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ABSTRACT

Objective: Thai organic Riceberry rice, deep purple rice, has been known to have the wide variety of nutritional benefits. However, broken rice which
accounted for 20-30% of the yield, was sold at a very low price. This study aimed to optimize the extracting procedure and evaluate the biological
activities of Thai organic Riceberry broken rice extracts for anti-aging cosmetology as well as to investigate the stability profile of the extract.

Methods: The extracting procedure, of which deionized water served as a solvent, was varied by spray-drying temperature (150 and 170°C)
and pH value (2.0 and 5.5). Antioxidant effects of the obtained extracts were evaluated through 2,2-Diphenyl-1-picrylhydrazyl, 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid, linoleic acid peroxidation, and ferric reducing antioxidant power assays. Furthermore, the anti-tyrosinase
effect was studied through the L-tyrosine pathway. The total phenolic content (TPC) of each extract was evaluated by Folin-ciocalteu’s method. The
extract, presenting the greatest activity, was then selected for investigating its stability under various storage conditions.

Results: Four Riceberryrice extracts presented noticeable antioxidant and anti-tyrosinase effect. The extract, derived from a spray-drying temperature
of 150°C and a pH value of 2.0, exhibited the highest effects with the highest TPC (27.08 + 0.67 mg Gallic acid/g extract). This extract also presented a
good stability profile. However, this extract should be stored in a high-temperature condition (45°C) to prevent degradation.

Conclusion: The aqueous extracts of Thai organic Riceberry broken rice could be a promising agent for further developing into anti-aging cosmetology.
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INTRODUCTION

Aging society is currently considered as one of the most important
world megatrends, which highly contributes to the huge market
demand for anti-aging products [1]. Anti-aging cosmetics accounted
for the largest segment, among other cosmetics. Besides, natural
cosmetics are currently regarded as one of the cosmetic trends for the
future since the superior perception of the consumers above synthetic
cosmetics [2].

Rice (Oryza sativa L.), categorized in the plant family of Poaceae,
has been widely consumed since antiquity worldwide [3]. Thailand
is regarded as one of the world leaders in rice production. A vast
diversity of Thai rice cultivars present their unique physicochemical
characteristics [4]. The popularity of Thai organic Riceberry rice,
deep purple rice, has continuously gained so far due to the wide
variety of nutritional benefits and the extensive increase in the
healthy value of Thai society. After the rice polishing procedure,
broken rice, which accounted for 20-30% of the yield, was sold at a
very low price [5]. However, this waste product might be a promising
antioxidant source, offering an alternative natural substance for
anti-aging cosmetics, which can value-add to agricultural waste.
Two main anthocyanins, presenting within the rice pericarp,
including cyanidin-3-glucoside and peonidin-3-glucoside as well as
polyphenols, were principally responsible for its antioxidant vitality
[6,7]. Settapramote et al. also denoted whether the difference in
the agricultural area had a significant effect on polyphenol and
anthocyanin contents of Thai Riceberry rice extracts and the rice,
grown in Lampang Province, contained the highest number of
beneficial chemical constituents [7]. Thus, Thai organic Riceberry
broken rice, Lampang cultivar, was studied herein to establish its
anti-aging property utilizing evaluation of antioxidant and anti-

tyrosinase effects. The extracting procedure, using water as a
solvent, was also optimized. Chemical constituents were determined
in a term of total phenolic content (TPC). Furthermore, the stability
profile of the extract was investigated.

METHODS

Chemical materials

Deionized water, used for extraction, was generated by Millipore Milli-Q
Advantage (Merck). Reagents, including 2,2-Diphenyl-1-picrylhydrazyl
(DPPH),  2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic  acid)
(ABTS), 2,4,6-Tri(2-pyridyl)-2-triazine (TPTZ), and 2,2’-Azobis(2-
amidinopropane) dihydrochloride (AAPH), were purchased from
Merck (Darmstadt, Germany).

Plant materials

Thai organic Riceberry broken rice was donated from farmers in
Lampang Province, Thailand. The sample was harvested at a mature
phase in the period of May to June 2019 and discarded from the rice
polishing process due to defective, broken shape. The plant material
was authenticated by determining total ash and moisture content
following the AOAC protocol [8].

Optimization of the plant extraction

The extracting procedure was carried out by the modified method of
Souza et al. [9]. Deionized water served as a solvent herein. The plant
mixture, consisting of dry broken rice and water with a ratio of 1:10,
was heated to reach 70°C and continuously stirred for 10 min. The
filtrate was then spray-dried with 2% maltodextrin as a carrier. Factors,
possibly influencing extraction, including pH values (2 and 5.5) and
temperatures of spray-drying (150°C and 170°C), was varied relying
on the statistical method as 2-level full factorial design (Table 1). The
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Table 1: Experimental matrix, percent yields, and colors of the
Thai Riceberry rice extracts

Run  Extracting condition Percentyield Extract color

pH Spray-drying o w/w)

value temperature (°C)
R1 2 170 8.36£1.93 Deep reddish
R2 5.5 170 8.40+0.89 Light purple
R3 2 150 7.9+1.08 Deep reddish
R4 5.5 150 11.03+1.32 Light purple

citric acid (2% w/w) was a pH-adjusting agent. The percent yield and
antioxidant activities of each extract were then evaluated and analyzed
for determining the correlation.

