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Abstract 

Rice milling generates a lot of rice by-products and they are commonly used as an animal 

feed ingredient. However, they have high cosmeceutical values, attributed to their high 

content of bioactive compounds. In the present study, rice by-products (broken rice and 

rice bran) were subjected to solid state fermentation (SSF) using Aspergillus oryzae at 30°

C for 12 days and their cosmeceutical potentials were then evaluated. Different extraction 

conditions such as the type of solvent (water, 50% ethanol) and extraction temperature 

(30°C, 40°C) were also optimized using a one-factor-one-time approach. Through 

tyrosinase inhibition assay, it was observed that SSF has improved the anti-pigmentation 

effect of broken rice and rice bran 7.4-fold and 11.2-fold in comparison to their 

unfermented substrate, respectively. SSF has also improved the anti-ageing effect of 

broken rice and offered 6.6-fold of improvement in fermented rice bran. In extraction 

optimization studies, a stronger anti-ageing effect was observed in the water extract of 

both fermented substrates extracted at 40°C while the anti-pigmentation effect is stronger 

on 50% ethanol extract in fermented rice bran. Most phenolic acids that are commonly 

related to cosmeceutical purposes were detected in the extracts of both fermented 

substrates while most of the organic acids were detected in the water extract. Our study 

suggests that SSF using A. oryzae could improve the cosmeceutical activities of rice by-

products, and both water and 50% ethanol extracts have high potential to be developed as 

cosmeceutical bio-ingredients.  

1. Introduction 

Recent trends in cosmeceutical development are 

focussing on natural and non-irritating ingredients to 

improve the appearance of skin (Brandt et al., 2011). A 

lot of cosmeceutical ingredients are now developed from 

agricultural by-products due to their abundance, 

naturalness and low cost. Malaysia is one of the world’s 

rice-producing countries. In 2015, 400,906 tonnes of 

paddy was milled but only about 60.7% was sold as 

graded rice, while the rest became by-products including 

broken rice and rice bran (Ministry of Agriculture, 

2017). Generally, these residues are only utilized as 

animal feed ingredient or discarded as waste. While 

broken rice and rice bran have been recognized as an 

excellent source of nutrients and bioactive compounds, it 

is of great benefit to diversify their utilization and 

generate new high value-added products. 

Over the last few decades, SSF has been extensively 

studied as a promising tool that can valorise the 

agricultural by-products into high value-added products. 

During the fermentation process, enzymes such as 

cellulases, xylanase, pectinase and esterases are 

produced by the microorganisms and led to the 

generation of bioactive components that can contribute 

to the bioactivities of the fermented by-products. Few 

reports have demonstrated the potential of SSF in 

improving the cosmeceutical activities of certain 

agricultural by-products in terms of tyrosinase and 

elastase inhibition activities and also antioxidant 

activities. Our previous studies have shown that 

fermentation of broken rice with Aspergillus niger and 

Rhizopus oligosporus (Abd. Razak, Abd. Rashid, 

Jamaluddin et al., 2019) and fermentation of rice bran 

with Amylomyces rouxii (Abd Ghani et al., 2018) have 

significantly improved their cosmeceutical properties. 

However, research on the cosmeceutical activities of 
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fermented rice by-products with A. oryzae is yet to be 

done. In addition, research on the effects of extraction 

condition on the cosmeceutical properties of fermented 

products is scarce. In fact, efficient downstream 

processing is crucial in the SSF system. For the 

development of fermented rice by-products as a cosmetic 

ingredient, the extraction condition is important for 

maximum efficacy. Different extraction condition such 

as extraction solvent and extraction temperature may 

affect the extraction efficiency of bioactive compounds 

and consequently affecting the cosmeceutical properties 

of fermented rice by-products.  

