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Abstract

The industrial agar extraction of the red alga Gelidium corneum generates substantial residue, a biomass with
considerable potential for valorization into a sustainable bioproduct. This investigation aimed to characterize the
phytochemical composition and bioactivities of extracts from the residue in comparison to the whole alga. For this
purpose, extracts were prepared from both the residue and whole alga using various solvents. The antioxidant capacity of
the extracts was then evaluated using DPPH, ABTS, and total antioxidant capacity assays. Additionally, their antifungal
activity was tested against 4 storage fungi (Fusarium graminearum, Fusarium oxysporum, Aspergillus flavus and
Penicillium chrysogenum), with efficacy compared to the commercial fungicide Azoxystrobin. Our analysis revealed that
the 90% methanolic extracts were particularly effective, as they were rich in total phenolic compounds (TPC: 13 mg
GAEs/g in residue and 14.9 mg GAEs/g in whole alga), total flavonoid content (TFC: 5.90 mg QEs/g in residue and 7.07
mg QEs/g in whole alga), and condensed tannins (CTC: 2.90 mg CEs/g in residue and 5.92 mg CEs/g in whole alga).
These extracts exhibited potent antioxidant activity and their notable antifungal activity was comparable to Azoxystrobin.
The observed bioactivities were consistently correlated with the high phenolic content. These findings suggest that G.
corneum industrial residue is a promising and sustainable source of natural antioxidant and antifungal agents for

applications in food preservation and related industries.
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Introduction

The issue of oxidation and microbial
contamination represents one of the most prevalent
challenges of food preservation, contributing to
diminished quality, safety concerns, and a shortened

shelf life of the products [1]. Furthermore, some fungal

species including Aspergillus spp. and Penicillium spp.
have the potential to produce mycotoxins, making them
toxigenic [2]. In order to ensure the safety of these food
items, it is essential to implement control strategies that
exhibit effective antimicrobial properties, the ability to

inhibit mycotoxin formation, and the capacity to
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counteract oxidative stress through antioxidative
mechanisms [3]. Synthetic preservatives, which have
been used in foods for decades, could lead to negative
effects on both consumers and the environment [4]. This
situation has prompted the scientific community to
explore alternative compounds derived from natural
resources [5].

Recently, marine algae have been recognized as
valuable sources of naturally occurring antimicrobial
and antioxidant agents, potentially replacing synthetic
chemicals for various applications in food [6]. Among
these marine algae, red algae stand out as the largest
group, containing a diverse range of bioactive
compounds such as polysaccharides, lipids,
polyphenols, and steroids. These compounds offer
promising alternatives to synthetic products for the food
industry [7]. Notably, G. corneum, a species of red
algae, contains a wide range of beneficial bioactive
compounds and serves as the primary raw material for
agar production. The G. corneum algae serves as the
primary raw material for agar production. Remarkably,
it constitutes approximately 90% of the marine algae
harvested in Morocco [8]. The process of extracting agar
from G. corneum generates a substantial quantity of by-
products estimated to be around 870 tons per year,
leading to challenges related to their storage,
conversion, or disposal. These challenges have both
environmental and economic implications. These by-
products hold significant potential as natural sources of
bioactive compounds. Therefore, the extraction of
antioxidant and antimicrobial compounds from these
residues could represent a significant advancement in
preserving environmental balance. Concerning the
utilization of solid waste generated during industrial
agar production, previous research conducted by
Aboulkas et al. [9], has explored the controlled pyrolysis
process as a means to produce bio-oil and bio-char from
algae waste. Furthermore, Ttima et al. [10], conducted
an analysis in which the residues were biologically
upgraded to poly-3-hydroxybutyrate (P3HB) through
the saccharification of their carbohydrate portion into
elemental simple sugars. To the best of our knowledge,
no study has yet explored the antioxidant properties of
extracts from different solvents and their antifungal
effects against post-harvest fungi in residues derived
from G. corneum, in comparison with the whole alga.

This area presents a promising opportunity for thorough

research, aiming to enhance the quality of food products
and extend their shelf life during storage.

The present research was undertaken to (1) assess
the bioactive compounds in G. corneum industrial
residues by comparing their phytochemical profile to
that of the whole alga, (2) Evaluate the in vitro
antioxidant and antifungal activity of extracts from both
the residue and the whole alga, (3) identify the specific
bioactive compounds associated with these activities.

Materials and methods

Preparation of residue and alga extracts

The whole G. corneum alga and its industrial
residue obtained after agar-agar extraction were
provided by the SETEXAM company (located in
Kenitra, Morocco). This red alga has been identified and
extensively studied by SETEXAM [11]. The materials
were prepared by washing, shade-drying for 8 days at
room temperature, and grinding them into a fine powder.
Subsequently, extracts were obtained through
maceration by soaking 10 g of dried powder in 100 mL
of solvent for 48 h at 25 °C [12]. For extraction purpose,
3 different solvents were employed including methanol
(MeOH) in a ratio of MeOH: H,O (90:10), ethanol
(EtOH, 99.5%), and acetone (Ace, 100%). These
solvents were used to extract bioactive compounds from

both whole alga and its industrial residue.

