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Seaweeds are natural resources with antibacterial and antioxidant 
activities. The major objective of this study was to detect the antibacterial 
and antioxidant potential and bactericidal activity of chicken fillets during 
storage. The ethanol extract of Gracilaria gracilis had the maximum 
antibacterial activity, with zones of inhibition of 19 ± 2 mm and18 ± 2 mm 
against Bacillus cereus ATCC 14579 and Salmonella enterica ATCC 
13311, respectively. The minimum inhibitory concentration (MIC) of the G. 
gracilis extract ranged from 25 ± 1.25 to 75 ± 5 µg/mL, and this extract 
was effective against B. cereus. The polyphenol and flavonoid contents 
were greatest (0.29 ± 0.04 mg GAE/g DW and 37.2 ± 1.8 mg QE/g, 
respectively) in the G. gracilis extract. G. gracilis extract exhibited a 
maximum DPPH scavenging potential of 58.4 ± 2.4% inhibition. The 
chicken fillets were experimentally inoculated with S. enterica and B. 
cereus and treated with equal proportions of all three seaweeds (G. 
gracilis, G. latifolium, and H. dilatata extracts) at various concentrations 
(0to8%). The findings revealed that seaweed extracts had antibactericidal 
effects on chicken fillets stored at 4 °C, reduced the growth of S. enterica 
and B. cereus, and improved the sensory properties of chicken fillets.  
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INTRODUCTION 
 

Macroalgae or seaweeds are diverse organisms in the marine environment. They 

are widely used in the cosmetic, food, and agricultural industries in the preparation of 

organic liquid fertilizers, and biomedical products (Fakayode et al. 2020). In Asian 

countries, seaweed has been utilized as a food because of its valuable bioactive substances 

(Ristivojevic et al. 2021). Macroalgal biodiversity has attracted much more attention in 

recent years to screen for bioactive metabolites that could greatly contribute to the 

substantial growth of the economy (Čagalj et al. 2022). Marine macroalgae are considered 

novel natural sources of several bioactive substances due to the presence of chemical 

compounds. Macroalgae synthesize significant amounts of these bioactive secondary 

metabolites at the end of the growth phase. These secondary metabolites are involved in 

several functions. Because of their antimicrobial properties, the algal materials are applied 

to humans and other organisms (Martín-Martín et al. 2022). Macroalgae contain 

compounds, such as phenolic compounds, carotenoids, polysaccharides, phycobiliprotein 

pigments, and fatty acids, which are largely considered bioactive secondary metabolites 

that contribute to antimicrobial, anticancer, and antioxidant activities. In recent years, 
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increased attention has been given to screening the bioactive potential of seaweed. The 

materials consist of approximately 50% carbohydrates, 80 to 90% water, 7 to 38% 

minerals, and only 1 to 3% lipids. The protein content varies widely, ranging from 10 to 

47%. Marine macroalgae exhibit a variety of polar molecules, including phenolic 

compounds and pigments that show antibacterial activity against several bacterial 

pathogens (Shalaby 2011). Red algae yield sulphated galactans, which exhibit various 

bioactive properties, including anticoagulant, anticancer, antithrombotic, antiproliferative, 

gastroprotective, antioxidant, immunomodulatory, and anti-inflammatory properties 

(Barros et al. 2013). Macroalgal-derived sulfated polysaccharides are used in cosmetics, 

food, pharmaceuticals, and nutraceuticals as gelling, thickening, and stabilizing agents 

(Lajili et al. 2018). The marine macroalgae screened from the Persian Gulf showed 

pancreatic α-amylase inhibition activity and in vitro antioxidant activity. Red algae, such 

as Sargassum angustifolium, Sirophysalis trinodis, and Palisada perforate, exhibit 

significant antioxidant activity (Pirian et al. 2017). Chicken meat is the major source of 

protein for humans throughout the world. Chicken meat and meat products are associated 

with the presence of Staphylococcus aureus. It is a pathogenic, facultative anaerobic, and 

virulent bacterium (Massawe et al. 2019). This bacterium is resistant to several antibiotics, 

including methicillin (Dehkordi et al. 2017). In recent years, natural antimicrobial agents 

have been used to control foodborne S. aureus in meat (Phan et al. 2025). The main 

objective of this study was to screen the antimicrobial and antioxidant activities of red 

seaweed to investigate its potential as a natural preservative in chicken fillets. 

