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Abstract

Rhodomyrtus tomentosa is an evergreen shrub that originates from Southeast Asia and grows in ~ Nhan 10.10.2018
abundance with rose-pink flowers and dark-purple edible bell-shaped fruits. In this study, ~Duoc duyét 01.03.2019
optimal extraction conditions for achieving high contents and antioxidant activities of the total Congbo  26.03.2019
phenolic compound (TPC) from Phu Quoc sim fruits were investigated. It was found that the

total phenolic content achieved was upon 179.055mg gallic acid equivalent (GAE)/g dry weight

extract (DWE) and the DPPH scavenging activity was 65.112% at concentration of 100ug/ml.

The optimal extraction conditions were identified with 80% ethanol, with solid-to-solvent ratio ~ Keywords

of 1/4 (w/v), and 4 hours of extraction at the temperature of 60°C. Furthermore, the antioxidant ~ Sim,

activity of ethanol extract was found due to scavenging DPPH (1C5,=93.713ug/ml) and ABTS  Rhodomyrtus tomentosa,
(1C50=83.512ug/ml) radicals. Accordingly, Phu Quoc sim fruits was suggested a potential phenolic, DPPH,

source of bioactive polyphenols with high antioxidant activities. antioxidant
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1 Introduction have been used to treat diarrhea, dysentery, gynaecopathy,
stomachache, and for wound healing[5,11]. The chemical
constituents of R. tomentensa have been reported to include
triterpenes, steroids, and especially phenolic compounds.
Although phenolic compounds from R. tomentensa have
been reported recently, the further studies on their
biological activities are still limited. Thus, the main purpose
of this project is to evaluate the optimal extraction
conditions for achieving high content and antioxidant
activities of the total phenolic compound from Phu Quoc
sim fruits (R. tomentosa).

Phenolic compounds constitute one of most numerous and
widely distributed groups of phytochemicals in the plant
kingdom. More than 8,000 distinct structures are reportedly
known and identified. Polyphenols are products of
secondary metabolism and can vary from simple phenolic
acids to highly polymerized molecules such as
tannins[4,23] Phenolic compounds have been considered to
have high antioxidant ability and free radical scavenging
capacity, with the mechanism of inhibiting the enzymes
responsible for ROS production and reducing highly
oxidized ROS[15,20]. Therefore, phenolic compounds have 2 Materials and methods
attracted increasing attention as potential agents for
preventing and treating many oxidative stress-related
diseases, such as cardiovascular diseases, cancer, ageing,
diabetes mellitus and neurodegenerative diseases.

Rhodomyrtus tomentosa, locally known as Sim, is a
flowering plant belonging to the Myrtaceae family, which is
native to southern and southeastern Asia. Parts of this plant
have been used in traditional Vietnamese, Chinese and
Malay medicine for a long time. In particular, the fruits

2.1 Fruits powder

The mature fruits of R. tomentosa (Ait.) Hassk were
purchased from Duong Dong town, Phu Quoc in March,
2018. Fruits were washed with sterilized water, dried, then
crushed with grinder and sealed in dark color bottles at -
20°C until further analyses.

2.2 Effects of extraction parameters

Various parameters examined in this study included solvent
concentration (60%, 80%, 100%), solid to solvent ratio
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(SSD) (1: 1, 1: 2, 1: 4, 1: 8), extraction time (1h, 4h, 12h,
24h) and extraction temperature (t°p, 40°C, 60°C). These
parameters are indicated to affect extraction efficiency and
phytochemical contents[6].

For examination of solvent degree, 1 gram of Sim fruits
powder was soaked in various ethanol degree with the
initial fixed parameters. In detail, the initial fixed
parameters were 1:4 solid to solvent ratio, room
temperature, and 24 hours of extraction. The subsequent
experiments inherited the previous results for further
investigations. The extracted solutions were evaporated to
achieve the extracts for total phenolic compounds and
antioxidant assays.

2.3 Phytochemical analysis

2.3.1 Total phenolic compounds (TPC) analysis

The total phenolic compounds in ethanol extract were
determined using Folin-Cocialteau method[21]. Briefly,
500ul of Folin-Cocialteau 10% solution (w/v) was mixed
with 100ul extracted solution (1mg/ml),and added 400ul
Na,CO; 7.5% (w/v) after reacting for 5 minutes. The
reaction mixture was kept in dark at room temperature for
60 minutes, then the absorption at 750nm was measured.
The total phenolic content was calculated based on the
standard curve of gallic acid. The formula is as follows:

= -3 100
TPC (mgGAE/g) = Cx x 1073 X V X (100

In particular, TPC is the total amount of polyphenols
present in the sample which expressed as mg gallic acid per
1g dry weight extract, Cx is pg of gallic acid per 1ml
extracted solution inferred from the standard curve, 102 is
the factor of transitions from pg to mg, V is the volume of
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the sample (ml), m is the mass of the extract (g), and h is
the moisture of extract (%).

