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Abstract

The red algae, Gracilaria, has a history of use in the food, biotechnological, nutraceutical, and pharmaceutical industries. Gracilaria 
appears to have potential further development use as a nutritional food, due to its unique composition. The purpose of this study 
was to determine the relative total polyphenol content, characterizing phenolic compounds and measuring antioxidant potential of 
G. tikvahiae. Analysis of extracts were performed using the Folin-Ciocalteu methods, high performance liquid chromatography-mass 
spectrometry (HPLC-MS) and ferric- reducing antioxidant power (FRAP) to determine polyphenol content and antioxidant activity. 
Nine phenolic compounds in G. tikvahiae were identified. Phenolic compounds in order of abundance were: Quercetin, 3,4-dihydroxy-
benzoic acid, kaempferol, pungenol, gallic acid, naringenin, apigenin, isorhamnetin, and protocatechuic aldehyde. Antioxidant activ-
ity was observed in all G. tikvahiae extracts. The results established the presence of a variety of phenolic compounds suggesting that 
G. tikvahiae has potential to serve as a nutritional agent with antioxidant properties. This study highlights the potential of G. tikvahiae 
to be a functional food that warrants further research.
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Introduction

The relationship between diet and optimal health has led to a growing interest in functional foods and their bioactive compounds. In 
recent years, polyphenol-rich foods, beverages, and dietary supplements have been studied to ascertain their role in reducing oxidative 
stress while promoting overall health. There is an increasing demand for natural, polyphenol-rich, foods and dietary supplements for use 
as complementary and integrative health therapies [1,2].

Naturally occurring polyphenols are found within marine algae and seaweeds. A variety of studies have determined the nutrient rich 
profile and broad range of potential health benefits of marine seaweeds [3-9]. One particular seaweed, Gracilaria, contains a diverse array 
of bioactive compounds and phytochemicals that have made this red seaweed a highly sought-after product for use in many industries [5,7-
10]. It is currently harvested for human consumption and for agar production [11]. Traditional uses of Gracilaria suggest a broad range of 
benefits in human health [3,5-9]. Animal studies using Gracilaria extracts have validated many of these health benefits [6,10,12,13]. The 
nutrition profile in Gracilaria contains a diverse array of compounds including amino acids, lipids/fatty acids, minerals, vitamins, polysac-
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charides and phytochemicals [5,9]. Differences in nutrient composition are observed when comparing different species, which is likely at-
tributed to environment, seasonal variations, and nutrient availability. Common amino acids found in abundance in this red algae include 
aspartic acid, alanine, glutamic acid, glutamine, proline and serine [4-6,8,10,14-17]. Current literature shows that Gracilaria contain small 
amounts of lipids, 1-3% of dry weight [5,8,14,17]. Typical lipid profiles include palmitic acid, oleic acid, stearic acid, and polyunsaturated 
fats such as linoleic acid and docosahexaenoic acid (DHA) [5,8,14]. This seaweed contains many minerals including sodium, potassium, 
manganese, calcium, iron and copper [5,10]. Its vitamin content includes vitamins A, B1, B6, C and E [5,6,8,14,17]. Additionally, Gracilaria 
contain numerous bioactive primary and secondary metabolites such as carotenoids, terpenoids, polyphenols, xanthophylls, chlorophylls, 
phycobilins, and alkaloids [5,14,17].

The aforementioned marine-based phytonutrients have been of great interest in drug development. Early-stage developmental work 
has tested these compounds experimentally for treatment of inflammation, cancer, neurodegenerative diseases, etc. [8,17]. It is interest-
ing to also note that Gracilaria species have a history of use in folk medicine, treating conditions such as respiratory disease, thyroid 
disorders and edema [17]. The literature suggests that the polyphenols found in Gracilaria exhibit powerful antioxidant properties. There 
are 160 recorded species of Gracilaria yet only 25% of these species have been studied [17]. Certain species, namely G. edulis, G. corticate, 
G. tenuistipitata and G. cornea, have been the focus of most of the Gracilaria research. This is the first study to characterize polyphenols 
and antioxidant activity in Gracilaria tikvahiae. The specific aims of this study were to (i) measure total polyphenol content in G. tikvahae, 
(ii) determine the individual phenolic compounds found in G. tikvahae and (iii) measure antioxidant activity present in G. tikvahiae. This 
study provides new insights on the chemical composition of G. tikvahiae and its potential to be a valuable functional food/dietary supple-
ment. 