 

 

EXPERIMENTAL 
 

Pathogenic Bacteria 
Three Gram-positive bacteria (Staphylococcus aureus ATCC 29213, Bacillus 

cereus ATCC 14579, and Streptococcus pyogenes ATCC 12384) and three Gram-negative 

bacteria (Enterobacter aerogenes ATCC 13048, Escherichia coli ATCC 8739, and 

Salmonella enterica subsp. Salmonella enterica Typhimurium ATCC 13311) were 

purchased from HiMedia Laboratories, Mumbai, India. The strains were cultured in 

nutrient broth medium (50 mL) and incubated at 37 °C for 24 h. The growth of each 

individual strain was monitored via a UV‒visible spectrophotometer (Thermo Fisher 

Scientific, Waltham, MA, USA), and the cell density was maintained at approximately 1 × 

107 CFU/mL. 

 

Seaweed and Extraction 
 Three seaweed samples were collected from Red Sea and washed with water, and 

the epiphytes were removed. The collected seaweeds were identified as described 

previously by Yang et al. (2021) and Salem et al. (2019). Three seaweeds (Gracilaria 

gracilis, Gelidium latifolium, and Halymenia dilatata) were subsequently dried and 

powdered mechanically. The seaweed powder (5 g) was dissolved individually in 70% 

ethanol (1:10 solvent ratio) and extracted at 28±1 ºC for 24 h as described previously by 

Das et al. (2025). 
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Antibacterial Activity 
The antibacterial activity of the seaweed extract was determined via the disc 

diffusion method. Briefly, the pathogenic bacterial strains were cultivated on Mueller–

Hinton broth media for 24 h at 37 °C for inoculum preparation. To determine antibacterial 

activity, Mueller–Hinton agar plates were prepared, and the seaweed extract was prepared 

at a 25 mg/mL concentration. The cell density of the inoculums was 1 × 108 CFU/mL. 

Subsequently, 25 μL of the algal extract was loaded on each disc, dried, and placed on 

MHA plates, and the zone of inhibition (mm) was observed following incubation at 37 °C 

for 24 h (Zhang et al. 2020). 

 
Determination of the Minimum Inhibitory Concentration 
 The seaweed extract was diluted on Mueller–Hinton broth medium, and various 

concentrations (250, 125,75, 37.5, 25, 12.5, 6.25, 5, 2.5, and 1.25 µg/mL) were prepared. 

The pathogenic bacteria were subsequently inoculated in Mueller–Hinton broth medium 

after sterilization, and the growth was adjusted to achieve a cell density of 1 × 108 CFU/mL. 

Furthermore, 10 μL of the bacterial suspension was loaded into a microtiter plate 

containing 300 µL of medium, and 100 μL of diluted seaweed extract was added. For the 

negative control, seaweed extract was added, and the extract was not added to the positive 

growth control. The absorbance of the sample was read at 600 nm using a UV visible 

spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). The growth of 

bacteria was compared with that of the negative control, and if the absorbance was equal 

to that of the negative control, then it was considered the MIC value (Malar et al. 2020). 

 
Total Phenolic Content of Seaweed Extracts 
 The total phenolic content (TPC) of the seaweed extract was determined as 

described earlier. Briefly, 50 µL of ethanol extract (1 mg/mL) was mixed with 450 µL of 

1 N Folin–Ciocalteu reagent diluted in double distilled water. Furthermore, the mixture 

was incubated for 10 min at 30 °C. The absorbance of each sample was measured at 725 

nm via a microplate reader (BMG LABTECH, 77799 Ortenberg, Germany). The TPC was 

expressed as gallic acid equivalents/g dry weight seaweed (mg GAE/g DW). A gallic acid 

suspension was prepared at various concentrations for the preparation of a calibration curve 

(Antolovich et al. 2002). 

 

Total Flavonoid Contents of the Seaweed Extracts 
 To determine the total flavonoid content (TFC), 250 µL of algal extract was 

combined with 1 mL of double distilled water and 5% 100 µL of NaNO2. The mixture was 

subsequently incubated for 10 min at 30 °C, after which 100 µL of AlCl3 (10%) was added. 

The mixture was incubated in the dark for 5 min, and 0.5 mL of 1 M NaOH solution was 

added. The absorbance of the sample and the standard were read at 510 nm against a 

reagent blank. Quercetin was used as a standard and was prepared at various concentrations 

(0.01 to 0.1 mg/mL). The results are expressed as quercetin equivalents/g dry weight 

seaweed (mg QE/g DW) (Chang et al. 2002). 
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Analysis of Diphenyl-1-Picrylhydrazyl (DPPH) Radical Scavenging Potential 
 The antioxidant activity of the algal extract was measured via the DPPH method. 

