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Changes in Content of Functional Components and Antioxidant Activity in
Cooked Rice and Porridge of Selected Grains
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Abstract

The purpose of this study was to investigate the changes in the content of functional components and the antioxidant
activity of cooked rice and porridge composed of selected grains. The results of the study showed that brown rice and oat
contained considerable amounts of y-oryzanol (78.099~238.566 mg/100 g). However, cooked rice showed a decreased
content of the same. The highest content of y-aminobutyric acid (GABA) was observed in brown rice from Samgwang. The
contents of biotin in all samples also decreased in cooked rice compared to raw cereal grains. The highest content of total
polyphenols and flavonoids were observed in Heukjinmi rice, and the highest radical scavenging activity was also found in
this variety. The cooking process led to a decrease in the content of functional components including y-oryzanol, GABA,
biotin, polyphenols, and flavonoids versus the corresponding raw cereal grains. These results may be useful in the
development and application of home meal replacements using cereal grains.
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LA B

B (Oryza sativayE B, S5 7 AA 33U = F
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23k 23k ZHEo|tH(Prasanna et al. 2001). 22 A A|AH
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e 7k A T W] A FHERES At AR
Aol =4 3PS AA w2 ThEnh mEba 2
FUEI 7154 RS vjo}, aR= 2 A9 S el
n75o] T2 SAIsH| el 2] EAET} ol w
2} A st tEo] v, Ak 9 AR 5o IY
AEE ZFRETH(Cho et al. 2017). Frl= wjwjo) Hsk] 2]
o]4d+, HIEMTI B, y-aminobutyric acid (GABA), y-oryzanol,
phytic acid, tocopherol, phenolic 3+3&3} 7+& A&
g kst el ¥ Bl SHrEe] o, EdsHE A
sl Bl giksl a3 5o tieke e Aheo] By
ATHXu et al. 2001). 53], =72 GABA= E4=} 49t

e Wy g
A, &5, &, 77 9 37 5ol o] &3}
HIER], vlulE g8 2ol ol thF T+
ofvzl AE4 A 3l = B o
e FUaiet 7154 RS ekl e AR Bl
o] 9Jth(Fresco 2005; Kim & Lee 2006). &3l =2
3R (Glycemix index, GI)7} So} =, YA EFH 2
2 of AR} tARESES 913k Aola o2 % Hol o]
2537 Ath(Jenkins et al. 1988; Fresco 2005).
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B Ao ARE F 157F4] A& 2019~2020100) =
%Na}:_,,].a]—oj T AR ]/\1 T3l W) SEZ v 6%

<, 2 355 3 72 1EFellen, 2020 %Pé e
4% *—."‘ﬁ%"é%ﬂroﬂ/ﬂ *374 W S5 Aol Al
ALgsldTh W'l ¥FF, GABA, NADP+, GABase,
Folin-Ciocalteu’s  reagents, a,o-diphenyl-B-picrylhydrazyl
(DPPH), (+)-catechin, 2,2'-azino-bis(3-ethylbemzthiazoline-
6-sulfonic acid)(ABTS)= Sigma-AldrichA}(St. Lousi, MO,
USA)IA 43ttt o] 5422 AM-E]= o-phosphoric
acid= MerckAH(Darmstadt, Germany), acetonitrile> Thermo
Fisher Scientific (Portsmouth NH, USA)A F-ufjste] 2
ol ARE-3I3 T} WERE-S Burdick & Jackson/\}(Muskego
ML USAXIA FQ3I93, olatol] ARRE 2= guf & A
2F-2 high-performance liquid chromatography (HPLC) 5
w2 AR

2. Bt Fof =2
g 2] Al 3R 1.5 kgS 33] IS o Eoll 3037t
A 5 £715 AASIA 7 A A9 R

o= AR FAIL 15812 2.25 kg, FEL] S A8 FA
o] 124191 & 1.8kgS 7kl A 7]9H(CRP-K1060SR,
Cuckoo, Yangsan, Gyeongnam)2| 7] A A]7ke] u}a}
stk & e A 0.5kgS 33 FAIS F 3087
A8k 33 kgl £ 7Hrste] 7195 (CRP-K1060SR)
o] HA} 24 wet oF 2057 FHwkeIAATh
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= WH-2 immunoaffinity column (EasiExtract
Biotin, r-Biopharm, Glasgow, UK)< ©]-8-3} Joseph et al.
(2016)2] WS H&‘éé}oq AT #ASE A8 °F 5¢
S sl FE2EN 25mLE %’—3 T autoclaveE ©]-8-3}
of 121°CellA 2587k FEeth. F28 AlEe d2olA
W7 ¥ &g 25mLE sleld] YR F
Whatman No. 2 (GE Healthcare, Amersham Place, UK)
2 olg3l olsfete] ALgSIGT HleR B4 g 5

