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ARTICLE INFO ABSTRACT

Avrticle History: The hexane, ethanol, and methanolic extracts of Chondrus crispus were
Received: April 30, 2025 subjected to phytochemical screening before antioxidant properties and
Accepted: June 20, 2025  antibacterial activity were assessed. The aim of this study was to evaluate the
Online: June 29, 2025 phytochemical screening, antioxidants, and antibacterial activity of Chondrus
crispus fractions. The antioxidant activity was determined by measuring total

phenolic content (TPC), 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and ferric

Keywords: . reducing antioxidant power (FRAP). The paper disc method was used to evaluate
Chondrus crispus, . . - - : X

. the antibacterial activity of two microorganisms, Bacillus cereus and
Fractions, . : - .

: . Pseudomonas aeruginosa. The fractions contained a total of six substances that
Antibacterial, s . - . - :
Antioxidant were _classn‘led as phenolics, fI_avc_>n0|ds, a_lk_almds, terpenoids, tannins, and

saponins. Total phenol and antioxidant activity (FRAP and DPPH) were the
highest in methanol extract (41.67 mg GAE/100g, 91.67.81 percent, and
63.92mg TE/100g, respectively). At the methanol fraction, the highest zones of
inhibition against Pseudomonas aeruginosa and Bacillus cereus were 13.86 and
15.10mm, respectively. It was determined that the solvent fraction has a
significant impact on the bioactive component of the Chondrus crispus extract
and can be utilized to prevent oxidative damage and manage infectious illnesses.
INTRODUCTION

Pathogenic bacteria's resistance to current antibiotics has spread throughout the
world (Benbott et al.,, 2012). Nowadays, bacterial illnesses frequently result in the
creation of biofilm. The majority of the time, biofilms cause diseases to spread, and they
appear to be responsible for over 60% of infections (Foster, 2017). Global maritime flora
is highly diverse; around 90% of marine species have not yet been named, and little is
known about the bioactivities of their constituents (Sigwart et al., 2021). C. crispus has
been used historically since 400 BC for food in the islands of the North Atlantic Ocean
and since 600 BC for medicinal uses in China (Fleurence & Levine, 2016; Valero et al.,
2017). Carrageenan (Tanoeiro et al., 2023) from C. crispus, commonly referred to as
Irish moss, has an average molecular weight of 400-560 kDa. On the other hand, semi-
refined carrageenan has a molecular weight of 615 kDa (Imeson, 2009). The usual
molecular weight of food-grade carrageenan is 200-800 kDa, while it can vary up to
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7000 kDa (Khotimchenko et al., 2020; Premarathna et al., 2024). Extract from
seaweed is a rich source of chemicals with biological activity. According to Blount et al.
(2007), this skill was created as a protection against the many creatures that live and
interact in the same complicated habitat. Over the past three decades, there has been a
significant increase in the finding of metabolites from algae that have biological action,
according to Smit (2004). Numerous unique biological activities, including antibacterial
activity, are demonstrated by these compounds (Etahiri et al., 2001; Etahiri et al.,
2007). This study aimed to determine the biological activity of Chondrus crispus
fractions.
MATERIALS AND METHODS

1-Preparation of extraction

Amazon, an American corporation, provided the Chondrus crispus sample
powder. Gradient elution of 100ml of hexane, ethanol, and methanol, respectively, was
used to finish the fractionation process. The mixture was agitated for 24 hours and then
evaporated at 40°C using a rotary evaporator. Until additional analysis, the resulting
fractions were stored in the freezer (Purwayantie & Dewi, 2019).
2-Phytochemical analysis

Following normal procedures, one gram of Chondrus crispus hexane, ethanol, and
methanol extracts were diluted in ten milliliters of solvent and put through a preliminary
phytochemical screening (Harborne, 1998).

3- Determination of total phenolic content

The Folin-Ciocalteu method was used to estimate the total phenolic content
(Karen & Vernon, 1977). The gallic acid was used as the standard. A 96-deep well plate
(Eppendorf, Hamburg, Germany) was used to oxidize a 100-uL sample of Chondrus
crispus extract using 500uL of diluted Folin-Ciocalteu reagent. After 5 minutes, 1
milliliter of 7.5% w/v sodium carbonate was added to neutralize the mixture. It was then
incubated for 120 minutes before the absorbance at 765 nm was measured.

