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  According to several studies, solid state fermentation (SSF) can enhance antioxidant and antibacterial activity 
of natural sources, and microorganism that is widely used in this kind of research is Aspergillus oryzae. Therefore, 
this study employed SSF by A. oryzae to enhance antioxidant and antibacterial activity of candlenut kernel. 
Candlenut kernel powder, that has been moistened with 60% water, was inoculated with 10% (w/w) of 5-day-
culture of A. oryzae, and was fermented for 9 days (until exponential phase; sample-1) and 12 days (until 
stationary phase; sample-2). The fermented candlenut kernels was extracted by ethanol and concentrated using 
rotary evaporator. Total phenolic content of control (unfermented extract), sample-1, and sample-2 are 0.183 mg 

-1 -1 -1GAE g , 2.761 mg GAE g , and 4.194 mg GAE g , respectively. This results supported the IC  value determined 50
-1 -1 -1by DPPH (2,2-diphenyl-1-picrylhydrazyl) method, those are 617.11 μg mL , 260.23 μg mL , and 45.29 μg mL . 

-1These results revealed a very strong antioxidant activity (< 50 μg mL ) in the sample fermented until stationary 
phase. Antibacterial assay against Staphylococcus aureus resulted diameter of inhibition zone 7.17 mm, 13.51 
mm, and 18.51 mm, respectively; whereas against Pseudomonas aeruginosa resulted diameter of inhibition zone 
6.52 mm, 11.786 mm, and 15.269 mm, respectively. From this result, SSF until stationary phase enhanced higher 
antioxidant and antibacterial activity compared the other treatments.
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  Berdasarkan beberapa penelitian, solid state fermentation (SSF) dapat meningkatkan aktivitas antioksidan dan 

antibakteri sumber hayati, dan mikroorganisme yang sering digunakan dalam penelitian seperti ini adalah 
Aspergillus oryzae. Oleh karena itu, dalam penelitian ini dilakukan SSF oleh A. oryzae untuk meningkatkan 
aktivitas antioksidan dan antibakteri biji kemiri. Serbuk biji kemiri, yang dilembabkan dengan 60% air, 
diinokulasikan dengan 10% kultur A. oryzae berumur 5 hari, dan difermentasi selama 9 hari (hingga fase 
eksponensial; sampel-1) dan selama 12 hari (hingga fase stasioner; sampel-2). Biji kemiri yang telah difermentasi, 
diekstraksi menggunakan etanol dan dikonsentrasikan menggunakan rotary evaporator. Kandungan fenolik total 

-1sampel kontrol (tanpa fermentasi), sampel-1, dan sampel-2 berturut-turut adalah 0,183 mg GAE g , 2,761 mg GAE 
-1 -1g , dan 4,194 mg GAE g . Hasil ini mendukung nilai IC  yang ditentukan menggunakan metode DPPH (2,2-50

-1 -1 -1diphenyl-1-picrylhydrazyl), yaitu secara berturut-turut 617,11 μg mL , 260,23 μg mL , and 45,29 μg mL . Hasil 
-1ini menunjukkan aktivitas antioksidan yang sangat kuat (< 50 μg mL ) pada sampel yang difermentasi hingga fase 

stasioner. Uji antibakteri terhadap Staphylococcus aureus, secara berturut-turut, menghasilkan diameter zona 
inhibisi sebesar 7,17 mm, 13,51 mm, dan 18,51 mm, sedangkan terhadap Pseudomonas aeruginosa menghasilkan 
diameter zona inhibisi sebesar 6,52 mm, 11,786 mm, dan 15,269 mm. Berdasarkan hasil penelitian ini, dapat 
disimpulkan bahwa SSF hingga fase stasioner dapat meningkatkan aktivitas antioksidan dan antibakteri lebih 
tinggi dibandingkan perlakuan yang lain.

