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ABSTRACT

This study evaluated the antioxidant, anti-inflammatory, and anti-diabetic activities of normal (Saeilmi) and colored rice
cultivars (Boseogheugchal, Hongjinju, Heugjinmi-crossbreed of Boseogheugchal and Hongjinju). Nutritional and functional
components of four rice cultivars were analyzed. Extracts were prepared using 50% ethanol and then freeze-dried for functional
analyses. Antioxidant effects were determined by evaluating total polyphenolic contents and DPPH- and ABTS radical sca-
venging activities. Anti-inflammatory activities were assessed by measuring the concentration of nitric oxide (NO) produced
by RAW 264.7 cells, and anti-diabetic activities were investigated by determining a-amylase and a-glucosidase inhibitory
activities. Crude protein, Ca, anthocyanin, total flavonoid, and total polyphenolic contents were higher in colored rice cultivars
than in normal rice, and ‘Heugjinmi’ had the highest values among the colored varieties. Colored rice cultivars exhibited better
DPPH- and ABTS radical scavenging activities than normal rice. All rice extracts were nontoxic and dose-dependently
inhibited NO production in lipopolysaccharide-stimulated RAW 264.7 cells. ‘Boseogheugchal’ and ‘Heugjinmi’ cultivars
showed more inhibitory activity against a-amylase. In addition, colored rice varieties more effectively inhibited a-glucosidase
activity than normal rice. Consequently, our results suggest that colored rice, especially the ‘Heugjinmi’ cultivar, could be
used for health foods due to their higher phytochemical concentrations and functional activities.
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2 AT A RRE ARE fAN s BEASEY 31T &
] F 37F] FFelvh BASE(FH5129) z
o Aol Fu A A S wn <F
ZF3tHLee JH 5 2011). A244 S33FLs5012)= 7+
7l 59 SIFER FAAE sty SefE o= 3
2ro] =7 3HaHo] 2 (Yang CI 5 2011), S31])(L 4290
I HAEZAY ZRF] wHlE §AE e tEAlo}
d3 Z2ldE o] =2 Ho|th(National Institute of Crop
Science 2023).
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3. FE= M=

A5E A (FM909T, Hanil, Wonju, Korea)3t Foll 50%
WRFHoR 23] & U EH(N-1000, EYELA, Tokyo,
Japan) ¥ FZA71Z(llshinBio-Base, Dongducheon, Korea)d}t
of ARSI AR S RES I EAYEY A E
A Hol| HIHRDA-22-SI, RDA-22-BS, RDA-22-]J], RDA-
22-IM)3}3A tt-

4. & EC|dz gz 24

FZE5 20 uLE 96 well platecl] ¥ FH5 80 uLE 713k
&, 40 pL2] Folin-Ciocalteu’s phenol reagent(Sigma-Aldrich
Co., St. Louis, MO, USA)Z H7}so] 383F A Lo A kg
AATE 10% NaCO; €4S 60 uL H7Fskar 42l 24]
ZFREEAIZ F 725 nmell A FBEE ST 2EEd
2E gallic acid(Sigma-Aldrich Co.)E Alg&-3dlo] X A S
Tl AeFstda, & Feuls -2 mg GAE/g=E A At
AKKim JH 5 2022).

5. DPPH 2}C|Zt AHs m™o}

FZ%E 50 pLol 0.2 mM 2,2-diphenyl-1-picryl-hydrazyl
(DPPH, Sigma-Aldrich Co.) &< 200 uLE Y3 &313 H
2deof| A 308t WHEAIZL F 517 nmellA] FFEE S5t

AKKim JH 5 2022).

6. ABTS 2iC|Zh 275 ot

7.4 mM 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS, Sigma-Aldrich Co.)$} 2.6 mM
potassium persulfateS 1:12 Z33}aL 24A|7F A2 B H3}o]
s 94% 5 A48 A 845 760 nmell M FF=
7} 0.70~0.757}F B =5 SRR SAsisith g4 &
200 pLoll &% 50 L= 96 well platecl] ¥ FaellA 10
W HREAIZAL 760 nmell A FEEE 5% 8 tHKim JTH
S 2022).