Therefore, in this study, the activities of 

cosmeceutical properties of rice by-products including 

broken rice and rice bran in SSF by A. oryzae in terms of 

tyrosinase and elastase inhibition activity were 

investigated. Then, the influences of different extraction 

solvent and extraction temperature on the cosmeceutical 

properties, as well as their bioactive compounds were 

also investigated. To the best of our knowledge, this is 

the first report on the effects of different extraction 

conditions on the cosmeceutical properties of A. oryzae 

fermented broken rice and rice bran.  

 

2. Materials and methods 

2.1 Preparation of inoculums and substrate  

The fungus A. oryzae F0017 was obtained from 

MARDI’s Collection of Functional Food Cultures 

(CFFC), Selangor, Malaysia while broken rice and rice 

bran were obtained from Padiberas Nasional Berhad 

(Bernas, Selangor, Malaysia). The culture was grown on 

potato dextrose agar (PDA) and maintained at 30°C. The 

inoculum was prepared from 5 days old slant by 

suspending the fungal spores in Tween 80 (0.01%) and 

adjusted to a concentration of 1 x 106 spores/mL. Prior 

use, broken rice and rice bran were washed thoroughly 

and dried at 40°C for 24 hrs. 

2.2 Solid state fermentation  

A total of 30 g of rice bran and 90 g of broken rice 

were added to separate Erlenmeyer flasks and autoclaved 

at 121°C for 15 mins. Then, their moisture content was 

adjusted to 50% with sterilized distilled water. Next, 1% 

(v/w) of fungal spores was inoculated into the substrates, 

mixed properly and incubated at 30°C for 12 days. 

Unfermented rice bran and broken rice were used as 

control. The subsamples were then harvested and dried at 

50°C for 24 hrs in the oven before they were extracted 

with distilled water and filtered through Whatman No. 1 

filter paper. 

 

2.3 Optimization of extraction 

A total of 30 g of rice bran and 90 g of broken rice 

were added to separate beakers and autoclaved at 121°C 

for 15 mins. Then, their moisture content was adjusted to 

50% with sterilized distilled water. Approximately, 1% 

sterile molasses and 1% sterile soybean waste were also 

added into the beaker as a nutrient supplement to the rice 

bran and broken rice, respectively. Next, 1% (v/w) of 

fungal spores was inoculated into the substrates, mixed 

properly and transferred into sterile Petri dish. They were 

then incubated at 30°C for 12 days.  

After SSF, all samples were subjected to dry in the 

oven at 50°C for 24 hrs. Then they were mixed with the 

extraction solvent, either water or 50% ethanol (1:5 w/v) 

and shaken on an incubator shaker at 150 rpm for 2 hrs at 

either 30°C or 40°C. Next, the samples were centrifuged 

at 10 000 rpm for 5 mins and then filtered using 

membrane filter (Whatman, 0.22 µm). Prior to analysis, 

the extracts were stored at -20°C.  

2.4 Tyrosinase inhibition activity 

Tyrosinase inhibition activity was performed using 

the dopachrome method using l-3,4-

dihydroxyphenylalanine (L- DOPA) as the substrate 

according to the method by Alam et al. (2012) with 

minor modifications. Approximately, 40 μL of the test 

sample solution were mixed with 40 μL of mushroom 

tyrosinase (31 U/mL) and 80 μL of 0.1 M phosphate 

buffer (pH 6.8) in a 96-well plate. Then, the mixture was 

incubated at 25°C for 5 mins. Then, 40 μL of 10 mM L-

DOPA solution was added into the mixture and 

incubated again for 10 mins. Next, the absorbance was 

measured at 475 nm using the microplate reader 

(Versamax). Each sample was accompanied by a blank 

containing all components except L-DOPA. Kojic acid 

was used as positive controls.  

2.5 Elastase inhibition activity 

Anti-wrinkle potential of samples was evaluated by 

measuring their elastase inhibition activity using Elastase 

Assay Kit (EnzChek, USA). An aliquot of sample (50 

µL) was added to 100 µL of 0.5 U/mL porcine 

pancreatic elastase and incubated in the dark at room 

temperature for 15 mins. Then, 50 µL of DQ™ elastin 

working solution (25 µg/mL) was added into the mixture 

followed by incubation in the dark for 30 mins. 

