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ABSTRACT

The aim of this study was to optimize the proportion of mixed culture fungi: Aspergillus
oryzae, Aspergillus awamori and Monascus purpureus for enhancing the total phenolic
compounds from defatted Riceburry bran (DRB) via solid-state fermentation (SSF) and
employing Response Surface Methodology (RSM) with modified Box Behnken Design. In
addition, fermented DRB was extracted the bioactive compounds by using subcritical water
extraction at 200°C for 30 minutes. In all experiments, the fungal growth was almost uniform
through the DRB at a room temperature for 5 days, 55% moisture content, pH 5.5 and 6 x
10" spores/g DRB. The optimum of SSF conditions for mixed cultures of fungi as A. oryzae
and M. purpureus was the proportion of 0.07 to 0.93. A. awamori has no significant influent
on enhancing active compounds with mixed cultures of fungi. The prediction values of total
phenolic content obtained 20.22 mg gallic acid equivalent / g dry DRB, which increased 1.7
times of non-fermented DRB. Thus, the model fitted almost seamlessly to the experimental
data.

KEYWORDS: solid-state fermentation; defatted Riceberry bran; total phenolic compounds;

mixed culture fungi

1. Introduction

Riceberry rice is the new variety of purple rice that originated from Thailand between
crossing of Dawk Mali 105 and Hom Nin species. It has been a popular brown rice due to
its health-promoting properties to help ameliorate food-related chronic diseases like diabetes,
heart disease, high blood cholesterol, obesity, and cancers [1-2]. It is rich in anthocyanins

and antioxidants such as phenolic compounds, carotenoid, Y-oryzanol, vitamin E, vitamin
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B1, zinc, polyphenol, B-carotene, omega3 and dietary fiber [3-5]. DRB still contains high-
value nutrients such as fat, protein, carbohydrate, fiber, vitamins, minerals, and antioxidants
as shown in some research studies [6-7]. Phenolic compounds are important substances
due to their antioxidant activities [8], and offer beneficial effects against cancers,
cardiovascular disease, diabetes, and Alzheimer's disease [9]. They were identified from
decomposition of rice bran under subcritical water conditions up to 11 phenolic compounds:
caffeic ((E)-3- (3, 4-dihydroxyphenyl)-2-propenoic acid), ferulic, gallic, gentisic, p-coumaric,
p-hydroxybenzoic (4-hydroxybenzoic acid), syringic, protocatechuic (3, 4-dihydroxybenzoic
acid), sinapic, vanillin (4-hydroxy-3-methoxybenzaldehyde) and vanillic acids [10].

Solid-state fermentation (SSF) is defined as the bioprocess carried out in the absence,
or near-absence of free water. It is useful in enhancing the value of products such as
improved phenolic compounds, proteins, chitosan, pectinase, glucoamylase, antioxidants
and tyrosinase inhibition etc. The benefits of itself are small space fermentation,
environmentally friendly, high product yield, simple process and cost-effective [11-13]. The
general fungi used in SSF to enhance active ingredients such as total phenolic compounds
in agricultural residues are Aspergillus ssp., Monascus ssp., Rhizopus ssp. or co-culture fungi
[14-17]. A study of SSF with A. awamori [14] increased the total phenolic compounds 4.5
times of untreated sample by 50% ethanol extraction. The report of SSF with M. purpureus
[15] showed that total phenolic compounds in fermented rice bran was detected 1.73 mg
GAE/g dry sample, which was one fold increasing of the non-fermented sample by water
extraction at 100 °C and 15 minutes.