4- Ferric reducing antioxidant power (FRAP) assay

Trolox was used as the standard in a modified version of the FRAP assay method
(Benzie & Strain, 1996) to measure antioxidant activity. 300 mM acetate buffer, pH 3.6
(3.1 g) sodium acetate trihydrate, and 16 mL glacial acetic acid were combined to make
one liter of distilled water to create the FRAP reagent. To create the working reagent, 10
mM TPTZ (2,4,6-tri(2-pyridyl)-s-triazine) was combined with 40 mM HCI and 20 mM
FeCI3 6H20 in a 10:1:1 ratio with the acetate buffer. Assays involved mixing 100pL of
sample, standard, or blank with 1900uL of freshly warmed FRAP reagent in wells of a
96-deep well plate (Eppendorf, Hamburg, Germany) and incubating for 30 minutes
before measuring absorbance at 595nm.
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5- DPPH radical scavenging activity assay

The antioxidant activity was measured using the (DPPH) radical scavenging
method described in the study of Brands-Williams (1995). A standard DPPH solution
was made by dissolving 40mg of DPPH in 100mL of methanol, and it was stored at -
20°C until it was required. An absorbance of 0.70 £ 0.01 at 517nm was obtained by
adjusting the absorbance using a UV-visible spectrophotometer by combining 350uL of
the standard solution with 350uL of methanol.
6-Antibacterial assay

In the experiment, Pseudomonas aeruginosa and Bacillus cereus were employed.
In the antibacterial assay, Mueller Hinton agar was utilized. To reach a concentration of
200mg/ mL, Chondrus crispus extracts were dissolved in acetone, ethanol, and methanol.
The disc diffusion method, as previously described by Kamali Gardea et al. (2015), was
used to perform antibacterial experiments. The discs' surrounding zones of inhibition
were measured in millimeters. The mean diameter of the inhibitory zones was computed
after the experiment was conducted three times.
7- Statistical analysis

The means and standard deviation (SD) of three measurements are used to express
the results. Using SPSS version 25, analysis of variance (ANOVA) and Duncan test were
used to assess the significance of differences between mean values. A difference was
deemed significant when its probability value was less than 0.05.

RESULTS

Table 1. Analysis of phytochemicals of Chondrus crispus fractions

Solvent Phenols Flavonoids Alkaloids Terpenoids Tannins Saponins
Hexane + + + - - +
Ethanol + + + - + +
Methanol + + + + + +

+: presence of phytochemicals, —: absence of phytochemicals
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Fig. 1. Total phenolic content of Chondrus crispus fractions with different solvent
&< Different letters indicate significant difference (P< 0.05)
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Fig. 2. Ferric reducing antioxidant power of Chondrus crispus fractions with different
solvents
& Different letters indicate significant difference (P< 0.05)



3271
Phytochemicals Screening, Antioxidant Properties and Antibacterial Activity of Chondrus crispus

Fractions
DPPH
91.67
a
o5 86.5
b
90
78.27
85 c
X
80
75
70
Hexane Ethanol Methanol
Fractions

Fig. 3. DPPH radical scavenging activity of Chondrus crispus fractions with different
solvents

&< Different letters indicate significant difference (P< 0.05)

Table 2. Antibacterial activity of Chondrus crispus fractions

Fractions Minimum inhibitory concentration (200mg/ml)
Bacillus cereus Pseudomonas aeruginosa
Hexane 8.00+£1.00° 6.15+1.00°
Ethanol 11.45+1.20° 9.51+0.50°
Methanol 15.10+£0.552 13.86 £1.002

&< Different letters indicate significant difference (P< 0.05)
DISCUSSION

1- Phytochemical analysis

The crude extracts of Chondrus crispus (Table 1) showed phenolics, flavonoids,
alkaloids, terpenoids, tannins, and saponins in methanol, ethanol, and hexane extracts,
according to phytochemical screening. It is well known that the phytochemicals under
evaluation have both physiological and therapeutic properties. Antibacterial, antioxidant,
anti-inflammatory, antiallergic, antimutagenic, and vasodilatory properties have been
described for flavonoids, alkaloids, and terpenoids (Addai et al., 2022). Tannins and
triterpenoids demonstrated antibacterial and antioxidant qualities, while saponins showed
hypocholesterolemic and antidiabetic effects (21). According to this study's testing,
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Chondrus crispus contains biologically significant phytochemicals that add to their
medicinal value and, as a result, provide possible sources for beneficial medications.
2-Total phenol content and antioxidants activity