Absorbance at 505/515 nm (Ex/Em) was measured using 

a fluorescent microplate reader. N-methoxy (N-

methoxysuccinyl-Ala-Ala-Pro-Val-chloromethyl ketone) 

was used as a reference inhibitor.  

Tyrosinase and elastase inhibition activities were 
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calculated using the following equation: 

% inhibition = {[(A – B) – (C – D)] / (A – B)} × 100 

Where A = absorbance of the blank solution with 

enzyme, B = absorbance of the blank solution without 

enzyme, C = absorbance of sample solution with enzyme 

and D = absorbance of sample solution without enzyme 

2.6 Phenolic acid composition 

The determination of phenolic acids composition 

was carried out by using High Performance Liquid 

System (HPLC) Alliance (Waters 2695) equipped with a 

photo-diode array detector (Waters 2996). The phenolic 

acids in the sample were separated on a reversed-phase 

analytical column (150 mm x 4.6 mm x Bridge C18, 3.5 

µm, Waters). The separation carried out in mobile phase 

consisted of 0.1% formic acid (A) and methanol (B) with 

the flow rate set at 0.7 mL/min. The detector was set at 

270 nm and 325 nm and peak identification were 

performed by comparing the retention times to the 

standard phenolic acids. Quantification of phenolic acids 

was performed using the calibration curves obtained by 

injecting known amounts of standard compounds. 

2.7 Organic acid composition 

The quantification of organic acids was 

accomplished using Waters HPLC. Organic acids in the 

sample were separated on a 250 mm x 4.6 mm, Extrasil 

ODS 5 μm column. The separation of organic acids was 

conducted in isocratic conditions at 30°C, using 50 mM 

phosphate solution (pH 2.8) as the mobile phase with the 

flow rate of 0.7 mL/min. Peak identification was made 

by comparing retention times and UV spectra at 210 nm 

and 245 nm with authentic compounds. Quantification 

was made using calibration curves obtained by injecting 

known amounts of pure compounds as external 

standards.  

2.8 Statistical analysis 

Mean values and standard deviations were calculated 

from the data obtained from triplicate experiments. In 

determining the significance of the data, one-way 

analysis of variance (ANOVA) was conducted using 

Minitab Statistical Software (Version 18). Differences 

between means with a p-value of <0.05 were considered 

statistically significant. 

 

3. Results and discussion 

3.1 Improvement of cosmeceutical properties in rice by-

products by SSF 

 The cosmeceutical properties of fermented and 

unfermented rice by-products were determined by 

performing tyrosinase and elastase inhibition assays. 

Tyrosinase is an important enzyme that involves in 

melanin biosynthesis. It converts tyrosine to 

dihydroxyphenylalanine (DOPA) and then oxidizes it to 

dopaquinone. Dopaquinone then forms melanin through 

a series of reactions (Zaidi et al., 2014). Meanwhile, 

elastase is a metalloproteinase enzyme that degrades 

elastin which provides firmness and elasticity to human 

skin; hence tyrosinase and elastase activity inhibition 

could be used as a method to measure the protection of 

the skin against pigmentation and ageing, respectively.  

Figure 1 presents the inhibition activity of both 

enzymes in unfermented and fermented broken rice and 

rice bran. SSF by A. oryzae has significantly improved 

the tyrosinase inhibition activity of broken rice (68.8%) 

and rice bran (18.9%), 7.4-fold and 11.2-fold in 

comparison to their unfermented substrate, respectively. 

Meanwhile, the strongest inhibition of elastase was 

observed in fermented rice bran (60.5%), a 6.6-fold 

significantly higher than the unfermented rice bran. 

Interestingly, SSF has improved the elastase inhibition 

activity in fermented broken rice (17.9%) where there 

was no activity of elastase inhibition in the unfermented 

broken rice observed. This indicates that SSF played 

significant roles in improving anti-pigmentation and anti-

ageing properties in the rice by-products.  