 
  Kata kunci: antibakteri, antioksidan, Aspergillus oryzae, pertumbuhan fase stasioner, solid state 

fermentation
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as anti-inflammation, anti-pyretic, and is traditionally 

used for wound. Therefore, candlenut plant can be 

utilized as medicine, especially due to its extract that 

has antioxidant and antibacterial activities (Ako et al. 

2005; Krisnawati et al. 2011). 

 Based on the research that has already been 

conducted (Siddique et al. 2011), IC value of 50 

candlenut seed antioxidant activity using DPPH 
-1method is 30.37 mg mL  compared to IC value of BHT 50 

-1standard 15.3 μg mL . Both DPPH (2,2-diphenyl-1-

picrylhydrazyl) and BHT (butylated hydroxytoluene) 

 Candlenut is plant that distributed widely in the 

world. Parts of candlenut tree, such as leaf, seed, 

pericarp, sap, and flower can be utilized as natural 

herbal medicine. Its periderm is used for curing 

diarrhaea and tumour. Candlenut leaves for curing 

headache, fever, boils, arthritis, and gonorrhea. Flower 

and fresh sap for curing sprue in children. Candlenut 

seed contents sterol, flavonoids, and triterpene that act 



are stable radical compounds that can reduce chemical 

reaction of other radical compounds, therefore both 

compounds are usually used in antioxidant activity 

assay. Based on research which was conducted by 

Pakpahan & Pangaribuan (2018), antibacterial activity 

of ethanol candlenut kernel extract to Staphylococcus 

aureus resulted 19.17 mm of inhibition zone (strong 

inhibition response) and to Pseudomonas aeruginosa 

resulted 6-8 mm of inhibition zone (moderate 

inhibition response). Based on those researches, 

antioxidant and antibacterial activity of candlenut 

kernel are possible to be increased. Several researches 

proved that antioxidant and antibacterial activity of 

natural sources can be enhanced after fermented using 

solid state fermentation method (Ako et al. 2005, Juan 

and Chou 2010). Solid state fermentation can also 

increase production rate, decrease production cost, and 

using more simple technique compared to submerged 

fermentation (Juan and Chou 2010). Microorganisms 

that generally used in solid state fermentation are 

Aspergillus oryzae, Aspergillus niger, Monascus 

purpureus, and Bacillus subtilis (Das and Mukherjee 

2007; Juan and Chou 2010; Wen et al. 2013; 

Jamaluddin et al. 2016). The objective of this research 

is to increase the activity of antioxidant and 

antibacterial in solid state fermented candlenut kernels 

by Aspergillus oryzae. 

MATERIALS AND METHODS

 Substrate Preparation. Candlenut was peeled, 

washed with water, sun-dried, and the kernels were 

pounded into powder.

 Microorganisms Preparation. Aspergillus 

oryzae was purchased from Laboratory of 

Microbiology, Sekolah Ilmu dan Teknologi Hayati 

(SITH), Institut Teknologi Bandung. A. oryzae was 

rejuvenated on potato dextrose agar (PDA). Inoculum 

was cultured on growth media yeast peptone glycerol 
o(YPG) and was incubated in 37 C for 72 h. Culture on 

YPG media will be used to make standard curve, 

growth curve, and to ferment candlenut powder (Lee et 

a l .  2008) .  Pseudomonas  aeruginosa and 

Staphylococcus aureus were rejuvenated in nutrient 
o

broth (NB) and incubated in 37 C for 24 h (Pakpahan 

and Pangaribuan 2018).

 Solid State Fermentation. As much as 50 g 

candlenut powder was moistened with 30 mL distilled 

water until approximately 60% of humidity in 

fermentation flask. The fermentation flask was 
o

autoclaved for 15 min and cooled until 25 C before 

inoculated with A. oryzae. As much as 10% (v/v) of 5 

days Aspergillus oryzae was inoculated into 

fermentation media, whereas for control is 

fermentation media without A. oryzae. Fermentation 
o

flask was incubated in 37 C. Fermentation was ended 

when reached exponential phase time (day-9) or 

stationary phase time (day-12). Fermentation was 

repeated three times to achieve accurate data.

