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Abstract: Extracts of Cordyceps militaris which possess the bioactive capacity such as antimicrobial 

activity and DPPH-free radical scavenging capacity, are applied to the serum product. This finished 

serum product has been evaluated the in vitro bioactivity and the stability with expect to find out a 

good extract with a suitable percentage used for serum product as natural materials on 

preservatives and antioxidation. 
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1. Introduction 

Cordyceps militaris was an entomopathogenic fungus (an obligate parasite that grew on insects 

or insect larvae) distributed in Asia, particularly China. It was widely used in China as a raw medicine 

or dietary supplement to treat a variety of diseases [1-3]. Modern techniques showed that C. militaris 

had remarkable healing properties involving antitumor, antioxidant, antibacterial, and 

immunomodulatory activities [2]. Potent pharmacologically active compounds consisting of 

cordycepin, polysaccharides, fatty acids, mannitol, amino acids, trace elements, ash, fiber, and other 

chemical components were found in C. militaris [4]. 

Polysaccharides, which were substances capable of scavenging free radicals such as hydroxyl 

and superoxide anion radicals to prevent oxidative damage in living organisms, were found as 

pharmaceutical active ingredients in the highest concentrations in C. militaris [5,6]. Several studies 

also proved that free radicals were closely related to the aging process [7]. The free radical theory of 

aging focuses on the mitochondrial senescence hypothesis that was built on the work of Gerschman 

and Harman [8,9]. mtDNA was hypothetically mutated as reactive oxygen species (ROS) in 

mitochondria increase during aging, therefore it caused the breakdown of components of the 

mitochondria, dysfunction, and aging [10]. Recently, the capability of ROS elimination and inhibition 

of mitochondrial swelling in mouse testing illustrated that polysaccharides from cultured C. militaris 

fruit bodies (CMPs) were antioxidants with great potential for mitochondrial protection and anti-

aging [11]. In addition, CMPs also displayed their significant immunomodulatory and anti-aging 

activities in Caenorhabditis elegans at the organismal level [12]. In recent research works, 

polysaccharides possessed immunomodulatory properties [13–15], hypoglycemic [16,17], anti-

inflammatory [18], antitumor, anti-metastatic [19], anti-influenza virus [20], and gram-positive 

bacteria inhibition such as Staphylococcus aureus and Micrococcus tetragenus [21]. 

On the other hand, one of the potent antimicrobial components of C. militaris fruiting bodies was 

a derivative of the nucleoside adenosine called cordycepin. It was first isolated from C. militaris [23], 

and presently synthesized owing to its insecticidal, antibacterial, and antitumor properties [24,25]. 

Cordycepin obtained from the liquid of cultured C. militaris also brought several benefits for human 
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health [27], for instance, a potent activity of growth inhibitory against human enteric bacteria 

Clostridium paraputrificum and Clostridium perfringens [26], Fusarium oxysporum [28], Bipolaris maydis, 

Mycosphaerella arachidicola, Rhizoctonia solani and Candida albicans [29]. 

With our ambition on finding out new materials for cosmetic products, C. militaris has been 

grown up, extracted, and used as an ingredient in skincare products in lieu of preservatives and 

antioxidants with respect also to inhibitor the growth of microbial and aging (Figure 1). Antioxidant, 

antimicrobial, and serum stability effects have been evaluated to obtain the desired product that 

satisfied the cosmetically acceptable level [22]. 

 

Figure 1. C. militaris fungi in liquid media. 

2. Materials and Methods 

2.1. Fungus source and extraction 

C. militaris fungus was supplied by the Research Center for Bioactive Natural Products, 

University of Science, VNU-HCM, Vietnam. The fungus was kept on solid media (peptone 5 g, yeast 

extract 10 g, glucose 40 g, MgSO4 0.5 g, KH2PO4 1 g, distilled water up to 1 L, 2% agar) at 4 oC. C. 

militaris was cultivated on broth media (without agar) to collect mycelia for this study. Mycelia were 

dried to constant weight, ground into powder, and extracted with methanol. 100 g mycelia powder 

was soaked in 1 L methanol absolute for 24 hours at room temperature. After filtration, the filtrate 

was concentrated by rotary vacuum evaporation to remove solvent and collect mycelium extract 

(ME). The broth media after cultivation was filtered and concentrated by rotary vacuum evaporation 

to collect broth extract (BE). The extracts were stored at 4 oC under dark conditions until used. 

