The same procedure was applied to the plant extracts, replacing Rutin with the respective extract solutions. All tests were

performed in triplicate.
2.5. Antioxidant activity
2.5.1. 2,2-Diphenyl-1-picrylhydrazy! free radical scavenging activity

DPPH radical-scavenging activity was evaluated according to Ani et al. (20006), with slight modifications. Briefly, 1 mL of 250
pM DPPH solution was mixed with 1 mL of each fraction at different concentrations and incubated in the datk at room
temperature for 30 min. Absorbance was measured at 517 nm against the corresponding blank. All measurements were

performed in triplicate. The inhibition percentage was calculated as:
. AO - As
Inhibition % = . X 100
0

Where Ay is the absorbance of the control and A is the absorbance of the extract.

ECsg values were determined from the corresponding inhibition—concentration curves.
2.5.2. Ferrie-Reducing Antioxidant Power (FRAP)

The FRAP assay was performed according to the method established by Benzie et al. (1996). with some modifications. The
FRAP working solution was prepared by combining 0.3 M acetate buffer (pH 3.6), 10 mM TPTZ dissolved in 40 mM HCI, and
20 mM FeCls-6H>O in a volumetric ratio of 10:1:1. To perform the assay, 100 pL of the extract or reference standard (Trolox
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and ascorbic acid) was mixed with 1mL of FRAP reagent, vortexed, and incubated for 10 min in the dark at room temperature.
Absorbance was measured at 593 nm against a blank.

A Trolox calibration curve was established over the concentration range of 0-0.15 g/L, showing a strong linear relationship
(R> = 0.998). The FRAP values of the extracts were calculated from the Trolox calibration equation and expressed as
micromoles of Trolox equivalents per gram of dry weight (umol TE/g DW).

2.6. In vitro a-amylase inhibitory assay

The inhibitory effect of the samples on porcine pancreatic a-amylase (EC 3.2.1.1) was assessed according to the procedure
originally described by Dygert et al. (1965), with appropriate modifications. Briefly, the reaction was initiated by preparing a
mixture containing 100 pL of soluble starch, 200 ul. of 50 mM phosphate buffer (pH 7.0) supplemented with 6 mM NaCl, and
100 pL of the sample at a fixed concentration. This mixture was pre-incubated at 37 °C for 10 min. Subsequently, 100 uL of
the enzyme solution (porcine pancreatic a-amylase, 10 IU/mL) prepared in phosphate buffer was added, followed by incubation
at 37 °C for an additional 2 min. The reaction was then developed by adding 1 mL of cupric reagent containing glycine (0.21
M), Na,CO3 (0.38 M), and CuSO, (1.8 mM), followed by 1 mL of neocuproine solution (4.9 mM). The reaction tubes were
immediately transferred to a boiling water bath (100 °C) for 10 min. After cooling to room temperature, 3 mL of distilled water
was added to each tube, and the absorbance was recorded at 452 nm.

The percentage inhibition was calculated according to the following equation:

Ay — A
0 "1x100

Pl =
Ao

where (PI) represents the percentage of inhibition, (Ag) is the absorbance measured for the control without the tested fraction,
and (A1) is the absorbance recorded in the presence of the tested fraction.

2.7. Statistical Analysis

Principal component analysis (PCA) was achieved to explore the relationships between the samples and the measured variables,
including extraction yield, total phenolic content (TPC), total flavonoid content (TFC), FRAP antioxidant activity, DPPH-ECs,
and a-amylase inhibitory activity. The analysis was based on standardized data, and the first two principal components (F1 and
F2) were used to visualize the distribution of the samples and the contribution of the variables. A PCA biplot was generated to
examine the relationships between the samples and variables and to identify the variables contributing most to sample

