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ABSTRACT 
 

 
he nutritional composition of the edible 
cyanobacterium, Nostoc commune Vaucher, was 
evaluated, including its potential antioxidant and 
antibacterial properties. Results showed that the 
elemental composition were in decreasing order as: 

Ca > Fe > Mg > Na > K > Mn > Zn > Cu > Cr > Pd > Cd. 
Proximate composition of N. commune showed high 
carbohydrate and protein content with estimated value of 65.27 
± 0.09% and 21.51± 0.06%, respectively. The Nostoc commune 
(NC) methanolic crude extract had an average total phenolic 
content of 88.2 mg, as gallic acid equivalent (GAE)/ 100 g, and 
a mean value of 17.45 mg as quercetin equivalent/100 g for total 
flavonoids. Relative antioxidant efficiency of N. commune 

exerted potent copper reducing activity with IC50 value of 10.84 
± 0.015 μg GAE/mL. The tested algal extract exhibited 
antioxidant activity that is dose-dependent and positively 
correlated to its phenolic content. Acidified methanolic extract 
of N. commune showed an extended spectrum of inhibitory 
activity against Gram-positive bacteria, Staphylococcus aureus, 
Staphylococcus epidermidis and Bacillus cereus with MIC 
(minimum inhibitory concentration) of 125 and 250 μg/mL, 
respectively. Also, it is moderately active against Bacillus 
cereus with MIC and MBC (minimum bactrericidal 
concentration) of 500 and 1000 μg/mL. This study is useful in 
the context of improved utilization of N. commune as alternative 
source of functional products possessing multi-bioactivities with 
potential use in food and pharmaceutical industries, being not 
only economically advantageous but also environmentally 
friendly.  
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INTRODUCTION 

 

Cyanobacteria, in the Eubacteria, have grown so much attention 

lately, as a group of microorganisms because of their 
ubiquitousness (Whitton and Potts 2000), success of some 
species in mass cultivation for the industry (Belay 1997), ease 
by which they can be genetically manipulated (Hitchcock et al. 
2020), and some high value products that could be obtained from 
them (Lau et al. 2015). 
   
Certain species of cyanobacteria have long been used as 

indigenous food.  A traditional cyanobacterial food is Nostoc 
commune, locally known as “tab-taba” in Ilokano in Northern 
Luzon, Philippines (Martinez 1988), or as “ishikurage” in Japan 
(Hori et al. 1990), or in China as “Ge-Xian-Mi” (Gao 1998; Potts 
2000).  It is also used as a health food in the highland lakes in 
Peru (Franquemont et al. 1990) and in Thailand (Kaewmaneesuk 
et al.2018). A variant of N. commune is Nostoc flagelliforme, 
which is used as a traditional Chinese vegetable locally known 

as “pinyin” or “fa-cai”.  Another indigenous cyanobacterial food 
is Spirulina that was consumed among the Aztecs (Central 
Mexico) in dried form as cakes, locally known then as 
“tecuitlatl”. Likewise, it was and is consumed by the Kanembu 
tribe who harvest it from Lake Chad (Sahelian zone, West-
Central Africa), dried it as “cakes” and locally known as “dihe” 
(Vonshak 1997).  Lately, more attention is being given to the 
other uses of cyanobacteria in health and pharmaceutical 
industry. For example, the megamolecular polysaccharide 

“sacran” from the colonial cyanobacterium, Aphanothece 
sacrum (locally known as a food delicacy in Japan as “suizenji-
nori” was discovered to have several applications in the 
biomedical fields (Puluhulawa et al. 2021).  
 
In the Philippines, there is about 385 species of cyanobacteria 
reported, an increase of 24 species since the first documentation 
of cyanobacteria in the country in 1984 by Martinez.  Of this 

number, only Nostoc commune is so far used as a traditional 
vegetable food that is being harvested from rice paddies or hilly 
places in Northern Luzon (Martinez 1988).  Anecdotal accounts 
reveal that the people acquired the “taste” for it through their 
ancestors.  No clinical studies have been done on this 
cyanobacterium in the Philippines.  Although its safety 
consumption was evaluated as a dietary supplement in mice and 
there were no detectable levels of microcystins in the tested 

animals (Yang et al. 2011).  Likewise, there was no abnormal 
gain in weight, nor any significant liver damages, and no evident 
of toxic side effects.   
 
One of the reasons for the popularity of this vegetable food in 
this region is its gummy texture and the feeling of early satiety 
(Martinez-Goss and Demafelis 2014).  However, its importance 
as a protein source was only recently established (Martinez and  

 
Querijero 1986B; Martinez 1988).  The gummy texture is due to 
oxalate-oxalic acid soluble substances (OOSS) found in the 
gelatinous sheath around the cell walls. The OOSS in the dried 

disk form of the alga could be as much as 34–45% of the total 
dry matter (Briones-Nagata et al. 2007). Food science considers 
OOSS as a dietary fiber that provides bulk or roughage helping 
the large intestine retain water and move undigested food 
quickly. The major components of OOSS were identified as 
glucuronic and galacturonic acids (Briones- Nagata et al. 2007). 
Total and precipitable phenols, which could affect protein 
digestion, were also observed to be as much as 1.10 mg 

catechins/g, dw and 4.8 mg tannins/g dw, respectively, for the 
disk type.  Okuda (2005) reported beneficial health effects of 
tannin, which include inhibition of lipid peroxidation, antitumor 
effect, and antiviral and antibacterial effects. The presence of 
tannins and polyphenols in N. commune therefore warrants 
further study to investigate potential health benefits, such as the 
presence of antioxidants and antibacterial properties of this 
cyanobacterium aside from its importance as vegetable-protein 

food.  Although, antioxidant and antibacterial activities have 
been done in this cyanobacterium but the strains came from 
different countries (Korteerakul et al. 2020; Shaieb et al. 2014; 
Quan et al. 2015).   
 