2.2. Microorganism 

Microorganisms used in this study were supplied by the Research Center for Bioactive Natural 

Products, University of Science, VNU-HCM, Vietnam. The strains of Escherichia coli ATCC 8739 (E. 

coli), Pseudomonas aeruginosa ATCC 9027 (P.  aeruginosa), Bacillus spizizenii ATCC 6633 (B. spizizenii), 

Staphylococcus aureus ATCC 6538 (S. aureus), Candida albicans ATCC 10231 (C. albicans) were used. 

Bacteria were cultured on Luria-Bertani (LB) agar, while C. albicans was cultured on a Sabouraud 

dextrose (SD) agar at 30 oC for one to three days. Microorganisms were also sub-cultured in broth 

media. 

2.3. Assessment of anti-microorganism properties 

Anti-microorganism properties screening of the extracts was evaluated using disc diffusion 

assay [30]. Briefly, each microorganism was grown separately on suitable agar media for one to three 

days. Colonies were resuspended into sterile physiological saline until the turbidity reached 0.5 

McFarland standard (approximate count of 108 CFU/mL). A volume of 100 µL of each microorganism 
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suspension was spread onto LB agar plates (for bacteria) and SD agar plates (for yeast). The 

individual extracts, mixed extracts (Table 1), and serum samples (SS) were dissolved in appropriate 

solvents (methanol for mycelium extract or distilled water for broth extract, and serum samples) at a 

concentration of 100 mg/mL. 6-mm sterilized filter paper discs were infused with 20 µL of each extract, 

allowed to dry, and placed onto the inoculated plates. Then, the plates were left for incubation at 

37 °C for 24 to 48 hours. The anti-microorganism activity was evaluated by inhibition zones. The 

diameters of the inhibition zones were measured to the closest whole millimeter. Each assay was 

finalized in triplicate. Mean values (± SD) are reported in this study. Gentamycin 500 µg/mL (5 

µg/disc) and cycloheximide 15 mg/mL (0.15 mg/disc) were used as positive controls to compare anti-

microorganism activity. Filter discs infused with 20 µL of distilled water and absolute methanol were 

used as negative controls. 

Table 1. The preparation of mixed extracts for anti-microorganism testing. 

Extract (w/w) 1 BE 2 BE 

1 ME B C 

2 ME A - 

2.4. Assessment of antioxidants by using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay 

The free radical-scavenging activities of extracts and serum samples were assessed by using the 

method of Devi et al [31]. Briefly, 100 µL of each sample with different concentrations (0.25 mg/mL, 

0.5 mg/mL, 1.0 mg/mL, 1.25 mg/mL, 2.5 mg/mL, 5.0 mg/mL) for extracts and 100 mg/mL for serum 

samples were mixed with 100 µL of DPPH solution in methanol (0.5 mM). The mixture was shaken 

thoroughly and left to stand for 30 minutes at room temperature in the dark and measured at 517 nm 

by a UV-visible spectrophotometer to get the absorbance. Each assay was repeated three times. A low 

absorbance of the reaction mixture stated a high free-radical-scavenging activity. Vitamin C was used 

as a positive control. The ability to scavenge the DPPH radical was determined based on the equation 

(1): 

 DPPH scavenging effect (%) = Ablank − AsampleAblank  x 100   (𝟏) 

 

where Ablank and Asample are the absorbances of the control reaction (containing all reagents 

except the test samples) and the absorbance of the test samples, respectively. 

2.5. Materials and preparation of serum 

Each material of mixture D was weighed, dissolved in MiliQ water at a ratio of 1:100 (w/w), and 

stirred continuously until the mixture became homogeneous completely at room temperature, at 250 

rpm speed in 30 minutes. Then, each material of mixture E was also added in the priority and mixed 

at 70-75 oC, at 250 rpm speed for 15 minutes. Similarly, the orderly component of mixture F was 

weighed and agitated in MiliQ water at 70-75 oC for 15 minutes. After that, mixture E was poured 

into mixture F available in the main mixer and continuously mixed at 70-75 oC for 20 minutes. 