Materials and Methods

Sample preparation

The strain of Gracilaria studied were obtained from existing Gracilaria sp. currently growing within an open-air wet lab at the Urban 
Farming Institute, Oakland Park, Florida. All samples were rinsed under cold water and place in a dehydrator at the lowest temperature 
35ºC for 12 hours. The dried samples were pulverized and stored in an air-tight container at 4ºC until analysis. 

Polyphenols were extracted from Gracilaria tikvahae using methods previously described by Francavilla., et al. (2013), and Machu., et 
al. (2015), with slight modifications [8,31]. For methanol extractions, 1g of dried algae sample was mixed with 2.5 ml solvent and placed 
on an oscillator for 24 hrs at room temperature. A total of 7 repeated extractions were performed on the same sample. The resulting 
supernatant was combined and stored at -80ºC until analysis. For methanol/acetone/water (7:7:6) extractions, 1g of dried algae was 
mixed with 15 ml solvent and placed on an oscillator for 24 hrs at room temperature. The resulting supernatant was stored at -80ºC until 
analysis.

Total polyphenol content

The total phenolic content in Gracilaria tikvahae supernatant extracts was determined using the Folin-Ciocalteu assay as described 
Singleton with slight modifications [18]. Ten μL of sample or gallic acid standard solution was added to a well plate. Next, 50 μL of diluted 
Folin reagent was added to each well. 150 μL of sodium bicarbonate was added to each well to prevent the formation of precipitates. 
Following a 120 min. incubation period at 20ºC, absorbance was measured at 765 nm using a Synergy HTX Multi-Mode Reader. Total 
phenolic content was determined as milligram of gallic acid equivalent per gram Gracilaria tikvahae, using the equation obtained from a 
standard gallic acid calibration curve. Gallic acid is frequently used as a standard in the Folin-Ciocalteu method due to its solubility and 
low-cost [18]. Results are expressed as gallic acid equivalents. 
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Phenolic compounds

High performance liquid chromatography - mass spectrometry was used to identify phenolic compounds in the samples. Specifically, 
7.5 mg (dry weight) of sample was weighed accurately into a 1.5-mL microcentrifuge tube followed by adding 10 μL of a mixture of ten 
isotopic-labeled internal standards (ISTDS) and 250 μL of 80% methanol in water (v/v). Each tube was then vortexed for 30 minutes and 
spun down for 5 minutes at 14,000 rpm. After that, supernatant from each tube was transferred and filtered through 0.22 μm Acrodisc® 
syringe filters with the GHP membrane for UHPLC-HRMS analyses.

A Thermo Scientific Vanquish UHPLC system and an Agilent reversed-phase Zorbax Eclipse XDB C18 column (3.0 mm × 100 mm, 3.5 
μm particle size, 80 Å pore size) with an ACQUITY UPLC CSH C18 VanGuard Pre-column (2.1 mm × 5 mm, 1.7 μm particle size, 130 Å pore 
size) were used for all online UHPLC-HRMS analyses with a Thermo Scientific Q-Exactive HF Hybrid Quadrupole-Orbitrap Mass Spectrom-
eter. The controlling software for the sample analysis was Thermo Xcalibur. The UHPLC gradient method is listed in table 1.

Time (min) Flow (ml/min) %A %B Curve
Run

0.00 0.50 99.0 1.0 5
0.50 0.50 99.0 1.0 5
3.50 0.50 40.0 60.0 5
4.50 0.50 1.0 99.0 5
5.80 0.50 1.0 99.0 5
5.81 0.50 99.0 1.0 5
8.00 0.50 99.0 1.0 5

Table 1: UHPLC gradient method.

1Curve 5 represents the gradient curve mode.

The chromatographic separation of polyphenols was achieved using an 8-minute LC gradient method, and the LC column chamber was 
maintained at 30°C. The flow rate was 500 μL/min, and the sample injection volume was 5 μL. Data acquisition was done using parallel 
reaction monitoring (PRM) in a negative ionization mode, and analyte peak identification followed by peak integration was done using 
Trace Finder 4.1 software. The sample sequence was included with quality control samples at three different concentrations (low, mid, 
and high) and calibration solutions at eight different concentrations. The ratios of the signal intensity of each analyte to its corresponding 
ISTD were plotted against the known concentrations of the standard mixtures to build the calibration curves.