Hence, this paper intends to present the antioxidant and 
antibacterial properties of N. commune from the Philippines to 
further increase its value as a food and health product.    
 
 
MATERIALS AND METHODS 

 

Sample Preparation 

The cyanobacterium, Nostoc commune Vaucher, assumes a 
spherical colony in aquatic habitat (Fig. 1-A), but in desiccated 

form it is discoid (Fig. 1-B).  A colony is made up of group of 
smaller colonies that are enclosed by gelatinous sheaths.  Each 
colony consists of aggregates of non-branching heterocystous 
trichomes enclosed by gelatinous sheaths (Fig. 1-C).   
 
The samples used in this study were air-dried and refrigerated 
discoid colonies of Nostoc commune that were obtained from the 
Phycology Laboratory of the Institute of Biological Sciences, 
University of the Philippines Los Baños. Prior to analysis, the 

Nostoc commune was initially washed with tap water in a 
strainer for several minutes followed by distilled water. The 
algal sample was allowed to stand for an hour in distilled water 
and was drained of excess water by decantation. 
 
Proximate Composition Analysis 

The washed cyanobacterial samples were oven-dried at 60 °C 
for 24 h and then ground into powder prior proximal 

composition analysis using standard methods. For the total 

A 

20 mm 

C 

10 µm 

B 

Figure 1: Nostoc commune Vaucher. A) Spherical colonies, fresh; B) Discoid colonies, dried; C) Light micrograph of a heterocystous filament. 
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moisture content analysis, fresh culture (not dried) of N. 
commune was used to assess the total moisture content of the 
alga. All analyses were done in three trials.  
 
Total Moisture Analysis (% Moisture Content). The total 

moisture content of N. commune was determined using the 
vacuum drying method (AOAC 2005). Initially, five grams of 
the algal sample was weighed in a tared evaporating dish and 
was dried in a vacuum oven at 15 psi pressure at 40 oC.  After 
drying, the evaporating dishes were again weighed until the 
difference between two consecutive weighing were 0.01g. Dried 
algal samples were pulverized and were placed in a screw-
capped jar in a desiccator inside the refrigerator and were 

immediately used.   
 
Total ash analysis (% Ash Content). The total ash content of 
the vacuum dried N. commune was determined by ignition of the 
sample to 450oC for 6 hours (AOAC 2005).  
 
Fiber analysis (% Crude Fiber). Analysis of the crude fiber 
was done using the Weende method (AOAC 2005). Initially, 0.3 

g of the N. commune was digested with 1.25% HCI followed by 
1.25% NaOH. The residue obtained was dried and weighed. 
  
Total extractable fat (% Crude Fat). The total extractable fat 
content of the N. commune was determined gravimetrically by 
sohxlet method using Soxtec Total Fat Extractor (Foss Inc). Two 
grams of the dried algal sample was placed in a thimble and was 
extracted for 16 hours using 30 – 60oC boiling range petroleum 

ether as solvent.  
 
Total Protein Content (% Protein Content). Prior to analysis, 
dried N. commune (1 g) was digested with 4mL concentrated 
sulfuric acid. The resulting solution was then subjected to micro-
Kjeldahl protein analysis using Kjeltec apparatus (Foss Inc). 
Total protein content was determined by calculation using the 
empirical factor 6.25.  
 

Total Carbohydrate (% Non-nitrogen containing 

components). The total carbohydrate content of the dried N. 
commune samples was calculated using the equation below: 
 

%"#$%&'()$#*+, = .// −
(%2&3,*4$+	"&6*+6* +%8$&*+36 +%9#* + 	%:,')  
  
Elemental Composition Analysis 

The dried and powderized sample of N. commune was subjected 
to elemental composition analysis by following standard 

procedures (AOAC 2005) for the detection of Copper, 
Magnesium, Manganese, Iron, Calcium, Zinc, Sodium, Lead, 
Chromium, Cadmium, and Potassium using an Atomic 
Absorption Spectrophotometer Perkin Elmer AAnalyst 400.  
 

Determination of Oxalate – Oxalic acid soluble Substances 

(OOSS) 

A modified method of Hori et al. (1990) was used in the 
extraction of OOSS from N. commune sample. Briefly, one gram 

of the dried N. commune was dispersed in 50 mL of 0.25% 
ammonium oxalate-oxalic acid solution and heated in a boiling 
water bath for an hour. The mixture was allowed to cool to room 
temperature prior to centrifugation for 15 minutes at 5000 rpm. 
The supernatant was collected, and the residue left was extracted 
twice more with 50mL of 0.25% ammonium oxalate-oxalic acid 
solution. The resulting supernatant was pooled and was added 
with ethanol at a 1:4 ration (supernatant: ethanol). The precipitate was 

collected by filtration in a pre-weighed Whatman No.5 filter paper 
and was washed several times with absolute ethanol and finally 
with acetone. The mass of the residue left was noted. 
 

