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Abstract, Limbongan ¥, Ramadhan R Shimiu K, Arung ET. 2021, Agronomic chavacterisiics _,1" 30 promizsing lines of aromaiic, red
and Black rice and their antioxidant and cytotoxic effects in some cancer cells. Biodiversitas 22: 1693-1700. In our effort to increase
rice production, some activities were done such as increased land production, nice planting patterns, and crossbreeding some rice with
the special charactenistic. We have cross-bred aromatic rice with red rice and black nce. These activities rezulted in thurty lines of rice

varieties. T
activity, an

exhibited anfioxidant and anti-cancer potential

Keywords: Antioxidant, cytotoxicity, phytochemmcals, nice crossbred

INTRODUCTION

There are variouz ways to increaze land productivity
and improve rice planting patterns, but the wse of superior
varieties or types of rice that produce high yields at an
early age 13 an important part of such efforts. Increasing the
production of black rice, brown rice, and aromatic rice to
promote food self-zufficiency and improve the welfare of
farmers 15 a very worthwhile goal. Efforts can be made to
achieve this goal by increasing the productivity per unit of
land area. Omne szuch effort mmvolves using techneological
means to achieve a transformation from one rice harvest to
two to three harvests per vear. In order to support these
efforts and enhance national food security, it is necessary to
develop early-age and high-vielding gige varieties.

The food needs of the population™Yend to imcreaze each
vear in line with population growth, the development of the
food industry, the anticipation of crizis situations, and
reduce import. Thus, it 15 strategically important to increase
and stabilize our nation’s food szecurtty. One way to
achieve the goal of food self-zufficiency in the context of
national food szecurity i1z to increaze food produoction
through superior seed management. It 13 believed that the
consistent use of high-quality seed varieties by farmers will

https://lldikti9.turnitin.com/viewer/submissions/oid:22918:11335854/print?locale=en

thirty lines of rice variation were extracted with ethanol and evaluated the extracts for their phytochemicals, antioxidant
totoxicity effect on cancer cell lines (MCF-7, Hela, and OVE-18). The phytochemicals of thirty lines vanation of rice
showed v anat]-&n in their contents. The line of F2BA201 extracts showed the strongest in a.uuc:-mdant with ICs0 2
Vitamin C was 32.93 pz/'mL. The line of F2LD20 extracts displaved potent inhibition with value of 40.2

while 3FU a: posthve conirol revealed percentage imhibifion wath value of 21.2

A3 pg/ml while
Yo agzinst OVE-18 cancer cells
Ye. Bazed on the results, the thirty line nece vanations

contribute significantly to increasing the productivity of
food crops. Conszequently, we must work to ensure that
high-quality seedz of zsuperior crop varieties are available at
the right time, i the right locations, m appropriate
quantities, and at affordable prices to achieve competitive
and spstainable prodoction of high-quality agricultural
produocts.

Whether rice attain: high economic value is determined
by the wariety of rice cultivated and the cultivation
techniques nsed (Sruyjana et al. 2017 pPeople of the Toraja
ethnic grovp in Indonesia often fav e taste of glutinous
rice, including popular varieties such as Pare Kombong,
Pare Bau' e Pulu' Mandoti, Pare Barri, and others
(Limbonganet al. 2019). Rice (Oryza sativa L) 13 a widely
consumed staple food that provides energy for people
worldwide, especially i Sowvtheast Asia.  Recently,
pigmented rice varteties have become popular for thewr high
phytochemical content, which endows them with
antioxidant and anti-inflammatge: qualities as well as other
beneficial health effects (Alves™t al. 2016). Rice varnieties
are categorized as pigmented rice (red rice and black rice)
of nofn- pimeﬂted rice {I:rrmvﬂ rice) based on the bran color.
Anthocyanins are the major phytochemicals m black rice,
and ﬂ1e_~ contribute to itz color, whereas pro-
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anthocyanidinz are the major h}-‘tu:u:l@uicals in red rice
and they contribute to itz coler (Gong et al. 2020; Pang et
al. 2018).

The trend of vsng gquality seeds has increased asz the
number of superior varieties avatlable has increased, thus
ensuring a stable market Efforts to improve the quality and
quantity of vields through crossbreeding should be
encouraged to increase the diversity of existing vaneties; it
15 also hoped that such crossbreeding can produce seeds or
varieties with better quality (Gour et al. 2017).