Phytopigment analysis

Chlorophyll analysis

The quantification of chlorophyll a in both G.
corneum alga and its residue was carried out using the
spectrophotometric method described by El-Din et al.
[13]. Briefly, 500 mg of the alga and its residue were
ground with 10 mL of acetone using a pestle and mortar.
The absorbance (A) was then measured with a
spectrophotometer, and the chlorophyll a concentration
was calculated using the following formula:

Chlorophyll ;(pg mL — 1) = 11,75 X Aggy — 2.35 X Agus

Phycobiliproteins analysis

The contents of phycobiliproteins  (R-
phycoerythrin, and R-phycocyanin) in G. corneum alga
and its residue were determined according to the
methods described by Castejon et al. [14]. Five g of each
sample were ground in 50 mL of phosphate buffer (0.1
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M, pH 6.8) through repeated cycles and then centrifuged
at 4,000x g for 12 min at 4 °C. The resulting clear
supernatant was carefully collected to measure the
phycobiliproteins content. The concentrations of R-
phycoerythrin, and R-phycocyanin were calculated

using the equations below:
R — phycoerythrin (mg mL — 1) = 0,1247 [(Aseq — A730) — 0,4583 (Agrs — Ass0)]
R — phycocyanin (mgmL — 1) = 0,154 (Ag35 — A730)

Total amount (mg mL — 1) = R — phycoerythrin + R — phycocyanin

Phytochemical analysis

Total Phenolic Content (TPC)

The Folin-Ciocalteu method was used to assess the
total phenolic content (TPC) in the extracts [15]. Each
diluted extract at 1 mg mL™' was combined with 0.25
mL of Folin-Ciocalteu reagent for 3 min. Following this,
1 mL of 7.5% sodium carbonate solution was added, and
the mixture was left to incubate in darkness at room
temperature for 30 min. A standard gallic acid curve (0
to 0.2 mg mL ') was similarly prepared. The absorbance
was measured at 760 nm using a spectrophotometer. The
average of 3 readings was calculated, and the total
phenolic content was expressed as milligrams of gallic
acid equivalent per gram of dry extract (mg GAE/g) for
both the algae and residue extracts.

Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was determined
following the method by Chang et al. [16]. Each diluted
extract at 1 mg mL ™' (0.5 mL) was mixed with 1.5 mL
of ethanol (95%),0.1 mL of aluminum chloride (10%),
0.1 mL of 1M potassium acetate, and 2.8 mL of distilled
water. The mixture was left to incubate in darkness at
room temperature for 30 min. Afterward, the absorbance
was measured at 415 nm using a spectrophotometer. A
standard calibration curve with quercetin (ranging from
0 to 0.2 mg mL™") was utilized. The total flavonoid
content was quantified in mg of quercetin equivalent per

g of dry extract (mg QEs/g).

Condensed Tannins Content (CTC)

The condensed tannin content (CTC) was
determined using the vanillin-HCI assay following
Broadhurst and Jones [17]. Each extract (0.5 mL) was

mixed with vanillin reagent (4% w/v in methanol) (3

mL) and concentrated HCl (37%) (1.5 mL). After
incubation in darkness at room temperature for 15 min,
the absorbance was measured at 500 nm. A standard
curve with concentrations of catechin ranging from 0 to
0.14 mg mL ! was used. The condensed tannin content
was expressed as milligrams of catechin equivalents per
gram of dry extract (mg CEs/g).

Antioxidant activity

DPPH free radical scavenging activity analysis

The free radical scavenging activity of the 3
extracts derived from G. corneum alga and its residue
was measured using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay. The quantitative estimation of DPPH
was performed according to Nehete et al. [18].
Specifically, 1 mL each of the 3 extracts at varying
concentrations was mixed with 1 mL of a DPPH
solution (0.1 mM). After a 20 min incubation in the dark,
the absorbance (A) of the mixtures was determined at
517 nm using a spectrophotometer and subsequently
compared with standards (ascorbic acid). The
percentage of inhibition was calculated using the

following equation.

A blank — A sample )

I (%) = ( A blank x 100

The ICso value representing the concentration at
which 50% of DPPH is inhibited, was determined
graphically through linear regression of 1% versus

concentrations.