Preparation of the cyanobacterial extract  

The biomass of Nostoc commune was dried at 60°C for 24 h and 
then pulverized before extraction and conduct of antioxidant and 
antibacterial assays. The powderized N. commune (1 gram) was 
extracted using 30 mL acidified methanol (1 HCl: 80 CH3OH: 

10 H2O) for 30 minutes and with stirring for 1 hour in an 
ultrasonic bath. The algal-extract mixture was centrifuged for 20 
minutes at a speed of 12,000 rpm at 20oC. The N. commune 
extract was then concentrated using a rotary evaporator under 
reduced pressure set at 40°C. The concentrated N. commune 
extract was kept at 4°C to maintain its activity for use in other 
biological assays needed in the study (Arguelles et al. 2019). 
  

Determination of the total phenolic content (TPC) 

Ten grams of the dried N. commune samples was initially ground 
using mortar and pestle and was extracted with 80% ethanol 
until the algal material was devoid of color. The filtrate was 
collected by Buchner filtration and the resulting extract was 
diluted to volume for the total phenolic content analysis. A 
modified method employed by Ragazzi and Veronese (1973) 
was used to measure the total phenolic content of the N. 
commune extracts. Folin-Ciocalteau reagent (0.50 mL) was 
added to 200 µL of the N. commune extract and was then added 
with 3.0 mL of 20% sodium bicarbonate solution. The resulting 
mixture was mixed using vortex mixer and the reaction was 
allowed to proceed for 15 minutes at room temperature. The 
resulting mixture was then diluted to 10 mL using distilled water 
and was centrifuged for 20 minutes at 4500 rpm. The absorbance 
of the blue solution was read at 725 nm using a Shimadzu UV 

Mini 1240 spectrophotometer. Total phenolic content was 
expressed as gallic acid equivalent (GAE) while total flavonoid 
content was expressed as quercetin equivalent (QE).  
 
Copper reduction antioxidant capacity (CUPRAC) assay 

The CUPRAC assay was done using the protocol of Alpinar et 
al. (2009). Briefly, one mL each of 1 M ammonium acetate 
buffer (pH 7), 0.0075 M neocuproine, and 0.01 M CuCl2 
solutions were mixed until homogenous in a test tube. Thereafter, 

0.5mL of N. commune extract at varying concentrations were 
added in the initial reaction mixture.  Various concentrations of 
ascorbic acid were also prepared as positive controls. Using 
sterile distilled water, was subsequently adjusted up to 4.1 mL 
for each prepared concentration.  The reaction mixtures were 
set-aside at ambient temperature for 30 minutes and the 
absorbance of each test solution was read at 450 nm (Arguelles 
et al. 2017). The effective concentration (EC50) for N. commune 

extract and the positive control were determined upon analysis 
of copper reduction antioxidant capacity.  IC50 represents the 
concentration at which the absorbance is at 0.5 at 450 nm 
wavelength. 
 

Micro-dilution Antibacterial Assay 
Three Gram-negative bacteria (Escherichia coli BIOTECH 
1825, Pseudomonas aeruginosa BIOTECH 1824; Salmonella 
typhimurium BIOTECH 1826) and four Gram-positive bacteria 
(Listeria monocytogenes BIOTECH 1958; Bacillus cereus 
BIOTECH 1509, Staphylococcus epidermidis BIOTECH 10098, 
and  Staphylococcus aureus BIOTECH 1823) were procured at 
the Philippine National Collection of Microorganisms (PNCM), 
National Institute of Molecular Biology and Biotechnology 
(BIOTECH), University of the Philippines Los Baños.  
 

Two-fold serial dilution technique was used to determine the 
minimum inhibitory concentration (MIC) of the cyanobacterial 
methanolic extract (Arguelles et al. 2019). Briefly, 100 μL of 
bacterial cultures (1x 105 cells/mL) were added to 100 μL of N. 
commune extract sample prepared in different dilutions starting 
from 1000 to 7.8125 μg/mL in a 96-well microtiter plate. The 
seeded plate was incubated at 35oC for 12 hours, after which the 
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MIC (the minimum concentration of N. commune extract that 
cause bacterial growth inhibition after a 12-h incubation time) 
was recorded. Presence or absence of bacterial growth in the 
experimental microtiter plates were checked after the incubation 
period. As for the control, the MIC of tetracycline against each 

bacterial species was also determined. On the other hand, 
minimum bactericidal concentration (MBC) was determined by 
inoculating a loopful of sample from wells of the experimental 
microtiter plate that showed no bacterial growth from the MIC 
assay onto a tryptic soy agar (TSA) plate. The plates were 
incubated at 35°C for 24 hours and were checked for observable 
bacterial growth for each dilution subculturing being considered. 
No growth confirms that the N. commune extract was 

bactericidal at that particular dilution. On the other hand, visible 
bacterial growth on TSA plates would mean that the sample was 
bacteriostatic at that particular dilution. The minimum 
concentration of N. commune extract showing no visible 
bacterial growth on TSA was considered as the minimum 
bactericidal concentration of the extract (Arguelles et al. 2017). 
 

Statistical Analysis 

The experimental data obtained in this study was carried out in 
three replicates and were presented as means ± standard 
deviations (mean ± SD). The statistical test for the correlation 
analaysis (between antioxidant activity and the crude extract 
concentrations) was assessed by calculating the Pearson’s linear 
correlation coefficient (R) using the MS Office Excel 2007.  
 
