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ABSTRACT 

 

Chlorella vulgaris is a green plant-like, unicellular and spherical microscopic algae. The extract from C. 

vulgaris contains antioxidant and antimicrobial compounds (Dalton 2002). This study was conducted to 

assess the potential of C. vulgaris extracts as an alternative preservative for an antacid suspension. The 

antioxidant property of C. vulgaris was determined using the method of Yen and Chen (1995). Hexane, 

ethyl acetate and aqueous extracts of C. vulgaris (p=0.000) at 500 ppm, 100 ppm, 50 ppm, and 25 ppm 

exhibited incomparable antioxidant property with BHT. Ethyl acetate extract (500 ppm) showed the highest 

antioxidant activity while hexane extract (25 ppm) showed the lowest antioxidant activity, 12.65% and 

3.23%, respectively. Still, most of the extracts exhibited inferior antioxidant activity compared with BHT. 

The formulated antacid suspension with aqueous extracts of C. vulgaris prevented the growth of S. aureus 

and E. coli up to 28 days as compared to propylparaben. Ethyl acetate and hexane extracts of C. vulgaris 

also showed reduction in bacterial growth. The decrease in the number of S. aureus and E. coli at 14th and 

28th day indicates that C. vulgaris is a potential antimicrobial preservative. C. vulgaris conformed to the 

preservative standards of Category 4 products (USP 51). 
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1. INTRODUCTION 

 

Preservatives are commonly used as additives or excipients in pharmaceutical products, food and cosmetics. 

Preservatives play an important role in enhancing the quality of pharmaceutical preparations. It also 

prolongs shelf-life of the product due to its antimicrobial, antioxidant and chelating properties (Arollado et 

al. 2017). Antioxidants such as Butylated hydroxyanisole (BHA) and Butylated hydroxytoluene (BHT), are 

agents that prevent oxidation of active pharmaceutical ingredients. Antimicrobial agents on the other hand 

acts on gram positive and gram negative microorganisms which play a role in pharmaceutical degradation. 

These includes benzoates, sodium benzoate, sorbates, propionates and nitrites. Whilst chelating agents form 

complex with pharmaceutical ingredients and prevent the degradation of formulation. Examples of 

chelating agents includes disodium ethylenediaminetetra-acetic acid (EDTA), polyphosphates and citric 

acid (Shaikh et al. 2016).  

 

Synthetic preservatives are available in the market and are usually utilized by pharmaceutical companies. 

Persistent use of these synthetic compounds resulted to various adverse effects. Nitrates can cause loss of 

consciousness and death especially to infants. Nitrates can react with proteins in the stomach and produce 

nitrosamines, a carcinogen. Sulfites can cause severe allergic reactions and exacerbation of asthma. 

Parabens can cause neurological damage in rats and are potent irritants and allergens. Parabens have been 

shown to be responsible for rare immunoglobulin E-mediated reactions that occur after the use of local 

anesthetics (Furrer et al. 2002; Soni et al. 2005). These are just some of the adverse effects of synthetic 

preservatives. Hence, the development of alternative preservatives is necessary to maintain the vital 

functions of pharmaceutical preparations while minimizing these adverse effects.  
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Researchers of this study were particularly interested with Chlorella vulgaris because of its antimicrobial 

and antioxidant properties. In-vitro free radical quenching and total antioxidant activity of C. vulgaris 

extracts were investigated with 1, 1-diphenyl-2- picrylhydrazyl (DPPH), and compared with cathequin and 

gallic acid. In most cases, results showed a significant association between the antioxidant potency and the 

total phenolics content. Antimicrobial activities were carried out using disc diffusion assays and the broth 

dilution method against gram-positive and gram-negative bacteria (Dantas et al. 2015).  

 

With such bioactivities, these algae can be a potential source of natural preservative. In this study, aqueous, 

hexane and ethyl acetate extracts of Chlorella vulgaris were assessed for its potential preservative capability 

in an antacid.suspension. 