SSF is a complex biochemical process that produces 

various hydrolyzing enzymes like a-amylase, b-

glucosidase, xylanase, and esterases which may be 

associated with the release of water-soluble phenolic 

content from the insoluble bound form of broken rice 

and rice bran (Dey and Kuhad, 2014). Along the process, 

some unknown biochemical pathways may be involved 

in increasing their various functional properties including 

cosmeceutical properties. A study by Abd. Razak, 

Jamaluddin, Abd. Rashid et al. (2019) previously also 

showed the potential of SSF by A. oryzae in improving 

tyrosinase and elastase inhibition activity in other types 

of rice by-product, which is brewer’s rice, up to 6- and 

11-fold, respectively. The enhancement of bioactivities 

Figure 1. Tyrosinase and elastase inhibition activity of 

unfermented and fermented broken rice and rice bran. Bars 

with the same letter in each category are not significantly 

different (p>0.05) 
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in rice by-products was varied for each microorganism 

used. Jamaluddin et al. (2014) has reported the 

enhancement of elastase inhibition activity of rice bran in 

SSF by Monascus purpureus and Aspergillus niger about 

2.5-fold and 1.4-fold, respectively. 

3.2 Effect of extraction temperature and solvent on 

tyrosinase inhibition activity 

Various extraction conditions such as type of 

solvent, solvent to solid ratio, extraction temperature, 

time, and pH could affect the extraction efficiency of 

plant materials and consequently may influence their 

bioactivities. In this study, different solvent type and 

extraction temperature were optimized using a one-factor

-one-time approach to determine their effect on the 

cosmeceutical activities of fermented rice by-products. 

Figure 2 shows the tyrosinase inhibition activity of 

fermented broken rice and rice bran, extracted at 

different temperature (30°C and 40°C) with different 

solvent (water and 50% ethanol).  

In rice bran, the type of extraction solvent affected 

the tyrosinase inhibition activity substantially. Higher 

tyrosinase inhibition activity was significantly observed 

in 50% ethanol extract in comparison to the water 

extract. On the contrary, there was no significant 

difference between water extract and 50% ethanol 

extract in broken rice in terms of tyrosinase inhibition 

activity. Comparing the two substrates, broken rice was 

the most active in inhibiting tyrosinase. Similarly, the 

extraction temperature did not significantly affect the 

tyrosinase inhibition activity of fermented broken rice. 

Contrarily in rice bran, 50% ethanol extract exhibited 

significantly higher tyrosinase inhibition activity when 

extracted at 40°C (83.3%) while the water extract 

exhibited significantly lower tyrosinase inhibition 

activity (19.1%) at the same temperature. This indicates 

that both the solvent type and extraction temperature 

played significant roles in achieving the desired 

cosmeceutical characteristics of the extract, especially in 

fermented rice bran. The selection of an appropriate 

extraction method and temperature is among the key 

steps to consider before proceeding to cosmeceutical 

formulation development (Ciganovic et al., 2019). 

Many previous studies have found that aqueous 

mixtures of organic solvents will greatly increase the 

tyrosinase inhibition activity and antioxidants efficiency 

of most plant products (Venkatesan et al., 2019). 

Compared to water alone, the fermented methanol and 

ethanol extract of Magnolia officinalis by Aspergillus 

niger exhibited higher anti-tyrosinase activity, total 

phenolic content, and antioxidant activity (Wu et al., 

2018). Wang et al. (2016) have also reported that the 

50% ethanol extract of Bifidobacterium bifidum-

fermented Chinese Herbs including walnut, Moutan 

Cortex Radicis, and asparagus root exhibited the highest 

tyrosinase inhibition activity among all extracts.  