 

RESULTS AND DISCUSSION 

 

Proximate Analyses and Oxalate–Oxalic Acid Soluble 

Substances 
The proximate analyses of the Nostoc commune Vaucher sample 
were determined using standard AOAC methods (AOAC 2005). 
Total nitrogen was determined by the micro-Kjeldahl method 
and total protein was calculated using the empirical factor of 
6.25 to convert the nitrogen content to crude protein. The results 

of the proximate analysis of Nostoc commune are summarized 
in Table 1. Based from the results, N. commune samples had 
high moisture content with an average value of 96.52± 0.11 %.  
Analysis of the crude fat, crude fiber and ash showed an average 
value of 0.24 ± 0.02 %, 3.42 ± 0.06 % and 5.25 ± 0.08 % 
respectively. Total carbohydrate analysis showed that N. 
commune contained high amounts of non-nitrogen containing 
components with an average of 69.56 ± 0.09 %. Also, protein 

content analysis showed that N. commune contained high 
amounts of protein with an average value of 21.51 ± 0.06 %. 
This value was lower than what were previously reported 
(26.19-42.79%) (Martinez 1988; Martinez and Querijero 
1986B).  Such differences can be attributed to difference in 
culture conditions and the number of samples analyzed. On the 
other hand, N. commune biomass contained high amounts of 
oxalate-oxalic soluble substances (a measure of dietary fiber 

content) with an average value of 357.67 ± 5.11 mg/g of the 
dried algal sample. This value is within the range that was 
previously reported by Briones et al. (1997) from Philippine 
strain of N. commune (340-370mg/g) but is lower than those 
documented from the Japanese strain (450 mg/g). The total 
carbohydrates (CHO) roughly measure the total amount of 
polysaccharides present in N. commune biomass, hence, the total 
amount of gelatinous sheath present in the algal colonies, too. 

Results showed a high concentration of total carbohydrate 
content (69.56%) for N. commune biomass which is composed 
of different carbohydrates such as galacturonic acid and 
glucuronic acid (Briones-Nagata et al. 2007). This value is like 
those reported for N. sphaeroides (extracellular polysaccharide, 
biomass) from China (Li et al. 2018).  
 

Table 1: Proximate composition of Nostoc commune. 

Parameter 
Percent composition 

(%,w/w) 

Moisture Content*   96.52 ± 0.11 

Ash Content*    5.25 ± 0.06 

Crude Protein*  21.51± 0.06 

Crude Fat*   0.26 ± 0.02 

Crude Fiber*   3.42 ± 0.06 

Carbohydrate (non-nitrogen 
containing) * 

65.27 ± 0.09 

Oxalate – Oxalic Acid 
Soluble Substances 

(OOSS)* 
357.67± 5.11 mg/g 

* All values are reported in %, on dry weight basis, except for OOSS 
in mg/g, dry weight basis. 
 

Elemental composition analyses 

Cyanobacteria are rich sources of minerals (such as magnesium, 
manganese, cobalt, iodine, zinc, molybdenum, selenium, copper 
and iron) as they form an integral part of the algal cell. These 
minerals are essential for the growth of the organism but if 
present in higher concentration, these minerals may have 
detrimental effects in the alga (Rajeshwari and Rajashekhar 
2011; Arguelles 2018). The result of the elemental composition 

analysis of Nostoc commune on a dry weight basis is presented 
in Table 2. The elemental distribution in N. commune was 
observed to be in decreasing order of Ca > Fe > Mg > Na > K > 
Mn > Zn > Cu > Cr > Pd > Cd. High concentration of calcium 
(21,151 ± 833 ppm) followed by iron (4,202 ± 37.0 ppm), 
magnesium (1959.0 ± 36 ppm), sodium (1,630 ±13 ppm), and 
potassium (1,002 ±2.0 ppm) were observed in the algal biomass. 
The high concentration of these elements in N. commune 

biomass is greater than that reported in Calothrix fusca for iron 
(4779.00 ± 0.3 μg/mL), magnesium (13,350 ± 0.00 μg/mL) and 
manganese (204.80 ± 0.6 μg/ml) (Rajeshwari and Rajashekhar 
2011). Similar trends were also observed by Subhashini et al. 
(2003) for different strains of Anabaena azollae with maximum 
manganese and copper concentration of 1217 and 233 μg/mL, 
respectively. The result of this study suggests that the N. 
commune can be utilized as an alternative nutritional food source 

because of high amounts of essential nutrients that are needed 
for human nutrition. Minimal concentration of other trace 
elements such as zinc (22.09 ± 0.27 ppm), copper (11.88 ±0.69 
ppm), lead (3.59 ±0.05), cadmium (0.36 ± 0.00 ppm) and 
chromium (3.77 ±0.00 ppm) were also observed from the dried 
cyanobacterial biomass. Heavy metals such as cadmium, 
chromium and lead are important environmental pollutants, too. 
These trace elements are widely studied in cyanobacteria and 
can be used as indicators of heavy metal toxicity in the 

environment. The low concentration of these heavy metals in N. 
commune observed in this study is a good indicator for its food 
application since these microelements are needed in minimal 
amounts for human diet (Arguelles and Sapin 2020).  
 
In general, there are limited data reported on the mineral 
composition of cyanobacterial biomass as compared to those 
documented for seaweeds. This is due to the fact that inorganic 

elemental composition (ash) of microalgae and cyanobacteria 
are generally much lower (4.0-20.0%) as compared to those of 
seaweed (22.0 – 64.0%) (Tibbets et al. 2015; Arguelles and 
Sapin 2020). The concentration of microelements in 
cyanobacteria vary from species to species due to several factors 
such as seasonal changes during sample collection as well as 
differences in environmental growth condition of the 
cyanobacteria. In addition, cyanobacteria are capable of 

bioaccumulation of microelements. Thus, elemental 
composition in the cyanobacterial cells is controlled by the 
number and quantity of the microelements present in the sampling 
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Table 2: Concentrations of macro and micro-elements of Nostoc commune. 

