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Abstract 
 
To evaluate the amino acid composition and biological activity of new powdered vegetable seasonings included 
inky cap mushroom (Coprinopsis radiata), onion, and radish in three different formulations, namely M1, M2, and 
M3. The amino acid composition was examined by liquid chromatography with tandem mass spectrometry (LC–
MS/MS).  Biological activity evaluated antioxidant compounds (total phenolic content [TPC] and total flavonoid 
content [TFC]), antioxidant activity (2,2-diphenyl-1-picrylhydrazyl [DPPH]), ferric reducing antioxidant power 
(FRAP)], and cytotoxicity on human liver cancer cells (HepG2) with the sulforhodamine B (SRB) assay. 
Moreover, the vegetable seasonings powdered enhanced the taste of aspartic and glutamic acids, characteristic of 
umami, especially in M3, which had the highest umami taste. The ethanolic extract of M3 showed significantly 
higher concentrations of TPC and TFC (p< 0.05) compared to other formula. Furthermore, the antioxidant activity 
of M3 was similar to antioxidant compounds. Ethanolic extracts of the three formulations induced the death of 
HepG2 cells, particularly those from M3, in which HepG2 cell death was statistically significant higher (p< 0.05) 
than extracts of M1 and M2. The biological activities of vegetable seasonings powdered were rely on the amount 
of mushroom powder. These findings suggest that powdered vegetable seasonings could be used as natural 
seasonings in powder form and may have potential as a source of phytochemicals that possess antioxidant and 
cytotoxic properties. 
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1. Introduction 
 

Epidemiological studies suggest that consuming vegetables reduces the risk of chronic diseases [1]. A previous 
finding suggested that seasoning vegetables was associated t increasing vegetable intake [2]. In addition, 
vegetables containing vitamins and phenolic compounds are good sources of phytochemical compounds. In 
Thailand, vegetables are used as food flavorings. In particular, mushrooms are widely used as functional and 
healthy food and are typically consumed for their flavor [3]. The potential of medicinal mushrooms to improve 
health due to their high number of bioactive components can be seen in the number of nutraceutical, nutritional 
therapy, and pharmaceutical applications [4]. Moreover, plant extracts contain important secondary metabolites, 
including alkaloids, terpenoids, phenolics, and flavonoids, all promoting health [5]. Phenolic compounds 
(including flavonoids) of edible plants play a protective role as non-enzymatic antioxidants in cells, protecting 
them from oxidative damage and, hence, are beneficial to human health [6]. 

Coprinopsis radiata (C. radiata) is a Basidiomycete fungus, commonly known as an inky cap mushroom, and 
is a member of the Psathyrellaceae family [7]. In addition, this mushroom is rich in proteins and free amino acids, 
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the essential compounds in functional foods [8]. It is especially rich in aspartic acid and glutamic acid, which 
provide the umami taste in many popular dishes, as well as monosodium glutamate (MSG)-like flavor. [9]. 
Vegetables with an umami taste, such as tomato, seaweed, onion, radish, and mushroom, have been used to 
develop powdered vegetable seasonings [10,11]. In addition, the glutamate and aspartate contents of onion, radish, 
and inky cap mushroom were 198, 203, and 65 mg/100g, respectively [12,13]. 

Interest has increased in the potential use of vegetables as seasonings with increased antioxidant compounds 
and antioxidant capacity [12]. Our previous study revealed that C. radiata is a mushroom with many 
phytochemical properties that contains antioxidants, as well as some essential amino acids. It has potential as a 
vegetable seasoning that provides health benefits [13]. In the present study, we developed a new powdered 
vegetable seasoning, which includes the umami vegetables mushroom, onion, and radish. Although the chemical 
composition and biological activity of mushroom, onion, and radish have been studied, their combination has not 
been studied. It has been suggested that consuming novel powdered vegetable seasonings may help reduce the 
risk of chronic diseases. This research aimed to evaluate the free amino acids in new powdered vegetable 
seasonings through liquid chromatography with tandem mass spectrometry (LC–MS/MS) analysis and to 
determine their biological activities, including their antioxidant activity, by determining their antioxidant activity 
(i.e., 2,2-diphenyl-1-picrylhydrazyl [DPPH] and ferric reducing antioxidant power [FRAP]), antioxidant 
compounds (total phenolic content [TPC] and total flavonoid content [TFC]), and the cytotoxicity on human liver 
cancer cells (HepG2).  
 