DPPH assay

DPPH assay was performed following the modified method of Poomanee
et al, [10]. The reaction mixture, containing extract solution and DPPH
methanolic solution, was incubated at room temperature in the dark for
30 min. The absorbance was then determined at 517 nm. Free radical
scavenging abilities of the extracts were expressed as 50% inhibitory
concentration (IC,, value).

ABTS assay

ABTS radical scavenging properties of the extracts were also evaluated
by the method of Poomanee et al. with some modification and
expressed as Trolox equivalent antioxidant capacity and IC value [10].
The extract aqueous solutions were mixed with diluted ABTS solution
in the ratio of 1:100 and incubated at room temperature for 6 min. The
absorbance at 734 nm was measured.

The inhibitory effect on linoleic acid peroxidation

Linoleic acid peroxidation assay was carried out for determining the
inhibitory effects of the extracts against lipid peroxidation following
the method of Poomanee et al. and expressed as IC,, value [10]. To
measure the amount of peroxyl radicals, ferric thiocyanate method was
performed as the method of Poomanee et al. [11].

Reducing power

The reducing powers of the extracts were determined using ferric
reducing antioxidant power (FRAP) assay and expressed as FRAP value
and EC, value. FRAP reagent (2 ml), consisting of 10 mM TPTZ in 40 mM
HCl solution, 300 mM Acetate buffer, and 20 mM FeCl,*6H,0, was added
with the extract aqueous solution (1 ml) and left for 30 min in the dark.
The absorbance of each concentration at 593 nm was measured.

Anti-tyrosinase activity

Anti-tyrosinase activities of the extract representing an ability of
depigmentation were evaluated through L-tyrosine pathway by the
modified method of Poomanee et al. [11]. The effects were reported
as IC, value comparing to those of positive controls, including kojic
acid, alpha-arbutin, and l-ascorbic acid. The absorbance of each
concentration at 490 nm was measured.

TPC

Folin-ciocalteu’s method was performed for measuring the TPCs of
the extract offering equivalent concentration to that of Gallic acid
equivalent. The absorbance at 765 nm was then measured [10].

Evaluation of the extract’s stability profile

The extract, of which the greatest biological activities presented, was
further evaluated for its stability profile under several storage conditions.
The extractaqueous solution (0.5%) was stored at 4°C, room temperature
with light, as well as without light, 45°C for 30 d and six cycles of heating-
cooling (HC) condition (1 cycle: 4°C for 48 h and 45°C for 48 h). After
storage, antioxidant and anti-tyrosinase activities were evaluated by
ABTS and anti-tyrosinase assays, respectively, and compared to those of
the initial. The alterations of color and pH value were also observed.
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Statistical analysis

All experiments were done in triplicates, and all results were expressed
as Mean * standard deviation (S.D.). SPSS statistic 17.0 software was
performed for statistically analyzing the results of antioxidant, anti-
tyrosinase assays, and TPCs through using one-way ANOVA with
multiple comparison test of Tukey. In the case of stability testing, a
dependent t-test was carried out. p-value less than 0.05 (p<0.05) was
considered as a statistical significance.

RESULTS AND DISCUSSION

Thai organic Riceberry broken rice, grown in Lampang Province,
was extracted and evaluated for its anti-aging property in this study.
Deionized water served as an extracting solvent herein since it is
considered as the safest solvent, which potentially extracts polyphenols
from plants [12]. The percent yield of each extract (as shown in Table 1)
was not significantly different from the others. The difference in colors
of the extracts was observed, which was following the pH value. At pH
2.0, deep reddish extract powder was obtained, while at pH 5.5, the
extracted color was light purple.

Reactiveoxygenspecies(ROS) orfreeradicalsareubiquitouslyconsidered
as one of the important initiators of aging processes [13-15]. By virtue
of ROS, oxidative stress, lipid peroxidation, inflammation, and DNA-
base alteration are potentiated, which eventually generates several
skin aging signs [16]. In this study, we, thus, evaluated free radical
scavenging efficacies, reducing power, and inhibitory effects against
lipid peroxidation of the extracts for representing its antioxidant
and firstly establishing its anti-aging property. Table 2 showed that
Riceberry extracts presented free radical scavenging effect and
inhibitory effect against lipid peroxidation. Among all extracts, R3, by
which the method of the spray-drying temperature of 150°C and pH 2.0
extracted, exhibited the greatest antioxidant activities. The results of
DPPH and ABTS assays were also corresponding to those of linoleic acid
peroxidation assay.