MATERIALS ANDMETHODS

Plant crossbreeding, collection and identification

Five local Toraja rice were selected based on a
preliminary study (Limbongan and Djufry 2013). These
rice varieties were Pare Bau’ (aromatic and white rice),
Pare Kombong (aromatic, white, and sticky rice), Pare Lea
{red rice), Pare Ambo' (aromatic and black rice), and Pare
Lallodo (aromatic, black, and sticky rice). These local rice
were single-crossed with Inpari 4 (INational rice) to obtain
Fl zeed rice. The Fl zeed rice were planted to obtain F2
zeed rice. The F2 seed rice were planted and zelected bazed
on the harvest time, quality of the rice (color and aroma),
and production’ha as presented. Thirty lines of F2 zeed rice
were selected as shown in Table 1.

The 30 line samples (aromatic nce'red rice/'black rice)

d«\'ere collected in Toraja. After plant identification, plant

voucher specimens were deposited in the Laboratory of
Forest Produect Chemistry, Faculty of Forestry,
Mulawarman University.

Sample extraction

The 30 line samples (aromatic rice/red rice/'black rice)
were dried and powdered with an electric grinder. Next, an
extraction process was conducted by zoaking them in
methanol (MeOH) for 3 x 24 hours. The extracts obtamed
from the zamples (aromatic rice, red rice, and black rice)
were filtered and epgpporated under pressure to obtain dry
extracts. The dry “Extracts were sztored at 4°C m a
refrigerator for further analysis.

Phyvtochemical analysis

The phytochemical test was QEEd to screen for
flavonoids, alkalods, terpenoids, tanmns, sterosds,
zaponins,  phenolics,  carotenocids, coumarin, and
carbohvdrates. The screening tests for these major
phytochemicals were carried out vsing standard gualitative
procedures as described by Harborne (1984), Kokate et al.
{2017}, and Viji et al. (2013) az follows.

Detectigr af alkaloids

el of extract was mixed carefully with 2 mL of
HCl a test tube, and 1 mlL Dragendorff reagent was
added. e formation of a yellow-colored precipitate
showed positive result for alkaloids in the extracts
{Kokate et al. 2000).

https://lldikti9.turnitin.com/viewer/submissions/oid:22918:11335854/print?locale=en

Detection of flavonoids

An extract (1 mL) was treated with 5 Grops of 1%
sodivm hydroxide sclution. The formation of an intense
vellow color, which developed into a colorless solution
vpon the addition of a dilute acid (HC1 1%), mndicated the
prezence of flavonoids in the extracts (Harborne 1984).

Detection of saponi

Extracts (60 mg@-‘ere mixed with 2 mL of acetone and
3 mL of hot water was then added. The mixture was cooled
and then shaken vigorously for 10 seconds. The formation
of bubbles or persistent foam with a height of 1-10 cm for
10 min following the addition of one drop of HC1 2N, and
the froth did not disappear indicated the presence of
zaponins in the extracts (Harborne 1984).

Detection of triterpencid and steroid

A mixture of 10 drops of acetic anhyvdride and two
drops of concentrated sulfuric acid with 1 ml of extracts
was diluted in acetone. The resultant mixture was shaken
vigorously. The production of red or purple indicated the
presence of triterpencids, and the production of a blue-
green color showed that steroids were present (Kokate et al.
2000).

Detection of carotencids

An extract sample of 1 ml was diluted“Sith 5 ml
chloroform in a test tube and shaken vigorouszly, and four
drops of §5% sulphuric acid were added. The production of
blue color on the surface of the mixture indicated that
carotenoids were present (Viji et al. 2013).

Detection of coumarins

A 1 mlL sample of each extract was treated with four
drops of zodivm hydroxide and alechol The solution
turned vellow if coumarins were present (Vi1 et al. 2013).

Detection of tannins

An extract sample (10 mL) was mixed with three drops
of freshly prepared 1% lead acetate. The formation of
vellow precipitates was considered to show the presence of
tannins (Kokate et al. 2000).