2. Materials and methods 
 
2.1. Materials 
 

Individual standard amino acids, DPPH, 2,4,6-tripyridyl-S-triazine (TPTZ), Folin-Ciocalteu reagent, gallic 
acid, and catechin, were obtained from Sigma-Aldrich (MO, USA). All laboratory chemicals and reagents 
employed in the research were of analytical grade. 
 
2.2. Sample preparation 
 

The powdered vegetable seasonings were prepared using a mixture of inky cap mushrooms, onions, and radish 
powder modified from Phiangjan [10]. The powdered vegetable seasonings had the following proportions: M1: 
50% inky cap mushrooms, 25% onions, and 25% radishes; M2: 60% inky cap mushrooms, 20% onions, and 20% 
radishes; and M3: 70% inky cap mushrooms, 15% onions, and 15% radishes. 
 
2.3 Free amino acid analysis 
 

Free amino acids in powdered vegetable seasonings were analysed and identified using LC–MS/MS. Free 
amino acids were extracted by suspending 100 mg of a fine powder with 0.5 mL of 0.05 M aqueous HCl–ethanol 
(1:1 v/v).  The samples were vortexed for 5 min to ensure homogeneity, and then centrifuged at 12,100 x g for 15 
min at 4 °C. 

The supernatant was analysed by LC–MS/MS. The analysis was carried out using an LCMS-8030 coupled to 
the power of a triple-quadrupole mass spectrometer (Shimadzu, Kyoto, Japan), operated in ESI mode, and a 
Shimadzu LC-20AC series HPLC system (Shimadzu, Kyoto, Japan). The sample 10 µL sample was injected and 
separated conditions: a carrier solvent using a flow rate of 0.2 mL/min and column oven temperature setting at 38 
°C. The analysis was carried out in liquid phases consisting of (A) methanol/water (50:50) with 0.1% (v/v) formic 
acid, and (B) water with 0.1% (v/v) formic acid. The MS/MS equipped with an electrospray ionisation interface 
(ESI) was used to confirm the amino acid analysis. The mass spectrometer was operated in multiple reaction 
monitoring (MRM) in the positive ion mode; and ion source temperature at 400 °C. 
 
2.4 Extraction for determination of phytochemical compounds 
 

The powdered form of 25 g dried sample was soaked overnight with 95% ethanol in 250 mL. Next, the 
ethanolic extracts were filtered using filter paper and removed of solvents from samples by rotary evaporator under 
reduced pressure and a temperature of 50 °C. The extracts were dried in a freeze-drier and stored at –20 °C for 
subsequent analysis of antioxidant activity, antioxidant compounds, and anticancer activity. 
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2.5 Determination of antioxidant compounds of powdered vegetable seasonings included total phenolic content 
(TPC) and total flavonoid content (TFC) 
 
2.5.1 TPC 
 

The TPC was analysed according to the method described by Yawadio et al. [14]. The absorbance was 
observed at a wavelength of 765 nm. Gallic acid as a standard for measuring TPC, and the results are expressed 
in term of gallic acid equivalents (GAE) 

 
2.5.2 TFC 
 

Colorimetric analysis was used to determine the TFC in the extracts using a previously published method [15]. 
The 0.5 mL of 2% aluminium chloride in ethanol was added to 1 mg/mL of extracts and incubated for 60 min at 
room temperature. The absorbance was read at a wavelength 420 nm. The TFC is described as mg of catechin 
equivalents (CA). 
 
2.6 Determination of antioxidant activity 
 

The antioxidant activities of powdered vegetable seasonings were evaluated using several antioxidant assays. 
 
2.6.1 DPPH radical scavenging activity 
 

The radical-scavenging activity used to measure antioxidant activity was based on the DPPH assay described 
by Brand-Williams et al. [16]. The assay is based on the reduction of DPPH radicals measured by the absorption 
band at 515 nm. Trolox was used as a positive control, and the assay was carried out in triplicate. The percent of 
radical-scavenging activity following to the equation: % radical-scavenging activity = [1- (Ac/Ad)] × 100, where 
Ac is the absorbance of the sample, and Ad is the absorbance of the control. 
 