Briefly, the seaweed extract was prepared in methanol at a concentration of 1 mg/mL. The 

diluted algal extract (1 mL) was subsequently mixed with 1 mL of a 1 mg/mL DPPH 

solution prepared in methanol. The mixture was incubated for 30 min in darkness, and the 

absorbance of the sample was read at 517 nm. Ascorbic acid was used as a positive control 

(Bobo-García et al. 2015). The percentage of the seaweed extract inhibited by DPPH was 

calculated via the following formula, 

𝑫𝑷𝑷𝑯 𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏(%) = [(𝑨 𝒐𝒇 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 −  𝑨 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒑𝒍𝒆)/
𝑨 𝒐𝒇 𝒄𝒐𝒏𝒕𝒓𝒐𝒍] × 𝟏𝟎𝟎(1)  

where A refers to the absorbance. 

 

Antibacterial Properties of Seaweed Extracts against S. enterica and B. 
cereus in Chicken Fillets 
 Chicken fillets were cut into small pieces using a sterile knife (50 ± 5 g). The 

samples were previously sterilized via ultraviolet light treatment for 20 min. The chicken 

fillets were divided into 2 sets (6 chicken fillets for S. enteric and 6 chicken fillets for B. 

cereus). For each set of experiments, the experimental setup was as follows: control group 

(chicken fillet without any seaweed extract treatment, 0% seaweed extract), experimental 

group 1 (chicken fillet with 2% seaweed extract), experimental group 2 (chicken fillet with 

4% seaweed extract), experimental group 3 (chicken fillet with 6% seaweed extract), and 

experimental group 4 (chicken fillet with 8% seaweed extract). Preliminary analysis 

revealed that G. gracilis, G. latifolium, and H. dilatata exhibited significant antibacterial 

activity against selected bacterial pathogens. Hence, all these three extracts were combined 

and used to analyze their effects on S. enterica and B. cereus in stored chicken fillets. For 

the experimental group, chicken fillets were inoculated with either S. enterica or B. cereus 

at a concentration of 1 × 108Log10CFU/mL. The chicken fillet was subsequently incubated 

for 10 min to improve cell attachment and then stored at 4 °C. The bacterial load was 

assessed every 2 days of storage, and cells (S. enterica and B. cereus) were counted via the 

standard method for up to two weeks (FDA 2001). 

 

Sensory Properties  
A sensory evaluation was performed to analyze the acceptability of the seaweed 

extract as a food additive. This was carried out in grilled uninoculated chickens treated 

with seaweed extract. The chicken fillets were treated with 2, 4, 6, or 8% seaweed extract 

and stored at 4 °C for two weeks. The sensory properties were analyzed every 2 days. The 

physical properties, such as odor, color, texture, and taste, of the grilled chicken were 

analyzed, and the overall acceptance was tabulated. The numerical value 10 is more 

accepted, and 1 represents less acceptability (Hamad et al. 2022). 

 

Statistical Analysis 
 The results are presented as the means ± standard deviations. The mean value was 

used for data analyses. Analysis of variance (ANOVA) was performed via the Duncan test, 

where a probability value <0.01 was considered statistically significant. The statistical 

analysis was performed using SPSS software (SPSS Inc, Chicago, IL, USA). 
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RESULTS AND DISCUSSION 
 

Extraction and Yield of the Ethanol Extract 
 In this study, ethanol was used to extract phytochemical compounds from seaweed. 

The yield of the G. gracilis extract was 5.3%, and it increased to 6.1% in G. latifolium. The 

extract yield was relatively low in H. dilatata alga powder treated with ethanol, and the 

yield was 4.2%. The yield obtained in the present study was similar to the yield of 

polysaccharides from red seaweeds such as Sarconema filiforme (6.0%) and Gracilaria 

birdiae (6.50%) (Chiovitti et al. 1998; Maciel et al. 2008; Abou Zeid et al. 2014).The yield 

of extract and available phytochemical compounds varies depending on the solvent, 

extraction time, extraction temperature, and extraction method (Sobuj et al. 2021). 