Subcritical water extraction (SWE) is hot water or superheated water that maintains in
a liquid state at the temperature between 100 °C to 374 °C (the critical temperature and
pressure of water are 374 °C and 22.4 MPa) under pressurized conditions [18]. According
to the breakdown of intermolecular hydrogen bonds, the dielectric constant of water
decreased to nearly value of organic solvent under subcritical conditions. Therefore, the
higher temperature was used for extraction of less polar compounds [19]. There are reported
that the viscous of mixture was less and still had toasty aroma at the high temperature above
180 °C and 30 min., and It became more pungent odor and dark color at temperature 220
°C [7]. It was still showed that the highest protein and amino acid were found at 200 °C and

30 minutes [7]. SWE is an eco-friendly, cheap, harmless and safe extraction technique
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compared to conventional organic solvent extraction [20-27]. It has been used to extract
bioactive phenolic compounds which are value-added products from plants such as Inga
edulis leaves [20], Coriandrum sativum seeds [21], dried red grape [22], black rice bran [23],
defatted rice bran [24-26], rambutan peels [27], mango seed kernel [28] and mango peels
[29].

Response Surface Method (RSM) is a set of mathematical and statistical tool for
empirical modeling that aims to optimize the response (output variables), which are
influenced by multiple independent variables (input variables). It has been used to find the
interaction of factors that produces an optimum response. Experimental Design for
determining the correction of multi-variable factors uses statistical methods. It is based on
the selected models such as Central Composite Design (CCD) or Box-Behnken Design
(BBK) [14, 30, 31].

The main objective of this work was to investigate effects of SSF with the mixed fungi
of A. oryzae, A. awamori and M. purpureus on total phenolic compounds (TPC) from Defatted
Riceberry Bran as the substrate. Applying response surface methodology (RSM) approach
via modified Box-Behnken model was used as a tool to investigate optimal conditions with
the observed response for the highest content of TPC on fermented DRB. In addition, the

fermented DRB was extracted total phenolic compounds by using SWE.

2. Materials and methodology
2.1 Microorganism and inoculum

Aspergillus oryzae(TISTR 3082), Aspergillus awamori (TISTR 3193) and Monascus
purpureus(TISTR 3541) were used in all experiments which obtained from Thailand Institute
of Scientific and Technological Research, TISTR. on potato dextrose agar media. Three
fungi were incubated at 32 °C for 7, 7 and 10 days, respectively. Then, 0.2% (w/v) Tween
80 was used for leaching spores. For each spore solution, 3.5 x 10® spores/mL solutions
were used for solid-state fermentation. These fungi are safe and widely used in food and
cosmetic industries. The mixed cultures of fungi have potential to enhance bioactive
ingredients between fungal interactions [7]; preliminary consideration is given to the total

phenolic compounds.
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2.2 Preparation of defatted Riceberry bran
Defatted Riceberry bran was obtained from Nong Sano, Phichit, Thailand. Defatted
Riceberry bran was selected using a sieve shaker, the particle size was less than 0.3 mm

and sterilized at 121 °C for 15 minutes.

2.3 Solid-state fermentation

For fermentation, mixed 70.2 g of defatted Riceberry bran (DRB), 10.5 mL of acid
solution (0.01g FeSO,-7H,0, 0.5g MgSO,-7H,0, 3 g (NH,),SO,, 0.1g K,HPO, in 1N HCI,
1L), 27.3 mL of pH solution (0.1g FeSO,-7H,0, 5g MgSO,-7H,0, 3 g (NH,),SO,, 1g K,HPO,
in 1L distilled water, pH 5.5) and 12 mL of the total spore solution. Then it was incubated at
the room temperature for 5 days and 55% moisture was controlled along experiments. In the
fermentation process, the spore proportions of fungi were applied by using the modified Box-
Behnken design in Table 1. After that, the fermented materials were dried at 50 °C until

constant weight for extraction. All the SSF were carried out at least in triplicate.

2.4 Subcritical water extraction

The fermented samples were extracted the active ingredients by using subcritical water
extraction. 3 g of samples and 30 g of water (1:10 ratio of solid to water) were put into the
tube reactor (0.35m long, 0.015m inner diameter and 0.003 m thickness) and put into the
heating bath at 200 °C for 30 minutes. At this condition, it was used to extract the total
phenolic compounds, proteins and antioxidants etc. as the reported studies above [7, 32].
After extraction, the extracts were filtrated by using filter paper no.4. The extracts were kept

at -4 °C for further analysis.