ABTS radical scavenging activity

The 2,2-azino-bis-3-ethylbenzothiazoline-6-sul-
fonic acid (ABTYS) free radical scavenging activity of the
3 extracts was determined according to Re ef al. [19].
The ABTS™ radical was generated by reacting 7 mM of
ABTS and 2.45 mM potassium persulfate for 16 h in
darkness at room temperature. The resulting ABTS" so-
lution was diluted with ethanol to achieve an absorbance
of 0.70 + 0.02 at 734 nm. Subsequently, 2 mL of the
diluted ABTS"* solution was added to 0.1 mL of various
extracts (MeOH 90%, EtOH and Ace) at different
concentrations. The absorbance was measured at 734
nm using a spectrophotometer after 6 min of incubation.

The ABTS' free radical scavenging activity of the
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extracts was calculated using the formula given in the
DPPH assay, with ascorbic acid used as a standard.

Total Antioxidant Capacity (TAC)

The Total Antioxidant Capacity (TAC) of
different extracts was evaluated using a prepared
solution consisting of 1 mL containing 4 mM
ammonium molybdate, 28 mM sodium phosphate, and
0.6 M sulfuric acid. This solution was mixed with 0.1
mL of the diluted extracts (1 mg mL™"). The resulting
mixture was incubated at 95 °C for 90 min. Following
incubation, the absorbance of the solutions was
measured at 695 nm, with a negative control containing
0.1 mL of water used [20]. The results were expressed
in milligrams of ascorbic acid equivalents per gram of
dry extract (mg EAA/g) for both algae and residue
extracts.

Antifungal activity in vitro

Fungal material used

Four fungal isolates, Fusarium graminearum,
Fusarium  oxysporum, Aspergillus  flavus, and
Penicillium chrysogenum, were selected to investigate
the antifungal activity of the extracts. These species are
commonly found in seeds and are known to produce
various mycotoxins. The strains were isolated from
stored chickpea seeds in the laboratory of
phytopathology of food legumes in INRA-Morocco.
The identification of the species was based on their
morphological characteristics observed under a

microscope, using identification key [21].

Determination
Concentration (MIC)
The antifungal activity of G. corneum alga and its

of  Minimal  Inhibitory

residue was assessed by determining the Minimal
Inhibitory Concentration (MIC) of each extract using
the micro-dilution method according to Bouaziz et al.
[22], Each extract was dissolved in a 1% dimethyl
sulfoxide (DMSO) solution and filtered through 0.22
um pore Syringe Filters. The test was conducted in
sterile 96-well microplates with final concentration of
12.5, 6.25, 3.13, 1.56, 0.78, and 0.39 mg mL . In each
well, 20 pL of a fungal spore suspension (1x10°
spores/mL) was added to achieve a final concentration
of 1x10° spores/mL. The negative control consisted of a
fungal suspension in Sabouraud Dextrose Broth with

1% DMSO, while azoxystrobin fungicide served as a
positive control.

The plates were covered and incubated at 22 °C
under a 12-hour photoperiod for 72 h. Absorbance was
measured using a microplate reader at 492 nm before
and after the incubation period. The Growth Inhibition
Percentage (GIP) was calculated using the following
formula:

GIP (%) = [(ACtf — ACt0) — (ATtf — ATt0)] x 100/(ACtf — ACt0)

where ACt0 and ATtO represent the initial absorbances
of the control (C) and the treatment (T) extracts,
respectively, and ACtf and ATtf represent the final

absorbances [23].

The MIC represents the lowest concentration at
which 100% of the fungi are inhibited. Each test was
replicated in triplicate, and the entire experiment was

performed twice.

Determination
Concentration (MFC)
The MFC was determined to evaluate the

of Minimal  Fungicidal

fungicidal or fungistatic properties of G. corneum alga
and its residue. Briefly, 20 pL of supernatant from wells
showing complete inhibition of fungal growth at the
Minimum Inhibitory Concentration (MIC) were sub-
cultured in 200 pL of Sabouraud Dextrose Broth (SDB)
in new cell culture plates. These plates were then
incubated at 22 °C under a 12-hour photoperiod for 72
h. The MFC was defined as the lowest concentration
where no visible fungal growth was observed in the
well, examined under a binocular microscope [24]. The
MFC/MIC ratio was calculated, with an agent classified
as fungicidal when the MFC/MIC ratio was < 4 and as
fungistatic when the MFC/MIC ratio was > 4 [25].

Data analysis

Statistical analyses were performed using SPSS
version 22.0 (IBM, Armonk, NY, USA). Variations in
phytopigment content, Total Phenolic Content (TPC),
Total Flavonoid Content (TFC), Condensed Tannin
Content (CTC), and antioxidant activity within G.
corneum alga and its residue were assessed via 1-way
analysis of variance (ANOVA). ANOVA and Tukey’s
multiple range tests were employed to determine
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differences among samples and between their respective
extracts, with statistical significance level at p < 0.05.
Furthermore, to elucidate the relationship between
phytochemical contents (TPC, TFC and CTC) and
antioxidant as well as antifungal activity, Pearson’s
correlation coefficients were calculated using SPSS
version 22.0 (IBM, Armonk, NY, USA).
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Results and discussion

Phytopigments contents

The phytopigment analysis revealed that the whole
alga contains the phytopigment chlorophyll a, with a
concentration of 6.018 pg/g (Figure 1a). In addition, the
alga contains significant amounts of 2 essential
phycobiliproteins: Phycoerythrins (9.93 mg/100 g) and
phycocyanins (6.03 mg/100 g), respectively (Figure
1(b)). Notably, these phytopigments are absent in the
residue, most likely due to their removal during the agar

extraction process.