discrimination.
3.RESULTS AND DISCUSSIONS

3.1. Extraction Yield and Phenolic and Flavonoid Contents

It can be seen from Table 2 that the extraction yields (0.123-3.890%), the TPC (0.091-6.308 mg GAE/g DW), and TFC (0.039-
6.390 mg RE/g DW) values were highly variable among the samples analyzed. High extraction yields were found for the
acetonic DCM fractions of Oued Mourra and Aflou, as well as for the methanolic DCM fraction of Ain Madhi, which indicates
the impact of the solvent choice on extraction efficiency (Frosi et al., 2021; E. Gil-Martin et al., 2021). At the same time, higher
amounts of both types of phytochemicals were found in EA fractions of the samples tested, with the highest TPC in the
acetonic EA fraction of Oued Moutra (6.308 mg GAE/g DW) and the highest TFC in the methanolic EA fraction of Assafiya
(6.390 mg RE/g DW). It cotroborates the efficiency of the use of moderately polar solvents like ethyl acetate in the extraction
of the relatively polar phenolics from North African plants (Boussoussa et al., 2014; El Kamari et al., 2024; Hamdi et al., 2024).

Table 2: Table X. Extraction yield, total phenolic content, and total flavonoid content of Foeniculun: vulgare extracts and

solvent fractions from different Algerian regions.

Site Yield (%) TPC (mgGAE/gDW) TFC (mgRE/gDW)
Methanolic Acetonic Methanolic Acetonic Methanolic Acetonic
extract extract extract extract extract extract

$) < Ain Madi 2.58 2.24 1.083£0.220 1.142+0.102 0.148%0.01 0.196%+0.014
A
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Assafiya 0.346 1.67 0.418%0.039 0.72610.067 0.387%0.009 0.229%0.010
Aflou 0.29 3.2 0.197%0.010 1.728%0.264 0.185%0.029 0.480%0.02
Al-Ghishah 0.21 2.61 0.132%0.015 0.45610.028 0.100%0.012 0.358+0.032
Oued Mourra | 0.123 3.89 0.091%0.010 1.342£0.266 0.039%0.000 0.43710.024
Ain Maabad | 0.439 1.37 0.285%0.038 5.471%10.349 0.228+0.12 0.781%0.07
Ferenda 2.145 1.63 1.115£0.183 1.059£0.034 0.268%0.013 0.52910.040
Ain Madi 0.597 2.4 1.767£0.110 0.984+0.213 1.743%0.01 3.26410.072
Assafiya 2.159 1.82 3.64810.403 2.26910.353 6.390%0.086 1.306£0.015
“ Aflou 1.317 1.87 2.304£0.270 1.290£0.209 2.79210.131 0.607%0.023
g Al-Ghishah 0.591 2.55 0.738%0.083 0.855%+0.138 0.212%0.035 0.109%0.009
:E Oued Moutrra | 0.528 1.45 1.478%0.124 6.308+1.214 0.42210.021 5.735%0.143
§ Ain Maabad | 1.194 1.81 2.66210.353 0.778%0.183 2.770£0.071 0.248+0.033
g Ferenda 0.884 2.48 1.529£0.152 1.525£0.136 1.626£0.053 1.468%0.031

The presence of a positive relationship between TPC and TFC (r = 0.695) means that those fractions that were rich in total
phenolics usually had high amounts of flavonoids. Nevertheless, a moderate nature of such relation suggests that flavonoids
did not explain all variations in TPC, hence the different degree of contribution of flavonoid and non-flavonoid phenols. Such

phenomenon might be due to the different principles of measurements using the Folin-Ciocalteu and AlClz methods (Raposo
et al., 2024; Nicolescu et al., 2025).

3.2. Antioxidant activity (DPPH—ECs) and FRAP-TEAC)

The antioxidant activity of analyzed fractions was very different depending on the type of fraction and the test used (Table 3).

In the DPPH test, EA fractions showed stronger radical-scavenging activity, which was shown by their lower ECsq values.

Table 3: Table X. Antioxidant activity of Foeniculum vulgare samples from different Algerian regions expressed as FRAP-
TEAC and DPPH-ECs( values.