3.3 Effect of extraction temperature and solvent on 

elastase inhibition activity 

Enzymatic activity of elastase promotes skin ageing 

with symptoms such as wrinkling and sagging due to the 

loss of flexibility and elasticity in the skin. Therefore, 

there is growing interest in the development of safe and 

effective elastase inhibitors from the natural source. As 

depicted in Figure 3, the elastase inhibition activity of 

water extract of both fermented broken rice and rice bran 

extracted at 40°C were significantly higher, with a value 

of 75% for broken rice and 90.5% for rice bran 

compared to the 50% ethanol extract (60.9% and 53.6%), 

respectively. This is consistent with a study by Song et 

al. (2019) who also found that water extract of 

Cinnamomum yabunikkei H.Ohba leaf has higher 

elastase inhibition activity than the ethanol extract. Other 

findings by Cho et al. (2011) also confirmed that elastase 

inhibition was higher in water extract of Lycium 

chinense.  

Figure 3 also shows that 40°C was the most 

favourable extraction temperature for higher elastase 

inhibition activity for both water extract of broken rice 

and rice bran. On the other hand, in 50% ethanol extract 

of rice bran, significantly higher elastase activity was 

Figure 2. Tyrosinase inhibition activity of extracts from 

different extraction condition. Bars with the same letter in each 

category are not significantly different (p>0.05) 

Figure 3. Elastase inhibition activity of extracts from different 

extraction condition. Bars with the same letter in each category 

are not significantly different (p>0.05) 
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found when extracted at 30°C while elastase inhibition 

activity was not affected significantly by extraction 

temperature in 50% ethanol extract of broken rice. 

According to Shi et al. (2003), theoretically, under high 

temperatures, plant tissues were softened and the weak 

interactions affected the cell membranes. As a result, 

phenolic compounds that were contributed to the elastase 

inhibition activity may be easily extracted into the 

solvent.  

3.4 Effect of extraction temperature and solvent on 

phenolic acid content 

Table 1 shows the phenolic acid content in 

fermented broken rice and rice bran. In fermented broken 

rice, only gallic, protocatechuic, vanillic, syringic, and 

benzoic acid were identified. The highest phenolic acid 

content found was benzoic acid which was extracted in 

the water at 40°C (22 µg/mL). Other phenolic acids such 

as vanillic and syringic acid were found in significantly 

higher content in 50% ethanol extract except for gallic 

acid where there was no significant difference amount of 

it in both extracts. Caffeic, ferulic, and p-coumaric were 

not identified with any solvent meanwhile protocatechuic 

acid was only detected with water. The presence of gallic 

acid in fermented broken rice suggested that this 

compound has contributed to the high tyrosinase 

inhibition activity of the extract as has been reported by 

Su et al. (2013), gallic acid inhibited tyrosinase and 

decreased melanin synthesis. Kumar et al. (2013) has 

also suggested gallic acid as an effective de-pigmenting 

or skin lightening cosmeceutical agent. It was also 

observed that extraction temperature did not show a 

significant difference on the most phenolic acid content 

except vanillic acid which was found significantly higher 

when extracted at 30°C using water and benzoic acid 

which was found significantly higher when extracted at 

40°C using water. 

In rice bran, only caffeic, ferulic, protocatechuic, p-

coumaric and benzoic acid were identified. The highest 

content of phenolic acid in fermented rice bran was 

observed in 50% ethanol extract which was p-coumaric 

acid (8.18 µg/mL) extracted at 30°C, but the amount was 

not significantly different with extraction temperature of 

40°C (7.88 µg/mL). Similarly, higher content of caffeic 

and protocatechuic acid was significantly found in 50% 

ethanol extract of rice bran compared to its water extract. 

On the other hand, benzoic acid extracted at 40°C 

showed significantly higher concentration with water 

extract.  

The presence of p-coumaric acid in both rice bran 

extracts was interesting as this compound has been 

reported to contain anti-tyrosinase, anti-inflammatory, 

anti-collagenase and anti-microbial properties, thus 

increasing the cosmeceutical values of the fermented rice 

bran (Taofiq et al., 2016). In addition, the ferulic acid 

and caffeic acid also have been reported to display the 

tyrosinase inhibition activity (Thangboonjit et al., 2014). 

A lot of studies have reported that alcohol/water solution 

exerts a better influence on the extractability of phenolic 

compounds compared to the mono-component solvents. 