(b)

R-phycoerythrin R - phycocyanin

5

[ Residue I Alga

Figure 1 Phytopigment analysis of the whole alga and its residue. (a) Concentration of chlorophyll a; (b) concentrations

of phycobiliproteins (R-phycoerythrin and R-phycocyanin). Values with different letters (a, b) indicate significant

differences between the whole alga and its residue (p < 0.05).

Quantitative determination of Total Phenolic
Content (TPC)

Quantitative analysis showed that methanolic
(90%) extracts yielded the highest concentrations of
total phenolic compounds (TPC), flavonoids (TFC), and
condensed tannins (CTC), compared to ethanolic and
acetonic extracts (Figures 2(a) - 2(c)). Interestingly, the
TPC and TFC levels in the residue (13 mg GAEs/g and
5.90 mg QEs/g) were close to those of the whole alga
(14.9 mg GAEs/g and 7.07 mg QEs/g), while CTC was
significantly lower in the residue (2.90 mg CEs/g) than
in the alga (5.92 mg CEs/g). These values are higher
than those reported for other red algae such as

Gracilaria edulis (4.1 mg GAEs/g) and Acanthophora
spicifera (3.55 mg GAEs/g) [26], highlighting the
potential of both G. corneum alga and its residue as
valuable sources of phenolic compounds. The high
polarity of methanol (90%) likely explains its efficiency
in extracting these compounds. From an economic and
environmental perspective, the recovery of such
bioactive compounds from residues is particularly

promising.
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Figure 2 Variation in phytochemical contents. (a) Concentration of total Phenolic Content (TPC), (b) Concentration of
Total Flavonoid Content (TFC), (¢) Concentration of Condensed Tannin Content (CTC), in G. corneum alga and its
residue. The values presented are the means (n = 3), and the error bars represent the standard errors. Different letters on
the bars indicate significant difference at a level of p < 0.05 according to Tukey’s HSD test. Specifically, means with
different lowercase letters (a - ¢) indicate the significant differences between the extracts of each sample, while means
marked with different capital letters (A - B) indicate the significant differences between the same extract of the 2 samples.

Antioxidant activity most substantial antioxidant activity using DPPH,

The antioxidant properties of methanolic, ABTS, and TAC methods, compared to the (EtOH) and
ethanolic, and acetonic extracts from both G. corneum (Ace) extracts. The methanolic extract of the alga
alga and its residue were assessed using DPPH, ABTS, exhibited the highest antiradical capacity, with 1Csg
and TAC assays (Table 1). Lower ICsy values indicate values of 0.436 and 1.311 mg mL™' for DPPH and
higher antioxidant efficacy in DPPH and ABTS ABTS, respectively. The residue displayed a moderate

scavenging tests, while higher values indicate greater antiradical capacity, with ICso values of 0.997 and 1.525

antioxidant potential in the TAC assay. Methanolic mg mL™' for DPPH and ABTS, respectively. These

extracts from both the alga and residue demonstrated the values were compared to the ICso values of ascorbic acid



Trends Sci. 2026; 23(3): 11707

7 0f12

used as a standard (0.004 mg mL ™! for DPPH and ICso:
0.131 mg mL ! for ABTS).

Furthermore, the results showed that the
methanolic extract of G. corneum alga and its residue
demonstrated a very strong TAC of 136.098 = 1.977 and
116.737 + 1.596 mg AAE/g, respectively. After agar
extraction, the antioxidant activity in the residue
declined. This decrease can be attributed to the removal
of specific bioactive compounds present in the whole
alga, such as chlorophyll a, phycoerythrin, and
phycocyanin [27]. Nevertheless, significant antioxidant

activity persisted in the residues, with ICso values still

much lower than those reported for other red algae, such
as Kappaphycus alvarezii, which exhibited an ICso value
of 4.28 mg/mL in methanol extract [28].

Overall, the methanolic extracts (90%) of both G.
corneum alga and its residue exhibited the highest
antioxidant activity across all tested methods. This
strong activity can be attributed to the high phenolic
content extracted in this solvent, since phenolic
compounds are well known for their ability to neutralize
free radicals through hydrogen atom transfer from their
hydroxyl groups [29].

Table 1 The antioxidant activities (ICso DPPH), (ICso ABTS), and Total Antioxidant Capacity (TAC) of G. corneum alga

and its residue.