7. MxZ dEg &Y
E Ao AlgE RAW 2647 A ZE A EF23)

(Korean Cell Line Bank, Seoul, Korea)oll 4] +13}11L, Al
X 10% heat inactivated fetal bovine serum(FBS, Gibco,
ThermoFisher Scientific, Waltham, MA, USA)¥} 1% peni-
cillin-streptomycin solution(GenDEPOT, Katy, TX, USA)°]
X3 Dulbecco’s Modified Eagle Medium(DMEM, Gibco)
S ARESE 37T, 5% CO, incubatorol A vjekslich A=
& 345 914, RAW 264.7 AIEE 2 x 10 cellsmL &

96 well plateel] 100 uL? =3k 37C, 5% CO, incubator
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oAl 4A)Zk vl Falsd o™, lipopolysaccharide(LPS, # & 1
ug/mlL)E 50 LA Y1 22 Z719] incubatoroi| A 24|17t Hl|
FalA ). 3582 phosphate buffered saline(Caisson Labs,
Inc., Smithfield, UT, USA)< °©]83l] 10 mg/mL F==
A|zZ38taL, 0.2 um ZE|(Syringe filter, PVDF filter media,
Whatman, Cytiva, Utah, USA)Z oJIA|A AL8319 T &
B2 FHF T2 125, 250, 500 pg/mL7tF H =5 50 L e
Al 2|8k a, 24417 v et M2 A 100 uLol
Quanti-Max™(WST-8 cell viability assay kit, BIOMAX,
Guri, Korea) 10 L& =58 &, -2 710|A] 1A &<t
v gale] Al AEES %31 T} Microplate reader(mole-
cular devices, San Jose, CA, USA)E ©]&3}o] 450 nmol| 4]
FAEE S5 mAT A Q2w F2E A
o] HlE&E AlLtete] AlgolAe] Al BEES AASHA
tHKim JH 5 2022).

8. Nitric Oxide(NO) &fzt

RAW 264.7 Al ZoA A5 = NO2| 32 Griess
Reagent System(Promega Co., Madison, WI, USA)S ©]-&3}
o] 243ttt A EE 2 x 10° cells/mL F=% 96 well plate
o] 100 LA &5=3ted 37°C, 5% CO, incubatoroll X] 44|71 ]
oFetal LPS(HF 1 pL/mL)S 50 L B33l on 247t
F7t= wjeFetlnt. Aol &= AT $=7F 125, 250,
500 pg/mL7} H =5 50 pL Bk 22 2719 incubator
oAlA 24A17F vkt MEZE wlge e 100 pLot
sulfanilamide solution 100 pLE g2l 10237t ¥H-5-A1%1
& N-(1-naphthyl)ethylendiamine dihydrochloride solution 100
WLE 7helar Ao 108 E<F 9HSAIZ T Microplate
reader(molecular devices)E ©]-8-3F0] 540 nmolX FH=E
=738t 21, nitrite standard(Promega Co.)Z 2MJ% T

T4 o] &3le] NO TFE A3t Kim JH 5 2022).

9. a-Amylase A 2| &M £H

dntn] 8l fan] 225E0] g-amylase 24 A8l A3 o-
amylase inhibitor screening kit(ab283391, Abcam, Cambridge,
UK)E o]-&3ste] =43t} 96 well plateol] Al&E 50 pL<t
a-amylase solutions 50 pL &-F-8k3 WS 2kt FEj = 10

E7E Ao w-S-AlZiTth a-Amylase substrateS 50 pLA]

a-Amylase Slope of EC — Slope of sample
inhibition (%)

x 100
Slope of EC
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10. o-Glucosidase &4~ A &M =X

drtn] Bl FA4m] 2220 a-glucosidase B/ Aall &3}
T a-glucosidase inhibitor screening kit(ab284520, Abcam)E
o] g3l =H3IATE 96 well platec] Al=E 10 pL} a-
glucosidase enzyme solution 10 pL, assay buffer 60 uLE -
Foln WE A3 e 2083 F2olA WAzt
Assay buffer®} a-glucosidase substrate mixE &3}3F reaction
mixE 2} wellol] 20 L2 F53}3 kinetic =2 60% &<t

410 nmo|A FFE=E SH3I -

aGlucosidase ~ Slope of EC — Slope of sample
= x 100

inhibition (%) Slope of EC

1. SA &4

& "lo|E] & SPSS & 13(Statistical Analysis Program
ver. 24, IBM Corp., Armonk, NY, USA)= ©]&3fo] £A5}
gom, W FFEQ AHmeantS.EM)E AAEATE 2+ A
F Zte] Ao]= one-way ANOVA(one-way analysis of vari-
ance)E A3 3 Duncan’s multiple range testo]A] p<0.05

