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Abstract  

Spirogyra spp. is widely distributed in freshwater habitats and is included in the category of 

natural resources whose significance and advantages have been researched. In this study, 6 samples of 

Spirogyra spp. were collected: Spirogyra ellipsospora Transeua from Bueng Kan province, Spirogyra 

sp.1 from Sakon Nakhon Province and S. neglecta (Hassall) Kützing, S. ellipsospora Transeua, 

Spirogyra sp.2, and Spirogyra sp.3 from Nakhon Phanom province. The highest value of total phenolic 

compound was measured at 18.53±0.23 mg GAE/mg in Spirogyra sp. 2. The evaluation of antimicrobial 

activity of algal extracts against fungal Candida sp. and bacteria Staphylococcus aureus and 

Escherichia coli was performed by using the disk diffusion method along with determination of 

minimum inhibitory concentration (MIC), minimum fungicidal concentration (MFC) and minimum 

bacterial concentration (MBC). The result of disk diffusion and MIC determination showed the 

efficiency of all extract samples against all tested strains at a concentration of 10 mg/mL. The most 

effective algal extract against Candida sp. showed with the MFC’s ranged from 10 to 20 mg/mL, 

whereas MBC of all extracts destroyed the two tested bacterial strains ranged from 10 to 20 mg/mL 

within 24 hours and up to 30 mg/mL after 48 hours. The results of this study support that Spirogyra 

spp. contains bioactive compounds that are the basis for further application in cosmeceuticals. 
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1. Introduction  

Research on the utilization of local 

bioresources is currently gaining prevalent 

because researchers hope to increase the value of 

these resources, enabling them to be managed 

and planned for in the most effective and 

efficient ways possible. In particular, the study 

of the determination of bioactive compounds can 

be applied in various industries, including 

medical, food, and cosmetics (1). The active 

compounds in vegetables, fruits, herbs, and algae 

are often phenolic compounds that act as 

precursors in the synthesis of important 

substances in living organisms (2). It has 

antioxidant properties and inhibits oxidation 

reactions. More than 8,000 different phenolic 

compounds have been found, including simple 

molecules like phenolic acids, 

phenylpropanoids, phenol, polyphenol, and 

flavonoids, as well as complicated structures like 

lignans and tannins (3, 4). Additionally, 

bioactive compounds with antimicrobial 

properties are also widely studied to guide the 

use of natural extracts as a substitute for 

antibiotics (2, 5). 

Spirogyra spp. is a freshwater 

macroalgae in Division Chlorophyta that people 

in the Northeast called "Tao". Many studies have 
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shown that this algae have a high nutritional 

value, especially with a protein content similar to 

meat and eggs, contains minerals and many 

kinds of vitamins (6, 7). It also has a 

pharmacological effect with antioxidants, 

gastroprotective activity (8), anti-inflammatory 

(9, 10), and antimicrobial effect (11, 12). These 

algae contain a variety of phytochemicals, 

including alkaloids, saponins, glycosides, 

tannins, phenols, flavonoids, terpenoids, 

phytosterols, and coumarins, that have been 

reported to have beneficial health effects (13). 

Furthermore, some strains of Spirogyra have 

been shown in studies to have anticancer 

properties (14). 
 This research examined the 

morphology of Spirogyra spp. from water 

sources in Nakhon Phanom, Sakon Nakhon, and 

Bueng Kan provinces, which is commonly found 

and widely eaten as a local food. Algal samples 

were taken to determine the total phenolic 

compounds and inhibitory effects of two 

bacteria: Staphylococcus aureus which causes 

skin abscesses (15) and Escherichia coli, which 

causes gangrene and severe skin inflammation 

(16). The fungus Candida sp. in this research 

causes skin rashes and diaper rash in children 

(17). The knowledge gained from this research 

will guide the potential of freshwater algae, 

Spirogyra spp., to inhibit microorganisms and 

can be used as information for the further 

development of pharmacological work. 