Detectign of carbohydrates

OnemL of extract was diszsolved mn 1 mL of acetnn.&@n
a test tube and was treated with one drop of Molisch
reagent. The resultant mixture was shalen vigorously and
treated with 1 ml of sulphuric acid. The production of
purple rings between two lavers of the mixture indicated
that carbohydrates were present (Kokate et al. 2000).

Qadic al scavenging (DPPH) assay

This assay was performed as dgeeribed by Arung et al
In this assay, 300 pL of 60 ubM™DPPH and 467 pl of
ethancl were uszed as pgrking sclutions. The posihive
control wasz Vitamin C."The percentage of free radical
scavenging activity was calculated uvsing the following

@uaﬁnﬂs {note that “Abs™ indicatez abscrbance): %o

avenging achvity = (Abs control-Abs zample) Abs
control x 100. The lower the absorbance was, the higher the
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free radical szcavenging activity. The 530% mhibitory
oncentration (ICsp) represents the concentration of extract
equired to inhibit 50% of free radical DPPH. According to
Mirvanti et al. (2011), antioxidant activity 15 considered to
be extremely high if the value of ICs 13 less than 50
pgmL, high if the value of ICsp 13 between 50-100 pg/mL,
moderate if the value 13 between 100-130 pg/mL and low 1f
the value is between 151-200 pg/ml .

Cryiotoxicity assay

The cell lines were obtained from the RIKEN Cell Bank
ﬂapaﬂ}. The cells were maintamned in Eagle's Minimum
Ezsential Mediom (EMEM) or Dulbecco’s Modified Eagle
Medium (DMEM). Cell viability was determined using the
icroculture tetrazoliuvm technique (MTT). The MTT aszay
rovides a quantitative measure of the number of viable
ells by determining the amount of formazan crystals
roduced by metabolic activity in treated versus controlled
ellz. In brief, confluent cells n a 96-well plate or 24-well
late were treated with either wvehicle or zamples of
different concentrations for 72 h and the cell viability was
enn checked using an MIT [3-(4,5-dimethvlthiazel-2-
)2 5-diphenvltetrazolium bromide] sclution. After a 4-h
cubation period, the MTT sclution was removed and
Cl-izopropancl solution was added to each well The
late was imcubated in the dark for 4 more hours, and the
sorbance of the resulting solution was measured at 570
with a microplate reader (EL9800; Biotech; Winoosk:,
‘ermont, USA) (Arung et al 2010). Cell viability was
calculated using the ratio of the absorbance of the zample-
QEated wells to that of the vehicle-treated wells. The ICs;

-as inferred from the viability-dose-dependent curve.

RESULTS AND DISCUSSION

Thirty selected lines of rice

Based on Limbongan and Djufiy (2013), the selected
local rice such as Pare Bau', Pare Kombong, Pare Lea, Pare
Ambo', and Pare Lallodo are varieties that taste good but
require long harvesting time (approximately 5-7 months)
and low productivity. The selection process of the F2 was
conducted, and 30 lines were zelected. The 30 zelected
lines (Table 1) were had a short growth period until
harvesting (approximately 3 months), and had high
productivity (data not shown). These 30 lmez were
analyzed for their health benefits and their phytochemical
content, e g, through antioxidant and anticancer assays.

Phytochemical analysis

In thiz experiment, we tested hybrid rice produocts
{Table 1) that were found in Toraja, South Sulawesi.
Phytochemical screening of aromatic rice, red rice, and
black rice extracts was performed. The results revealed that
the 30 rice lines tested contammed various secondary
metabolites such az tanmins, alkaloads, flavonowds,
triterpencids,  steroads, carotencids,  carbohydrates,
coumarinz, and saponins (Table 2). Some rice extracts lines
were vellow 1n color when in basic conditions and became
colorless solutions in acidic condibions, indicating the

https://lldikti9.turnitin.com/viewer/submissions/oid:22918:11335854/print?locale=en