Subsequently, mixture D was poured into the main mixer and followed the above conditions for 15 

minutes. After cooling down to 45 oC, the components of mixture G were added to the main mixer. 

The stirring speed at 150 rpm for 15 minutes was maintained till cooling down the room temperature. 

Finally, mixture H consisting of fragrance and extract in proportion (all extracts were dissolved at a 

concentration of 10% in ethanol 70%) was added and mixed for 15 minutes (Table 2). 
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Table 2. Materials in 100 g serum product. 

Materials Mixture 

Decyl cocoate E 

Tego care PL4  

Ethylhexyl palmitate  

Cetearyl isononanoate  

Ethylhexyl stearate  

Dimethicone  

C12-15 Alkyl benzoate  

MiliQ water F 

Na2EDTA  

Polysorbate 20  

Polysorbate 80  

Triethanolamin  

Glycerine  

MiliQ water D 

Xanthan gum  

Carbopol 940  

MiliQ water G 

Ethanol 96%  

Optiphen  

C. militaris extract Surveyed (1.0-3.0 %) H 

Rose flavor  

2.6. Stability test for serum 

The necessary amount of serum (3.0 g) was put into a clean and dry glass jar. Several serum 

samples were stored at different temperatures (4 oC, room temperature, and 40 oC) for 0, 14, and 28 

days to determine the stability of the physicochemical and organoleptic properties (color, scent, 

homogeneity, pH, appearance). The serum samples’ characteristics in different conditions were 

monitored and recorded. 

2.7. Microbial contamination test for serum 

Firstly, a necessary amount of serum sample (1.0 g) was dissolved in 1 mL of sterile distilled 

water. Then, several concentrations of serum samples such as 0.05 g/mL and 0.005 g/mL were also 

obtained from the dilution of the above serum solutions. Subsequently, 100 µL of diluted serum 

samples were spread onto LB agar plates and PGA (Potato Glucose Agar) plates. Each test was 

finalized in triplicate. After that, the plates were left for incubation at 37 °C for 24 to 48 hours. 

Subsequently, the results were recorded after three days for LB plates and five days for PGA plates 

(Table 3). 

Table 3. The preparation of serum samples with different types, and concentrations of extracts. 

% 
Extracts 

A B C 

1 A1 B1 C1 
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2 A2 B2 C2 

3 A3 B3 C3 

3. Results 

3.1. Extraction yields 

Based on the above protocol, 54 g of ME was collected from 160 g mycelia powder, and 5.9 g of 

BE was collected from 500 mL of broth media, with yields of 33.8 g/L and 11.8 g/L, respectively. The 

dried extracts were resuspended in suitable solvents for the next experiments. 

3.2. Antimicrobial properties of extracts 

The ability of the extracts to repress the growth of microorganisms was determined by using a 

disc diffusion assay with 2 mg of each extract per disc (Figure 2). The ME showed that antimicrobial 

resistance did not appear. Meanwhile, the BE was resistant to five tested strains, for instance, 

moderately resistant to two Gram-negative strains (E. coli and P. aeruginosa) or yeast strain (C. 

albicans), and strongly resistant to two Gram-positive strains (B. spizizenii and S. aureus). Three 

prepared samples of extracts (A, B, C) also displayed moderate activity against P. aeruginosa and 

strong resistance to other three bacterial strains including E. coli, B. spizizenii, and S. aureus. Especially, 

only samples B and C had the capability to inhibit C. albicans. Overall, the mean diameters of 

inhibition zones for E. coli, P. aeruginosa, B. spizizenii, S. aureus, and C. albicans achieving respectively 

16.3 mm, 15.7 mm, 20.0 mm, 17.0 mm, and 9.0 mm illustrated that sample C was the best resistant. 

 

Figure 2. Antimicrobial activity of several extracts BE, A, B, and C. 