2.3.2 DPPH assay

DPPH (2,2-diphenyl-1-picryl-hydrazyl) is a method to
determine antioxidant capacity. It was developed by
Blois[2]. The assay is based on the change of DPPH
solution color when odd electron in DPPH free radical is
reduced by pairing off with a hydrogen radical from
antioxidants to become a stable molecule[8]. In this study,
100ul of extracted solution reacted with 100pl DPPH
(3mM) in dark room for 30 minutes. The mixtures were
measured at 490nm for determining the absorption. Vitamin
C was used as positive control. The scavenging ability was

calculated using the following formula:
ODs

DPPH scavenging ability (%) =(1 — E) x 100

Here, ODs is the value for sample absorption and ODb is
the value for blank absorption.

2.3.3 ABTS assay

In short, the ABTS solution was prepared by mixing
2.45mM postassium persulfate with 7mM ABTS stock
solution (1/1, v/v) and diluted to the absorption of 0.740.02
after 6-16 hours at 734nm. The assay was conducted with
0.2ml extract solution and 1.8ml ABTS solution in 6
minutes. The absorbance was then measured at the
wavelength of 734nm. Scavenging effect can be determined

by following equation:

ABTS scavenging ability (%) =(1 — %) x 100

Here, ODs is the value for sample absorption and ODb is
the value for blank absorption.
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Figure 1 Effects of extraction parameters on TPC and its antioxidant activity of Phu Quoc sim fruits. Al to D1 present the total phenolic
content of extracts. A2 to D2 show the DPPH scavenging percentage of extracts at the concentration of 100ug/ml
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Figure 2 DPPH (A and C) and ABTS (B and D) radicals scavenging activities of ethanol extract and vitamin C. IC5, value of ethanol
extract and vitamin C on DPPH (E) and ABTS (F) were deduced from the stand curve building by A, B, C and D

3 Results and discussion

3.1 Effect of extraction parameters on TPC and its
antioxidant activity

The extraction efficiency is the result of extraction process
under many specific conditions. Previous studies have
reported the effect of some parameters (temperature, time,
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SSR, ect.) on total phenolic content[14,16]. They show that
the positive or negative effects of each condition during the
mass transfer are not always clear. The chemical properties
as well as the variety components of natural compounds
present different behaviors which are unpredictable.

3.1.1 Effect of aqueous ethanol level
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The extraction is critical process for recovering and
isolating phenolic compounds from plant materials. Among
numerous extraction conditions, the solvent is known as
one of the essential parameters for extracting phenolic
compounds[22]. In this study, we used ethanol as a solvent
because of its safety[10]. Various solutions of ethanol
including 60%, 80%, and 100% ethanol have been used for
extraction process. As the result, Figure 1Al showed that
there was an increase in TPC content by increasing the
ethanol concentration and the highest yield was obtained up
to 134.629 mgGAE/g DWE under 80% ethanol.
Meanwhile, the increase of solvent concentration from 80%
to 100 % reduced the TPC content. Therefore, ethanol 80%
was selected for extracting TPC in further investigations.
Moreover, the crude extract from ethanol 80% exhibited the
efficient antioxidant activity as compared with others via
scavenging 55,560% DPPH radicals (Figure 1A2).
Therefore, ethanol 80% was applied for the further
investigations of optimal extraction conditions.

3.1.2 Effect of SSR

Beside aqueous ethanol level, the effect of SSR value was
also subjected for determining the content of TPC. As
shown in Figure 1B1, the different SSR of (1:2), (1:4), and
(1:8) resulted in different content of TPC with values of
101.784, 146.142, 149.062 mg GAE/g DWE, respectively.
It indicates that the TPC content increases following the
decrease of SSR. However, the decrease in the SSR value
by less than 1/4 did not cause significant changes in TPC
content. Moreover, the DPPH scavenging activities of the
crude extract (1:4) was 59,784%, which is higher than other
ratio groups (Figure 1B2). Thus, the SSR value of (1:4) was
subjected for the next investigation.