possible presence of flavonoids. The lead acetate test
confirmed the presence of tannins in the extracts through
the formation of yellow precipitates after the presence of
coumarinz was confirmed by their appearing yellow in
color when im a basic condition. Furthermore, other
phytochemicalz such as alkalosds, triterpenoids, sterosds,
carotenoids, carbohydrates, and saponin: were found to be
randomly present in  all rice varieties. Secondary
metabolites in these rice varieties may influence their
biclogical functions in individual or synergistic manners.
For example, zecondary metabolitezs such az phenclics,
flavonoids, tannins, and coumarins are widely distributed
i various plants that exhibit bicactivities such as
antioxidant, anti-inflammatory, and enzyme inhibition
activities (Alvez et al. 2016; Ghazemzadeh et al 2015;
Sequeda-Castafieda et al. 2019; Bubolz et al. 2013). In
addition, alkaloids have been reported to have antimalarial
(Dua et al 2013), cytotoxic (Thite et al. 2013), and
antimicrobial effects (Rap et al. 2019). Trterpencids are
known to have c-glucosidase mhibition (Famadhan et al.
2020) and anticancer activities (Yan et al. 2013). Recently,
other studies reported the presence of phytochemical
components in methanolic extracts of red rice and non-
colored rice from Minahasa, North Sulawesi (Moko et al
2014). Shao et al (20183) also reported a gquantitative
analysiz of secondary metabolites such as  phenols,
flavonoids, and proanthocyaniding contamned i non-
pigmented, red, and black rice. These phytochemical
components are known to have medicinal effects. As far as
we know, there have been no reportz mvobing the
phytochemical screening of 30 lines of aromatic and
pigmented rice hybrid products that were stodied in the
present research. Therefore, the prezent phytochemical
mvestigation provides prelimmary findingz on rice hybrid
products that appear to have benefits for human health.

Radical scavenging (DPPH) assay
The anticxidant actrvity of aromatic nice, black rice, and
red rice 13 associated with their medicinal potency. In this
study, the antioxidant potential of the 30 lines of aromatic
rice, black rice, and red rice was evalvated uvsing 22-
diphenyl-1-picrylhydrazyl (DPPH). The results were
@:pressed i terms of the concentration of the rice line to
avenge 50% of the free radical DPPH (ICsp). The
mhibitory effects of the 30 lines of aromatic rice, black
rice, and red rice were compared with those of a positive
standard ascorbic acid (vitamin C, ICsp, 3293 pg/ml)
(Table 2). Among the 30 lines that were studied, thirteen
lines of rice, mecluding red rice, black rice, and aromatic
rice, had good potential to imhibit free radical DPPH.
Lower ICsp values agamnst DPPH radicals mdicate higher
antioxidant activity. The antioxidant actiaty test showed
that the F2AQ3, F2A205, and F2BAS0 (ICsp 12.5 pg/ml)
categorized asz black rice and aromatic rice, respectively
that exhibited the strongest activity against free radical
DPPH. According to Mirvants et al. (2011) ICsp values < 50
ngml for antioxidant was very strong. The lower ICsg
values of 30 lines of aromatic rice, black rice, and red rice
agamst DPPH radical indicate the higher gntioxidant

activity. The findings of this study mn line with“Shao et al.
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2013 reported that red and bl rice had zi1gnificant
antioxidant activity. Furthermore, Satkia et al. 2012 also
reported that aromatic pigmented and non-pigmented rice
varieties had good scavenging activity against free radical
DPPH

Cy$atoxicity assay

thiz study, we investigated the cytotoxicity effects of
methanol extracts from 30 lines of aromatic, black, and red
rice by sulbjecting them to a cytotoxicity azsay, which could
demonstrate antioxidant activity and the presence of
phytochemical content.

The cytotoxicity activity of the 530 lines ar ic Tice,
black rice, and red rice was evalpated against™a breast
cancer cell line (MCF-7), a colon cancer cell line (Caco-2),
and an ovarian cancer cell line (OVEK-18). The results of
the cytotoxicity assay are presented in Table 4. Almost 30
rice lines tested exhibited lower cytotoxicity activity
against MCF-7, Caco-2, and OVEK-15 compared with the
positive control (5-FU), with cell viability percentages of
85.4%, 01.9%, and 73%.8%, respectively. Furthermore, the
lines were tested against other cancer cells such as other
colon cancer cell lines. These results showed good