2.6.2 Determination FRAP assay 
 

The reducing power of extracts from C. radiata preparations was determined with the method described by 
Benzie and Strain [17], with some modifications. The FRAP solution consisted of 300 mM acetate buffer (3.1 g 
C2H3NaO2·3H2O and 16 mL C2H2O2), pH 3.6; and 10 mM TPTZ was mixed with 75 µL of each of the extracts. 
After 30 min incubation, the absorbance was measured at wavelength 593 nm. The standard curve of Trolox was 
linear between 20 and100 μg/mL. 
 
2.7 Cytotoxicity assay 
 

The HepG2 used for the cytotoxicity study was purchased from the American Type Culture Collection (ATCC, 
USA) and maintained according to ATCC’s recommendations. To assess the cytotoxicity effect of the extracts on 
HepG2 cell viability, the sulforhodamine B (SRB) assay was used according to Buranrat et al. [18]. In brief, 
HepG2 cell line were cultured in a 96-well plate for overnight, and treated with different concentrations of extract 
were added for 24–72 h, respectively. The cells were subsequently fixed with 10% trichloroacetic acid at 4 °C and 
incubated for 30 min with 0.4% (SRB). The protein-bound dye solution was prepared with 10 mM Tris base 
solution, and the absorbance at 540 nm was recorded. Cell cytotoxicity (% cell death) was compared with 
untreated control groups, and 50% inhibition (IC50) values were calculated. 
 
2.8 Statistical analysis 
 

All statistical analyses were performed using STATA version 13.0 software. The data are presented as mean 
+ standard deviation (SD).  Statistical significance between groups was analysed by one-way ANOVA followed 
by   the appropriate post‑hoc test (Duncan Test), and the statistical difference were considered significant at p < 
0.05. 
 
3. Results and discussion 
 

Our previous study investigated the biological activity of C. radiata or inky cap mushrooms, and the extract 
displayed high TPC and strong antioxidant activity. Based on the results shown that a high concentration of 
aspartic acid (8.33 ± 0.93 µg/g dry weight) and glutamic acid (56.67 ± 1.07 µg/g dry weight), TPC (32.27 ± 2.23 
mg GAE/g dry weight), TPC (19.06 ± 1.89 mg CA/g dry weight), DPPH assay (65.10 % inhibitions), and FRAP 
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radicals (620.56 + 9.51 mmol FeSO4/100 g dry weight) [10]. Thus, we used inky cap mushrooms to develop new 
powdered vegetable seasonings.  
 
3.1 Free amino acid analysis 
 

The free amino acid profiles of the different powdered vegetable seasoning formulations (M1, M2, and M3) 
from the LC–MS/MS analysis are shown in Table 1. Fourteen amino acids were identified by searching the 
standard mass spectral library based on the retention time and mass spectra. The screened samples showed high 
quantities of aspartic acid and glutamic acid, which provide the main flavor, monosodium glutamate. Therefore, 
we focused on these two amino acids in the powdered vegetable seasonings. The highest glutamic acid 
concentration was found in M3 (344.13±63.96 µg/g dry weight), as well as the highest aspartic acid concentration 
(31.07±5.83 µg/g dry weight). Furthermore, arginine was found to be the most abundant free amino acid in all of 
the powdered vegetable seasonings.  

Reyes [19] has analyzed the basic amino acids in the family of Coprinus mushrooms and found they were 
glutamic acid, leucine, and arginine. Onions, radishes, and mushrooms are umami vegetables with high glutamate 
and aspartate contents [11]. Our results showed that M3 contained the highest percentage of aspartic and glutamic 
acids, which are components that provide the characteristic umami mushroom taste or the taste of monosodium 
glutamate [20]. The tastes of aspartic and glutamic acids are reminiscent of umami, which is an important factor 
in the taste of powdered vegetable seasonings. In addition, M3 contained the lowest amount of arginine, which is 
the most bitter component of the mixture [21]. 
 
Table 1 Free amino acid composition of powdered vegetable seasonings.   