DPPH ICso ABTS ICso TAC
Extracts
(mg mL™) (mg mL™) (mg AAE/g Extract)
Methanolic (90%) 0.436 + 0.001%A 1.311 £ 0.005%4 136.098 + 1.141¢A

Alga Ethanolic 0.783 + 0.003°4 2.555 +0.004%A 109.645 £ 0.630%4
Acetonic 0.669 + 0.000>A 1.439 £ 0.009>A 119.928 +0.43154
Methanolic (90%) 0.997 + 0.002%B 1.525 + 0.064B 116.737 £ 0.921°8

Residue Ethanolic 1.633 £ 0.002°B 3.002 +0.04158 76.808 + 0.368%8

Acetonic 1.762 + 0.007%B 3.510 + 0.004°8 71.489 +0.49128

Positive control Ascorbic acid 0.004 £ 0.000" 0.131 + 0.000" -

The values presented are the means + standard deviations (n = 3). Different letters indicate significant differences at a
significance level of p < 0.05, as determined by Tukey’s HSD test. Specifically, means with different small lowercase

letters (a - c¢) indicate the significant differences between the extracts of each sample, while means marked with different

capital letters (A - B) indicate the significant differences between the same extract of the 2 samples.

Antifungal activity

The antifungal activity of G. corneum alga and its
residues was evaluated in vitro against four different
fungi by determining the MIC and MFC values (Table
2). The results revealed that the whole alga exhibited
stronger antifungal activity than the residues. Among
the tested solvents, methanolic extracts (90%) from both
the whole alga and its residues showed the highest
activity compared to ethanolic and acetonic extracts, as
indicated by their lower MIC values. The methanolic
extract of the whole alga displayed the strongest
activity, with MIC values ranging from 1.56 to 3.13
mg/mL, while methanolic extracts from the residues
showed MIC values between 3.13 and 6.25 mg/mL.
Notably, the fungicide wused as a reference

(Azoxystrobin) exhibited similar MIC values (1.56 -
3.13 mg/mL) to those observed for the methanolic
extracts of both the alga and its residues, highlighting
comparable antifungal efficacy. Additionally, all
extracts exhibited an MFC/MIC ratio below 4,
indicating fungicidal rather than fungistatic effects.

The persistence of antifungal activity in the
residue even after agar-agar extraction highlights their
potential as a valuable source of bioactive compounds.
Both the whole alga and its residues significantly
inhibited the growth of several storage fungi, with
activities approaching that of Azoxystrobin. These
findings suggest that the high antifungal activity
observed in methanolic extracts is primarily linked to

their elevated levels of phenolic compounds, flavonoids,
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and tannins. Phenolic constituents are known to exert

antifungal effects through multiple mechanisms,
including interference with hyphal growth, disruption of
fungal cell walls, and impairment of metabolic
processes, ultimately leading to mycelial death [30]. The

hydroxyl groups in phenolic compounds may also

contribute by interacting with fungal cell membranes,
altering their permeability and stability [31]. Similar
reports have highlighted the pivotal role of phenolic
compounds as antifungal agents in various algal and

plant extracts [32].

Table 2 Minimal inhibitory concentration (MIC) and (MFC) values of G. corneum alga and its residue against F.

graminearum, F. oxysporum, A. flavus, and P. chrysogenum strains in comparison to chemical fungicide (Azoxystrobin).

Alga Residue Azoxystrobin
Strains Extracts Ratio Ratio

MIC MFC MFC/MIC MIC MFC MFC/MIC MIC
Methanol (90%) 1.56  3.13 2 313 3.13 1

F. graminearum Ethanol 3.13 3.13 1 6.25 6.25 1 1.56
Acetone 313 3.13 1 12.5 12.5 1
Methanol (90%) 3.13  3.13 1 313 6.25 2

F. oxysporum Ethanol 6.25 6.25 1 6.25 12.5 2 3.13
Acetone 313 3.13 1 12.5 12.5 1
Methanol (90%) 3.13  3.13 1 6.25  6.25 1

P. chrysogenum Ethanol 6.25 6.25 1 6.25 6.25 1 1.56
Acetone 3.13 6.25 2 12.5 12.5 1
Methanol (90%) 3.13  3.13 1 6.25  6.25 1

A flavus Ethanol 625 625 1 625 25 1 1.56
Acetone 3.13 3.13 1 12.5 12.5 1

The values display the minimum inhibitory concentration (MIC), minimum fungicidal concentration (MFC), and their

corresponding MFC/MIC ratio.