QL Aol FeE FAGAG

= =
6.62~8.43, 1.42~2.07, 1.42

4 e FAvloA Lui]

LRt
UERsit 859 FU1ES 4
g 23, dRi)et L3HeE 4 A9 Ca, Cu, Fe,
K, Mg, Na, P, S2| &< 14.18~19.75, 0.02~0.07, 1.16~
3.02, 331.56~380.32, 114.46~131.18, 9.72~17.66, 479.16~
527.74, 17.79~94.07 mg/100 g ©]] L, n|Fo]x| 7 LHFe
Ffrafml o A dRin|E} FheFo] A A=tk 7154
Rl QFEAlopd ¥} & ZefH ol = ke dym|Hr
Aujo] o] dfEo] AN, SH|A g 2e A
2 e

st A itsl B2 A8 2ES
gk g iEe] AF Al Bl EAsh datksl 9 &4, &,
T 5 T E%0] B ATHGulein 1 2020). & AT
A drim) o} fan] 2EEd FHE F FEuE H(Fig

1) AL R 3040 mg GAE/g, B2 5% 75.77 mg GAE/g, &
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Table 1. Nutritional and functional components of normal and colored rice cultivars

oA oF BAETREAERS

Composition Unit Saeilmi Boseogheugchal Hongjinju Heugjinmi
Crude ash 1.31 1.32 1.26 1.11
General Crude protein /100 g 6.62 8.43 8.28 842
components
Crude lipid 2,07 1.42 1.96 1.97
Total dietary fiber g/100 g 2.07 1.42 1.96 1.97
Ca 14.18 19.75 16.16 17.94
Cu 0.05 0.02 0.07 0.04
Fe 1.66 131 3.02 1.16
K 379.67 380.32 353.42 331.56
Minerals mg/100 g
Mg 122.48 129.22 131.18 114.46
Na 9.72 12,51 17.66 16.09
P 48236 522.61 527.74 479.16
S 94.07 17.79 20.63 2737
Functional Anthocyanin ng/100 g 0.24 28.72 1.89 5126
components  Tota] flavonoid 90.54 216.10 255.83 550.45
100 WTHp<0.05). Kim MY 5(2020)2] Aol oshd f-2m] (%
o S, &3], 3313, 445m)) ks 259 & 9
1T} -
S % a = S 19.03, 314.08, 178.05, 123.05 mg GAE/ge] )1,
> : Auin](A7Y, WA0F, A, WAF) o FHEe
= ko 8.58, 6.86, 10.49, 7.67 mg GAE/ge]th. B3 Kim
£ 60 ° DI 5(2010)°] Riigh Aol olad FF, S 5 f4
[=] - = - -
2 n1e] 70% oletE FEES AW ET F Z2uE ol
S 40 ESith Foleh ], Hule) 80% vghE FEE] F 29
%_ d H RS 0.81~9.55 mg GAE/gC 2 W% thPark JY
= S 2016). kA F FEslE e A Eoh fae o
= & gol Ff¥lo] YA F5 % FE ol ue} @e o7k
S JE Aoz Yehgrh
0 T T
& & ¥ N A
= o

Sample (1 mg/mL)

Fig. 1. Total polyphenolic content of normal and colored

rice extracts. SI, Saeilmi; BS, Boseogheugchal; JJ, Hong-
jinju; JM, Heugjinmi.
The data was analyzed by Duncan’s multiple range test after
One-way ANOVA using SPSS software and each bar presents
the meantSEM. *¢ Mean values with different letters are
significantly different (p<0.05) among all samples.

213 5697 mg GAE/g, 31| 8127 mg GAE/g=, f-4n]o|
A duknl B} folz o' Wol| dfdla e Ao g e

=

9 A1 2280 DPPHO} ABTS itz 47
3t A7} Table 294 2tk DPPH gtz 2752
Hepdo A wghor dalE s A2E o] gatn kst
A& Hrrel] S8l Abgeln wEa &A1 A Y
©]th(Boligon AA & 2014; Gulcin I 2020). ABTS #Ht]Z 4
Ae& ABTS' 7} A EoA FA 02 Wate whg& S35t
o AL 54 3E v Alwe gaksl Ao 24
o] A1-&5E= WP olthBoligon AA 5 2014). DPPHE S-©]
< YU, ABTS& ol et Z& A4she Aozt la

el

o % e A1 wedel A% st gt 57
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Table 2. DPPH and ABTS radical scavenging activities of normal and colored rice extracts

ug/mL Saeilmi Boseogheugchal Hongjinju Heugjinmi

125 16.3+0.4% 29.6+1.1% 49.3+0.2% 17.3+1.1%¢

DPPH radical 250 18.3+0.3% 35.6+0.1 63.3+1.5%A 35.1+1.8°8
scavenging activity 500 25.140.2°¢ 45,0404 70.7+0.0° 70.7+0.1°*
) 1,000 34.7+0.4°° 82.7+0.1*4 76.6+0.2° 73.5+0.5%¢