Amino acid Powdered vegetable seasonings (µg/g dry weight) 

M1 M2 M3 
Alanine 56.90 + 9.20* 75.47 + 18.77* 124.80 + 18.92* 
Arginine 8161.67 + 531.31*  7456.10 + 263.36*  2011.90 + 116.47*  
Aspartic acid 14.83 + 3.49*  19.93 + 1.34*  31.07 + 5.83*  
Glutamic acid 161.97 + 26.85*  225.87 + 18.38* 344.13 + 63.96*  
Histidine 27.80 + 1.03*  30.53 + 1.55*  47.70 + 6.64* 
Isoleucine 115.03 + 2.46*  95.57 + 4.89*  84.20 + 1.97*  
Leucine 226.27 + 33.65*  152.10 + 11.27*  146.77 + 7.64*  
Lysine 285.17 + 19.77*  487.50 + 61.26*  1,049.60 + 50.49*  
Methionine 3.60 + 1.92* 5.67 + 0.42* 5.27 + 0.28* 
Phenylalanine 172.00 + 5.92*  207.67 + 12.84*  194.63 + 2.02*  
Threonine 24.30 + 2.89*  37.10 + 6.46*  49.50 + 4.42*  
Tryptophan 95.43 + 14.30*  128.27 + 14.62*  14.37 + 0.45*  
Tyrosine 67.93 + 11.95*  82.30 + 14.12*  113.00 + 1.85*  
Valine 46.50 + 7.02*  67.07 + 3.45*  86.97 + 7.92*  

*Statistically significant at p < 0.05 in the same row to denote a significant difference between powdered vegetable seasonings formula. 

 

3.2 Antioxidant compounds of TPC and TFC 
 
The antioxidant compounds in the ethanolic extracts of the powdered vegetable seasonings, including the TPC 

and TFC, are shown in Table 2. Ethanolic extracts of powdered vegetable seasonings showed abundant 
antioxidant compounds, with a TPC comparable to that of standard GAE. The TPCs in powdered vegetable 
seasonings ranged from 67.24–75.14 mg GAE/100 g. M3 contained the maximum amount of TPC (72.42 mg 
GAE/100 g), followed by M2 with 70.17 mg GAE/100 g, whereas M1 had the least TPC: (68.84 mg GAE/100 g). 
With regard to TFC, M3 contained the maximum amount, and M1 contained the minimum. The TPC and TFC 
were higher in M3 than in M2 and M1. Moreover, the concentrations of ingredients depended on the fluctuations 
in the phenolic and flavonoid content.  

Previous work has indicated that the ethanolic extract of C. radiata resulted in a higher phytochemical 
concentration than that of an extract prepared with a different solvent [13]. The solvent polarity influenced the 
concentrations of the bioactive substances, including TPC and TFC, contained in the C. radiata preparations. Liu 
[22] has noted that bioactive substances in vegetables include high antioxidant phenolic compounds and 
flavonoids, which are found in vegetables, including onions, radishes, and mushrooms. The TPCs and TFCs 
include antioxidant compounds that inhibit oxidative stress and have health-promoting (bioactive) effects [6]. As 
the total amount of mushrooms in a particular sample increased, the TPC and TFC values increased. The phenolic 
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compounds exert their antioxidant activity by scavenging free radical species or enhancing endogenous 
antioxidant activity [23]. Our findings indicate the phytochemical compounds in the powdered vegetable 
seasonings enhance the antioxidant and bioactive benefits of these formulations proportional to the amount of 
powdered mushroom. 
Table 2 Antioxidant activity and compounds of powdered vegetable seasonings.  

Powdered 
vegetable 
seasonings 

Antioxidant activity Antioxidant compounds 
DPPH 
(% scavenging 
activity) 

FRAP 
(mmol FeSO4/100 g dry 
weight) 

TPC 
(mg/100g) 

TFC 
 (mg/100g) 

M1 60.06 + 0.77* 780.64 + 7.88* 68.84 + 1.60 30.38 + 5.11* 
M2 63.06 + 1.07* 902.56 + 4.84* 70.17 + 2.71 37.14 + 0.56* 
M3 69.10 + 0.20* 1092.56 + 13.95* 72.42+ 2.72 40.68 + 2.50* 

*significant at p < 0.05 for one-way ANOVA comparing the difference between powdered vegetable seasonings  formula with values expressed 
as mean ± SD of the triplicate measurement. 