 Extraction. As much as 100 mL of 96% ethanol 

was added into each fermentation flasks, stirred using 
o

magnetic stirrer for 24 h in 25 C. Extracts were filtered 

using gauze and concentrated in vacuum evaporator. 

The concentrated extracts were determined for its total 

phenolic content, antioxidant, and antibacterial 

activity. 

 Total Phenolic Determination. Total phenolic 

determination was conducted based on modification 

method in Juan and Chou (2010).  As much as 0.1 mL 

of extract aliquot was mixed with 1 mL Folin-

Ciocalteau reagent and left for 3 min reaction.  Three 

hundred µL of 1N Na CO  was added and left for 90 2 3
o

min reaction in 25 C. Absorbance was measured on 

725 nm. Gallic acid standard curve was determined 

using 8 concentrations of Gallic acid ranged from 0 

until 100 ppm. As much as 0.01 g Gallic acid in 100 mL 

volumetric flask was added with 1 mL ethanol, and 

then ethanol was added again until the indicator line. 

From 100 ppm stock solution was taken 1 mL and 

added with 1 mL reagen Folin-Ciocalteu in 10 mL 

volumetric flask. The solution was homogenized and 

left for several minutes. Then 4 mL of 1N Na CO  was 2 3
o

added into volumetric flask and left for 15 min in 25 C. 

Solution absorbance was measured on 725 nm.  

Absorbance values of Gallic acid were plotted to Gallic 

acid concentrations, and count for Gallic acid standard 

curve equation. Total phenolic content will be in µg 

Gallic acid/mg extract.

 Antioxidant Activity Assay. Antioxidant activity 

was determined using 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) method (Tristantini et al. 2016). Every 10 mg 

sample was dissolved in 100 mL ethanol. Dissolved 

sample was diluted into 5 concentration, those are 50 

ppm, 100 ppm, 150 ppm, 200 ppm, and 250 ppm. Two 

mL of every diluted sample was mixed with 2 ml of 50 

ppm DPPH. Two mL of ethanol was mixed with 2 mL 

of 50 ppm DPPH as blank. Both solution were 
o

incubated in 25 C for 30 min. Absorbance was 

measured on 517 nm. Percent inhibition of DPPH will 

be counted using the following equation: 
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 In vitro Antibacterial Activity Assay. 

Antibacterial activity assay was conducted using agar 

disk diffusion method (Pakpahan and Pangaribuan 

2018). As much as 14.0449 g nutrient agar (NA) media 

was dissolved into 500 mL distilled water, poured into 

1000 mL Erlenmeyer flask. NA media was autoclaved 

for 15 min. Sterilized media was poured into 6 Petri 
odishes and cooled at 25 C. Antibacterial activity was 

assayed to Staphylococcus aureus and Pseudomonas 

aeruginosa. One hundred l bacterial suspension of 

Staphylococcus aureus and Pseudomonas aeruginosa 

from exponential phase were inoculated to sterilized 

NA media and spread using glass rod spreader.  

Sterilized disk papers were placed on NA agar and each 

disk paper was dripped with 10 µl sample, ampicillin 

(positive control), or ethanol (solvent). NA media were 
o

incubated at 37 C for 24 h. Antibacterial activity was 

observed by measuring the diameter of inhibition zone 

around disk paper using calipers. Ethanol showed no 

antibacterial activity, whereas ampicillin showed a 

very strong antibacterial activity with inhibition zone 

diameter of 36 mm to S. aureus and 32.78 mm to P. 

aeruginosa.

RESULTS

 Total phenolic content was increase after candlenut 

kernels were solid state fermented by Aspergillus 
-1oryzae  until exponential phase (2.76 mg GAE g ) and 

the highest total phenolic content was reached when 

fermentation was stopped at stationary phase (4.19 mg 
-1GAE g ), as showed in Table 1.