3.1.3 Effect of extraction time

Herein, the content of TPC and its antioxidant activity was
determined depending on various extraction times including
1 h,4h, 12 h, and 24 h. The results showed that TPC values
are 83.519, 103.919, 131.363, 135.451 mg GAE/g DWE
under 1 h, 4 h, 12 h, and 24 h treatments respectively
(Figure 1C1). It indicates that TPC has strongly increased
in the first 4 hours treatment, suggesting the extraction time
significantly effect to the content of TPC. However, the
increase in the extraction time from 12 h to 24 h did not
cause significant changes in the total polyphenol content. In
addition, the longer sample immersion associated with the
increase in exposure to heat, oxygen or light which oxidize
other antioxidants in the extract , causing a decrease in
scavenging ability (Figure 1C2). As the result, the sim
fruits powder was recommended to soak in ethanol 80% for
4 h for extraction.

3.1.4 Effect of extraction temperature

The results shown in Figure 1D1 and 1D2 indicate that the
TPC content and the antioxidant activity increased with the

increase of temperature. Polyphenol has been proved to be
very heat-stability compounds [24]. In general, higher
temperatures lead to more energy consumption during the
extraction process, thus enhancing both the solubility of
solution and the diffusion coefficient[7,13]. High
temperatures, however, are not always suitable for
extracting antioxidant compounds since some antioxidants
are unstable and can easily degrade. Moreover, high
temperature extraction wastes energy and produces sub-
compounds which adversely affect the main products. In
this study, three parameters of temperature including room
temperature, 40°C, and 60°C were applied for the further
evaluation of TPC and its antioxidant activity. Figure 1D1
showed that the content of TPC notably increased when the
extraction temperature reached 60°C. The contents of TPC
at room temperature and 60°C are 133.783 and 173.055mg
GAE/g DWE respectively. In the same line, Figure 1D2
also shows that the DPPH scavenging activity of ethanol
extract at 60°C is higher than others. Thus, it recommend
that the extraction process should be performed at 60°C.
3.1.5 Recommended processing conditions

From the results obtained by optimizing extract conditions
for antioxidant activity and TPC content, we propose the
optimal extraction conditions for the effective acquisition of
phenolic compounds from Phu Quoc sim as shown in the
table 1.

Table 1 The optimization of parameters for efficient extraction

Ethanol |SSR|Tempera|Extraction
concentration |(w/v)| ture time
(vIv) (%) (°C) (hours)
Recommended 80 14 60 4
parameters

Under optimal extraction conditions, the content of TPC
was achieved with 173.055mg GAE/g DWE. Several
studies have been reported on the determination of
polyphenol content in medicinal herbs such as green tea
(31.6 mg/g DWE) [1] Dolichandrone spathacea (52.75 mg
GAE/g DWE)[9], carob seeds (25.58 mg GAE/g DWE)
[17]. Moreover, Hoang Thi Yen et al. (2015) [24] have
reported TPC contents in the ethanol extracts from Hai
Duong sim leaf and Hai Duong sim fruit were 104,16 mg
GAE/g DWE and 29,23 mg GAE/g DWE which were (1.5-
6 times) lower than the TPC content in ethanol extracts
from Phu Quoc sim fruits. Accordingly, Phu Quoc sim
fruits are considered a great source of bioactive phenolic
compounds due to its high TPC.

3.2 DPPH and ABTS scavenging activities of ethanol
extract

DPPH and ABTS radicals have absorption band at 490
and 734nm, respectively. They will lose absorption when
accepting an electron or a free radical species, which
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results in a visually noticeable discoloration. They are
sensitive enough to detect active ingredients at low
concentrations. Thus, DPPH and ABTS radicals are
widely used in assessing free radical scavenging activity
of natural products[3]. Moreover, the 1Cs, value of a
compound is inversely related to its antioxidant capacity,
as it expresses the amount of antioxidant required to
scavenging 50% DPPH and ABTS radicals[12]. A lower
IC5 indicates a higher antioxidant activity of a compound.
Figure 2 showed that antioxidant activities of sim fruits
extract (Figure 2A and 2B) and Vitamin C (Figure 2C and
2D) increased in a concentration-dependent manner. The
ICsq values of crude extract in DPPH and ABTS
scavenging activities are 93,713pug/ml and 83,512pg/ml,
respectively. Meanwhile, the ICsy values of vitamin C in
DPPH and ABTS scavenging activities are 11,629ug/ml
va 13,703ug/ml, respectively (Figure 2E and 2F). The
antioxidant activities of ethanol extract from Phu Quoc
sim fruits are notably stronger than that of common
medicinal plants such as apple pomace (DPPH ICg, =
3566ug/ml), Cassia tora (DPPH ICsy = 102.36pg/ml),
Bauhinia purpurea (DPPH ICsq = 107,94 pg/ml), Salvia
officinalis L. (ABTS ICgo = 210ug/ml)[18,19]. It indicated
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that sim fruits are potential antioxidant with high
application in food industry.