3.3. Antioxidant properties of extracts by DPPH assay 

DPPH is a stable radical, which can receive an electron or hydrogen radical to become a stable 

and diamagnetic molecule, a purple solution in methanol, and becomes a pale liquid when reacting 

with antioxidant molecules. The low value of optical density at 517 nm (OD517) displayed the high 

radical-scavenging activities of the extract. The results indicated that all five samples of extracts (ME, 

BE, A, B, and C) possessed good DPPH radical-scavenging activity at the concentration of 0.25-1.00 

mg/mL. When the concentration of samples was increased over 1.00 mg/mL, the radical scavenging 

capacity was not changed considerably because DPPH was completely neutralized. The lowest IC50 

value (0.306 mg/mL) of sample A indicated that the best antioxidant capacity measured by DPPH-

scavenging was found in sample A, the mixture of BE and ME with the weight ratio 1:2. Subsequently, 
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the values of IC50 were obtained in the increasing order such as 0.306 mg/mL for the sample A, 0.308 

mg/mL for the sample B, 0.350 mg/mL for the sample ME, 0.364 mg/mL for the sample BE, and 0.466 

mg/mL for the sample C (Figure 3). 

 
Figure 3. DPPH radical-scavenging assay of extracted samples by IC50 values. 

3.4. Anti-microorganism properties of serum product 

The ability of the serum samples to inhibit microorganism growth was determined using a disc 

diffusion assay with 2 mg of each serum sample per disc (Table 4). All serum samples showed 

moderate activity against P. aeruginosa, S. aureus, and especially B. spizizenii, however, all of them 

displayed fuzzy inhibition zones against E. coli and C. albicans. In addition, the serum base also 

possessed antimicrobial activity, but in general, the serum samples containing the extracts brought 

better outcomes. 

Table 4. Anti-microorganism properties of serum samples. 

Samples E. coli P. aeruginosa B. spizizenii S. aureus C. albicans 

Diameter   

A1 + 9,33 + 0,58 12,33 + 0,58 9,67 + 0,58 + 

A2 + 10,67 + 0,58 12,67 + 0,58 10,33 + 0,58 + 

A3 + 11,67 + 1,53 13,00 + 1,00 11,33 + 0,58 + 

B1 + 9,00 + 1,00 11,67 + 0,58 9,67 + 0,58 + 

B2 + 11,67 + 0,58 12,67 + 0,58 11,67 + 0,58 + 

B3 + 12,33 + 0,58 13,33 + 0,58 11,67 + 0,58 + 

C1 + 9,67 + 0,58 12,33 + 1,56 10,67 + 0,58 + 

C2 + 10,67 + 0,58 13,33 + 0,58 11,67 + 0,58 + 

C3 + 11,67 + 0,58 13,67 + 0,58 11,33 + 0,58 + 
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Base + 7,33 + 0,58 10,67 + 0,58 9,33 + 0,58 + 

(+) represented for fuzzy inhibition zones 

Result = Mean + SD, mm 

3.5. Antioxidant properties of serum product 

The finished base was a milky white, smooth, and homogeneous serum with a pleasant flavor, 

suitable pH (6.0-6.5), and expected viscosity (800-880 cPs). The capacity of DPPH scavenging 

illustrated the potential antioxidant activity of serum. Consequently, the more amount of extract 

added into the serum, the more antioxidation obtained, in which, the highest activity of antioxidants 

(62%) was recognized in sample A3 containing 3% of extract A, contrarily the lowest activity of anti-

oxidant (48%) belongs to the sample C1 containing 1% of extract C. Moreover, the serum base also 

possessed a good antioxidant activity owing to the starting ingredients (Figure 4). 

 

Figure 4. The amount of extract affected the antioxidant capacity of the finished serum. 

3.6. Stability of serum product 

In this work, the extracts played the role of nutrient and bio-active ingredients in the serum. The 

amount of extract added to the product would affect the serum structure, therefore, the product 

stability had to be tested for each percentage of extract used. The serum samples were produced 

based on the formula, in which, only the amount of extract varied with a reasonable ratio, for instance, 

1%, 2%, and 3% respectively (Table 3). A finished serum must be a homogeneous appearance, 

pleasant odor, milky color, suitable pH, expected bio-activities, and stability under changing 

temperature conditions. 

After the testing period, three serum samples A1, B1, and C1 showed better stability at 4 oC, 

room temperature (P ~ 28-30 oC), and 40 oC during 0, 14, and 28 days than the others. Although the 

color of nine samples changed a little bit, the changes in the flavor and pH as well as the emulsion 

separation did not occur significantly in comparison with the fresh sample kept at room temperature 

(Figure 5). This matter could be explained due to the balance between the amount of extract (1%) and 

the other ingredients in the serum formula. The higher amount of extract such as 2% or 3%, the more 

unstable serum after 14 days. 
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Fresh  After 28 days 

  

  

  
Figure 5. The stability of 28th-day serums in comparison with fresh serums. 