 

Antibacterial Activity 
The antibacterial activity of the ethanol extracts of three different red seaweeds (G. 

gracilis, G. latifolium, and H. dilatata) was analyzed against various foodborne bacterial 

pathogens, as described in Table 1. The results revealed that all three red seaweed extracts 

have potential antibacterial activities and inhibit the growth of both Gram-negative and 

Gram-positive bacteria. G. gracilis had the maximum antibacterial activity, with zones of 

inhibition of 19 ± 2 mm and 18 ± 2 mm against B. cereus, and S. enterica, respectively. 

The antibacterial activity of G. latifolium extract was maximum against B. cereus, and the 

E. coli, and the zones of inhibition were 18 ± 0mm and 17± 0 mm, respectively. Similarly, 

H. dilatata displayed a significant amount of antibacterial activity, with zones of inhibition 

of 17 ± 1 mm and 16 ± 0 mm against B. cereus, and S. enterica (p<0.01) (Table 1). Marine 

macroalgae contain several bioactive secondary metabolites, such as flavonoids and 

phenolic compounds, which exhibit antimicrobial activities (Al-Saif et al. 2014; Jimenez-

Lopez et al. 2021). In addition to other phytochemicals, the flavonoid content in the 

seaweed extract exhibited significant antimicrobial potential. The present findings revealed 

promising alternatives to antimicrobial substances for overcoming drug resistance. The 

findings were in line with those of El Shafay et al. (2016) and Lee et al. (2014), who 

reported that algae phenolic compounds or synergistic compounds have the potential to 

reduce the use of antibiotics, thus reducing the emergence of antimicrobial resistance 

among bacteria. Gracilaria gracilis extract has shown significant inhibitory activity 

against Bacillus subtilis, and a moderate inhibitory effect has been reported against Vibrio 

fischeri (Capillo et al. 2018). Compared with the methanol extract, the ethanol extract of 

G. gracilis exhibited significant activity, which was similar to the results of this study. In 

addition, Gracilaria gracilis extract has been shown to have antibacterial activity via the 

disk diffusion and broth dilution methods and is suggested for use as a natural fish feed 

additive (Afonso et al. 2021). The ethanolic and aqueous extracts of Gelidium pusillum 

exhibited antibacterial activity against Aeromonas monoascaviae (Agarwal et al. 2021), 

and a sulfated galactan isolated from Halymenia dilatata exhibited antibacterial activity 

(Vinosha et al. 2024). Similarly, hexane and methanol extracts of the red seaweed 

Halymenia durvillei have shown significant activity against Aeromonas hydrophila and 

Salmonella typhi, and the zone of inhibition was >20 mm (Kasmiati et al. 2022). Seaweed 

extract showed antimicrobial activity by inhibiting protein synthesis, by disrupting 

bacterial cell membrane, and interfering with nucleic acid synthesis due to the presence of 

polysaccharides (Alodaini et al. 2025), and tannins and polyphenolic compounds 

(Baazeem et al. 2021; Al-Dhabi et al. 2020). These extracts suppress gene expression 
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related to antibiotic tolerance, and induced bacterial lysis, making them efficient against 

bacterial pathogens (Dhivya et al. 2025).   

 

Table 1. Antimicrobial Activity of the Ethanol Extracts of Selected Seaweeds 

Bacteria Zone of Inhibition (mm)* 

 G. gracilis G. latifolium H. dilatata Chloramphenicol** 

Staphylococcus aureus 14 ± 1 16 ± 1 12 ± 0 20 ± 1 

Bacillus cereus 19 ± 2 18 ± 0 17 ± 1 20 ± 1 

Streptococcus 
pyogenes 16 ±1 13 ± 0 10 ± 0 

16 ± 1 

Enterobacter 
aerogenes 15 ± 2 15 ± 2 12 ± 1 

19 ± 2 

Escherichia coli 16 ± 1 17 ± 0 13 ± 2 18 ± 1 

Salmonella enterica 18 ± 2 16 ± 1 16 ± 0 21 ± 0 

*The data are the means of three different experiments and are expressed as the zone of 
inhibition; **Positive control 

 

 
 

Fig. 1. Antimicrobial activity of the ethanol extracts of selected seaweeds against bacterial 
pathogens (E. aerogenes (a), E. coli (b), S. enterica (c), S. pyogenes (d), S. aureus (e), and B. 
cereus (f) 

 

Minimum Inhibitory Concentration of the Ethanol Extract 
 To determine the MIC, the seaweed ethanol extract was diluted to various 

concentrations (250 to 1.25µg/mL). The results revealed that the MIC value of G. gracilis 

was low against both Gram-negative and Gram-positive bacteria. The MIC of the G. 