2,000 70.3+1.5% 83.1x0.4* 76.4+0.3°5 80.7+0.4*

125 50.6+0.3° 95.7+0.2® 86.6+1.0 99.4+0.0™*

ABTS radical 250 83.5+0.1%C 99.3+0.0°* 98.9+0.1° 99.4+0.0*
scavenging activity 500 99.3+0.0° 99.6+0.1°" 99.9+0.1*4 99.4+0.1¢
) 1,000 99.4+0.1%8 99.740.1% 99.6+0.0*8 99.4+0.18

2,000 99.6+0.2°N8 99.6+0.1% 99.6+0.1° 99.5+0.4

The data was analyzed by Duncan’s multiple range test after One-way ANOVA using SPSS software and results were expressed as the
meantS.EM. *™¢ Means with different letters within the column are significantly different (p<0.05). *~° Means with different letters

within the row are significantly different (»p<0.05) among all samples.

different within the row.

=

7} tr2A vehd 4 JtiKwak CS & Choi HI 2015).
DPPH Uiz &4 442 Adr] 16.3~70.3%, A5z
29.6~83.1%, EXF 49.3~76.6%, &311] 17.3~80.7%°] %
FEE] v=7F 7kl wet DPPH 2tod &7 &
o] fred oz F7FsA thHp<0.05). Kim MY 5(2020)<]
Hyof ofsh duku|(Ad7y, D320, AlEF, WMzF)e]
DPPH 20z 2A 42 4.74, 3.88, 5.95, 479 mg TE/g°]
A, 52, Fx3In], x5, 178 1])e] DPPH
gz 27 AL 931, 24.42, 24.83, 24.81 mg TE/go|Y
o} T3 3] veke FEE 100 pgml =004 84.03%
DPPH 2}tz 427 €4S HYTHCho EJ 5 2012). ¥ AT
oA Admlet HAEE 210 %Z%9°| DPPH 2+
Oz 27 A 1Cs07k-2 1,250, 401.7, 101.3, 370.1 pg/mLo]
x, divlEch fA|(EA 5 ST, ER0)eA =
< DPPH itz 2755 B3tk WA Apufgk 5215
80% HIEhE FEE2] ICsoTX|= 30.68 pg/mL, 1737]<}
AEZN] 80% HEHE FE2ES 41.119) 45.17 pg/mL(Park

.L_

AR (=

T, ZFIm

IY 5 20160)%, %% 3 50l w2t ICsogkell el 7} 9
At

ABTS 2}t)Z 7] 292 ALr] 50.6~99.6%, HA 52
95.7~99.7%, AT 86.6~99.9%, Z21] 99.4~995%% 5
7t Skl whet SrskTh dnte|(Afdn]) Rt fam)
(EASE 3305, S3n)oA] =2 ABTS oz &7 &
e Bk daldTol o fAam(ASZ, Sx1n,
3AF, A%Fu)e] ABTS oz A ZAL 2024,

™ Not significantly different within the column. ™ Not significantly

128.20, 109.47, 92.99 mg TE/ge]x, Lrtn] (78, U320
T, 2157, W)= 8.21, 6.36, 10.56, 8.61 mg TE/go| A Tth
(Kim MY 5 2020). Quhu]el elEe] ABTS 2]z &7%
< 36.97 mM/ascorbic acid eq., ZFU|(AZF, TFF) 126.69
~134.47 mM/ascorbic acid eq., ZV(5%, Z4) 156.97~
163.64 mM/ascorbic acid eq.©]ITHKim HW 5 2013). A3}
AFNA AT Fo] Zn|7t 7h E‘iﬁ ABTS 2tt]Z 227
DS B3, Anle} Hm] o < ABTS oz &7
242 YEHSIATKONh YG & 2023) Aol A = LRt
o] Ajlu K gm0l y_/ﬂ‘é‘;d— FA% TAuA =
ABTS 2tz &7 @42 Bilet, B
AU ET B Fmol M 95% o]/de] ¥
201 125 pg/mL FEolA 99%
a7 e Btk wEbd = ]l‘i}z?j
Aol kst dido] ¢ 0}7“ et 3\2