TEAC-FRAP ECs-DPPH (g/L)
Methanolic extract Acetonic extract Methanolic extract Acetonic extract
DCM EA DCM | EA DCM EA DCM EA
Ain Madi | 0.153£0.00 | 0.52%0.01 0.073 | 0.549 £0.007 | - 0.032+0.0 | 2.5+£0.003 | 0.052%+0.00
5 +0.00 01 1
2
El Assafia | 1.42+0.02 0.21+£0.00 | 0.095 | 0.196 £0.016 | 0.231£0.0 | 0.094+0.0 | 0.61+£0.00 | 0.129%0.00
3 +0.00 09 94 09 1
2
Aflou 0.141£0.00 | 0.26£0.00 | 0.056 | 0.252 + | 0.30£0.00 | 0.160£0.0 | 3.434+0.0 | 0.272%0.00
9 7 + 0.002 2 09 02 2
0.001
El Ghicha | 0.128+£0.01 | 0.90£0.00 | 0.05 0.0014£0.00 | 0.36+0.00 | 0.099+0.0 | 2.29+0.02 | 3.05%+0.02
3 05 + 01 62 6
0.001
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Oued 0.108+£0.01 | 0.14£0.00 | 0.035 | 0.170 £0.008 | 0.246£0.0 | 0.049£0.0 | 2.773+0.0 | 0.114%0.00
Mourra 2 2 * 1 5 1 25

0.005
AinMaaba | 0.118%£0.00 | 0.14£0.00 | 0.149 | 0.181 +0.001 | 0.36%0.1 0.01+0.00 | 3.53£0.01 | 0.74£0.005
d 3 5 * 4

0.005
Ferenda 0.122+0.00 | 1.8%£0.003 | 0.082 | 0.130 £0.012 | 0.30£0.00 | 0.099£0.5 | 0.67+0.00 | 0.048%0.00

07 0.00 4 03 05

1

Vit C 1.580 + 0.02 0.0089

The antioxidant activity of analyzed fractions was very different depending on the type of fraction and the test used (Table 3).
In the DPPH test, EA fractions showed stronger radical-scavenging activity, which was shown by their lower ECsq values. The
smallest ECsg values wete found for the methanolic EA fractions from Ain Maabad (0.010 + 0.004 g/L) and Ain Madi (0.032
1 0.001 g/L; Tab 3). On the hand the acetonic DCM fractions usually had less activity. In contrast, the FRAP test a different
activity distribution. The methanolic EA fraction from Ferenda and the DCM fraction from El Assafia displaying the highest
reducing capacities. The different patterns observed in the DPPH and FRAP results can be explained by the fact that each assay
works through a different chemical mechanism. (Schlesier et al. 2002; Prior et al., 2005). Therefore, the two tests may not always

show the same antioxidant activity.

The correlation analysis (Table 4) showed generally that the links between phenolic content TPC and total flavonoid TFC
content were not strongly related to antioxidant activity. Total phenolic content had a link with DPPH (r = 0.112) and a weak
link with FRAP (r = -0.092). TPC had a negative link with DPPH (r = -0.327) and almost a negligible correlation with FRAP
(r = 0.058). These results mean that the TPC and f TFC alone did not adequately explain the effects. This might be because the
actual types and specific features of the components play a big role (Aouadi et al. 2025; Shan et al., 2019). Also, differences in
how the antioxidant tests work could be another reason, for these links. Some phenolic parts can have abilities to stop free
radicals and to transfer electrons (Chen et al., 2020).

3.3. w-amylase inhibitory activity

Inhibition of a-amylase can be taken as an important in vitro method to study the potential of plant extracts to inhibit the
breakdown of starch into glucose upon consumption of carbohydrates. The breakdown of starch occurs through a-amylase
into oligosaccharides and is converted to absorbable monosaccharide units through intestinal a-glucosidase enzymes. The
inhibition of such enzymes has, therefore, been suggested to be a means of reducing postprandial hyperglycemia (Papoutsis et
al., 2021; Kashtoh & Back, 2023).

Table 4: o-Amylase inhibitory activity (%) of Foeniculum vulgare samples from different Algerian regions.