4 Conclusion

In conclusion, this study have determined that the highest
TPC content and antioxidant activities of Phu Quoc sim
fruits can be achieved at the optimal extraction conditions
of ethanol 80% for 4 hours at 60 °C and solid-to-solvent
ratio of 1/4 (w/v). The ethanol extract had a TPC content of
173.055 mg GAE/g DWE and DPPH and ABTS
scavenging activities with ICsy values of 93,713pug/ml va
83,512ug/ml, respectively. The further studies due to
purification of single phenolic compounds with high
biological activities are necessary for the future application
in health-benefit foods.

Acknowledgement

This research is mainly funded by Vietnam National
Foundation for Science and Technology Development
(NAFOSTED) under grant number 106-NN.02-2016.68.
Moreover, it is also funded by NTTU Foundation for
Science and Technology Development under grant number
2018.01.22.

1. Bizuayehu, D., M. Atlabachew, and M.T. Ali, Determination of some selected secondary metabolites and their invitro
antioxidant activity in commercially available Ethiopian tea (Camellia sinensis). SpringerPlus, 2016. 5(1): p. 412.

2. Blois, M.S., Antioxidant determinations by the use of a stable free radical. Nature, 1958. 181(4617): p. 1199.

3. Boligon, A.A., M.M. Machado, and M.L. Athayde, Technical evaluation of antioxidant activity. Med chem, 2014. 4(7): p.

517-522.

4. Bravo, L., Polyphenols: chemistry, dietary sources, metabolism, and nutritional significance. Nutrition reviews, 1998.

56(11): p. 317-333.

5. Dachriyanus, D., S. Salni, M.V. Sargent, B.W. Skelton, I.

Soediro, M. Sutisna, A.H. White, and E. Yulinah,

Rhodomyrtone, an Antibiotic from Rhodomyrtus tomentosa. Cheminform, 2002. 33(45): p. 207-207.
6. Dai, J. and R.J. Mumper, Plant phenolics: extraction, analysis and their antioxidant and anticancer properties.

Molecules, 2010. 15(10): p. 7313-7352.

7. Go, R., S.S. Kankara, M. Mustafa, H.M. lbrahim, and R. Nulit, Effect of Drying Methods, Solid-Solvent Ratio, Extraction
Time and Extraction Temperature on Phenolic Antioxidants and Antioxidant Activity of Guiera senegalensis JF Gmel
(Combretaceae) Leaves Water Extract. International Journal of Medical Research and Review, 2014. 2(12): p. 1378-1392.

8. Kedare, S.B. and R. Singh, Genesis and development of DPPH method of antioxidant assay. Journal of food science and

technology, 2011. 48(4): p. 412-422.

9. Khoi, P.N.K. and N.T.M. Duyén, Khdo sdt diéu kién tach chiét va hoat tinh khing oxi héa, khdng khudn cia hop chdt
poliphenol tir vo thin cdy quao nudéc (Dolichandrone spathacea). Tap chi Khoa hoc. 14(12): p. 181.
10. Lachenmeier, D.W., Safety evaluation of topical applications of ethanol on the skin and inside the oral cavity. Journal of

Occupational Medicine and Toxicology, 2008. 3(1): p. 26.

11. Lai, T.N.H., C. André, H. Rogez, E. Mignolet, T.B.T. Nguyen, and Y. Larondelle, Nutritional composition and
antioxidant properties of the sim fruit (Rhodomyrtus tomentosa). Food chemistry, 2015. 168: p. 410-416.

@ Dai hoc Nguyén T4t Thanh
O™

NGUYENTAT THANH



Tap chi Khoa hoc & Cong nghé S8 5

12. Liu, S.-C., J.-T. Lin, C.-K. Wang, H.-Y. Chen, and D.-J. Yang, Antioxidant properties of various solvent extracts from
lychee (Litchi chinenesis Sonn.) flowers. Food Chemistry, 2009. 114(2): p. 577-581.

13. Pinelo, M., M. Rubilar, M. Jerez, J. Sineiro, and M.J. Nlfiez, Effect of solvent, temperature, and solvent-to-solid ratio on
the total phenolic content and antiradical activity of extracts from different components of grape pomace. Journal of
Agricultural and Food Chemistry, 2005. 53(6): p. 2111-2117.

14. Pinelo, M., M. Rubilar, J. Sineiro, and M. Nunez, Extraction of antioxidant phenolics from almond hulls (Prunus
amygdalus) and pine sawdust (Pinus pinaster). Food Chemistry, 2004. 85(2): p. 267-273.