López-Perea et al. (2019) also found that the addition of 

water to the solvents has increased the extraction 

efficiency of bioactive compounds of wheat bran and 

barley husk.  

Temperature has not significantly affected most of 

the phenolic acid content in both extracts in rice bran. 

However, extraction at 40°C was found to be 

significantly favourable in producing higher content of 

caffeic, protocatechuic, p-coumaric, and benzoic acid. 

Dey and Kuhad (2014) also observed the higher content 

of phenolic acids from Rizhopus oryzae-fermented wheat 

grain when extracted at 40°C. According to Spigno et al. 

(2007), mild heating can soften plant tissues and weaken 

the cell wall integrity and so favoured the release of 

bound phenolic compounds. 

Phenolic acid 

Compound content (µg/mL)* 

Fermented broken rice Fermented rice bran 

Water 50% EtOH Water 50% EtOH 

30°C 40°C 30°C 40°C 30°C 40°C 30°C 40°C 

Gallic 3.0±0.02a 2.8±0.01a 2.29±0.00a 2.5±0.01a nd nd nd nd 

Caffeic nd nd nd nd 0.59±0.02a 1.0±0.01b 2.74±0.34c 2.86±0.33c 

Ferulic nd nd nd nd 1.69±0.07a 2.02±0.67a 1.30±0.01a 1.79±0.09a 

protocatechuic 6.97a 6.03a nd nd 3.14±0.16a 4.44±0.36b 5.12±0.99c 7.43±1.98d 

p-coumaric nd nd nd nd 4.54±1.04a 5.42±1.22b 8.18±1.26c 7.88±1.67c 

Vanillic 8.52±2.01a 6.81±1.78b 11.64±2.82c 11.85±3.08c nd nd nd nd 

Syringic 1.74±0.08a 1.30±0.05a 2.23±0.79b 2.09±0.26b nd nd nd nd 

Benzoic 17.71±2.09a 22±3.11b 1.38±0.06c 2.96±0.71d 1.08±0.01a 6.15±0.18b 1.38±0.03a 1.41±.02a 

Values are expressed as mean±SD. Values with the same superscript within the row are not significantly different (p>0.05). nd = 

not detected. 

Table 1. Phenolic acids content of fermented broken rice and rice bran extracts 
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Comparing both substrates, broken rice contained 

higher overall phenolic acids with concentrations ranging 

from 1.3 µg- 22 µg/mL while only 1 – 8.18 µg/mL in 

rice bran. The variation of phenolic acid compositions in 

fermented plant products was highly affected by the 

extraction solvent due to the different polarity. The 

phenolic acid content in this study was lower than 

reported by Schmidt et al. (2014) who studied Rizhopus 

oryzae fermented rice bran extracted with methanol. 

3.5 Effect of extraction temperature and solvent on 

organic acid content 

For a better understanding of the cosmeceutical 

properties of fermented rice-by-products extracts, we 

analyzed the organic acid content of fermented extracts 

using HPLC. The ability of Aspergillus species to 

transform a wide range of carbohydrates into organic 

acids is well known. Through HPLC, a total of four types 

of organic acid (citric, kojic, ascorbic, lactic) were 

identified in fermented broken rice water extract and 

only three types (citric, kojic, lactic) were identified in 

fermented rice bran, and the content of these organic 

acids was listed in Table 2. It was observed that citric 

acid was the major compound identified in broken rice 

water extract (136.88 mg/mL). Similarly, other organic 

acids such as kojic, ascorbic, and lactic acid were only 

presented in the water extract of broken rice. The 

temperature did not give significant effect on the amount 

of most organic acids in fermented broken rice except 

citric acid. 

The highest organic acid content in rice bran was 

kojic acid extracted at 40°C in water (119.01 mg/mL) 

but that was not significantly different from extraction at 

30°C (116.4 mg/mL). However, no kojic acid was 

present in 50% ethanol extract. Similarly, lactic acid was 

only detected in the water extract of fermented rice bran. 