I (%)

Methanolic extract Acetonic extract

DCM EA DCM EA
Ain Madi 4.80 0 0 0
El Assafia 20.50 0 0 0
Aflou 0 0 0.80 0
El-Ghishah 0 13.46 0 11.50
Oued Mourra 0 0 0 0
Ain Maabad 23.84 0 0 15.00
Ferenda 18.65 6 0 5.50
Acarbose 18
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The inhibitory activity of a-amylase was different for the extracts and fractions despite their identical concentrations during
testing. DMD displayed the highest inhibitory activity (23.84%), followed by SMD (20.50%) and FMD (18.65%). The
mentioned results were comparable to the value of acarbose (18%) or higher than it, whereas other samples displayed low or
no inhibition.

The differences between fractions and sites may be related to variations in phytochemical composition and the selective
recovery of bioactive compounds during extraction and fractionation. Environmental conditions can influence the production
and accumulation of bioactive compounds in plants (Pant et al., 2021), while geographical differences may also affect phenolic
composition and enzyme-inhibitory activity (Mezni et al., 20206). Solvent characteristics and extraction conditions can further
influence the recovery of compounds with different inhibitory properties (Papoutsis et al., 2021; Chang et al., 2021; Tlili et al.,
2019).

These findings show that having greater TPC and TFC values does not necessarily lead to a stronger a-amylase inhibition
activity, as evidenced by the relatively low correlation observed between them, namely TPC (r= -0.323) and TFC (r= -0.298).

Similatly, there is also low correlation between antioxidant activity and a-amylase activity.

The antioxidant and a-amylase inhibition activity were found not to follow similar trends, indicating that both of them are likely
to involve dissimilar molecular interactions. It could mean that both the observed inhibition effects depend more on specific
compounds and their structure rather than their total amount of phenolic and flavonoids (Lam et al., 2024; Kashtoh & Back,
2023; Peng et al., 2024). This interpretation agrees with previous findings of the a-amylase inhibition activity of phenolic extracts
of medicinal plants in Algeria (Djeridane et al., 2015). These results reflect activity at the tested concentration, while ICsg

determination would be required for a more accurate comparison of inhibitory potency.
3.4. Multivariate analysis: Principal Component Analysis

Principal component analysis (PCA) was performed to merge the data obtained on the yields of extracts, TPC, TFC, DPPH,
FRAP, and a-amylase inhibitory activity, with dimensionality reduction being carried out using orthogonal components (Jolliffe
and Cadima, 2016). Based on eigenvalues, it is known that F1 (eigenvalue = 2.123; 35.387% variance) and F2 (eigenvalue =
1.803; 30.055% vatiance) accounted for 65.442% of variance, while the contribution of F3, F4, F5, and F6 was 14.402%,
9.621%, 8.644%, and 1.891%, respectively. Therefore, the factorial plane formed by F1-F2 (Figure 3) accounted for most of
the multivariate information (Liu et al., 2024; Kutlu et al., 2024).

Biplot (axes F1 et F2 : 65,44 %)
2 _
TFC (mgEBAEDW)
[ ]
3 1 SME
TPCgMgGAE/gDW)
2 FRABME T
e MME ARME
1 ¢ £
= SMD s
:‘o ° GME E
25 ° °
o - °
L ) # S DAD
N
-1 amyla? FMQ‘ SADL
® VMD
22 + egrendement %
[ ] AM)
GAE
-3 T DPPH
-4 L
-4 3 2 -1 0 1 2 3
F1 (35,39 %)
e Variables actives @ Observations actives

Fig3 : PCA biplot illustrating the relationships among extracts and extraction yield, TPC, TFC, DPPH-EC50, FRAP, and -
amylase inhibition on the F1-F2 factorial plane
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TPC and TFC were found to have a significant relationship in the F1-F2 biplot, consistent with their high Pearson correlation
coefficient (r = 0.695 ; Table 4), and showing a tendency to vary together. Their respective structural weights, however, were
different: TFC dominated the structural weight of I'2 (36.867%), whereas TPC had its structural weight divided into two factors,
namely F1 (19.848%) and F2 (18.146%). The high cos? values of TPC (0.748) and TTFC (0.870) showed that both variables were
well represented on the factorial plane. In essence, even though positively correlated, these global spectrophotometric measures
provided different multivariate aspects, since they do not provide information about specific phenolic compounds. (Liu et al.,
2024).