gracilis extract ranged from 25 ± 1.25 to 75 ± 5 µg/mL, and the most susceptible bacteria 

were B. cereus(p<0.01). The G. latifolium extract exhibited significant activity, and a low 

MIC value (37.5 ± 2.5 µg/mL) was detected against E. aerogenes. H. dilatata extract 

showed significant activity against S. enterica, and moderate activity was observed against 

B. cereus (Table 2). The present findings revealed the broad-spectrum antimicrobial 
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activity of seaweed extracts against selected bacterial pathogens. The seaweed extract of 

Gracilaria changii B.M. Xia & I.A. exhibited potential antibacterial activity against seven 

bacterial pathogens. The MIC values for Bacillus subtilis and Pseudomonas aeruginosa 

were reported previously and range from 3.125 to 6.25 mg/mL (Sasidharan et al. 2009). In 

the present study, ethanol was used to extract phytochemical compounds, and significant 

activity was detected. Similarly, Kim et al. (2023) extracted Gracilaria verrucosa with 

water, ethanol, and methanol, and significant activity was achieved with an ethanol extract. 

The MIC values ranged from 0.06 to 0.3 μg/μL, and the MBC values ranged from 0.1 to 

0.5 μg/μL in Gelidium sp. The antimicrobial potential of Gelidium corneum has been 

established. The algal extract exhibited potential antibacterial activity against 

Cutibacterium acnes, Staphylococcus epidermidis and Staphylococcus aureus (Matias et 

al. 2022). The aqueous extract of Gelidium sp. exhibited antibacterial activity against 

bacteria such as Klebsiella pneumoniae, Enterobacter pneumoniae, Escherichia coli, 

Bacillus subtilis, and Bacillus cereus (Miranda et al. 2022). The red alga Halymenia 

durvillei, which was collected from the Philippines, exhibited antimicrobial effects. The 

ethyl acetate extract presented antimicrobial properties against Gram-positive and Gram-

negative strains. The MIC values obtained in this study were similar to those reported by 

Padayao et al. (2023). Seaweed from the genus Gelidium exhibited several bioactive 

compounds, including, tannins, alkaloids, flavonoids, terpenoids, and saponins, have 

antibacterial activity (Meinita et al. 2023).  

 

Table 2. Minimum Inhibitory Concentrations of Macroalgal Extracts Against 
Foodborne Bacterial Pathogens 

Bacteria  

Minimum Inhibitory Concentration (µg/mL) 

G. gracilis G. latifolium H. dilatata 

Staphylococcus aureus 50 ± 5 75 ± 1.25 250 ± 12.5 

Bacillus cereus 25 ± 1.25 75 ± 5 75 ± 1.25 

Streptococcus pyogenes 75 ± 5 125 ± 12.5 250 ± 5 

Enterobacter aerogenes 75 ± 2.5 37.5 ± 2.5 125 ± 12.5 

Escherichia coli 37.5 ± 2.5 50 ± 1.25 125 ± 12.5 

Salmonella enterica 37.5 ± 5 50 ± 2.5 37.5 ± 2.5 

 
Total Phenolic Content of the Seaweed Extracts 

The search for natural antioxidants from natural sources has increased considerably 

in recent years. Polyphenolic compounds are the major natural antioxidant molecules 

reported in this study. The extraction yield, antioxidant properties, and total polyphenol 

content rely on the polarity of the selected solvent. The polyphenol compounds of seaweed 

protect it from environmental stress, reducing the oxidative stress that leads to the 

generation of reactive oxygen species (Messina et al. 2019). The present findings revealed 

that the polyphenol content was greatest in the ethanol extract of G. gracilis (0.29± 0.04 

mg GAE/g DW), followed by the H. dilatata extract (0.25 ± 0.02 mg GAE/g DW) and the 

G. latifolium extract (0.09 ± 0.01 mg GAE/g DW) (Fig. 2). These findings show that 

ethanol is a suitable solvent for the extraction of polyphenols from natural sources (Hulkko 

et al. 2022). Ethanol and water are important solvents used for the extraction of natural 

antioxidant compounds because of their relatively low toxicity and possible use in the 

cosmeceutical and nutraceutical sectors (Vega et al. 2020). Generally, other organic 
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solvents are not used for food-grade applications. In addition to nontoxic aqueous and 

ethanol extraction, ultrasound-assisted extraction has been used for the extraction of 

phytochemicals from Gelidium sesquipedale (de la Coba et al. 2009). 