Antioxidant activity

Ferric reducing anti-oxidant power (FRAP) assay was used to determine antioxidant activity based on methods previously described 
by Benzie and Sanz-Pintos., et al [19]. FRAP reagent was prepared as required by mixing 25 ml acetate buffer (300 mmol/1 acetate buffer, 
pH 3.6 (3.1g C2H3Na02•3Hp), 2.5 ml TPTZ (10 mmol/1 TPTZ (2,4,6-tripyridyl-s-triazine) solution, and 2.5 ml FeCl3-6H2O solution ((20 
mmol/1 FeC13•6H2O). 50 μL of Iron (II) standard was added to a well plate. 50 μL diluted sampled (20 μL extract/30 μL H20) was added 
to a well plate. 100 μL FRAP reagent was added to each well. Absorbance was measured immediately at 540 nm using a BioTek Synergy 
HTX Multi-Mode Plate Reader.
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Results 

Total polyphenol content

Total polyphenol content (TPC) from the different extracts of G. tikvahae and U. lactua are reported in table 2. TPC values are expressed 
as gallic acid equivalents (GAE) mg/g of dried algae. 

Sample GAE (mg/g of dry weight)
Methanol extraction

G. tikvahae 0.357 ± 0.029
U. lactua 0.162

Methanol acetone extraction
G. tikvahae 0.373

U. lactua 0.407

Table 2: Total polyphenol content.

Phenolic compounds

The following phenolic compounds were identified in the G. tikvihae samples: Quercetin, 3,4-dihydroxybenzoic acid, kaempferol, pun-
genol, gallic acid, naringenin, apigenin, isorhamnetin, and protocatechuic aldehyde (Table 3). 

Polyphenol Concentration (mg/kg)
3,4-dihydroxybenzoic acid 0.433 ± 0.003

Apigenin 0.06 ± 0.0004
Gallic Acid 0.121 ± 0.001

Isorhamnetin 0.044 ± 0.0002
Kaempferol 0.318 ± 0.001
Naringenin 0.073 ± 0.0003

Protocatechuic aldehyde 0.034 ± 0.0001
Pungenol 0.267 ± 0.003
Quercetin 0.466 ± 0.001

Table 3: Phenolic compounds.

Antioxidant activity

Antioxidant activity from the different extracts of G. tikvahae and U. lactua are reported in table 4. Results are expressed as FRAP value.

Discussion

The total polyphenol content has been determined in the following species: G. edulis (16.26 mg GAE/g), G. corticata (4.09 mg GAE/g), 
G. salicornia (3.91 mg GAE/g), G. debilis (3.9 mg GAE/g), G. fergusonii (2.8 mg GAE/g) G. dura (2.5 mg GAE/g), G. bridiae (1.13 mg GAE/g), 
and G. chilensis (2.6 mg GAE/g) [8,15,20-25]. See table 5. Contrary to what the authors hypothesized, G. tikvahiae had considerably lower 
amounts of phenolic compounds when compared to other Gracilaria species. Similarly, TPC values for U. lactua were lower than reported 
values in other studies [26,27]. Factors such as time of harvest and extraction techniques can influence polyphenol content [4,28,29].
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To our knowledge, this is the first report on specific phenolic compounds in G. tikvahiae. To compare to other species, G. vermiculo-
phylla was reported to have three polyphenols: gallic, protocatechuic and gentisic acids [28]. G. texorii and G. asiatica have quercetin and 
hesperidin [28]. Similar to Capillo., et al’s. findings, G. tikvahiae was found to contain quercetin and gallic acid [28]. Interestingly, this study 
found different polyphenols such as 3,4-dihydroxybenzoic acid, kaempferol, and pungenol.

Sample FRAP Value (µmolTE/mg)
Methanol extraction

G. tikvahae 129.001
U. lactua 60.681

Methanol acetone extraction
G. tikvahae 38.367

U. lactua 17.0145

Table 4: Antioxidant activities.

Species TPC Value 
(mg GAE/g)

Reference

G. gracilis 2.3-31.8 Francavilla, M., et al., The red seaweed Gracilaria gracilis as a multi products source. Mar Drugs, 
2013. 11(10): p. 3754-76.