2.5 Total phenolic compounds (TPC) analysis

The total phenolic compounds were evaluated by Folin-Ciocaltea reagent according to
Tang et al. [33]. The extracts were diluted in a suitable concentration. 0.5 mL of extracts
were mixed with 2.5 mL of Folin's reagent (10% v/v) and allowed to react for 5 minutes in
the dark. After that, the mixtures were added 2.0 mL of Na,CO; (7.5% w/v) and allowed to
store further at 45 °C for 15 minutes. The absorbance was measured at 765 nm by using a

UV-visible spectrophotometer. The TPC in each extract was determined using a standard
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curve which was the equation as 0.9699x + 0.1269, with the R? equal to 0.9855. The results
were expressed as mg of gallic acid equivalents per gram of dry defatted Riceberry bran
(mg GAE/g DRB).

2.6 Design of experiments and statistical analysis

The RSM was applied to evaluate the proportions of mixed three fungi: A. oryzae, A.
awamori and M. purpureus on TPC from defatted Riceberry bran in Table 1 and to optimize
the conditions for various responses using modified Box-Behnken design. A second-order
polynomial equation was used to fit the experimental data of the studied variables. The
generalized second-order polynomial model used in the response surface analysis as shown

in Eq. (1):

vy=, +Zsl[3ixi +ZS:Bﬁxf +ii{3ijxixj (1)

i=1 j=i+1

Where Y is the predicted response, Bo, ﬁL Bn, and BU are the regression coefficients
for intercept, linear, quadratic and interaction terms, respectively, and X, and X; are the
independent variables [30-31]. The statistical significance of the terms in the regression
equations was examined by ANOVA for each response. The terms statistically found as non-
significant were excluded from the initial model and the experimental data were re-fitted only

to the significant (p < 0.05) parameters using the Solver toolbox.

Table1 The Box-Behnken design applied for solid-state mixed fungal fermentation

Fungal proportion * TPC
Run .
X,=A. oryzae X,=A. awamori | X,=M. purpureus | (Mg GAE/g DRE’)
1 -1(0) -1(0) 0(1) 16.800.10
2 -1(0) 1(0.66) 0(0.34) 17.71£0.02
3 1(0.66) -1(0) 0(0.34) 12.93+0.00
4 1(0.4) 1(0.4) 0(0.2) 14.63+0.06
S -1(0) 0(1) -1(0) 17.38+0.04
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Table1 (continued) The Box-Behnken design applied for solid-state mixed fungal

fermentation

Fungal proportion * TPC
Run )
X,=A. oryzae X,=A. awamori | X,=M. purpureus | (M9 GAE/g DRB)
6 -1(0) 0(0.34) 1(0.66) 19.68+0.02
7 1(0.66) 0(0.34) -1(0) 15.85+0.02
8 1(0.4) 0(0.2) 1(0.4) 20.91+0.02
9 0(1) -1(0) -1(0) 18.80£0.02
10 0(0.34) -1(0) 1(0.66) 22.08£0.02
1 0(0.34) 1(0.66) -1(0) 23.54+0.02
12 0(0.2) 1(0.4) 1(0.4) 17.14+0.02
13 0(0.33) 0(0.33) 0(0.33) 20.13+£0.00
14 0(0.33) 0(0.33) 0(0.33) 20.17+0.02
15 0(0.33) 0(0.33) 0(0.33) 20.17+0.06
Without
0 0 0 12.01+0.00
SSF

@12 mL of total spore solution added.

® Mean + standard deviation.