 

 
 

Fig. 2. Total phenolic content of the three selected seaweeds. The Ethanol extract was subjected 
to estimation, and the results are the means of three different experiments (p<0.01). 

 

Total Flavonoid Contents of the Seaweed Extracts 
 The TFCs of the seaweed extracts of G. gracilis, G. latifolium, and H. dilatata were 

analyzed, and the results are presented in Fig. 3. The amount of TFC ranged from 24.2 ± 

1.8 mg QE/g to 37.2 ± 1.8 mg QE/g (p<0.01). In this study, ethanol was used for the 

extraction of TFCs from algae. The results obtained in this study were similar to those of 

methanol extracts of edible seaweeds collected from the Irish coast (Cox et al. 2010). The 

flavonoid content of H. dilatata was lower (24.2 ± 1.8 mg QE/g) than that of the other two 

selected seaweeds, and this finding was consistent with previous findings on the red 

seaweed Halymenia sporoides (Manam and Subbaiah 2020). The present results revealed 

higher phenolic content in G. gracilis than other red seaweeds (Ganesan et al. 2008). This 

difference in phytochemical compounds may be due to differences in temperature, sample 

collection location, and stress tolerance (Fellah et al. 2017). 
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Fig. 3. Total flavonoid content (mg CE/g DW) of three selected seaweeds. The data are 
presented as the means of three triplicate experimental trials ± standard deviations (p<0.01). 
 

Antioxidant Activity 
Flavonoids, polyphenols, and alkaloids have several health benefits and are 

considered the major sources of antioxidants. Flavonoids, polyphenols, and alkaloids in 

seaweed vary with several environmental factors, including the type of shore, tide, stress, 

temperature, and salinity. The antioxidant activity of three red seaweed extracts (G. 

gracilis, G. latifolium, and H. dilatata) was determined via the DPPH assay method. G.  

gracilis exhibited a maximum DPPH scavenging potential of 58.4  ±  2.4% inhibition, 

while H. dilatata presented41.3 ± 0.5% inhibition activity; however, G. latifolium 

exhibited moderate DPPH scavenging activity, with 34.8 ± 0.5% inhibition (p<0.01). The 

DPPH scavenging potential of the alcoholic seaweed extract was comparable to that of the 

ascorbic acid standard (Fig. 3). In antioxidant assays, the DPPH (1,1-diphenyl-2-

picrylhydrazyl) assay is the most suitable free radical to assay reducing bioactive 

chemicals. Algae polyphenols, especially brown and red algae, are polyphenols and are 

considered free radical scavengers. The phytochemicals, such as phenolics, including 

flavonoids, are the major compounds responsible for the antioxidant activity of various 

marine macroalgae, such as Gelidium sp. (Park et al. 2025). The ethanol extract obtained 

from coastal China had good antioxidant activity (Xu et al. 2018). Similarly, seaweed 

obtained from the Moroccan Atlantic Ocean exhibited antioxidant activity (Grina et al. 

2020).Red algae exhibited rich flavonoids, phenolic compounds and carbohydrates which 

showed antioxidant activity (Dhaouafi et al. 2024).  
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Table 3. Antioxidant Activity of the Ethanolic Extracts of the Three Selected 
Seaweeds  

Extract/positive control (µg/mL)  

Antioxidant Activity (%) 

Ascorbic Acid   G. gracilis  H. dilatata  G. latifolium  

20 23 ±  0.9 5.3  ±  0.2 3.6  ±  0.2 6.4  ±  0.8 

40 37  ±  3.2 18.3  ±  1.1 22.5  ±  0.9 10.4  ±  0.5 

60 47.5  ±  1.9 33.7  ±  0.9 30.4  ±  1.1 19.2  ± 0.4 

80 63.4  ±  2.2 42.5  ±  1.7 35.3  ±  0.8 25.4  ±  0.7 

100 89.5  ±  1.4 58.4  ±  2.4 41.3  ±  0.5 34.8  ±  0.5 

The antioxidant activity was determined via the DPPH assay, and the results are expressed as 
the percentage of radical scavenging activity 
 

Shelf Life of Chicken Fillets Enriched with Seaweed Extract 
The chicken fillets were experimentally inoculated with S. enterica and B. cereus 

and treated with equal proportions of all three seaweeds (G. gracilis, G. latifolium, and H. 