 
3.3 Antioxidant activity by DPPH and FRAP assays  
 

The antioxidant activity of the ethanol extracts from the powdered vegetable seasonings and the outcome of 
DPPH radical scavenging assays are presented in Table 2. The inhibition percentages for the DPPH assay were 
highest for M3 (69.10%), followed by M2 and M1 (p < 0.05). Similarly, the M3 formulation possessed the highest 
antioxidant activity in terms of FRAP radicals (1092.56 ± 13.95 mmol FeSO4/100 g dry weight) (p < 0.05), 
whereas the M1 formulation possessed the lowest antioxidant activity (780.64 ± 7.88 mmol FeSO4/100 g dry 
weight). 

The phenolic and flavonoid compounds might contribute to the antioxidant activity, and it has been shown 
that the antioxidant activities of powdered vegetable seasonings correlated with their phenolic compound contents 
[22,23]. The total antioxidant activity values for powdered vegetable seasonings followed a similar trend as that 
of the antioxidant compounds of the TPC and TFC. The antioxidant activity could act as a radical scavenger 
through an electron- or hydrogen-donating mechanism. Therefore, different antioxidant assays have been used to 
measure antioxidant activity [24]. Increasing the amount of mushroom powder in the formulations increased the 
total antioxidant activity. Such observations show the potential to improve the antioxidant activity of powdered 
vegetable seasonings by incorporating mushroom powders. 

 
3.4 Cytotoxicity assessments by SRB 
 

The cytotoxicity assessments by SRB assays of HepG2 cells are summarized in Figure 1. HepG2 cells were 
exposed to various concentrations (125–5000 μg/mL) of ethanol extracts from the powdered vegetable seasonings 
for 24–72 h. The ethanolic extracts induced a statistically significant (p< 0.05) increase in HepG2 cell death, 
dependent on the product formulation and the concentration. The HepG2 cells exposed to the M3 extracts for >72 
h and at higher concentrations experienced increased cell death (%). The increase in cell death determined by SRB 
assay when exposed to 125, 250, 500, 1000, 2500, and 5000 μg/ mL of M3 at 72 h was 11.53%, 14.81%, 27.83%, 
42.91%, 52.75%, and 61.06%, respectively. In addition, M3 was a more effective cytotoxicity agent than other 
powdered vegetable seasonings formulated with low IC50 values (2,230.90 ± 51.23 µg/mL) (Table 3). 

The powdered vegetable seasonings extracts tested in this study increased the death of HepG2 cells in a 
concentration-dependent manner. Our results are in agreement with previous studies showing the genus Coprinus 
spp. possess cytotoxic activity against human T-cell leukemia cells [25] and liver HepG2 cells [26]. Furthermore, 
onion and radish showed the strongest inhibition of the HepG2 cell viability [27,28]. The present study suggests 
that the cytotoxicity of the powdered vegetable seasonings might be due to the free radical scavenging property 
of the extracts in the presence of antioxidant compounds [26]. In this study, the presence of antioxidant compounds 
such as TPC and TFC showed cytotoxic activity on HepG2 cells. Fuchs et al. [29] have demonstrated the 
cytotoxicity of polyphenolic compounds from winery by-products on mitochondrial functions in HepG2 cells. For 
example, polyphenolic compounds, such as gallic acid and catechin, have been shown to exhibit cytotoxicity after 
24 h of incubation on HepG2 cells with cell viability of 12.5 µM and 100 µM, respectively [30,31]. 

This research supports using vegetables, particularly onions, radishes, and inky cap mushrooms, to develop 
new powdered vegetable seasonings that show biological activity. The phenolic compounds were the principal 
components responsible for the biological activity, including the antioxidant and cytotoxic activity of all three 
powdered vegetable seasonings. In addition, these findings need to be evaluated in further investigations on the 
isolation and characterization of the active compounds responsible for the antioxidant and cytotoxicity potential 
of these new powdered vegetable seasonings. 
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Figure 1 Effect of the extract on HepG2 cell death. The cells were treated with various concentrations of (A) 
(50% inky cap mushrooms), (B) (50% inky cap mushrooms), and (C) (70% inky cap mushrooms) extract of the 
powdered vegetable seasonings (0–5000 ug/mL) for 24-72 h. 
 
Table 3 Mean IC50 values for the powdered vegetable seasonings in HepG2 cells following different incubation 
time periods.  