There were similarities between the vectors of yield and DPPH-ECso due to the positive correlation observed between the two
vectors (r = 0.578). As mentioned earlier, low DPPH-ECs corresponds to high antioxidant activities; therefore, such similarity
in the orientation of these vectors is an indication of the numerical value of ECs5 rather than antioxidant activities. DPPH had
a high cos? value on F1-F2 (cos* = 0.275 and 0.460), while FRAP had an opposite orientation on F1 (—0.587), which is
attributed to the difference in chemical concepts between these two antioxidant tests (Munteanu and Apetrei, 2021; Schaich et
al.,, 2021). The inhibition of a-amylase had a high association with F1 (—0.639; contribution = 19.231%)), but low representation
on F2 (cos? = 0.0306). In addition, weak correlation with TPC (r = —0.323) and TTFC (r = —0.298) shows the lack of relationship
between the level of inhibition and the total phenolic content.

Table 4 : Pearson correlation coefficients among extraction yield, TPC, TFC, DPPH-ECso, FRAP, and a-amylase inhibition

Variables Yield % | TPC(mgGAE/gDW) | TFC (mgER/gDW) | DPPH | FRAP | amylase
Yield % 1 0,139 0,106 0,578 |-0,361 | -0,184
TPC(mgGAE/gDW) | 0,139 |1 0,695 0,112 |-0,092 | -0,323
TFC (mgER/gDW) 0,106 | 0,695 1 -0,327 (0,058 |-0,298
DPPH 0,578 | 0,112 -0,327 1 -0,332 | -0,115
FRAP -0,361 | -0,092 0,058 -0,332 |1 0,319
amylase -0,184 |-0,323 -0,298 -0,115 (0,319 |1

Les valeurs en gras sont différentes de O a un nivean de signification alpha=0,95

There were similarities between the vectors of yield and DPPH-ECs due to the positive correlation observed between the two
vectors (r = 0.578). As mentioned earlier, low DPPH-ECs corresponds to high antioxidant activities; therefore, such similarity
in the orientation of these vectors is an indication of the numerical value of ECsg rather than antioxidant activities. DPPH had
a high cos? value on F1-F2 (cos?> = 0.275 and 0.460), while FRAP had an opposite orientation on F1 (—0.587), which is
attributed to the difference in chemical concepts between these two antioxidant tests (Munteanu and Apetrei, 2021; Schaich et
al.,, 2021). The inhibition of a-amylase had a high association with F1 (—0.639; contribution = 19.231%)), but low representation
on F2 (cos? = 0.030). In addition, weak correlation with TPC (r = —0.323) and TFC (r = —0.298) shows the lack of relationship
between the level of inhibition and the total phenolic content

None of the groups were distinguished by extraction solvent, fractionation solvent, or geographical location. This shows that
the distribution was influenced by the variation in composition of the extracted compounds and not by one specific solvent or
geographical influence (Kutlu et al., 2024; Uaila et al., 2024). Of all the samples studied, SMD had the greatest influence on F1
(19.42%), while OAE had the greatest influence on F2 (23.72%). The contribution here shows the influence of samples in
building the factorial axis rather than the biological strength of the samples (Jolliffe and Cadima, 2016). In general, PCA added
value to the Pearson correlation test by giving an overview of the relationship between all the measured variables (Liu et al.,
2024; Lemos et al., 2024).

4.CONCLUSION

In conclusion, the present study has shown that Foeniculun vulgare can serve as a good source of extractable and fractionated
products of different biological potential. The presence of great variability in the bioactivity profiles of samples is an example
of the importance of the impact of extraction and fractionation conditions and geography of sample origin on bioactivity.
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Notably, antioxidant and x-amylase inhibitory potentials were not correlated with the content of total phenolics or flavonoids,

which means that neither antioxidant nor a-amylase activities can be estimated by total phenolic or flavonoid amounts.

The analysis of antioxidant activity, a-amylase inhibition, correlation coefficients, and PCA clearly demonstrates the
multidimensional character of the bioactivity responses detected. Thus, fractions possessing interesting antioxidant or a-amylase
inhibitory activity may be subjected to additional chromatographic and spectrometric studies for the identification of bioactive
compounds.
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