dilatata extracts) at various concentrations (0 to 8%). The findings of the present study 

revealed that seaweed extracts have potential bactericidal effects on chicken fillets stored 

at 4 °C. At 8% seaweed extract, significant reduction in S. enterica population was 

observed relative to the control (p<0.01) (Table 4). The seaweed extracts had bactericidal 

effects on B. cereus, and the 6% and 8% extract significantly inhibited B. cereus population 

after 10 days of storage. As shown in Table 5, a higher concentration of seaweed extract 

was more effective at controlling B. cereus growth than a lower concentration. Ozogul et 

al. (2023) reported that macroalga (Padina pavonica) extracts exhibited significant 

antibacterial and antioxidant activity. The alga extract improved the shelflife of sea bass 

fillets and improved the shelflife to 18 days compared with untreated control. They 

reported that the presence of antioxidant compounds, especially phenolic compounds was 

attributed to food preserving properties. Furthermore, seaweed extracts can be applied as 

antibacterial and antioxidant agents in the food processing industry because they are able 

to improve the oxidative stability and antimicrobial activity of treated chicken fillets 

compared with control chicken fillets. Roohinejad et al. (2017) reported that macroalgae 

have potent sources of bioactive compounds with antioxidant and antibacterial activities. 

Phytochemicals, such as carotenoid pigments, phenolics, sulfated polysaccharides, and 

phlorotannins, are the major phytochemical compounds responsible for their bioactive 

properties. Seaweed powder and its solvent extracts, preferably nontoxic extracts (for 

example, water and ethanol), are used in the storage of meat fillets to reduce 

microbiological growth and slow the oxidation reaction. Gullón et al. (2020) reported that 

raw macroalgae and their extracts improve the quality of meat products. They reported that 

seaweed extract protected meat and meat products during storage in a concentration-

dependent manner. They also reported the oxidative deterioration mechanism of meat 

products. 
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Table 4. Effects of Three Seaweed Extracts on the Bactericidal Activity of 
Chicken Fillets Artificially Inoculated with S. enterica After Storage for Two 
Weeks 

Extract 
Conc. 

Bacteria (Log10CFU/g) 

Day 0 Day 2 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14 

Negative 
control 0 0 0 0 0 0 0 0 

Positive 
control 

1 × 108 

± 0.02a 
1 × 108 

±0.03a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 

T1: 2 
g/100 g 

0.91 ± 
0.03b 

1.34 ± 
0.02b 

1.41 ± 
0.01b 

1.53 ± 
0.03b 

1.63 ± 
0.03b 

1.63 ± 
0.03b 

1.63 ± 
0.03b 

1.63 ± 
0.03b 

T2: 4 
g/100 g 

0.87 ± 
0.01c 

1.03 ± 
0.01c 

1.32 ± 
0.01c 

1.43 ± 
0.01c 

1.51 ± 
0.01c 

1.51 ± 
0.01c 

1.51 ± 
0.01c 

1.51 ± 
0.01c 

T3: 6 
g/100 g 

0.83 ± 
0.03c 

0.91 ± 
0.02d 

1.1 ± 
0.03d 

1.2 ± 
0.03d 

1.3 ± 
0.03d 

1.5±0.0
1c 

1.6±0.0
2b 

1.7±0.3
b 

T4: 8 
g/100 g 

0.71 ± 
0.01d 

0.85 ± 
0.03e 

0.73 ± 
0.01e 

1.1 ± 
0.03e 

1.2±0.0
2d 

1.3±0.2
b 

1.4±0.1
d 

1.6±0.2
c 

Different lower-case letters next to numerical value in the column indicate significant variation 
between control and treatment groups. 

 

Table 5. Effects of Three Seaweed Extracts on the Bactericidal Activity of 
Chicken Fillets Artificially Inoculated with Bacillus cereus During Storage for Two 
Weeks 

Extract 
Conc. 