Correlations between TPC, TFC, CTC content,

antioxidant (ICso pepa, ICso TAC) and
antifungal activity (MIC)

Pearson’s correlation analysis was conducted to

ABTS,

investigate the relationships among phytochemical
content, antioxidant activity, and antifungal activity in
G. corneum alga and its residues (Tables 3 and 4). Both
the whole alga and residue showed a significant negative
correlation between total phenolic content (TPC) and
ICso values for DPPH (—0.966) and ABTS (—0.840)
scavenging activities, while a strong positive correlation
was observed between TPC and total antioxidant
capacity (TAC) (0.983). It is important to note that in
DPPH and ABTS assays, lower 1Cso values indicate
stronger antioxidant efficacy, whereas in the TAC assay,
higher values reflect greater antioxidant potential. Thus,
the negative correlation observed between phenolic

content and ICso values confirms that increasing
phenolic levels enhance antioxidant activity.

This relationship was particularly evident for
flavonoids, which showed high significance in both the
whole alga and residue. An increase in TPC and TFC
was therefore associated with enhanced antioxidant
activity, as reflected by lower ICsy values for DPPH and
ABTS, and higher TAC values. These results suggest
that TPC and TFC are major contributors to the
antioxidant activity of G. corneum alga and its residue
extracts. Such associations are consistent with previous
studies reporting the central role of phenolic compounds
in the radical scavenging capacity of marine algae
[33,34].

Regarding antifungal activity, significant negative
correlations were observed between MIC values of the

tested fungal strains (F. graminearum, F. oxysporum, A.
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flavus and P. chrysogenum) and the phytochemical
contents (TPC, TFC, and CTC) of both alga and residues
(Table 4). Since higher antifungal efficacy corresponds
to lower MIC values, these results indicate that higher
levels of these bioactive compounds are associated with
stronger antifungal effects. Both flavonoids and
condensed tannins likely contributed to the inhibition of
fungal growth, reinforcing their role as antifungal
agents.

Altogether, the strong correlations observed
confirm that phenolic compounds, flavonoids, and
tannins are the main contributors to the dual antioxidant
and antifungal activities of G. corneum alga and its
residues. These findings agree with previous reports
demonstrating similar relationships in other marine
algae [35].

Table 3 Pearson’s correlation coefficients values showing relationship between the chemical content and antioxidant
IC50 DPPH and IC50 ABTS, Total Antioxidant Capacity (TAC) of alga and residue extracts.

DPPH ABTS TAC

Alga

TPC —0.966** —0.840%** 0.983**

TFC —0.959** —0.766* 0.946**

CTC —0.578 —0.898** 0.623
Residue

TPC —0.870** —0.950** 0.934**

TFC —0.849** —0.931** 0.928**

CTC 0.909%* —0.803** 0.848%*

The correlation is significant at *: p < 0.05; **: p <0.01. Total Phenolic Content (TPC), Total Flavonoid Content (TFC),

and Condensed Tannins Content (CTC).

Table 4 Pearson’s correlation coefficients values showing relationship between the chemical content, and antifungal

activity (MIC) of alga and residue extracts.

F. graminearum F. oxysporum P. chrysogenum A. flavus
Alga
TPC —0.886** —0.793* —0.793* —0.793*
TFC —0.918** —0.710%* —0.710* —0.710*
CTC —0.306 —0.919** —0.919** —0.919**
Residue
TPC —0.967** —0.967** —0.835%* —0.835%*
TFC —0.915%* —0.915%* —0.743* —0.743*
CTC —0.908** 0.908** —0.824** —0.824%*

The correlation is significant at *: p <0.05; **: p <0.01.
and Condensed Tannins Content (CTC).

Total Phenolic Content (TPC), Total Flavonoid Content (TFC),
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Conclusions

In conclusion, our study highlights the significant
antioxidant and antifungal potential, particularly against
storage fungi, of methanolic extract (90%) of G.
corneum residue, which are rich in phenolic compounds
comparable to its whole alga. The phenolic compounds,
and specifically flavonoids, played a significant role in
the biological activity of these residues. These findings
underline the potential of G. corneum residue as natural
sources abundant in bioactive compounds, possessing
antioxidant and antifungal properties. Moreover, these
residues could be incorporated into stored products in
the industrial sector to enhance both their quality and
preservation. Further investigations should include in
vivo tests to evaluate the biological, antioxidant, and
antifungal activity of residues against a wide range of

fungi.

Declaration of generative Al in scientific writing
The authors declare that no generative artificial
intelligence (Al) tools were used in the preparation of
this manuscript. All content, interpretations, and
conclusions were developed entirely by the authors.

CRediT author statement

Hajare Errati: Conceptualization; Methodology;
Writing- original draft. Sarra Aouzal: Data Curation;
Investigation; Rania Benjamaa: Formal Analysis.
Lamyae Et-tazy: Investigation; Lahoucine Hilali:
Methodology; Supervision. Salim Lebbar: Resources;
Investigation. Bouchaib Bencharki: Resources. Sanae
Krimi Bencheqroun: Supervision; Conceptualization;
Validation; Writing- Review & Editing.