G. eludis 16.26 Ganesan P, Kumar CS, Bhaskar N. Antioxidant properties of methanol extract and its solvent frac-
tions obtained from selected Indian red seaweeds. Bioresour Technol. 2008;99(8):2717-2723. 

doi:10.1016/j.biortech.2007.07.005
G. corticata 4.09 Arulkumar, A., et al. (2018). “Phytochemical composition, in vitro antioxidant, antibacterial po-

tential and GC-MS analysis of red seaweeds (Gracilaria corticata and Gracilaria edulis) from Palk 
Bay, India”. Biocatalysis and Agricultural Biotechnology 15: 63-71.

G. salicornia 3.91 Kumar, M., Kumari, P., Trivedi, N. et al. Minerals, PUFAs and antioxidant properties of some 
tropical seaweeds from Saurashtra coast of India. J Appl Phycol 23, 797–810 (2011). https://doi.

org/10.1007/s10811-010-9578-7
G. debilis 3.9 Arulkumar, A., et al. (2018). “Phytochemical composition, in vitro antioxidant, antibacterial po-

tential and GC-MS analysis of red seaweeds (Gracilaria corticata and Gracilaria edulis) from Palk 
Bay, India”. Biocatalysis and Agricultural Biotechnology 15: 63-71.

G. fergusonii 2.8 1.0
G. dura 2.5 Arulkumar, A., et al. (2018). “Phytochemical composition, in vitro antioxidant, antibacterial po-

tential and GC-MS analysis of red seaweeds (Gracilaria corticata and Gracilaria edulis) from Palk 
Bay, India”. Biocatalysis and Agricultural Biotechnology 15: 63-71.

G. bridiae 1.13 Souza BW, Cerqueira MA, Martins JT, et al. Antioxidant potential of two red seaweeds from the 
Brazilian coasts. J Agric Food Chem. 2011;59(10):5589-5594. doi:10.1021/jf200999n

G. chilensis 2.6 ± 0.6 Ortiz-Viedma, J., et al., Protective Effect of Red Algae (Rhodophyta) Extracts on Essential Dietary 
Components of Heat-Treated Salmon. Antioxidants (Basel), 2021. 10(7)

Table 5: Previously reported TPC values of Gracilaria sp.
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Phenolic compounds in Gracilaria can act as free radical scavengers. Antioxidant assays observed high free radical scavenging activity 
in G. eludis extract which correlated with total polyphenol content [30]. This correlation suggests that polyphenols present in G. eludis 
extract are responsible for the antioxidant activity. Similarly, correlations between polyphenol content and radical scavenging and reduc-
ing activity were found in G. changii extracts [13]. Gracilaria sp. possess a greater radical scavenging activity when compared to currently 
marketed dietary supplements [5,8,31,32]. Polyphenolic compounds in Gracilaria can also decrease reactive oxygen species (ROS) pro-
duction and inhibit Nf-κB activation which is consistent with the action of well-studied polyphenols such as curcumin [6,9,15,20,32,33]. 
Other compounds present in Gracilaria sp., such as sulfated polysaccharides, are reported to exhibited antioxidant properties [15]. Using a 
methanol extraction, the ferric reducing ability of G. changii was reported as 17.61 ± 0.33 (µmolTE/mg) and G. chilensis was 625.25 ± 0.22 
(µmolTE/mg) [13,30,34]. The reported FRAP values of methanol extracts in this study were greater than G. changii but less than G. chilen-
sis. Storage time and conditions can affect antioxidant levels [35]. The methanol/acetone extraction was performed after the methanol 
extractions which could account for the variability in FRAP values. Previous research has reported antioxidant activity to be proportional 
to total polyphenol content [25]. Conversely, this investigation reported good reducing value (FRAP) but lower levels of total polyphenol 
content. Other unaccounted bioactive compounds could be responsible for G. tikvahiae’s antioxidant potential. The reported antioxidant 
activity of U. lactua are consistent with other studies which reported low antioxidant potential [26,27].

Conclusion

The study results established presence of a variety of phenolic compounds. Specifically, 3,4-dihydroxybenzoic acid, Kaempferol, and 
Pungenol are believed to be unique to G. tikvahiae. Despite the presence of phenolic compounds, the TPC reported in this study appeared 
low compared to other species. Further research is warranted to determine if different extraction or cultivation methods could explain 
this difference. This study highlights the potential of G. tikvahiae to be as a marine-based phytonutrient which has potential uses within a 
variety of regulated industries (i.e. food, pharmaceutical, dietary supplement, etc.) worthy of future research. 
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