3. Results and discussion
3.1 Effects of mixed fungal culture on total phenolic compounds (TPC)

Experimentally obtained values for total phenolic compounds on fermented DRB (Table
1) varied from 12.93 to 23.54 mg GAE/g DRB, while DRB without SSF gave 12.01 mg GAE/g
DRB. Thus, solid-state fungal fermentation in all samples enhanced total phenolic
compounds in DRB and agreement with Razak et al [15-16]. As a single culture, A. oryzae
viewed the highest of TPC as 18.80 mg GAE/g DRB, whilst M. purpureus showed the least
of TPC as 16.80 mg GAE/g DRB. As a mixed culture, it was found to be the maximum at
23.54 mg GAE/g DRB in 11™ fermentation condition at A. oryzae: A. awamori as 0.34:0.66

and without M. purpureus. In addition, this work used subcritical water extraction to result in
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a higher extracted total phenolic compounds than conventional extraction such as maceration
and soxhlet [21-28].

3.2 Influence of independent variables on investigated responses
The influence of the proportion of three fungi on TPC was reported through significant
(p < 0.05) regression coefficients of the second-order polynomial regression equation. The

model for TPC on fermented DRB could predict the investigated response:

Y = 20.15—0.91X, + 0.30X, + 0.53X_, —3.29X. —1.53X_,

)

2
+1.59X. —0.20X,X, + 0.69X,X, — 2.42X,X,

Where Y = total phenolic compounds response, X;= proportion of A. oryzae, X,=
proportion of A. awamori and X;= proportion of M. purpureus.

By predicting the optimum condition of the RSM model using Solver analysis, it was
found that the optimum condition for SSF was found in the coded values of A. oryzae, A.
awamori, and M. purpureus at -0.85: -1: 0.85 (0.08: 0: 0.92 in proportion value) respectively
as 20.22 mg GAE/g DRB at 95% confidence interval. The -coefficient of multiple
determinations for TPC response showed a good regression data of the model (R2=0.82). In
case of enhanced TPC on fermented DRB, a linear term of A. oryzae, A. awamori and M.
purpureus had no significant influence on the TPC and only quadratic term of had A. oryzae
had significant influence on TPC (p < 0.02), but there was no quadratic term with A. awamori
and M. purpureus. The interaction term of them had significant influence as p < 0.05 only in
the A. awamori and M. purpureus, but there was no interaction in other terms. The impact of
proportion of three fungi (A. oryzae, A. awamori, and M. purpureus) of TPC in fermented DRB

is shown in Fig. 1(a)-(c).
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Figure 1 The effects of mixed fungi proportions on total phenolic compounds at (a) A.
oryzae and M. pupureus with constant A. awamori (at 1), (b) A. awamori and
M. pupureus at constant A. oryzae (at 1), (c) A. oryzae and A. awamori at

constant M. purpureus (at 1)

From Fig. 1(a), it could be seen that TPC increased when the A. oryzae approached to
1, after that it was divergent. The M. purpureus decreased TPC from 1 to 0 and increased
TPC from 0 to -1 at any values of A. oryzae. The maximum of TPC was 21.21 mg GAE/g
DRB at the coded values of A. oryzae, A. awamori, and M. purpureus as 0: 0:-1 (0.5: 0.5: 0
in proportion values). In addition, M. purpureus was high accumulated of TPC from proportion
0 to 1 with absent of A. awamori as shown in Fig. 1(b). The behaviour of A. awamori was
similarly M. purpureus. The total phenolic compounds was found to be the highest of 22.58

and 23.04 mg GAE/g DRB at the coded values of A. awamori and M. purpureus as 0, 1, -1
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(0.5: 1: 0 in proportion values) and 0, -1, 1 (0.5: 0: 1 in proportion values), respectively. As
shown in Fig. 1(c), the total phenolic compounds was the highest when the coded value of
A. oryzae approached the middle values and the coded values of A. awamori were less. So,

the proportion of A. oryzae and A. awamori on TPC also was significantly correlated.

3.3 Model validation
Experimental data and predicted data of total phenolic compounds showed in Table 2.
The optimized condition of A. oryzae, A. awamori, and M. purpureus was in the coded value

at -1, 0 and 1, respectively.