Table 1. Characterization of 30 rice lines

cytotoxicity activity that was quite zimilar to that of the
posttive control (3-FU). Moreover, ameong the 30 lines
tested, the F2LD20 line (aromatic/black rice) showed the
lowest of viallity percentage against the ovarian cancer
cell line {OVEK-18), which indicated that thiz line had the
strongest activity agamnst theze cancer cells. In general, our
results revealed that the 30 lines of aromatic rice@acl-:
rice, and red rice had potency as anticancer agents.“1heze
results are conszistent with the findings of Ghasemzadeh et
al. (2018), who reported that black rice extracts %ihited
potent antiproliferative activity, whereas red riceShowed
oderate activity against a breast cancer cell line (MCE-T).
food supplements, one component may deliver the
desired therapeutic benefits while others may have toxic
effects. The Amencan National Cancer Institute
recommends that crude herbal extractz that do not reduce
the viability of normal cells below 76% are safe for human
consumption (WHO, 2013). In the present study, the 30
linezs mvestigated not only contamned a wvarety of
phytochemicalz and showed antioxidant activity, but they
also showed cytotoxietty activity.

Samples \iale Parent;lemﬂle Characterization _ Samples \iale Parenf;]em e Characterization
F2L 134 Padilea  Inpan4 Redrice F2A274  PadiAmbo'  Inpan 4 'Ammau'.:@lack rice
F2L 239 Padilea Inpari 4 Redrice F2A93 Padi Ambo"  Inpan4  Black rice
F2ZL 93 Padilea Inpari 4 Redrice F2 A 205 Padi Ambo"  Inpan4  Black nice
FXL 70 Padilea Inpan 4 Redrice FI1A 4D Padi Ambo® Inpan4  Arcmatic, black rice
F2ZL27 Padilea Inpari 4 Redrice F2 A 205 Padi Ambo"  Inpan4  Black rice
FIBA 12 PadiBanw™ Inpand Aromatic, white nce FIFB535 Inpand Padi Baw’ Arcmatic, white rice
FIBAGD PadiBaw™ Inpand Aromatic, white nce FIFEB 4 Inpar 4 Padi Baw’ Arcmatic, white rice
FIBA3Y PadiBaw Inpand Aromatic, white nce FIFBE0)  Inpand Padi Baw’ Arcmatic, white rice
FZBA2)] PadiBanw™ Inpand Aromat, white nee FIEBT0  Inpand Padi Baw’ Arcmatic, white rice
F1BAI34 PadiBanw Inpand Aromatic, white nce FIFBO)  Inpand Padi Baw’ Arcmatic, white rice

F2LD 70 PadiLallodo Inpari4 Aromatic, black, stickyrice F2K 12
F2LD223 PadiLallodo Inpari4 Aromatic, black, stickyrice F2K I3
F2LD 69 Padilallodo Inpari4 Aromatic, black, stickyrice F2K 11
F2LD 20 Padilallodo Inpari4 Aromatic, black, stickyrice F2K 10
F2 LD298 Padi Lallodo Inpari 4 Aromatic, black stickvrice F2K I8

Padi Kombong Inpan 4
Padi Kombong Inpan 4
Padi Kombong Inpan 4
Padi Kombong Inpan 4
Padi Kombong Inpari 4

Aromatic, white, shicky nce
Aromatic, white, shicky nce
Aromatic, white, sticky rice
Aromatic, white, sticky rice
_Aromatic, white, sticky rice

Table SQPPH radical-scavenging activity of methanel extracts of aromatic nice, black nce, and red nice

Samples @Ciu {ng/mL}) Samples ICsp (pg/mL) Samples ICz (pg/mL)
F2LD20 5074 FIEE4 36.63 F2L239 132
FILD&% 51.32 FIRB35 4084 FIL27 100.0
FILDT70 50.74 FIRBT0 166.73 FILT70 100.0
F2LD223 4933 FIRBS0 50.83 FIL93 36.74
F2LD298 12123 FIRB0 50.50 FIL154 87.13
F1A49 16.34 FIK11 41.54 FIBAI2 13.38
F2A93 12.5 FIK12 140.15 FIBA33 201.73
F2A205 12.5 FIK13 23.0 FIBASD 12.5
FIA2T4 4969 FIK1% 87.70 FIBAL34 90.37
F2A295 250 FIK10 61.24 FIBA201 50.0
Vitamin C (Azcorbic acid) 3293

https://lldikti9.turnitin.com/viewer/submissions/oid:22918:11335854/print?locale=en
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Table 2. Phytochemicals screeming of aromatic nce, black nice,
and red rice extract