 

2. MATERIALS AND METHODS 

 

2.1 Collection and Extraction of C. vulgaris  

Pure agar culture of C. vulgaris was acquired from the MSU –Naawan Phycology laboratory. Samples were 

inoculated in a TMRL (Tung Kang Marine Res. Lab) medium to produce 10000 liters of sample. The algal 

cells were grown for 20 days to reach the early stationary phase with a cell density of 3.46 x 107 cells/ml. 

The biomass was collected by chemical flocculation and filtration (Song et al. 2018). About 170g of algal 

biomass was macerated with the 95% ethanol for 3 days. One hundred fifty milliliters of each organic 

solvent such as hexane (nonpolar), ethyl acetate (semi-polar) and distilled water (polar) were used. 

Respective solvents were reduced and recovered from the extracts using the rotary evaporator (IKA RV10 

digital) at 40°C (Hosseinizand et al. 2017). Each extract were completely dried and weighed (Adhoni et al. 

2016). 

 

2.2 Phytochemical Analysis  

All extracts of C. vulgaris were subjected to phytochemical screening for the determination of bioactive 

compounds using the methods of Guevara (2005). The algal extracts were tested for the presence of 

secondary metabolites.  

 

2.3 In-vitro Antioxidant Assay: DPPH (1,1-diphenil-2-picrylhydrazyl) free-radical scavenging 

activity  

The antioxidant activity of C. vulgaris extracts determined using the method of Yen and Chen (1995). A 

2.0 ml of aliquot of test samples was added to 2.0 ml of 0.16 mM DPPH methanolic solution. The mixture 

was vortexed for 1 min and then left to stand at room temperature for 30 min in the dark. The absorbance 

of all the sample solutions was measured using UV-VIS spectrometer (Lasany Double Beam L1-2800) at 

517 nm. BHT (C15H24O) was used as the reference standard. The scavenging effect (%) was calculated 

by using the formula given by Duan et al. (2006). 

 

2.4 Preparation of Antacid Suspension  

Aqueous, hexane and ethyl acetate extracts of the algal samples were used to replace the synthetic 

preservative, propylparaben, in the formulation. Special and meticulous processing and handling of the 

formulations was observed to limit microbial load. The composition of the suspension was aluminum 

hydroxide, sorbitol, syrup, glycerin, xanthan gum, propylparaben (replaced with algal extracts), mint, 

purified water (Allen and Ansel 2014). 

 

2.5 Antimicrobial Preservative Effectiveness Test  

The preservative potential of C. vulgaris on the formulated suspensions was evaluated following the 

guidelines of antimicrobial effectiveness testing of the USP 51 (USP 2015). Escherichia coli and 

Staphylococcus aureus were used as test microorganisms, and each was diluted with 0.9% sterile saline 
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solution to a density of 0.5 McFarland standard, equivalent to 1x108 (cfu)/mL. One ml inoculum was 

transferred to the suspensions and mixed thoroughly. The resulting solutions was incubated at 22.5 ± 2.5°C. 

One ml aliquot of each solution was sampled at 0, 14 and 28 days and diluted with sterile saline solution. 

The solution was transferred to soybean casein digest agar using pour-plate method and was incubated at 

32.5 ± 2.5°C for 24 hours. Colony forming units per ml was then determined. The formulated suspension 

containing propylparaben as antimicrobial preservative was used as positive control. For the product to 

conform with the USP standard for product category 4 (aqueous antacid suspension), there should be no 

increase of bacterial count at 14th and 28th day of sampling.  

 

2.6 Statistical Treatment  

The data that were gathered from antioxidant and antimicrobial preservative effectiveness tests were 

recorded. The number of cfu/mL from the antimicrobial preservative effectiveness test was converted to 

log values. Log reductions was computed based on the change in log values for each sampling day and at 

day 0, and were used to compare the preservative activity of the positive control and the algal extract 

formulations (Arollado et al. 2017). Significant differences between the positive control and algal extracts 

were determined by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Results 

were considered statistically significant when p<0.05 

 

3. RESULTS AND DISCUSSION 

 

3.1 Phytochemical Screening  

Phytochemical analysis of different extracts of C. vulgaris and revealed the presence of alkaloids, 

flavonoids, steroids, reducing sugars and cyanogenic glycosides. 