2. Materials and Experiment  

2.1 Sampling site and identification of algae 

Spirogyra spp. was collected from water 

sources in Nakhon Phanom, Sakon Nakhon, and 

Bueng Kan provinces include 6 sampling sites as 

follows: 

A: Nongwailum, Ban Pungkae, Tha 

Champa, Tha Uthen, Nakhon Phanom province 

(17°34'38.0"N 104°25'10.7"E)  

B: He River, Ban Donhko, Pong Hai, 

Seka, Bueng Kan province (18°00'11.6"N 

103°52'48.2"E)  

C: Huaibong, Ban Kokang, Na Phiang, 

Kusuman, Sakon Nakhon Province 

(17°23'12.3"N 104°14'02.5"E) 

D: Huainakham, Ban Nakham, Ban Kho, 

Phon Sawan, Nakhon Phanom province 

(17°27'13.8"N 104°14'57.3"E) 

E: Huaitan, Ban Kudnamsai, Na Ngua, 

Na Wa, Nakhon Phanom province 

(17°24'52.3"N 104°03'07.0"E) 

F: Nongelon, Ban Kudnamsai, Na Ngua, 

Na Wa, Nakhon Phanom province 

(17°24'40.8"N 104°03'02.7"E) 

Spirogyra spp. samples were washed and 

photographed under a light microscope (Nikon E 

600). The identification of the algae’s 

morphology such as size, number of 

chloroplasts, and chloroplast turnover number 

was done by referencing of relevant studies, 

including one by John et al. (18). 

 

2.2 Determination of total phenolic compound 

 Samples of Spirogyra spp. were dried 

for 24 hours at 60°C and ground to prepare the 

extract. Add 400 mL of distilled water to ten 

grams of dried samples and boil at 95℃ for 1 

hour and 20 minutes. Filtered the sample and 

evaporated the water from the extract. The 

extract was dissolved in distillated water and 

taken to a concentration of 100 mg/mL for total 

phenolic compounds analyzed by the Folin-

Ciocalteu method (19). The phenolic content 

was shown as Gallic acid equivalents (GAE) of 

1 g of extract. The experiment was performed in 

triplicate. The data of phenolic compound 

amount was analyzed by one-way factorial 

ANOVA (Analysis of Variance) and considered 

statically significant at P<0.05. 

2.3 Determination of antimicrobial activity 

2.3.1 Preparation of sample extracts 

Add 20 g of dried and crushed 

Spirogyra spp. to 150 mL of 95% (v/v) ethanol, 

then give it a thorough shake. After 4 hours at 

room temperature, centrifuge at 6,000 rpm for 15 

minutes, filter the liquid fraction, and evaporate 

the solvent for further analysis. 

 

2.3.2 Antimicrobial assay 

The disk diffusion method is used to 

evaluate the antimicrobial activity of each 

Spirogyra spp. extract by applying the method of 

Mostafa et al. (20) and Yosboonruang et al. (21). 

Potato dextrose agar (PDA) was used to cultivate 

Candida sp. TISTR 5070, while nutrient agar 

(NA) was used to cultivate S. aureus TISTR 746 

and E. coli TISTR 073. These strains, were 

harvested in sterile normal saline and adjusted 

cell concentration using the McFarland No. 0.5 

standard, then swabbed on culture media using 

sterile cotton swabs. Each extract from 2.3.1 was 

diluted with dimethyl sulfoxide (DMSO) to a 

concentration of 2.5, 5.0, 7.5, and 10 mg/mL, 

then loaded with 5 µL onto sterile filter paper 
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Scale bar = 50 µm 

discs (6 mm in diameter) placed on the media 

surface. DMSO was used as a negative control. 

The plates were incubated at 37℃ for 24 hours 

for bacteria and up to 72 hours for fungal 

respectively. The inhibition zones were 

measured by a vernier caliper and considered for 

antimicrobial activity.  

 

2.3.3 Determination of minimum inhibitory 

concentration (MIC) by broth dilution test 

Different concentrations of the algal 

extract (2.5, 5, 10, 20, 30, 40, and 50 mg/mL) 

were prepared as a two-fold diluted mixture by 

dissolving to a final volume of 2 mL of potato 

dextrose broth (PDB) for fungi (Candida sp. 

TISTR 5070) and NA for bacteria (S. aureus 

TISTR 746 and E. coli TISTR 073) respectively. 

Then, 18-hour-old bacterial and fungal cells 

grown in broth media were adjusted to the cell 

concentration to the McFarland No. 0.5 standard, 

and later transferred of 2 mL into the extract 

mixture. All tubes were incubated at 37℃ for 24 

hours for bacterial and up to 72 hours for fungi 

respectively. After incubation, all tubes were 

examined for the presence or absence of 

microbial growth. 