Incubation time HepG2 Cells 
M1 M2 M3 

24 h 4,995.26 + 45.00* 4,715.01 + 23.67* 3,723.49 + 67.19* 
48 h 4,701.63 + 25.27* 4,562.10 + 12.31* 3,253.88 + 43.16* 
72 h 4,487.01 + 41.79* 4,454.40 + 21.07* 2,230.90 + 51.23* 

*Data having the same superscript are significantly different from each other at p<0.05 using one way analysis of variance (ANOVA). 

 
4. Conclusion 
 

The vegetables consumed to promote human health are often included in dietary supplements. Our results 
show that powdered vegetable seasonings can be used as a new natural seasoning powder, which significantly 
increases the death of HepG2 cells in a concentration-dependent manner. These encouraging results suggested 
combining onions, radishes, and inky cap mushrooms into a natural seasoning powder that could contain health-
promoting phytochemical compounds. This study also suggests the potential of using culinary powdered vegetable 
seasonings to increase the phytochemical content and biological activity of food additives. 
 
5. Acknowledgements 
 

This research was supported by the Faculty of Public Health, Mahasarakham University, Thailand.  
 
6. References 
 
[1] Nyanchoka MA, van Stuijvenberg ME, Tambe AB, Zuma MK, Mbhenyane XG.  Fruit and Vegetable 

Consumption Patterns and Risk of Chronic Diseases of Lifestyle among University Students in Kenya. Int 
J Environ Res Public Health. 2022;19(12):6965. 

 

  (A) (B) 

(C) 



7 

[2] Luu L, Manero J, Lee S-Y, Nickols-Richardson SS, Chapman-Novakofski K. Role of seasoning vegetables 
on consumer behavior: purchase, intake, liking, and intention to pay for larger servings. Food Qual Prefer. 
2020;82:103890. 

[3] Sánchez C.  Cultivation of Pleurotus ostreatus and other edible mushrooms.  Appl Microbiol Biotechnol. 
2010;85(5):1321-1337. 

[4] Chaturvedi VK, Agarwal S, Gupta KK, Ramteke PW, Singh M. Medicinal mushroom: boon for therapeutic 
applications. 3 Biotech. 2018;8(8):1-20. 

[5] Mohammadinejad R, Shavandi A, Raie DS, Sangeetha J, Soleimani M, Hajibehzad SS, et al.  Plant 
molecular farming:  production of metallic nanoparticles and therapeutic proteins using green factories. 
Green chem. 2019;21(8):1845-1865. 

[6] Kiani R, Arzani A, Mirmohammady Maibody S.  Polyphenols, flavonoids, and antioxidant activity 
involved in salt tolerance in wheat, Aegilops cylindrica and their amphidiploids.  Front Plant Sci. 
2021;12:646221. 

[7] Kamada T.  Stipe Elongation in Fruit Bodies.  In:  Wessels JGH, Meinhardt F, editors.  Growth, 
Differentiation and Sexuality. Berlin, Heidelberg: Springer Berlin Heidelberg; 1994. p. 367-379. 

[8] Kim MY, Lee SJ, Ahn JK, Kim EH, Kim MJ, Kim SL, et al. Comparison of free amino acid, carbohydrates 
concentrations in Korean edible and medicinal mushrooms. Food Chem. 2009;113(2):386-393. 

[9] Yamanaka H, Shimada R. Post-mortem biochemical changes in the muscle of Japanese spiny lobster during 
storage. Fisher Sci. 1996;62(5):821-824. 

[10] Phiangjan P. Development of seasoning from vegetales [dissertation]. Chiang Mai: Chiang Mai University; 
2006. 

[11] Kitaoka- Saito C, Yamamoto J, Sugita K, Sugiyama K, Kato- Yoshinaga Y.  Effect of half- dry processing 
on umami components of vegetables and mushrooms. Japanese J Food Chem Safety. 2020;27(2):93-101. 

[12] Kim BH, Lee HS, Jang YA, Lee JY, Cho YJ, Kim C-i. Development of amino acid composition database 
for Korean foods. J Food Compos Anal. 2009;22(1):44-52. 

[13] Somdee T, Kraiklang R, Mahaweerawat C, Yangyuen S, Mahaweerawat U, Chumroenphat T, et al. Amino 
Acid, Phytochemical Compositions and Antioxidant Activity of Inky Cap Mushroom (Coprinus radiata). 
Asian J Chem. 2020;33(1):53-56. 

[14] Nsimba RY, Kikuzaki H, Konishi Y. Antioxidant activity of various extracts and fractions of Chenopodium 
quinoa and Amaranthus spp. seeds. Food chem. 2008;106(2):760-766. 