 

Elemental Parameter* 

Ca 

(ppm) 

Mg 

(ppm) 

Na 

(ppm) 

Mn 

(ppm) 

K 

(ppm) 

Fe  

(ppm) 

Zn 

(ppm) 

Cu 

(ppm) 

Pb 

(ppm) 

Cr 

(ppm) 

Cd 

(ppm) 

Nostoc 
commune 

21,151 
±833 

1959.0 
± 36 

1,630 
±13 

125.98 
±1.97 

1,002 
±2.0 

4,202 ± 
37.0 

22.09 
±0.27 

11.88 
±0.69 

3.59 
±0.05 

3.77 
±0.00 

0.36 
±0.00 

* All values are reported as means ± standard deviation (n = 3). 
 

Table 3: A comparison of the total phenolic content (TPC; mg/100g as gallic acid equivalent, GAE) of Nostoc commune in two forms and 
from two different habitats and with other cyanobacteria and microalgae.  

Organism 
Form or Organism 

/Source 
Method used TPC (mg/100g GAE) Reference 

Cyanobacteria 

Anabaena sphaerica Egypt, Nile River, in 
vitro culture 

Folin- Ciocalteu  

(Slinkard and Singleton 1977) 
1481 

Abd El-Aty et 

al. 2014 

Lyngbya sp. Sri Lanka Folin- Ciocalteu 
(Chandler and Dodds 1983) 

502 
Hossain et al. 

2016 

Microcystis sp. Sri Lanka Folin- Ciocalteu 
(Chandler and Dodds 1983) 

265 
Hossain et al. 

2016 

N. commune Philippine discoid form 
(wild)  

Folin- Ciocalteu  
(Ragazzi & Veronese 1993) 

  88.2 This paper 

N. commune Philippine spherical form 
(wild) 

Folin- Ciocalteu (Waterhouse 
2001; Singleton et al. 1999) 

 85 as catechin 
equivalent (CE) 

Briones-Nagata 
et al. 2007 

N. commune Philippine, discoid form 
(wild) 

Folin- Ciocalteu (Waterhouse 
2001; Singleton et al. 1999) 

110 as CE 
Briones-Nagata 

et al. 2007 

N. commune 
Japan, discoid form 
(wild) 

Folin- Ciocalteu (Waterhouse 
2001; Singleton et al. 1999) 

  96 as CE 
Briones-Nagata 

et al. 2007 

Oscillatoria agardhii Egypt, Nile River, in 
vitro culture 

Folin- Ciocalteu  
(Slinkard and Singleton 1977) 

2091 
Abd El-Aty et 

al. 2014 

Oscillatoria sp. Sri Lanka 
Folin- Ciocalteu 

(Chandler and Dodds 1983) 
296 

Hossain et al. 
2016 

Spirulina sp. Sri Lanka Folin- Ciocalteu 
(Chandler and Dodds 1983) 

178 
Hossain et al. 

2016 

Chlorophyta 

Chlorella minutissima Philippines Folin- Ciocalteu 
(Nuñez-Selles et al.2002) 

3094 
Arguelles 

2021B 
 

Desmodesmus sp. Philippines Folin- Ciocalteu 
(Nuñez-Selles et al.2002) 

           65.266  
Arguelles et al. 

2017 

Scenedesmus 
quadricauda Philippines Folin- Ciocalteu 

(Nuñez-Selles et al.2002) 
          60.691 Arguelles 2018 

area and/or culture media as in the brown seaweed, Sargassum 
ilicifolium (Arguelles 2021A). 

 

Total phenolic content (TPC) 

Folin-Ciocalteau method was used to determine the total 
phenolic content (TPC) of the N. commune.  Table 3 shows that 
different species seems to show different TPC. However, the 
same table also seems to show that within the same species but 
of different forms and different habitats show different TPC.  
For example, discoid forms (dried) of N. commune regardless of 
origin, showed significant higher amount of TPC (96-110 

mg/100g) than the spherical forms (more hydrated) of 88-85 
mg/100g (Briones-Nagata et al. 2007).  It seems that under drier 
and more stressful conditions, N. commune assumed a discoid 
form to conserve itself against desiccation (Potts 2000) and at 
the same time increased its TPC as a defense mechanism under 
this stressful condition (Latifi et al. 2009).  However, the same 
discoid form of the cyanobacterium but of different ecotypes 
(Philippines vs. Japan) showed also significant differences in 

TPC, 110 and 96 mg/100g, respectively (Briones-Nagata et al. 
2007; Table 3).  This means that environmental conditions 
played a role in the accumulation of type and concentration of 
phenolic compounds in organisms (Latifi et al. 2009). Table 3 
also shows that among the cyanobacteria enumerated, N. 

commune had relatively the lowest amount of phenolic content 
and the only species in the group that formed macrocolonies 

enclosed by a number of gelatinous sheaths around its trichomes.  
Presumably, the presence of the thick gelatinous sheaths in N. 
commune helped protect itself from some stressful 
environmental conditions that there was no urgent need to 
produce more phenolic compounds to do this job.   
 