References

[1] S Cox, G Hamilton Turley, G Rajauria, N Abu-
Ghannam and AK Jaiswal. Antioxidant potential
and antimicrobial efficacy of seaweed
(Himanthalia Elongata) extract in model food
systems. Journal of Applied Phycology 2014; 26,
1823-1831.

[2] F Fleurat-Lessard. Integrated management of the
Risks of stored grain spoilage by seedborne fungi
and contamination by storage mould mycotoxins -
an update. Journal of Stored Products Research

2017; 71, 22-40.

[3]

(6]

[7]

[8]

[10]

[11]

B Prakash, A Kedia, PK Mishra and NK Dubey.
Plant essential oils as food preservatives to control
moulds, mycotoxin contamination and oxidative
deterioration of agri-food commodities - potentials
and challenges. Food Control 2015; 47, 381-391.
SM Abdel-Aziz, A Aeron and TA Kahil. Health
benefits and possible risks of herbal medicine. In:
N Garg, S Abdel-Aziz and A Aecron (Eds.).
Microbes in food and health. Springer, Cham,
Switzerland, 2016, p. 97-116.

D Surendhiran, C Li, H Cui and L Lin. Marine
algae as efficacious bioresources housing
antimicrobial compounds for preserving foods - a
review.  International  Journal of Food
Microbiology 2021; 358, 109416.

F Afrin, T Ahsan, MN Mondal, MG Rasul, M
Afrin, AA Silva, C Yuan and A Shah. Evaluation
of antioxidant and antibacterial activities of some
selected seaweeds from Saint Martin’s Island of
Bangladesh. Food Chemistry Advances 2023; 3,
100393.

S Polat, M Trif, A Rusu, V Simat, M Cagalj, G
Alak, R Meral, Y Ozogul, A Polat and F Ozogul.
Recent advances in industrial applications of
seaweeds. Critical Reviews in Food Science and
Nutrition 2023; 63, 4979-5008.

S Tayibi, F Monlau, N Fayoud, A Oukarroum, Y
Zeroual, H Hannache and A Barakat. One-pot
activation and pyrolysis of Moroccan gelidium
sesquipedale red macroalgae residue: Production
of an efficient adsorbent biochar. Biochar 2019;
1(4), 401-412.

A Aboulkas, H Hammani, M El Achaby, E Bilal
and A Barakat. Valorization of algal waste via
pyrolysis in a fixed-bed reactor: Production and
characterization of bio-oil and bio-char.
Bioresource Technology 2017; 243, 400-408.

S Ttma, JK Izaguirre, M Bondar, MM Marques, P
Fernandes, MMR da Fonseca and MT Cesario.
Upgrading end-of-line residues of the red seaweed
Gelidium Sesquipedale to polyhydroxyalkanoates
using Halomonas boliviensis. Biotechnology
Reports 2020; 27, €00491.

S Lebbar, M Fanuel, S Le Gall, X Falourd, D
Ropartz, P Bressollier, V Gloague and C

Faugeron-Girard. Agar extraction by-products



Trends Sci. 2026; 23(3): 11707

110f12

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

from Gelidium sesquipedale as a source of
glycerol-galactosides. Molecules 2018; 23, 3364.
S Suganya, R Ishwarya, R Jayakumar, M
Govindarajan, NS Alharbi, S Kadaikunnan, JM
Khaled, MN Al-Anbr and B Vaseeharan. New
insecticides and antimicrobials derived from
Sargassum wightii and Halimeda gracillis
seaweeds: Toxicity against mosquito vectors and
antibiofilm activity against microbial pathogens.
South African Journal of Botany 2019; 125, 466-
480.

SMM El-Din and AMD El-Ahwany. Bioactivity
and phytochemical constituents of marine red
seaweeds (Jania Rubens, Corallina Mediterranea
and Pterocladia Capillacea). Journal of Taibah
University for Science 2016; 10(4), 471-484.

N Castejon, M Parailloux, A Izdebska, R Lobinski
and SCM Fernandes. Valorization of the red algae
gelidium sesquipedale by extracting a broad
spectrum of minor compounds using green
approaches. Marine Drugs 2021; 19(10), 574.

T Norikura, A Kojima-Yuasa, M Shimizu, X
Huang, S Xu, S Kametani, SN Rho, DO Kennedy
and I Matsui-Yuasa. Anticancer activities and
mechanisms of Blumea Balsamifera extract in
hepatocellular carcinoma cells. The American
Journal of Chinese Medicine 2008; 36, 411-424.
CC Chang, MH Yang, HM Wen and JC Chern.
Estimation of total flavonoid content in propolis
by 2 complementary colorimetric methods.
Journal of Food and Drug Analysis 2002; 10(3),
3.

RB Broadhurst and WT Jones. Analysis of
condensed tannins using acidified vanillin.
Journal of the Science of Food and Agriculture
1978; 29, 788-794.