On the other hand, ascorbic acid was not identified with 

any solvent in fermented rice bran. The presence of citric 

acid, kojic acid, ascorbic acid and lactic acid in the 

fermented samples increased their potentials as 

cosmeceutical agents. Citric acid is a type of β-hydroxy 

acid that is widely used as an antioxidant in the cosmetic 

formulation (Kornhauser et al., 2012). Kojic acid 

prevents the generating of melanin by inhibiting the 

activities of tyrosinase, thus it is widely used as skin 

whitening, skin lightener or depigmenting agent in 

cosmetic formulations and other applications such as 

pharmaceuticals (Saeedi et al., 2019). Besides, ascorbic 

acid is also commonly used as a tyrosinase inhibitor 

because it can affect the chemical reduction of 

dopaquinone, thereby avoiding the formation of 

dopachrome and melanin by the subsequent reduction of 

dopaquinone to L-DOPA (Cui et al., 2018). The 

presence of ascorbic acid in fermented broken rice 

suggests its high tyrosinase inhibition activity of the 

extract. Other important organic acids such as lactic acid 

also can act as skin anti–ageing tool by reducing the 

appearance of fine lines and wrinkles and can help to 

promote collagen production, which then will firm the 

skin. Lactic acid also plays a major role in lightening age 

spots by the repression of the formation of tyrosine 

(Alsaheb et al., 2015).  

However, it is important to note that the overall 

cosmeceutical activity in an extract is not necessarily 

indicated by the type or the quantity of individual 

bioactive compounds in the extract. Their combined 

effect either synergistic or antagonistic may have played 

a vital role in enhancing their potential as a functional 

ingredient in cosmeceutical products.  

 

4. Conclusion 

The SSF of rice by-products by A. oryzae is a good 

valorization technique that produces valuable bioactive 

compounds with promising cosmeceutical activities. 

Study on the optimization of extraction conditions has 

further improved their cosmeceutical properties. Both the 

solvent type and extraction temperature played 

significant roles in achieving the desired cosmeceutical 

characteristics of the extract. However, it is difficult to 

determine the best extraction solvent and temperature to 

obtain fermented rice by-products extracts with 

maximum cosmeceutical activities due to the varying 

results from this study. It was possible to infer that the 

choice of extraction solvent should be done depending 

Values are expressed as mean±SD. Values with the same superscript within the row are not significantly different (p>0.05). nd = 

not detected. 

Table 2. Organic acid content of fermented broken rice and rice bran extracts 

Organic 
acids 

Compound content (mg/mL)* 

Fermented broken rice Fermented rice bran 

Water 50% EtOH Water 50% EtOH 

30°C 40°C 30°C 40°C 30°C 40°C 30°C 40°C 

Citric 136.88±2.47a 119.72±2.22b nd nd 0.62±0.12a 0.56±0.04a 0.12±0.01b 0.12±0.00b 

Kojic 0.03±0.00a 0.04±0.00a nd nd 116.4±3.63a 119.01±2.57a nd nd 

Ascorbic 0.34±0.04a 0.36±0.06a nd nd nd nd nd nd 

Lactic 1.17±0.13a 1.23±0.09a nd nd 0.71±0.06a 0.55±0.03a nd nd 
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on the final application. 50% ethanol solvent was more 

effective to be used for enhancing the anti-pigmentation 

while water was more suitable to be used for enhancing 

the anti-ageing function. Further studies involving other 

extraction condition factors such as extraction time and 

solvent to solid ratio or statistical optimization 

applications may be beneficial to thoroughly explore the 

cosmeceutical potentials of these extracts. To the best of 

our knowledge, this is the first study to demonstrate the 

cosmeceutical-related activities of extracts from 

fermented rice by-products in different extraction 

conditions. The data from this study confirmed an 

attractive array of skin-related biological activities of A. 

oryzae fermented broken rice and rice bran extracts 

promising them to be developed as a cosmetic ingredient 

for skin whitening and anti-ageing products. 
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