The type and concentration of phenolic compounds that can be 
extracted from algal biomass may also be influenced by the 
polarity of the solvent (used for extraction) and the binding of 

polyphenols with the solvent. In general, polyphenols are highly 
soluble to polar solvents (such as, acidified methanol) allowing 
high recovery of these important compounds in N. commune 
extract. Abd El-Aty et al. (2014) verified in their study that 
organic solvents (methanol or acetone) yielded more phenolic 
extracts from cyanobacteria than aqueous extract. Polyphenols 
are aromatic organic compounds containing more than one 
phenolic group.  They greatly benefit the organism itself and the 

human body, too, mainly acting as antioxidants.  In this manner 
they can neutralize harmful free radicals that would otherwise 
damage the organism itself or human cells.  
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Table 4: A comparison of the total flavonoids (TF) in mg, as 
quercetin equivalent (QE)/ 100g in cyanobacteria, algae, and in 
plants. 

Species/ Organism 
Total Flavonoid 

content 
mg QE/100 g 

Reference 

Cyanobacteria 

Nostoc commune 
(methanolic extract) 

17.45 This paper 

Anabaena sphaerica 
(methanolic extract)            354 

Abd El-Aty et 
al. 2014 

Oscillatoria 
agardhii  
(methanolic extract) 

        1211 
Abd El-Aty et 
al. 2014 

Rhodophyta 

Eucheuma 
denticulatum            936 

Siangu et al. 
2019 

Phaeophyta   

Padina sp. 

Sargassum sp. 

2,167 - 2,429 

1,114 - 1,613 

 
      Ruslin et al.   

      2018 
 

Plants 

      Apple,  
      red delicious 

      Cherries 
      Cranberries 
      Grapes, red 
      Onions 
      Tea, green 
      Tea, black 

 
 

    4.70 

    2.64 
  14.00 
    1.36 
22.0 

    2.69 
    1.99 

 

 
        
           
        Larson et  
        al. 2012  

 

 
Total Flavonoid Content (TFC) 

Flavonoids are polyphenolic compunds containing 15 C atoms 
and are soluble in water (Ruiz-Cruz et al. 2017). They are 
secondary metabolites produced in plants, cyanobacteria and 
algae that are important as defensive compounds. Aside from 
their relevance to the organism itself, they are also important to  
human health because of their high pharmacological activities, 

such as their being powerful antioxidants. As antioxidants, they 
reduce free radical formation. Flavonoids have other important 
biological activities, such as protect the skin from UV light 
exposure, protect DNA from damage, strengthening of 
capillaries, anti-inflammatory effect, moisturizing, softening, 
soothing, antiseptic, and other uses (Ruiz-Cruz et al. 2017). Due 
to these properties, flavonoids can be used not only as food 
ingredients but as part other pharmaceutical products. 

 
The TFC in Nostoc commune was 17.45 ± 0.87 mg expressed as 
milligram quercetin equivalent (QE)/100g or 0.1745 mg/g or 
0.01745% (Table 4). This value was lower than that noted in 
other cyanobacteria and other algae, including the brown 
seaweeds, such as Sargassum sp. (1.114- 1.613 % or 1,114-
1,613 mg QE/100g) and Padina sp. (2.167- 2.429% or 2,167-
2,429 mg QE/100g) (Ruslin et al. 2008).  But the value obtained 
in this cyanobacterium was higher compared to the other values 

noted in the plants (Table 4).  However, there are some plants 
that contain as much as 13.52 mg/100g as in strawberries (Basu 
et al. 2010), or 22 mg quercetin/100g for onions (Larson et al. 
2012).  
 
Variation in TFC in different organisms may be due to species 
differences (Siangu et al. 2019), variation in cultural conditions 
(Abd El-Aty et al. 2014; Korteerakul et al. 2020), type of 

extractants used (Abd El-Aty et al. 2014). 
 
   

Table 5: A comparison of the antioxidant activity and IC50 values 
of the extract from Nostoc commune (A) and ascorbic acid (as 
standard, B) using copper reduction antioxidant capacity 
(CUPRAC) assay. 

A. Nostoc commune 
 

Nostoc commune extract 
(µg/mL) 

Absorbance at 450 nm based 
on CUPRAC 

2.5 0.119 ± 0.011 

5.0 0.231 ± 0.001 

5.5 0.336 ± 0.003 

10.0 0.456 ± 0.017 

12.5 0.586 ± 0.000 

*IC50=10.84±0.015 µg / mL 

 
B. Ascorbic acid 
 

Ascorbic acid (standard) 

(µg/mL) 

Absorbance at 450nm 

based on CUPRAC 

 5.0 0.112 ± 0.002 

10.0 0.213 ± 0.007 

15.0 0.328 ± 0.004 

20.0 0.429 ± 0.012 

25.0 0.542 ± 0.011 

IC50 = 25.15 µg / mL 

* IC50 is the effective concentration that gives CUPRAC value of 0.5 
absorbance reading at 450nm. Computed by interpolation.  A= Nostoc 
extract; B= ascorbic acid, the standard. 
 