 

3.2 Antioxidant Assay: DPPH free-radical Scavenging Activity  

Antioxidant activities of hexane, ethyl acetate and aqueous extracts of C. vulgaris were measured on the 

basis of the ability of the extracts to scavenge the stable DPPH. BHT 500 ppm (0.036±0.002) exhibits the 

highest antioxidant property followed by BHT 100 ppm (0.136±0.004) with an antiradical activity of 

96.21% and 85.82%, respectively. The results revealed that C. vulgaris extracts possess inferior antioxidant 

property compared with BHT (positive control). Ethyl acetate extracts 500 ppm (0.838±0.005) and 100 

ppm (0.849±0.004) showed antiradical activities of 12.65% and 11.50%, respectively. 

 

ANOVA shows significant differences in antioxidant properties of BHT, hexane, ethyl acetate and aqueous 

extracts of C. vulgaris 500 ppm, [f(3,12) = 6830.57, p=0.000)]; 100 ppm, [f(3,12) = 7172.36, p=0.000)]; 50 

ppm, [f(3,12) = 11098.81, p=0.000)]; and 25 ppm, [f(3,12) = 19136.87, p=0.000)]. Individual between-

treatment comparisons revealed that antioxidant properties between BHT and hexane extracts (p=0.000); 

BHT and ethyl acetate extracts (p=0.000); and BHT and aqueous extracts (p=0.000) differed significantly. 

The significant differences between extracts and positive control in terms of antioxidant property implies 

that C. vulgaris extracts is not comparable with BHT as an antioxidant preservative. Ethyl acetate extract 

(500 ppm) showed the highest antiradical activity while hexane extract (25 ppm) showed the lowest 

antiradical activity, 12.65% and 3.23%, respectively. Still, most of the extracts exhibited antioxidant 

activity below the positive control BHT.  

 

3.3 Antimicrobial Preservative Effectiveness Test  

Table 1 presents the ethanolic plant extracts which were used as preservatives in antacid suspension against 

Escherichia coli and Staphylococcus aureus with propylparaben as positive control. The formulated antacid 

suspension with aqueous extracts of C. vulgaris prevented the growth of S. aureus and E. coli up to 28 days 

as compared to propylparaben. Ethyl acetate and hexane extracts of C. vulgaris also showed reduction in 
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bacterial growth. The decrease in bacterial count at 14th and 28th day indicates that C. vulgaris is a potential 

antimicrobial preservative. C. vulgaris conformed to the preservative standards of Category 4 products. 

 

Table 1. Antimicrobial preservative effectiveness test on C. vulgaris extracts 

C. vulgaris extracts Microbial count x 104, cfu/ml Increase from initial count 

 Day 0 Day 14 Day 28 Day 14 Day 28 

S. aureus      

Negative 1.33E+06 1.37E+06 1.25E+06 + - 

Propyl paraben 9.90E+05 1.20E+05 3.00E+04 - - 

Hexane 3.00E+04 2.00E+04 1.00E+04 - - 

E. acetate 3.10E+05 4.00E+04 3.00E+04 - - 

Aqueous 2.00E+04 NR NR - - 

E.coli      

Negative 1.90E+05 3.50E+05 3.90E+05 + + 

Propyl paraben 1.00E+04 2.00E+04 3.00E+04 + + 

Hexane 5.00E+04 1.00E+04 NR - - 

E. acetate 2.00E+04 1.00E+04 1.00E+04 - - 

Aqueous NR NR NR - - 

NR- No recovery 

 

4. CONCLUSION 

 

The hexane, ethyl acetate and aqueous extracts of C. vulgaris exhibit lower antiradical activity compared 

to BHT (positive control) indicates that C. vulgaris is not an effective antioxidant preservative for an antacid 

suspension. However, C. vulgaris extracts prevented the increase of bacterial growth at 14th and 28th days, 

this proves that C. vulgaris is an effective antimicrobial preservative for an antacid suspension. Aqueous 

extracts even revealed no growth even after 3-5 days incubation period. 
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