Besides, reducing the power of the extracts, evaluated by FRAP assay,
presented similarly to their antioxidant properties. A higher FRAP value
indicates the greater capacity to reduce ferric (Fe**) into ferrous (Fe?),
whereas alower EC, value means a lower concentration that can produce
an equivalentreducing effect to that of 1 mM FeSO,. Therefore, R3 showed
the highest reducing power among all extracts, as shown in Fig. 1.

Furthermore, skin hyperpigmentation, causing melasma and
pigmentation disorders in the elderly, is partially accelerated in
the presence of free radicals since NO* stimulates tyrosinase and
tyrosinase-related protein 1, which are the main components for
melanin production [13]. Four Riceberry rice extracts additionally
exerted an anti-tyrosinase effect through the L-tyrosine pathway
(Fig. 2). At a concentration of 3.125 mg/ml, R3 likewise showed the
strongest effect. However, the IC,; value of R1, R2, R3, and R4 was
2.42+0.24, 2.30+0.06, 2.13+0.07, and 3.33+0.17 mg/ml, respectively,
which were not significantly different between R1, R2, and R3. Our
study firstly reported the IC,; value of riceberry rice extract against
tyrosinase enzyme. Meanwhile, Teeranachaideekul et al. reported that
hydroethanolic extract of riceberry rice exert weak anti-tyrosinase
effect [4].

Phenolic compounds play a crucial role in a variety of beneficial effects,
especially the antioxidant properties of the natural compounds [12,17].
Within pericarp of the purple rice, anthocyanins, and anthocyanidins
(aglycone molecules), which were regarded as flavonoid derivatives,
considered as one of the polyphenols, were thought to be fundamental
constituents [6,7]. In a consequence of hydrogen donation, most of
the polyphenols can neutralize free radicals as well as stop the lipid
chain peroxidation [12]. Fig. 3 illustrated that R3 contained the highest
TPC, which were in correspondence with the results of antioxidant,
anti-tyrosinase effects, and reducing power. Moreover, TPCs of
Riceberry rice extracts, reported in our study, were approximately
2-fold higher than the study of Luang-In et al. [5]. It is worth noting
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Table 2: Antioxidant activities of the Thai riceberry broken rice extracts

Samples DPPH assay ABTS assay Lipid peroxidation
IC,,value (mg/ml) IC,,value (ug/ml) TEAC (mg Trolox/ g extract) IC,, value (mg/ml)

R1 0.49+0.07° 100.52+8.10° 32.29+0.52°¢ 0.58+0.07"¢

R2 0.56+0.05° 120.87+1.18¢ 31.81+1.63% 1.14+0.10°

R3 0.38+0.05° 70.06+5.37° 33.39+2.09° 0.14+0.01*

R4 0.53+0.01° 113.76+8.37"¢ 28.81+1.23¢ 0.50+0.04¢

Standards (pg/ml) (pg/ml) (mg Trolox/g standard) (mg/ml)

Trolox 5.37+0.69 - - 0.09+0.02

L-ascorbic acid 29.93+0.39 2.26+0.54 838.38+60.62 0.12+0.04

Superscripts @*9Indicate significant differences between groups using One-way ANOVA with multiple comparison test of Tukey (p<0.05). ABTS: 2,2’-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid, TEAC: Trolox equivalent antioxidant capacity
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Fig. 1: Reducing power of the Thai Riceberry rice extracts
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Fig. 2: Anti-tyrosinase effects of the Thai Riceberry rice extracts
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Fig. 3: Total phenolic contents of the Thai Riceberry rice extracts

that the extracting condition had a noticeable impact on the amount
of anthocyanins and the biological effects of the extracts. At higher
temperature (170°C), polyphenols tend to be degraded rather than at
lower temperatures. Besides, acylation under acidic conditions could
enhance the stability of the anthocyanin due to the molecular change
from non-acylated anthocyanin into acylated anthocyanin [18]. In
our study, citric acid served as an acylating agent due to its non-toxic
manner [19]. Interestingly, acylation might additionally have an impact
on the biological activities of the anthocyanins. The most adequate
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Fig. 4: Percent alteration of (a) 2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid radical scavenging
effect and (b) anti-tyrosinase effect of the extract (R3) compared
to those of the initial

extracting condition was therefore using a spray-drying temperature
of 150°C and a pH value of 2.0. As a consequence, R3 was chosen for
further determining the stability profile.

After storage in various conditions, antioxidant and anti-tyrosinase
activities of R3 did not show significantly different from those of the
initial (Fig. 4a and b). However, according to (Fig. 4a), the highest
reduction in ABTS radical scavenging effect was shown after storage
at 45°C. In addition, after storage at 45°C and HC, the obvious fade
color was observed. As a result, the extract should be stored in low-
temperature conditions to avoid degradation.

CONCLUSION

The aqueous extracts of Thai organic broken Riceberry rice, grown in
Lampang Province, exhibited notable antioxidant, and anti-tyrosinase
properties, correlating to their polyphenol contents. Therefore,
this extract could be a promising agent for attenuating skin aging.
Nevertheless, to prevent degradation, the extracts should be not stored
under high temperatures.
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