Bacteria (Log10CFU/g) 

Day 0 Day 2 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14 

Negative 
control 0 0 0 0 0 0 0 0 

Positive 
control 

1 × 108 

± 0.31a 
1 × 108 

± 0.04a 
1 × 108 

± 0.01a 
1 × 108 

± 0.02a 
1 × 108 

± 0.03a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 
1 × 108 

±0.01a 

T1: 2 
g/100 g 

1.03 ± 
0.02b 

1.19 ± 
0.04b 

1.58 ± 
0.013b 

1.74 ± 
0.05b 

1.77 ± 
0.03b 

1.82 ± 
0.01b 

1.88± 
0.03b 

1.92± 
0.2b 

T2: 4 
g/100 g 

0.92 ± 
0.04b 

1.25 ± 
0.09c 

1.48 ± 
0.013c 

1.62 ± 
0.025c 

1.84 ± 
0.029c 

1.85± 
0.022b 

1.87± 
0.02b 

1.94± 
0.02b 

T3: 6 
g/100 g 

0.86 ± 
0.07c 

1.11 ± 
0.06d 

1.18 ± 
0.017d 

1.38 
±0.02d 

1.39 
±0.02d 

1.44 ± 
0.3c 

1.47 ± 
0.3c 

1.54 ± 
0.3c 

T4: 8 
g/100 g 

0.69 ± 
0.02d 

0.82 ± 
0.05e 

0.89 ± 
0.06e 

1.12 ± 
0.04e 

1.23 ± 
0.1e 

1.31 ± 
0.2c 

1.43 ± 
0.1c 

1.51 ± 
0.3c 

Different lower-case letters next to numerical value in the column indicate significant variation 
between control and treatment groups. 

 

Sensory Analysis of Chicken Fillets 
 The seaweed extract-treated chicken fillet was stored at 4 °C during the 

experimental trials. According to the results from the experimental groups, the sensory 

properties were more or less similar in the chicken fillets treated with seaweed extracts. 

Seaweed extract-treated seaweed showed acceptable scores (>7) at almost all 

concentrations. This finding reveals that at the tested seaweed extract concentrations (0% 

to 8%), applying up to 8% may not have a negative effect on the sensory properties of the 

chicken fillet. The overall acceptability score was >7 for all the treatments (Table 6). The 

results of the sensory analysis revealed the potential application of seaweed extract as a 

food enhancer. The acceptability of the chicken fillet was significantly greater than that of 

the untreated control. The appearance, color, and odor of chicken fillets enriched with 
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seaweed extract (0% to 8%) were greater than those of the untreated control. Seaweeds and 

their extracts can be considered natural preservative agents to regulate sensory properties 

during storage. The meat fortification properties of the seaweed extract agreed with those 

of the seaweed reported by Gullón et al. (2020). They reported that seaweed is a potential 

source of bioactive compounds and nutrients with novel bioactive properties and novel 

functional properties. Seaweeds and their extracts can be considered natural preservatives 

in the meat industry to manage the original properties of meat and meat products. 

 

Table 6. Sensory Properties of Uninoculated Chicken Fillets Enriched with 
Seaweed Extract at Various Concentrations 

Extract Conc. Sensory Properties  

(g/100 g) Appearance Color Odor Texture Taste 
Overall 

Acceptability 

Negative 
control 6.92 ± 0.02 

7.02 
±0.04 

8.02 
±0.07 

7.61 
±0.04 

7.92 
±0.01 7.49 ±0.15 

*T1: 2 g/100 g 7.02 ±0.02 
7.29 
±0.24 

7.93 
±0.08 

7.72 
±0.02 

8.04 
±0.03 7.6 ±0.24 

T2: 4 g/100 g 7.08 ±0.03 
7.25 
±0.05 

8.05 
±0.72 

7.54 
±0.01 

8.19 
±0.05 7.7 ±0.18 

T3: 6 g/100 g 7.25 ±0.05 
7.09 ± 
0.01 

8.04 
±0.07 

7.81 
±0.04 

8.02 
±0.05 7.64 ±0.11 

T4: 8 g/100 g 7.31 ±0.48 
7.21 
±0.04 

8.12 
±0.014 

7.69 
±0.04 

8.13 
±0.07 7.67 ±0.09 

*T1 to T4: Treatments 1 to 4; Log10CFU/g: Colony-forming unit  
 

 
CONCLUSIONS 
 

1. Seaweed extracts of Gracilaria gracilis, Gelidium latifolium, and Halymenia dilatata 

showed potential antibacterial and antioxidant activities. These extracts exhibited 

antibacterial activity against the tested bacteria, especially Salmonella enterica and 

Bacillus cereus.  

2. The mixture of all three seaweed extracts inhibited bacterial growth in chicken millet 

during storage. The findings revealed that concentration- and time-dependent 

antibacterial activity controlled the growth of the chicken fillets during storage.  
 

3. Sensory analysis revealed that the seaweed extract from chicken fillets was a good 

product.  
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