3.7. Serum microbial contamination 

Serum samples were diluted and tested for microbial contamination on a suitable media. Based 

on the colonies’ characteristics, the total viable count for aerobic bacteria and molds in the serum 

samples were respectively determined as follows: A1: 0 and 20; B1: 80 and 10; C1: 30 and 20 (Table 

5), not exceed 102-103 CFU/mL of the product, incompatible with the previous literature [32]. Aerobic 

bacteria grown up in the LB plate at a spreading concentration of 0.5 g/mL appeared with white, 

convex, glossy colonies in the range of size from 1 to 10 mm. On the PGA plates, the colonies with a 

diameter ranging from 2 to 30 mm appeared with white silk and colored centers. At concentrations 

of 0.05 and 0.005 g/mL, no characteristic colonies were detected. 

Table 5. Serum microbial contamination test. 

Category of 

microorganism 

The number of colonies in 1 g serum (CFU) 

A1 B1 C1 

Aerobic bacteria 0 80 30 

Molds 20 10 20 

4. Discussion 

All mixed extracts showed higher activity than the ME and their activity increased gradually in 

the sample following the increased amount of the BE in the composition because the antimicrobial 

activity of the ME component was recognized not to be strong enough as BE component. 
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Consequently, the extracts were the potential to be utilized as an antibacterial ingredient in cosmetics 

in order to inhibit the contamination of microorganisms, as well as repress their activity on the skin. 

In the next experiments, the antioxidant capability was checked by DPPH assay. The testing 

results of the DPPH assay indicated that the antioxidant activity of the ME was higher than that of 

the BE owing to a higher amount of cordycepic acid. Obviously, the content of extracts depended on 

the extraction procedure, for instance, the ME was extracted with absolute MeOH, a suitable solvent 

for cordycepic acid extraction but not for polysaccharides, therefore the BE, the remaining broth, had 

to contain more polysaccharides and less cordycepic acid than the ME. Consequently, the DPPH 

scavenging capacity of the ME performed more efficiently than that of the BE. In the mixed extracts, 

the antioxidant activity increased gradually from C to A, corresponding to the weight increase of ME. 

After extracts were applied to cosmetic products, the anti-microorganism ability of serum 

samples was existed and quite compatible with the anti-microorganism ability of the investigated 

extracts. Consequently, the anti-microorganism activity of the serum base was enhanced via the 

addition of extract and depended on the amount of extract added. In addition, all serum samples 

exhibited higher antioxidant percentages than the serum base. They indicated that the supplemented 

extracts had promoted antioxidant activity quite well in the serum samples. As increasing the amount 

of extracts used for the serum, they could enhance the antioxidant activity, however, they also 

affected the balance of ingredients in the serum and reduced the stability of the product. 

Additionally, one of the important items in the standard of cosmetic products is microbial 

contamination. The results concluded that the antibacterial properties of serum A1 were better than 

those of B1 and C1 owing to the lowest microbial contamination. Although the antibacterial activity 

of sample A was lower than those of sample B and sample C, sample A1 had the lowest microbial 

contamination, followed by sample C1 and then sample B1. The combination of microbial capacity 

between the extracts and the other ingredients in the formula of serum increased the microbial 

efficiency of the extracts to limit the microbial contamination of the product. 

5. Conclusions 

Comprehensive work on the application of the extract from Cordyceps militaris as a natural 

antioxidant and antimicrobial agent in the serum formula has been introduced. The extracts prepared 

from mycelium extract ME and broth extract BE in different weight ratios have been used for serum 

and tested the antioxidant and antimicrobial capacity. Interestingly, the suitable extract produced 

from the ratio of 2 ME with 1 BE has been selected and added to serum with the appropriate 

percentage (1%) of the serum sample. A finished serum sample was tested the antioxidant ability, 

antimicrobial capacity, and stability in order to satisfy commercial production and long-term use 

with high durability in varied temperature conditions, with antibacterial and antioxidant capabilities 

at an acceptable level. 
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