[15] Bakar MFA, Mohamed M, Rahmat A, Fry J. Phytochemicals and antioxidant activity of different parts of 
bambangan (Mangifera pajang) and tarap (Artocarpus odoratissimus). Food chemi. 2009;113(2):479-483. 

[16] Brand-Williams W, Cuvelier M-E, Berset C. Use of a free radical method to evaluate antioxidant activity. 
LWT-Food Sci Technol. 1995;28(1):25-30. 

[17] Benzie IF, Strain J. Ferric reducing/antioxidant power assay: direct measure of total antioxidant activity of 
biological fluids and modified version for simultaneous measurement of total antioxidant power and 
ascorbic acid concentration.  Methods Enzymol. 1999;299:15-27. 

[18] Buranrat B, Mairuae N, Kanchanarach W.  Cytotoxic and antimigratory effects of Cratoxy formosum 
extract against HepG2 liver cancer cells. Biomed Rep. 2017;6(4):441-448. 

[19] Reyes RG, Lopez L, Kumakura K, Kalaw SP, Kikukawa T, Eguchi F.  Coprinus comatus, a newly 
domesticated wild nutriceutical mushroom in the Philippines. J Agric Technol. 2009;5(2):299-316. 

[20]  Yamaguchi S.  The Umami Taste. In: Boudreau JC editors. Food Taste Chemistry.  Washington, D.C: 
American Chemical Society. 1979. p. 33-51. 

[21] Yang J-H, Lin H- C, Mau J- L.  Non-volatile taste components of several commercial mushrooms.  Food 
chem. 2001;72(4):465-471. 

[22] Liu RH. Dietary bioactive compounds and their health implications. J  Food Sci. 2013;78(s1):A18-A25. 
[23] Pinto T, Aires A, Cosme F, Bacelar E, Morais MC, Oliveira I, et al.  Bioactive ( Poly)  phenols, volatile 

compounds from vegetables, medicinal and aromatic plants. Foods. 2021;10(1):106. 
[24] Rahman M, Islam M, Biswas M, Khurshid Alam A. In vitro antioxidant and free radical scavenging activity 

of different parts of Tabebuia pallida growing in Bangladesh. BMC Res Notes. 2015;8(1):1-9. 
[25] Zhang P, Li K, Yang G, Xia C, Polston JE, Li G, et al.  Cytotoxic protein from the mushroom Coprinus 

comatus possesses a unique mode for glycan binding and specificity.  Proc Natl Acad Sci. 
2017;114(34):8980-8985. 

[26] Sadi G, Emsen B, Kaya A, Kocabas A, Cinar S, Kartal DI. Cytotoxicity of some edible mushrooms extracts 
over liver hepatocellular carcinoma cells in conjunction with their antioxidant and antibacterial properties. 
Pharmacogn. Mag. 2015;11(42):6. 

[27] Lee SW, Yang KM, Kim JK, Nam BH, Lee CM, Jeong MH, et al.  Effects of white radish ( Raphanus 
sativus) enzyme extract on hepatotoxicity. Toxicol Res. 2012;28(3):165-172. 



8 

[28] Zhou Y, Li C, Feng B, Chen B, Jin L, Shen Y.  UPLC- ESI- MS/MS based identification and antioxidant, 
antibacterial, cytotoxic activities of aqueous extracts from storey onion ( Allium cepa L.  var.  proliferum 
Regel). Food Res Int. 2020;130:108969. 

[29] Fuchs C, Bakuradze T, Steinke R, Grewal R, Eckert GP, Richling E. Polyphenolic composition of extracts 
from winery by-products and effects on cellular cytotoxicity and mitochondrial functions in HepG2 cells. 
J Funct Foods. 2020;70:103988. 

[30] Li H, Chen Q, Zhao J, Urmila K.  Enhancing the antimicrobial activity of natural extraction using the 
synthetic ultrasmall metal nanoparticles. Sci Rep. 2015;5(1):1-13. 

[31] Sun G, Zhang S, Xie Y, Zhang Z, Zhao W. Gallic acid as a selective anticancer agent that induces apoptosis 
in SMMC-7721 human hepatocellular carcinoma cells. Oncol Lett. 2016;11(1):150-158. 

 