 

2.3.4 Determination of minimum fungicidal 

concentration (MFC) and minimum bacterial 

concentration (MBC) by agar dilution test 

Samples were taken from the three 

lowest concentrations of the algal extract tubes 

exhibiting invisible growth (from MIC test) and 

subcultures onto sterile PDA for fungal and NA 

for bacterial. All plates were incubated at 37℃ 

for 24 - 48 hours for bacterial and up to 72 - 96 

hours for fungal respectively. Then, examined 

for microbial growth in corresponding to algal 

extract concentration. The MFC and MBC were 

taken as the concentration of algae extracts that 

did not exhibit any microbial growth on the 

newly inoculated agar plates (20). 

 

3. Results and Discussion  

3.1 Morphology of Spirogyra spp. 

The morphology of Spirogyra spp. 

from 6 sampling sites was different in length, 

number of chloroplasts, and chloroplast turnover 

number (Figure 1). The samples from sampling 

site A were classified as Spirogyra neglecta 

(Hassall) Kützing, B and E samples were found 

as S. ellipsospora Transeua. Spirogyra spp. are 

commonly found in shallow standing or slow-

running waters, with S. neglecta found mainly in 

the north, especially in Phrae province (21-23) 

and in the northeast, particularly Maha 

Sarakham (24)] and Sakon Nakhon Province 

(10). S. ellipsospora is reported to be found in 

the north especially Chiang Mai (25) and Chiang 

Rai province (26). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Spirogyra spp. from 6 sample sites 

A: Spirogyra neglecta (Hassall) Kützing, B, E: Spirogyra ellipsospora Transeua, 

C: Spirogyra sp.1, D: Spirogyra sp.2, F: Spirogyra sp.3. 
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3.2 Total phenolic compound of Spirogyra spp. 

A study of the phenolic content of 

Spirogyra spp. extract showed that sample D, 

Spirogyra sp. 2, had the highest total phenolic 

compound content of 18.53±0.23 mg GAE/mg 

and was significantly different from other 

samples, followed by sample E with a value of 

16.97±0.38 mg GAE/mg and sample B with a 

value of 15.50±0.48 mg GAE/mg. The samples 

A, C, and F were non-significantly different 

(Figure 2). The phenolic content in this study is 

similar to the research of Assawarachan et al. 

(27), which found the total phenolic compound 

in Spirogyra sp. was 14.84–17.64 mg GAE/mg. 

Furthermore, Spirogyra neglecta (Hassall) 

Kützing, sample A, had a phenolic content of 

12.17±0.33 mg GAE/mg. This is smaller than the 

results of Rattanapot et al. (28) on the same 

species and the water extract, which showed 

92.95 mg GAE/mg. The content of phenolic 

compounds was different, which may be due to 

group of substances and environmental factors 

such as geographic habitat, water nutrients, 

season, and water temperature (29-30).

 

 

Figure 2 Total phenolic compound of 6 samples of Spirogyra spp. extract. 

*Different letters were significantly different by Tukey HSD test at p<0.05 

3.3 Antibacterial activity of Spirogyra spp. 

extract by the disc diffusion method 

The 6 samples of Spirogyra spp. crude 

extracts were used to inhibit the growth of Candida 

sp., S. aureus, and E. coli using 4 different 

concentrations of 2.5, 5.0, 7.5, and 10 mg/mL, and 

using DMSO as a negative control. The results 

showed that all extract samples were effective in 

inhibiting the growth of Candida sp. at a 

concentration of 10 mg/mL. S. aureus is inhibited 

at concentrations of 7.5 and 10 mg/mL, while E. 

coli was inhibited by all concentrations of all 

samples (Table 1, Figures 3-5). Based on the result, 

it revealed the potential of the Spirogyra spp. 

extract to inhibit both groups of microorganisms, 

which corresponds to previous studies reporting 

that Spirogyra spp. contain many bioactive 

compounds that have potential antimicrobial agents 

against fungi and Gram-positive and Gram-

negative bacteria (31-34).  
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Table 1 Inhibitory activity against Candida sp., S. aureus, and E. coli by Spirogyra spp. extract. 

S. 