Table 2 Validation of the predicted value and experimental value from the mixed

cultures of fungal conditions

Total phenolic compounds (mg GAE/g DRB)
Run Predicted value Experimental value Relative error
A. oryzae 17.14 18.80+0.02 0.10
A. awamori 19.52 17.381£0.04 0.11
M. purpureus 16.32 16.80+£0.10 0.03
Optimum condition
20.22 - -
(0.08: 0: 0.92)
DRB without SSF 15.65 12.01£0.00 0.23

Verification experiments were performed with the predicted conditions derived from the
RSM model to determine the total phenolic compounds. It demonstrated that the
experimental data were in agreement with the predicted data. It can be inferred that the RSM
model was effective enough to predict the fermentation conditions (which depend on the

proportions of fungi) on the total phenolic compounds that can be applied in the future.

4. Conclusion
The proportions of mixed cultures of fungi in the solid-state fermentation were

investigated on the total phenolic compounds using RSM to predict the optimum condition.
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SSF with mixed cultured of fungi were more effective on the phenolic compounds
enhancement than single fungal fermentation and a non-fermented sample about 1.3 times
compared to a non-fermented sample. It can be inferred that solid-state fermentation with
fungi enhanced the efficiency of total phenolic compounds in the substrates. Solid-state
fermentation with the mixed cultures of fungi research for addition of phenolic compounds
can be applied in the fields of food and cosmeceutical industries. The predicted value was
in good agreement with the experimental value. Using the RSM model is useful for predicting
the optimal system conditions for the desired amount of active ingredients, which is
convenient and suitable for use ahead. Additional, SWE is a non-chemical method, no

residue in the product, which is a green technology.

Acknowledgement

The authors appreciate gratefully acknowledge of the support of a research grant
by Agricultural Research Development Agency (Public Organization) (ARDA) (No.
CRP5805020590) and placed at Faculty of Engineering, Mahidol University.

References

[11 Rice Gene Discovery & Rice Science Center (RGD&RSC). Riceberry [internet].
Kasetsart  University 2017 [cited 2018 May 23]. Available from:
http://dna.kps.ku.ac.th/index.php/news-articles-rice-rsc-rgdu-knowledge/rice-breeding-
lab/riceberry-variety

[2] Leardkamolkarn V, Thongthep W, Suttiarporn P, Kongkachuichai R, Wongpornchai S,
Vanavichit A. Chemopreventive properties of the bran extracted from a newly-developed
Thai rice: the Riceberry. Food Chemistry 2011;125:978-85.

[3] Suttiarporn P, Sookwong P, Mahatheeranon S. Fractionation and identification of
antioxidant compounds from bran of Thai black rice cv. Riceberry. International Journal
of Chemical Engineering and Applications 2016;7:109-14.

[4] Nachaisin M, Teeta S, Deejing K, Ponken T, Pharanat W. Development of rice berry
nutrition instant rice with high anthocyanin for healthy elderly person [Internet]. National
Research council of Thailand 2016 [cited 2017 Nov 1]. Available from:
http://doi.nrct.go.th/ ListDoi/listDetail?Resolve_DOI=10.14455/NRCT.res.2016.19

Agricultural Science, Engineering and Related Areas



Kasem Bundit Engineering Journal Vol.8 Special Issue May 2018 H 7

The 9™ International Science, Social Science, Engineering and Energy Conference (I-SEEC 2018)

[5] Phongthai S, Homthawornchoo W, Rawdkuen S. Prepararion, properties and application
of rice bran protein: a review. International Food Research Journal 2017;24:25-34.

[6] Arab F, Alemzadeh |, Maghsoudi V. Determination of antioxidant component and activity
of rice bran extract. Scientia Iranica 2011;18:1402-6.