J Nehete, M Bhatia and M Narkhede. In-vitro
evaluation of antioxidant activity and phenolic
content of Costus Speciosus (Koen) JE Sm.
Iranian Journal of Pharmaceutical Research
2010; 9(3), 271.

R Re, N Pellegrini, A Proteggente, A Pannala, M
Yang and C Rice-Evans. Antioxidant activity
applying an improved ABTS radical cation
decolorization assay. Free Radical Biology and
Medicine 1999; 26(9-10), 1231-1237.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

P Prietob M Pineda and M Aguilar.
Spectrophotometric quantitation of antioxidant
through  the
phosphomolybdenum

capacity formation of a

complex: Specific
application to the determination of vitamin E.
Analytical Biochemistry 1999; 269, 337-341.

HL Barnett and BB Hunter. lllustrated genera of
imperfect fungi.
Society Press, Minnesota, United States, 2003.

A Bouaziz, D Mhalla, I Zouari, L Jlaiel, S Tounsi,

R Jarraya and M Trigui. Antibacterial and

American Phytopathological

antioxidant activities of hammada scoparia
extracts and its major purified alkaloids. South
African Journal of Botany 2016; 105, 89-96.

A Vercesi, SL Toffolatti, G Venturini, P Campia
and SAA Scagnelli. Characterization of botrytis
cinerea populations associated with treated and
untreated cv. moscato vineyards. Phytopathologia
Mediterranea 2014; 53(1), 108-123.

D Silva, H Diniz-Neto, L Cordeiro, M Silva-Neta,
S Silva, F Andrade-Junior, M Leite, J Nobrega, M
Morais, J Souza, L Rosa, T Melo, H Souza, A
Sousa, G Rodrigues, A Oliveira-Filho and E Lima.
(R)-(+)-B-citronellol and (S)-(—)-B-citronellol in
combination with amphotericin B against Candida
spp. International Journal of Molecular Sciences
2020; 21, 1785.

A Vimont, B Fernandez, G Ahmed, HP Fortin and
I Fliss. Quantitative antifungal activity of reuterin
against food isolates of yeasts and moulds and its
potential application in yogurt. International
Journal of Food Microbiology 2019; 289, 182-
188.

P Ganesan, CS Kumar and N Bhaskar.
Antioxidant properties of methanol extract and its
solvent fractions obtained from selected Indian red
seaweeds. Bioresource Technology 2008; 99(8),
2717-2723.

DB Rodrigues, CR Menezes, AZ Mercadante, E
Jacob-Lopes and LQ Zepka. Bioactive pigments
from microalgae Phormidium autumnale. Food
Research International 2015; 77, 273-279.

KS Kumar, K Ganesan and PVS Rao. Antioxidant
potential of solvent extracts of Kappaphycus
alvarezii (Doty) doty - an edible seaweed. Food

Chemistry 2008; 107, 289-295.



Trends Sci. 2026; 23(3): 11707

12 of 12

[29]

[30]

[31]

[32]

IPS Fernando, M Kim, KT Son, Y Jeong and YJ
Jeon. Antioxidant activity of marine algal
polyphenolic  compounds: A  mechanistic
approach. Journal of Medicinal Food 2016; 19(7),
615-628.

YS Mostafa, SA Alamri, SA Alrumman, M
Hashem, MA Taher and ZA Baka. In vitro and in
vivo biocontrol of tomato fusarium wilt by extracts
from brown, red, and green macroalgae.
Agriculture 2022; 12(3), 345.

MM Beya, ME Netzel, Y Sultanbawa, H Smyth
and LC Hoffman. Plant-based phenolic molecules
as natural preservatives in comminuted meats: A
review. Antioxidants 2021; 10(2), 263.

AM Abd El-Aty, AA Mohamed and FA Samhan.
In vitro antioxidant and antibacterial activities of 2
fresh water cyanobacterial species, Oscillatoria

agardhii and Anabaena sphaerica. Journal of

[33]

[34]

[35]

Applied Pharmaceutical Science 2014; 4(7), 069-
075.

N Bahammou, R Raja, IS Carvalho, K Cherifi, H
Bouamama and O Cherifi. Assessment of the
antifungal and antioxidant activities of the
seaweeds collected from the coast of Atlantic
Ocean, Morocco. Moroccan Journal of Chemistry
2021; 9(4), 639-648.

L Pourakbar, SS Moghaddam, HAE Enshasy and
RZ Sayyed. Antifungal activity of the extract of a
macroalgae, Gracilariopsis persica, against 4
plant pathogenic fungi. Plants 2021; 10(9), 1781.

L Fayzi, L Askarne, EH Boufous, O Cherifi and K
Cherifi. Antioxidant and antifungal activity of
some Moroccan seaweeds against 3 postharvest
fungal pathogens. Asian Journal of Plant Sciences
2022; 21(2), 328-338.