Inhibitory zone (mm) at various extract concentrations (mg/mL) 

Candida sp. S. aureus E. coli 

2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 

A - - - 6.22±0.12 - - 6.33±0.23 6.63±0.65 6.98±0.51 7.63±0.39 7.83±0.33 10.83±0.51 

B - - - 6.03±0.23 - - 6.22±0.08 6.54±0.11 6.92±0.71 7.18±0.51 7.18±0.40 9.35±0.60 

C - - - 5.59±0.35 - - 6.68±0.09 6.72±0.33 7.79±0.11 8.65±0.75 9.19±0.38 13.25±0.41 

D - - - 6.44±0.27 - - 6.20±0.25 6.41±0.49 6.36±0.36 6.90±0.07 7.60±0.72 10.38±0.66 

E - - - 6.39±0.14 - - 6.38±0.16 6.76±0.16 7.28±0.41 7.82±0.21 9.05±0.63 11.28±0.29 

F - - - 5.75±0.14 - - 6.46±0.31 6.85±0.12 8.09±0.20 8.45±0.68 8.65±0.78 11.10±0.68 

Note: S. = Samples, - = no inhibition of growth 

 

Figure 3 Inhibition zone of Candida sp. by six 

samples of Spirogyra spp. extract at a 

concentration of 10 mg/mL. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Inhibition zone of S. aureus by six 

samples of Spirogyra spp. extract at a 

concentration of 10 mg/mL. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Inhibition zone of E. coli by six 

samples of Spirogyra spp. extract at a 

concentration of 10 mg/mL. 

3.4 The minimum inhibitory concentration 

(MIC), minimum fungicidal concentration 

(MFC) and minimum bacterial concentration 

(MBC) 

The MIC, MFC, and MBC of the most 

effective algae extracts were evaluated and 

reported in Table 2. The inhibitory effect of all 

samples of Spirogyra spp. extracts revealed that 

the MIC value started at 10 mg/mL can against 

Candida sp., S. aureus, and E. coli. The MFC 

and MBC values were confirmed by considering 

the absence of microbial growth of the tested 

strains corresponding to their lowest MIC’s algal 

extracts by using the spread plate technique.  

After incubating at 37℃ for 72 and 96 

hours, it was found that Candida sp. was 

destroyed at the lowest concentration (MFC) of  
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algal extract A-E as 10 mg/mL, while sample F 

was 20 mg/mL. The results are in accordance 

with previous study by Adrien, Gitu, Oyaro (31) 

and Mohammed, Al-Katib (33) which reported 

that algal extract from Spirogyra sp. could 

inhibit and destroy C. albicans. Moreover, there 

is also a study by Yousif, Dwish & Shafiq (35) 

that reports that the antifungal activity of 

Spirogyra sp. extract can inhibit other fungi 

(Fusarium oxysporum) as well.  

The lowest concentration of algal 

extracts that can destroy S. aureus and E. coli 

(MBC) after 24 hours were 10 mg/mL (for 

samples A and C) and 20 mg/mL (for samples A, 

B and E) respectively. After 48 hours, the MBC 

value of all extract samples for the elimination of 

both strains was up to 30 mg/mL. This result 

showed that the incubation time affects the 

stability of the antibacterial activity of all algal 

extracts. When incubation time was increased, 

the efficiency of inhibiting bacteria also clearly 

decreased. As a result, this factor should be 

further confirmed and studied in the future.  

In addition, factors affecting the 

efficiency of antimicrobial activity of algal 

extracts also depend on algae species, type of 

solvent extraction, environmental factors, and 

seasonal changes that affect algal growth, 

resulting in different production of secondary 

metabolites of algae (12). 

Table 2 Minimum concentration of Spirogyra spp. extract that inhibits and destroys Candida sp., S. 

aureus, and E. coli. 

Samples 
 Candida sp. S. aureus E. coli 

MIC  

(mg/mL) 

MFC (mg/mL) MIC  

(mg/mL) 

MBC (mg/mL) 
MIC (mg/mL) 

MBC (mg/mL) 

72 hr. 96 hr. 24 hr. 48 hr. 24 hr. 48 hr. 

A 10 10 10 10 10 30 10 20 30 

B 10 10 10 10 20 30 10 20 30 

C 10 10 10 10 10 30 10 30 30 

D 10 10 10 10 20 30 10 30 30 

E 10 10 10 10 20 30 10 20 30 

F 10 20 20 10 20 30 10 30 30 

4. Conclusions  
Spirogyra spp. were recoverd from 

samples collected from 6 water sources in 

Nakhon Phanom, Sakon Nakhon, and Bueng 

Kan provinces. It was classified as Spirogyra 

neglecta (Hassall) Kützing, S. ellipsospora 

Transeua, Spirogyra sp.1, Spirogyra sp.2, and 

Spirogyra sp.3. The total phenolic compound 

was found to be between 11.16–18.53 mg 

GAE/mg. All samples of Spirogyra spp. extracts 

can act against Candida sp., S. aureus, and E. 

coli. Therefore, the results obtained from this 

study support the use of algae in cosmeceutical 

medicine or other applications of algae. 
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