15. Rice-Evans, C., N. Miller, and G. Paganga, Antioxidant properties of phenolic compounds. Trends in plant science, 1997.
2(4): p. 152-159.

16. Rubilar, M., M. Pinelo, D. Franco, J.S. Torres, and M.J.N. Garcia, Residuos agroindustriales como fuente de
antioxidantes. Afinidad: Revista de quimica tedrica y aplicada, 2003. 60(504): p. 153-160.

17. Saci, F., H. Louaileche, M.B. Bey, and L. Meziant, Optimization of phenolic compound recovery and antioxidant activity
from carob pulp using response surface methodology. International Food Research Journal, 2017. 24(3): p. 1094.

18. Sahu, R.K., M. Kar, and R. Routray, DPPH free radical scavenging activity of some leafy vegetables used by tribals of
odisha, India. J. Med. Plants, 2013. 1(4): p. 21-27.

19. Savatovié, S.M., G.S. Cetkovi¢, S.M. Bilas, V.T. Tumbas, J.M. Canadanovi¢-Brunet, D.D. Cetojevi¢-Simin, and A.I. Mandi¢,
Antioxidant and antiproliferative activity of granny smith apple pomace. Acta Periodica Technologica, 2008(39): p. 201-212.

20. Shahidi, F. and P. Ambigaipalan, Phenolics and polyphenolics in foods, beverages and spices: Antioxidant activity and
health effects—A review. Journal of functional foods, 2015. 18: p. 820-897.

21. Singleton, V.L. and J.A. Rossi, Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents.
American journal of Enology and Viticulture, 1965. 16(3): p. 144-158.

22. Stalikas, C.D., Extraction, separation, and detection methods for phenolic acids and flavonoids. Journal of separation
science, 2007. 30(18): p. 3268-3295.

23. Tapiero, H., K. Tew, G.N. Ba, and G. Mathe, Polyphenols: do they play a role in the prevention of human pathologies?
Biomedicine & pharmacotherapy, 2002. 56(4): p. 200-207.

24. Yen, H.T., T.T.T. Linh, M.C. Thanh, N.T.T. Huyen, L.T.N. Ha, and B. Van Ngoc, Optimization of extraction of phenolic
compounds that have high antioxidant activity from Rhodomyrtus tomentosa (Ait.) Hassk.(Sim) in Chi Linh, Hai Duong. Tap
chi Sinh hoc, 2015. 37(4): p. 509-519.

Tac dong caa cac diéu kién tach chiét 1én ham lwong phenolic téng sé va hoat tinh khang oxi hoa
cia qua sim Phi Quéc (rhodomyrtus tomentosa (ait.) hassk.)

Lé Phuong Uyén', V& Thi Thanh Nhan?, Ngo Dai Hung?, V& Thanh Sang™”

lvién Ki thuat Cong nghé cao Nguyén Tét Thanh, Pai hoc Nguyén Tt Thanh
Khoa Khoa hoc Ty nhién, Pai hoc Thiu Dau Mét, Thanh phd Thu Dau Mét, Tinh Binh Duong
“vtsang@ntt.edu.vn

Tom tit Rhodomyrtus tomentosa la mot loai cay bui thuong xanh cé ngudn gdc tir Dong Nam A véi hoa mau hdng va trai
hinh chuéng mau tim ¢am. Nghién ctru nay tién hanh khao sat anh huong cua cac yéu té 1én qua trinh tach chiét nham xac
dinh diéu kién tdi wu thu nhan cao chiét c6 ham lugng hop chat phenolic tong va kha niang khang oxi hoa tét nhét nhat tir qua
qua sim Pht Quéc. Két qua cho thiy ham lwong hop chét phenolic tong trong cao qua sim dat duoc 179,055mg acid gallic
trén 1g trong lwong cao chiét khd (GAE/DWE) va hoat dong quét gbc ty do DPPH 1a 65,112% & ndng do 100pg/ml. Diéu
kién tach chiét toi uu da duoc xac dinh vai ethanol 80%, thai gian 4 gio, nhiét do 40°C va ti 16 mau/dung moi 1a 1/4 (w/v).
Hoat tinh khang oxi héa cua cao chiét ethanol thé hién qua kha ning quét gdc tu do DPPH (1C5=93,713ug/ml) va ABTS
(1C5=83,512pug/ml). Theo d6, qua sim Phi Quéc dugc cho 1a mot nguon polyphenol tiém ning c6 hoat tinh khéng oxi héa
cao.

Tu khéa Sim, Rhodomyrtus tomentosa, phenolic, DPPH, khang oxi hda
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