 Antioxidant activity was also increase with the 

increasing of total phenolic content, as showed in Table 

2. IC  of stationary-phase fermented extract was 45.29 50

ppm, it was 13.6 times higher than the unfermented 

extract (617.11 ppm), and 5.7 times higher than the 

exponential-phase fermented extract (260.23 ppm). 

Stationary-phase fermented extract had a very strong 

activity (IC  < 50 ppm), whereas exponential-phase 50

fermented extract and unfermented extract had a weak 

activity (IC  > 200 ppm).50

 The fermented candlenut kernel extracts showed a 

strong inhibition response compared to unfermented 

extract (Table 3), both to Staphylococcus aureus and 

Pseudomonas aeruginosa. The stationary-phase 

fermented extracts showed wider inhibition zone 

(18.51 mm and 15.26 mm) compared to exponential-

phase fermented extract (13.51 mm and 11.79 mm) 

respectively to Staphylococcus aureus and 

Pseudomonas aeruginosa.  

DISCUSSION

 Solid state fermentation (SSF) made phenolic 

compound extraction from natural sources more easier 

(Dey and Kuhad 2014). The phenolic compounds will 

be converted into a more soluble form by the enzyme of 

microorganism. Aspergillus oryzae  was the 

microorganism which was used in this research, and 

was predicted can convert phenolic compound in 

candlenut kernels into soluble form during the 

fermentation process. The prediction was proved in 

this research, with the increasing content of total 

phenol in the fermented extract. Based on research 

conducted by Rashid et al. (2019), it was stated that 

after solid state fermentation by A. oryzae, the total 

phenolic content of rice bran was increase 3.8-fold 

higher than the unfermented. And three types of 

phenolic acid detected by HPLC in unfermented rice 

bran (coumaric, ferulic acid, and protocatechuic) was 

also increase in the fermented rice bran by 3.2-fold, 52-

fold, and 3.2-fold respectively. The increasing content 

of ferulic acid in solid-state fermented rice bran by 

Rhizopus oryzae was only 23.2-fold compared to the 

unfermented rice bran (Schmidt et al. 2014). And the 

total phenolic content of solid-state fermented rice bran 

by Monascus purpureus was only increase 1.04-fold 

higher than the unfermented (Jamaluddin et al. 2016).  

SSF method has an ability to produce secondary 

metabolites more efficient than SmF (submerged 

fermentation) method and ideal for fungal cultivation 

which can grow at limited water. The limited water 

need gives SSF some advantages, such as reduced 

downstream processing and reduced stirring, therefore 

SSF can produce high concentration product in a lower 

requirement of energy (Nigam 2009). Martins et al. 

(2011) stated that phenolic compounds, that often be 

extracted from solid-state fermented substrate, were 

flavonoid, flavonol, flavone, flavanol, isoflavon, and 

anthocyanidin. Phenolic compounds were considered 

as natural antioxidant and represent several important 

bioactive groups in foodstuff. These compounds 

consist in all plants which were used as foodstuff, but 

the types and concentration were vary depend on the 

plant species, genetic factors, and environmental 

condition. Solid state fermentation process is often 

used to increase the number of phenolic compound in 

several foodstuff and to increase antioxidant activity 

which related to the increasing of total phenolic 

compound. 

 Several methods have already been conducted to 

increase the synthesis of bioactive metabolite from 



microbes (Schmidt et al. 2014), one of those is solid 

state fermentation. Phenolic compound in plants 

functioned as protecting mechanism and other 

biological function such as antioxidant activity. Plants 

produce several bioactive compounds which have 

strong correlation between its antioxidant activity and 

its total phenolic content, and phenolic compounds 

have the biggest contribution to antioxidant activity (Li 

et al. 2008). The very strong antioxidant activity of 

stationary-phase fermented extract was supported by 

its highest content of total phenolic compounds. 

Phenolic compounds are secondary metabolites which 

were produced in the end of exponential phase and 

during the stationary phase (Madigan et al. 2012). 