Antioxidant Activity  

The antioxidant activity of N. commune (NC) methanolic extract 

was determined using the copper reduction antioxidant assay 
(CUPRAC, Alpinar et al. 2009).  The copper reducing power of 
NC extract is shown in Table 5 and Figure 2. NC extract 
exhibited high ability of reducing copper ions from Cu (II) to Cu 
(I) in a concentration dependent manner. The highest copper 
reducing activity was observed at 12.5 μg /mL concentration of 
the NC extract. It was observed that there was a strong positive 
correlation (R = 0.999165) between antioxidant activity and 
phenolic concentration of NC extract (Figure 2).  This result is 

more or less similar to the findings of Korteerakul et al. (2020) 
on the aqueous extract of N. commune using ABTS assay (11.18 
μg/mg, DW).  This is also relatively comparable to what was 
observed in the eukaryotic alga, Chlorella minutissima, with 
IC50 value of 13.90 μg/mL (Arguelles 2021B).  The IC50 value 
of NC extract was 10.84 μg/mL and this is more potent than that 
obtained from the standard antioxidant (ascorbic acid) with IC50 
= 23.15 μg/mL. The study shows that NC crude extract that 

contained bioactive substances, such as polyphenols and 
flavonoids (Tables 3 and 4), may be responsible for the copper 
reducing antioxidant activity of the cyanobacterium. This 
finding is supported by previous results that showed a positive 
correlation between antioxidant activity and total phenolic and 
flavonoid contents in N. commune aqueous extract (Korteerakul 
et al. 2020) and in other extracts of cyanobacterial species, such 
as Anabaena sphaerica, Lyngbya sp., Microcystis sp., 

Oscillatoria sp., Oscillatoria agardhii and Spirulina sp. (Abd 
El-Aty et al. 2014; Hossain et al. 2016).   In addition, the high 
antioxidant activity may be due to the presence of 
phycobiliproteins, which have been previously reported to 
exhibit high antioxidant activity.  Hossain et al. reported in 2016 
a positive correlation between the amount of phycobiliprotein 
and its antioxidant activity in the four species of cyanobacteria 
tested (Lyngbya, Microcystis, Oscillatoria, and Spirulina). 

Spirulina which had the lowest amount of phycobiliproteins 
(less than 20mg/g) exhibited the lowest activity for DPPH (2,2-
diphenyl-1- picrylhydrazyl; 213 mg/g).  Likewise, Ji et al.  
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Figure 2: Correlation analysis between N. commune extract concentration and antioxidant activity via copper reduction antioxidant capacity 
(CUPRAC) assay.  

Table 6: Antibacterial activities of Nostoc commune extract using microdilution antibacterial assay.  
 
 

Bacterial Pathogen 

UPLB BIOTECH 
Accession no.  

Minimum inhibitory        
concentration (MIC) 

 (μg/mL) 

Minimum bactericidal 
concentration (MBC) 

(μg/mL) 

A. Gram-positive bacteria 

Staphylococcus epidermidis 10098     125.00 250.00 

Staphylococcus aureus 
 

 1823    250.00 500.00 

Bacillus cereus  
  1509     500.00 1000.00 

Listeria monocytogenes  1958 >1000.00 ND* 

B. Gram-negative bacteria 

Pseudomonas aeruginosa  
 1824 >1000.00 ND* 

Salmonella typhimurium 
 1826 >1000.00 ND* 

Escherichia coli  
  1825 >1000.00 ND* 

*ND = None Detected 

(2011) noted that phycobiliproteins from Nostoc commune 
showed high antioxidant activity towards superoxide anion and 
hydroxyl radical which are free radicals present in the human 
body considered to be the main causes of free radical damage to 
biomolecules which in turn cause a variety of diseases such as 

cancer, tumor and DNA damage.  This antioxidant activity is 
similar to butyl hydroxyl toluene, a common synthetic 
antioxidant, usually being added to different food products.  
 
Antibacterial activity 

Cyanobacteria are known to produce diverse kinds of bioactive 
metabolites. The ability of these organisms to produce bioactive 
substances is considered an evolutionary response to the 
pressure exerted by herbivory and other harsh environmental 

conditions such as high light intensity (Piccardi et al. 2000). The 
antibacterial activities of N. commune (NC) methanolic crude 
extract against seven pathogenic bacteria were evaluated in vitro 

using microtiter plate dilution assay. The NC extract exhibited 
inhibitory activities against Staphylococcus epidermidis, 
Staphylococcus aureus and Bacillus cereus both with MIC value 
of 125, 250 and 500 μg/mL, respectively (Table 6). Minimum 
bactericidal concentration (MBC) of NC extract revealed potent 

activity against S. epidermidis, S. aureus and B. cereus with 
MBC value of 250, 500 and 1000 μg/mL, respectively. The 
antibacterial property of NC extract against S. aureus is more 
potent than that observed from crude extract of Spirulina 
platensis with MIC value of 625 μg/mL but is less effective than 
that observed for Microcystis aeruginosa and Sargassum 
ilicifolium extract which exhibited MIC value of 1 and 125 
μg/mL, respectively (Ishida et al. 1997; Sadeghi et al. 2018; 
Arguelles 2021A). This result supports the findings of Quan et 

al. (2015) from water soluble polysaccharides of N. commune 
that showed antibacterial activity against S. aureus with zone of 
inhibition of 15.9 ± 0.7 mm.  Also, NC extract showed lower  
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Table 7: A comparison on the antibacterial activities of Nostoc commune from different sources and extractants. 
Source Extractant Bioactive Compound Antibacterial activity Reference 

Philippines, Ilocos Norte, 
 

(Field sample) 

Methanol  The whole organism Inhibition growth of 
Staphylococcus epidermidis, S. 

aureus, Bacillus cereus 

(Minimum inhibition 
concentration, MIC, 125-500 

μg/mL) 

This study 

China Methanol   Inhibition growth of E. coli, 
Staphylococcus aureus, Bacillus 

subtilis, Serratia marcescens 
(MIC 1.5-1.0 mg/mL) 