1213 542 ohekst Aulgiol 3821 9%
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NOE Al F7<9 A== NO s=of weh AE A=
X AY AEZ ARIAE FrEskal(Bosca L & 2005),

O X732 nitrogen dioxide, peroxinitrite®} 22
Ay’dste] DNA &4 2 AlE Ul fal gk Ashs
o] 4<% doFIthKim CH 5 2012). LPSE #2]3k
RAW 264.7 A|3ze] dxtn|e} f2n] F2E52 Aejs 27
(Fig. 2), NO A5 L] 26.0~84.6%, BA1ZZ 11.0~
68.2%, TXF 1.2~68.1%, Z71] 28.4~73.4%°]9 o,
F=E9 =t S wet 1A o8 NO =7t &
25 tH(p<0.05). Choi EY 5(2018)2] AollA Zm|Ql =
ASZT} A EZH] 70% oehE FEE 50 pg/mL =0l A]

A
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SEshE Tkl g A AH-8-st
B S AAA &

Nitric oxide (pM)

Nitric oxide (uM)

AR - o) BB - G- o] - HFE AP oF ArkiREHTEE

L FF 32RO G 7140 BE A7 B

B
40
a
bA
PN
30
[
£
20
dA
10
€
0 T T T T T
“® 2 v o
o K: v oy )
Concentration (pg/mL)
D
40
a
30
bB
C
20
10 dA
=
0
g > \a] S o
& K4 NG a &

@0

Concentration (pg/mL)

Fig. 2. Inhibition effects of normal and colored rice extracts on the nitric oxide (NO) production in LPS-stimulated RAW

264.7 cells. A: Saeilmi, B: Boseogheugchal, C: Hongjinju, D: Heugjinmi.

The data was analyzed by Duncan’s multiple range test after One-way ANOVA using SPSS software and each bar presents the
meantS.EM. 7 Means with different letters at the same sample are significantly different (p<0.05). “® Means with different letters at
the same concentration are significantly different (p<0.05) among all samples. ™ Not significantly different at the same concentration

among all samples.
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T g A5 AT § UthXu ML % 2011). Dyha|s}
FAT] FEE2] aamylase A A4S 3 A (Fig
3A), LRI HAE R FAF Balv] FE2BAA FE o
EZ 07 264~314, 23.6~72.1, 19.4~34.3, 35.1~85.3%2]
Asl S B THp<0.05). 10 mg/mL FEoA HASH
I} SR H|EY g-amylase A3l E4d0] Ekw, &
E FxollA SXujE 2 AJ8 R g-amylase A EHd 0]
=7 vEbstth et Anlek e A 70%
) =22 mg/mL)S 46.6~92.3%} 14.2~32.0%, 7N
Zek Auje} Wn] AAE 68.9~80.6%9F 6.6~39.7%2] a-
amylase A3l Z4do] Hug oi‘ﬂ(Premakumara GAS 5 2013).

a-Glucosidase = ©|FFY UHdF FH 9 &35S 9
7= 7]~’FH oH's}—t— 27 EA18Hs E4(Kim JE 5 2009)
2, 0] 34 FE Ao EZN Ay 2= —E—?% =
A5k él—? dPdsS 24T 4 AUthLee SY 5 2014).

ddtn| e} -] F2EE-2] a-glucosidase A3 %/‘j—% =33k
ZA7Fig. 3B), MLn|e} S T35, SX0n] FEE
A 154~174, 32.4~379, 32.9~383, 27.0~30.3%2 o-
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Fig. 3. Anti-diabetic effects of nmormal and colored rice extracts. A: a-Amylase inhibitory activity, B: a-glucosidase
inhibitory activity, SI: Saeilmi, BS: Boseogheugchal, JJ: Hongjinju, JM: Heugjinmi.
The data was analyzed by Duncan’s multiple range test after One-way ANOVA using SPSS software and each bar presents the
meantS.EM. *™° Means with different letters at the same sample are significantly different (p<0.05). “™® Means with different letters

at the same concentration are significantly different (p<0.05) among all samples. ™

Not significantly different at the same sample.
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