[71 Sereewatthanawut |, Prapintip S, Watchiraruji K, Goto M, Sasaki M, Shotipruk A.
Extraction of protein and amino acids from deoiled rice bran by subcritical water
hydrolysis. Bioresource Technology 2008;99:555-61.

[8] Villafo D, Fernandez-Pachon MS, Moya ML, Troncoso AM, Garcia-Parrilla MC. Radical
scavenging ability of polyphenolic compounds towards DPPH free radical. Talanta
2007;21:230-5.

[91 Zhao Z, Moghadasian MH. Chemistry, natural sources, dietary intake and
pharmacokinetic properties of ferulic acid: a review. Food Chemistry 2008;109:691-702.

[10] Poural O, Asghari FS, Yoshida H. Production of phenolic compounds from rice bran
biomass under subcritical water conditions. Chemical Engineering Journal 2010;160:
259-66.

[11] Pandy A. Solid-state fermentation. Biochemical Engineering Journal 2003;13:81-4.

[12] Kupski L, Cipolatti E, Rocha M, Oliveira MS, Souza-Soares LA, Furlong EB. Solid-state
fermentation for the enrichment and extraction of proteins and antioxidant compounds
in rice bran by Rhizopus oryzae. Brazilian Archives of Biology and Technology 2012;
55:937-42.

[13] Oliveira MS, Cipolatti EP, Furlong EB. Phenolic compounds and antioxidant activity in
fermented rice (Oryza sativa) bran. Ciénc e Tecnologia de Alimentos 2012; 32: 531-7.

[14] Salar RK, Purewal SS, Bhatti MS. Optimization of extraction conditions and
enchancement of phenolic content and antioxidant activity of pearl millet fermented with
Aspergillus awamori MTCC-548. Resource-Efficient Technologies 2016;2:148-57.

[15] Jamaluddin A, Razak DLA, Rashid NYA, Sharifudin SA, Kahar AA, Saad AZM, et al.
Effect of Solid state fermentation by Monascus purpureus on phenolic content and
biological activities of coconut testa and rice bran. Jurnal Teknologi (Science &
Engineering) 2016;78:23-8.

[16] Razak DLA, Rashid NYA, Jamaluddin A. Enhancement of phenolic acid content and
antioxidant activity of rice bran fermented with Rhizopus oligosporus and Monascus

purpureus. Biocatalysis and Agricultural Biotechnology 2015;4:33-8.

Faculty of Engineering, Kasem Bundit University



9 B Kasem Bundit Engineering Journal Vol.8 Special Issue May 2018

The 9™ International Science, Social Science, Engineering and Energy Conference (I-SEEC 2018)

[17] Razak DLA, Rashid NYA, Jamaluddin A, Sharifudin SA, Kagar AA, Long K
Cosmeceutical potentials and bioactive compounds of rice bran fermented with single
and mix culture of Aspergillus oryzae and Rhizopus oryzae. Journal of the Saudi Society
of Agricultural Sciences 2017;16:127-34.

[18] Sairam S, Krishna AGG, Urooj A. Physico-chemical characteristics of defatted rice bran
and its utilization in a bakery product. Journal of Food Science and Technology 2011;
48:478-83.

[19] Khoddami A, Wilkes MA, Roberts TH. Techniques for analysis of plant phenolic
compounds. Molecules 2013;18:2328-75.

[20] Tavakoli O, Yoshida H. Conversion of scallop viscera wastes to valuable compounds
using sub-critical water. Green Chemistry 2006;8:100-6.

[21] Chin CT, Swee NT, Jean Wan HY, Choy SH, Eng SO. Pressurized hot water extraction
(PHWE) [review]. Chromatography 2010;1217:2484-94.

[22] Ju ZY, Howard LR. Subcritical water and sulfured water extraction of anthocyanins and
other phenolics from dried red grape skin. Journal of food science 2005:70;270-6.