During the fermentation process, extracellular enzyme 

of fungi was produced to release the phenolic group 

from substrate matrix together with the production of 

phenolic compound during secondary metabolism 

(Dey et al. 2016), and also converted phenolic 

compound into a more soluble form in ethanol (Dey 

and Kuhad 2014). Siahaan et al. (2015) stated that the 

inhibition zone diameter of fermented extract in 

ethanol related with the components which can be 

extracted by ethanol. Ethanol is a polar compound that 

is able to extract other polar compounds such as 

phenol, saponin, alkaloid, and terpenoid. Half of those 

compounds have antioxidant and antibacterial 

activities.

 The wider inhibition zone diameter in antibacterial 

assay to Staphylococcus aureus compared to 

Pseudomonas aeruginosa, was caused by the different 

Gram characteristic between both bacteria. 

Staphylococcus aureus is a gram-positive bacteria 

which its cell wall has 80 nm of peptidoglycan 

thickness, but has no outer membrane (Al Hanif 2009). 

Madigan et al. (2012) stated that the number of 

peptidoglycan layers in Gram-positive bacteria is 40 

layers, which composed 90% of all cell wall 

components. Pseudomonas aeruginosa is a Gram-

negative bacteria which its cell wall has 10% 

peptidoglycan layers of all cell wall components. Cell 

wall of Gram-negative bacteria is composed mostly by 

outer membrane which made its cell wall more 

complex. Action mechanism of most antibacterial 

compound is by inhibit the biosynthesis of 

peptidoglycan in the transpeptidase reaction which will 

cause lysis of cells. In general, antibacterial compound 

is difficult to pass the outer membrane and attack 

peptidoglycan in the cell wall of Gram-negative 

bacteria because of the different polar characteristic. 

 The similar profile of the increasing antioxidant 

and antibacterial activity with the increasing of total 

phenolic content in the stationary-phase and 

exponential-phase fermented extracts compared to 

Table 1. Total phenolic content

Table 3. Antibacterial activity of candlenut kernel extracts to Staphylococcus aureus 
and Pseudomonas aeruginosa

Sample
Total phenolic content

-1(mg GAE g )

Unfermented

Fermented until exponential phase

Fermented until stationary phase

0.18

2.76

4.19

Table 2. IC  value and antioxidant activity level50

Sample

Unfermented

Fermented until exponential phase

Fermented until stationary phase

617.11

260.23

45.29

IC  (ppm)50

Very weak

Very weak

Very strong

Antioxidant activity

Sample

Unfermented

Fermented until 
exponential phase

Fermented until stationary 
phase

7.17 mm

13.51 mm

18.51 mm

Inhibition zone

Moderate

Strong

Strong

Inhibition
Response

6.52 mm

11.79 mm

15.26 mm

Inhibition zone

Moderate

Strong

Strong

Inhibition
Response

Staphylococcus aureus Pseudomonas aeruginosa
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unfermented extract, is most likely affected by the 

activity of β-glucosidase enzyme which convert 

phenolic isoflavon compound in candlenut kernels into 

free isoflavon called aglycones. Aglycones have an 

effective biological activity to inhibit chronic disease 

such as cardiovascular and cancer. Beta-glucosidase 

enzymes able to hydrolyze β-glucoside bonds of 

carbohydrate conjugates in phenolic compounds. The 

enzymatic hydrolysis on β-glucoside bonds of phenolic 

compounds seemed a promising method to increase the 

concentration of free polyphenol and increase the 

nutraceutical activity in several natural sources 

(Georgetti et al. 2009). Besides that, as stated by 

Widowati et al. (2011), the activity of β-glucosidase to 

hydrolyze β-glucoside of carbohydrate conjugates will 

produce carbohydrates in the form of monosaccharides 

or disaccharides as nutrition to support A. oryzae 

growth.

 In conclusion, the present study has shown that 

solid state fermentation of candlenut kernels until 

stationary phase time by Aspergillus oryzae can 

enhance the production of phenolic compounds and 

therefore increase the antioxidant and antibacterial 

activities.
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