1699

Table 4. Viable cellz of ethanol extractz of aromatic rnice, black

rice, and red rice

Secondaryv metabaolites

Samples

F By onoads
Triterpenouds
Carote noads
Carbohydrates
i mmr ms

Allakads
Saponin

F2L 154
F2L238 = -
F2L 23 - -

F2L 70 S+ s L s s

F2L 27 + -+ R + + +

FZBA 12 - T - - - - + - T
BAF290 - - = - - T + + -
FZBA 35 - - = - T - + - T
FABA 20 - - - - T + + -
FIBA 134 + - T - + - T

FXLD 70 + + - -+ + - -

¥ ¥ 1L L -+ XL L -+

i - - -

F2LD 69 =L L= s
F2LD20 - - - - o+ + o+ .
F2ID298 =+ + =+ + =+ = + + =

FIA274 = - o+ .= o=
F2 403 e
F2A205 = - <+ + - - o+ o+
F21A49 A
F2A205 - - o+ . . = =+ =

FIRESS - + - - o+ -+ =
F1RE 4 .
FIRBR0 + + + - o+ -+ o+
FZRE7T0 - - + - - o+ o+ =
FIRE0 - + - + . = = . =

F2K 12 S s L s s
F2K 13 e
F2E 11 e
F2K 10 s+ L s s s s
F2K 18 R

Mote: +. Presence;-. Abssnce

In m:mma.-r;-'% the best of our knowledge, this is the
first report to show that hybrid rice products derived from
local rice m the Toraja region have antioxidant activity as
well as cytotoxicity activity. Furthermore, extracts
containing high levels of phytochemical: and good
bicactivity need to be studied further to isolate secondary
metabolites that may be responsible for their anticancer and
antioxidant activities. Moreover, his study provides
scientific evidence for the vse of local rice mn the traditional
healthcare zystem.
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Extracts Cell viability (%4)

Samples o) MCE-7 Caco?  OVE-18
FILD20 00774 847=002 022005  30.8=003
FILDEY 00909  106.5=001 994:000 67.6=001
FILD70 00767  1024=007 96.7=0.08  02.5=0.06
FILD223 00703  1092=004 098.4=003  06.6=0.06
FILD298 00776  107.8=003 0272007 822003
F2A40 00683 10432005 9555017  89.7=0.01
F2A93 00699  020=003 086004 02.0=004
F2A4205 00905 1128001 105.1=014 102.1=0.08
F2A274 01132 117.0=002 11442006 07.0=0.03
F2A205 00740  1179=004 11002018 04.0=0.04
F2L239 01609 9982002 9036005 056002
F2L27 00977  113.9=005 11382008 1138001
FLT0 01487  100.8=003 843=006 84.3=0.02
F2LO3  0.0865 11212005 1064=012 106.4=0.04
F2L154 01496 11812007 10132003 101.3=0.01
F2RB4 01171 11372005 10592005 105.9=0.04
F2RESS 00890  108.9=003 992:0090  99.2=0.06
FZRBT0 00777 11880090 087=012  98.7=0.03
FJRBR0 00818 10452003 1029=011 102.8=0.03
FJRBSO 01206 10582002 10832004 10832002
F2Ki1 02167 10422001 11272012 9402002
F2K12 02794 10072003 1132=018 043001
F2K13 03825 10932003 13672013 114.0=0.04
F2Ki8 01710 11212002 11832017 988003
F2K10 02468 10432002 1229=004 1109007
FIBAIZ 01671 10582003 11052006 1142£004
F2JBA3S 01976 9862005 11912006 10242004
FIBAS0 01135  1067=001 1247=016 110.6=0.02
F2BAI34 02281 10952003 1204=002 105.5=0.03
F2BA201 0.1804  987=002 11022013 98.9=0.05
5-FU 8845002 919:006 78.8:004
(Po=rtive

Control)

Control 100.0=005 1000£022 100.0=0.31

WNote: Data are given az the means = 3Dz (n=3)
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