Qian et al. 2011 

China  Petroleum ether, 
acetylacetic ether, 
acetone, ethanol, 

carbinol and 
aqueous extracts 

 Inhibition growth of Escherichia 
coli and Pseudomonas aureginosa 

Niu et 
 al. 2010 

Thailand, Klongthom   
District, Krabi   province 

(Field sample) 

Ethanol    Inhibition growth on Proteus 
vulgaris and Enterobacter 

aerogenes  

Yuchareon et al. 
2015 

China, Liaoning Province, 
Fushun (local market) 

Ethanol  Polysaccharide Inhibition growth on Escherichia 
coli, and. Staphylococcus aureus,  

Quan et al. 2015 

Libya (isolated from soil 
sample) 

 
In vitro culture 

Water The whole organism Inhibition growth on Serratia 
marcescens, E. coli, Bacillus 

cereus, and Micrococcus luteus,  

Shaieb et al. 
2014  

Libya (isolated from soil 
sample) 

 
In vitro culture 

Ethanol The whole organism Inhibition growth on Serratia 
marcescens, Escherichia coli, 
Bacillus cereus, Micrococcus 

luteus, and Klebsiella pneumoniae 

Shaieb et al. 
2014 

inhibitory activity against S. epidermidis in comparison to that 
observed by Kurnia et al. (2020) from chloroform extract of 

Navicula salinicola which exhibited MIC value of 1.024 μg/mL. 
On the other hand, antibacterial activity against Bacillus cereus 
of NC extract observed in this study is considered more effective 
than those obtained by Najdenski et al. (2013) from water extract 
of Gloeocapsa sp. (MIC = 3.12 mg/mL) and Synechocystis sp. 
(MIC = 6.25 mg/mL) isolated from a thermal spring in Rupite, 
Bulgaria as well as that obtained by Arguelles (2021A) from 
Sargassum ilicifolium extract with MIC value of 250 μg/mL. 

The antibacterial activities of NC extract documented in this 
study is similar to those reported from earlier studies wherein 
cyanobacterial species such as Nostoc spongiaeforme var. tenue, 
Spirulina platensis, and Microcystis aeruginosa showed potent 
activities against S. aureus and B. cereus (Banker et al. 1998; 
Swain et al. 2017; Sadeghi et al. 2018).  
 
No antibacterial activity was observed against the Gram-

negative bacteria, such as, Pseudomonas aeruginosa, 
Escherichia coli and Salmonella typhimurium.  Likewise, no 
antibacterial activity was noted in the Gram-positive bacterium, 
Listeria monocytogenes extract (Table 6). This result is in 
contrary to that reported by Shaieb et al. (2014) and Quan et al. 
(2015) that exhibited strong antibacterial activity against E. coli 
from crude ethanol extract of N. commune or water-soluble 
polysaccharides of N. commune. Table 7 shows a comparison on 
the reported antibacterial activities of Nostoc commune strains 

from different sources. Several solvent extracts were used that 
showed variations in the antibacterial activities against a wide 
range of bacterial pathogens. These differences in the 
antibacterial activities may be due to several factors such as 
variations in the extraction protocol, effectiveness of the type of 
solvent used in the extraction of bioactive substances (Abd El-
Aty et al. 2014). as well as growth cultivation condition of N. 
commune (Najdenski et al. 2013).  It is important to take note 

that this study shows Gram-negative bacteria were less 
susceptible to NC extract as compared to Gram-positive bacteria. 
Previous study regarding antibacterial activities of different 
green microalgae, such as Desmodesmus sp., S. quadricauda and 

C. minutissima showed the same results (Arguelles et al. 2017; 
Arguelles 2018; Arguelles 2021B).  These results may be 

attributed to differences in the structural composition of the 
bacterial cell wall affecting the permeability of substances. 
Gram-negative bacteria possess cell walls with thick murine 
layer and an additional outer membrane giving additional 
protection against antibacterial compounds that enters the 
bacterial cell (Banker et al. 1998; Kokou et al. 2012; Najdenski 
et al. 2013). Bioactive substances such as polyphenols, fatty 
acids, flavonoids, peptides, and polysaccharides are reported in 

several cyanobacterial species that are capable of causing cell 
lysis via inactivation of protein envelopes as well as disruption 
of electron transport chain and oxidative phosphorylation of the 
bacterial cells (Desbois and Smith 2010; Shannon and Abu-
Ghannam 2016). These important compounds are considered to 
have effective antimicrobial and antioxidant activities that can 
be utilized for future pharmacological application.  
 

 
CONCLUSION 

 

This study highlights the biochemical composition and 
biological properties of the edible cyanobacterium, N. commune, 
with potential use as novel source of bioactive substances 
important in pharmacology. Nostoc commune contains high 
concentration of carbohydrates, crude protein, and 
micronutrients with potential use as an alternative food source. 

In addition, the Nostoc commune (NC) methanolic extract had 
high amounts of phenolic compounds, including flavonoid 
compounds that presumably be the source of their antioxidant 
and antibacterial activities. Antioxidant activity of the NC 
extract (via copper reduction antioxidant assay) had a potent 
IC50 value more effective than ascorbic acid (commercially 
available antioxidant). The NC extract also showed potent 
antibacterial activities against medically important bacteria, 

such as Staphylococcus epidermidis, S. aureus, and Bacillus 
cereus, that are important in the control and prevention of 
diseases. It is recommended that more studies will be done on 
the identification as well as elucidation of the reaction 
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mechanisms of the bioactive compounds present in N. commune 
crude extract.  This assessment will further encourage the large-
scale production of this cyanobacterium not only for its biomass 
for food but more importantly for its numerous natural products.  
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