Fig. (1) displays the content of phenolic compounds and antioxidant activity in the
various fraction extracts of Chondrus crispus extract (hexane, ethanol, and methanol). In
comparison to ethanol and hexane, which had phenolic contents of 35.81 and 27.59
mg/GAE/100g, respectively, methanol extract had the greatest phenolic level (41.67
mg/GAE/100g). In Chondrus crispus extract, the ethanol fraction had a higher
concentration of phenolic chemicals than the methanol fraction. The polarity of solvents
has an indirect function in the extraction process since it might make antioxidant
compounds more soluble (Sousa et al., 2007). There is no way to develop a conventional
solvent that can be used to extract several antioxidants from plants sample. The phenolic
concentration was also found to be influenced by the solvent polarity and the kind of
sample or materials employed (Addai et al., 2022). The Fe3+-Fe2+ conversions in the
presence of a sample of Chondrus crispus extract were analyzed to determine the degree
of reductive capacity. FRAP values for three distinct solvents are displayed in Fig (2).
The range of the results was 48.11-63.92 mg TE/100g. The FRAP values of the various
solvents showed significant variations (P< 0.05). The most effective solvent for
identifying extracts with greater antioxidant activity was methanol. The ethanol-derived
FRAP value was substantially (P< 0.05) higher than the hexane-derived extract. The
findings demonstrated that Chondrus crispus methanol extract had significantly (P< 0.05)
greater scavenging activity than acetone and ethanol. The findings in Fig. (2) show that
antioxidant activity was affected by the extraction solvents; methanol generally had the
highest extraction recovery. Methanol outperformed all other organic solvents in
producing extracts with high antioxidant activation in Chondrus crispus, with ethanol
coming in second (P> 0.05) with 91.67 and 86.50 percent, respectively. The total
phenolics content and the sample extract's ability to scavenge radicals have been
correlated (Abdille et al., 2005; Abbas & Yazea, 2025), and other investigations have
found a strong link between phenolic compounds and antioxidant activity using the
DPPH method (Zwaid et al., 2025). Chondrus crispus extract demonstrated high
antioxidant activity in the present investigation, presumably due to its phenolic
composition (Zwaid et al., 2025).
3-Antibacterial activity

Anti-infective agents may be abundant in natural products. The present study
evaluated the antibacterial activity of Chondrus crispus extracts against pathogenic
strains of Pseudomonas aeruginosa and Bacillus cereus bacteria (Table 2). Depending on
the type of bacteria employed, different Chondrus crispus extracts have different levels of
antibacterial activity. Bacillus cereus was the most resistant organism and the most
vulnerable. The inhibitory zone's diameter ranged between 15.10 and 13.86mm. Bacillus
cereus had the highest antibacterial activity of the Chondrus crispus extract, whilst
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Pseudomonas aeruginosa exhibited the lowest activity. Furthermore, the Chondrus
crispus extract's higher total phenolic contents might be connected to its antibacterial
properties (Fig. 1). This result is in line with other earlier studies that showed that the
phenolic content of natural product extracts inhibited Gram-positive bacteria more than
Gram-negative ones. Generally speaking, phenolic compounds (phenolic acids,
flavonoids, and anthocyanins) can interfere with the function of bacterial cell membranes,
delaying bacterial growth and reproduction. Other phenolic chemicals that contribute to
pathogen inactivation include enzyme inactivation, protein and cell wall binding, and
intercalation into the cell wall and/or DNA (Saeed et al., 2020; Prasetyaningsih et al.,
2025). The extraction yield was affected by temperature, pH, polarity, concentration,
solubility, extraction solvents, and the extraction procedure (Benbott et al., 2012).
CONCLUSION

According to the study, total phenol concentration was crucial for antioxidants
(FRAP and DPPH) and antibacterial activity. Due to its higher total phenol concentration,
the methanol fraction from Chondrus crispus extract was found to have the maximum
antioxidant and antibacterial activity. These findings suggest that extracts from Chondrus
crispus contain a variety of bioactive chemicals, a high concentration of phenol, and
potent antibacterial and antioxidant properties.
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