[23] Wiboonsirikul J, Hata S, Tsuno T, Kimura Y, Adachi S. Production of functional
substances from black rice bran by its treatment in subcritical water. Food Science and
Technology 2007;40:1732-40.

[24] Hata S, Wiboonsirikul J, Maeda A, Kimura Y, Adachi S. Extraction of defatted rice bran
by subcritical water treatment. Biochemical Engineering Journal 2008;40:44-53.

[25] Wiboonsirikul J, Kimura Y, Kadota M, Morita H, Tsuno T, Adachi S. Properties of
extracts from defatted rice bran by its subcritical water treatment. Journal of Agricultural
and Food Chemistry 2007;55:8759-65.

[26] Chiou TY, Neoh TL, Kabayashi T, Adachi S. Antioxidative ability of defatted rice bran
extract obtained by subcritical water extraction in bulk oil and aqueous dispersion
systems. Japan Journal of Food Engineering 2011;12:147-54.

[27] Yoswathana N, Eshtiaghi MN. Optimization for subcritical water extraction of phenolic
compounds from rambutan peels. World Academy of Science, Engineering and
Technology 2013;7:323-7.

[28] Yoswathana N, Eshtiaghi MN. Subcritical water extraction of phenolic compounds from
mango seed kernel using response surface methodology. Asian Journal of Chemistry

2013;25:1741-4.

Agricultural Science, Engineering and Related Areas



Kasem Bundit Engineering Journal Vol.8 Special Issue May 2018 H 9

The 9™ International Science, Social Science, Engineering and Energy Conference (I-SEEC 2018)

[29] Tunchaiyaphum S, Eshtiaghi MN, Yoswathana N. Extraction of bioactive compounds
from mango peels using green technology. International Journal of Chemical
Engineering and Applications 2013;4:194-8.

[30] Montgomery DG. Design and analysis of experiments. 7th Edition. Cary: John Wiley
and Sons Publishing; 2008.

[31] Bezera MA, Santelli RE, Oliveira EP, Villar LS, Escaleira LA. Response surface
methodology (RSM) as a tool for optimization analytical chemistry. Talanta 2008;76:
965-77.

[32] Fabian C, Tran-Thi NY, Kasim NS, Ju YH. Release of phenolic acids from defatted rice
bran by subcritical water treatment. Journal of the Science of Food and Agriculture
2010;90:2576-81.

[33] Tang, Li X, Zhang B, Chen PX, Liu R, Tsao R. Characterisation of phenolics, betanins
and antioxidant activities in seeds of 3 Chenopodium quinoa Willd. Genotypes. Food

Chem 2015;166:380-8.

Author’s Profile

Supaphit Ruengsri, Master's degree student, Department of
Chemical Engineering, Faculty of Engineering, Mahidol University,
Nakhon Pathom 73170, Thailand. E-mail: supaphit.rue@gmail.com,

supaphit.rue@student.mahidol.edu

Mohammad Naghi Eshtiaghi, Prof.Dr. Department of Chemical
Engineering, Faculty of Engineering, Mahidol University, Nakhon
Pathom 73170, Thailand. He is specialized in researching the food
processing, nanoparticle and nanofiber, Biofuel, subcritical processing

and non-thermal processing. E-mail: mohman.esh@mahidol.ac.th

Faculty of Engineering, Kasem Bundit University



] ”ﬂ Kasem Bundit Engineering Journal Vol.8 Special Issue May 2018

The 9™ International Science, Social Science, Engineering and Energy Conference (I-SEEC 2018)

Nuttawan Yoswathana, Asst.Prof.Dr. Department of Chemical
Engineering, Faculty of Engineering, Mahidol University, Nakhon
Pathom 73170, Thailand. She is specialized in the subcritical water
extraction (SWE) for active ingredients extracts, supercritical carbon

dioxide extraction (ScCO,), nano and micro encapsulation. E-mail:

egnyw8846@gmail.com, nuttawan.yos@mahidol.ac.th

Agricultural Science, Engineering and Related Areas