4 FA= immunoaffinity column (Ea51—Extract Blotm I-
Biopharm, Glasgow, UK)S A3t 1 & AAE57]
(MG-2200, EYELA, Tokyo Rikakikai Co., Tokyo, Japan)
£ ol&sto] WekE-S ¢Hds] AAT § 3% FH/HT 0.5mL
= A-gsfiste] HPLC 240l ARg-skdit). ol & =12 0
A 87 90%F B 80 10%, 2132 C &7 100%, 293
A &7 90%t B &7 10%°] ATt HPLC 24 el A8
column Kinetex Phenyl-Hexyl (150x4.6 mm, 2.6 pm,
Phenomenex, Torrance, CA, USA)°| 3, UV detectorE
ARE-3E] 200 nmel|A &SI

4. y-Oryzanol &

AlZ9] y-oryzanol &2 Lilitchan et al. (2008)°l w2k
ZAsIATE A8 1 g AFste] 4t 4mlé §mLE ZH7t
He T vortexingdlo] 1027 YAREIE] FEdS E

Stk AEle] 3w ke ¥53s3=Al(Thermo Scientific
Ltd., Lafayette, CO., USA)E ©]-&3l4 314 nmollA] S4 3}
Aot ¥5E2 2= Wako Pure Chemical Industries®] -
oryzanole ARE-EIR O M, FE AL 3-30 uyg/mL ARl €]
e ARESEITH

5. GABA &4
A &2 GABA 3-8 Zhang & Bown(1996)2] WS
5 A5t Ak Al 0.1 goll HERE 400 uLs
Y & 28 T water batholl A oF 1A])7F B AXAF T
7]oll 70mM lanthanum choride 1 mLE 7}3te] &3¢
AR s AR S A 700 s FHsl] 1M
KOH 160 uLE FH7Fs & A48l GABA S40l o]
gg}cﬁ;} GABA fﬂak z;ﬂg GABAseE o]_@us} ar J4
o g RdslH . AAdEE NADPHO %S ELISA
reader”|(Thermo Scientific Ltd., Lafayette, CO, USA)E
o]g-3led 340 nmollA =435

6. Total polyphenol & flavonoid &2t

Z Z99s g2 Folin & Denis(1912)2] ¥HHS dF
Hygsle] S, F SehEzo|= 3RS Zhishen et al.
(1999) w2} 43It F Zesls &% 4 Al vg
& FZ& A8 50 pLoll 2% NaHCO; 1 mLE 7183t} o]
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% 1N Folin-Ciocalteu’s phenol regent 100 uLE 7}3}e]
oA 57 WS F ELISA reader’] S o8-8l 750
mmolA FBEE SHEIT BFEAR gallic acids AMS-
sto] =S I3 FH mg gallic acid equivalent (GAE)
100 g sample® WYEPHAT & SR o= e S
A FE 250 uLel FF4 1,250 uLE 713 H 5% NaNO,=
Yo wykste] REES flef 577 haolA WR|Ei). 10%
AICI-6H,0 150 pLE 2oL 4ol 587F WAgk 5 1M
NaOH 1 mLE F7}sle] wwtsl 3 ELISA reader’| S ©]&
3t 510 nmolA F3=E SH3IA Y. Cateching ETE
AR MRSt BEFAS AT T A8 B FYHolE
S 13199 ™, mg catechin equivalent (CE)/100 g
sample= LFERH (T}

7. Total anthocyanin &2¢

AE T FRvel S8 F tEAN e
Tiirker & Erdogdu(2006)°] W& #Harste] S35t Al

=3
E 05¢ 0.1% HClo] £&4¢ vghs 10mLE 7ste] =
<3 F%7](SD-350H, Sungdong Ultrasonic Co., Seoul,
Korea)Z 307+ &313F 5 4000 rppmol A 1027 A4 2]
ato] FedS Fall HEAlOP] 248 913 AR R AMES)
Aok AlE FEE 1mLo 0.025M potassium chloride
buffer (pH 1.0)2} 0.4 M sodium acetate buffer (pH 4.5)E
Ztzb 1 mLA 7Fete] Whe-olS ELISA reader’] S ©]8-35fe]
510nm®} 700 nmelM FBE=E FAEATH F QFEAlR
ek (mg/100 gy cyanidin-3-glucoside®] E-5F A G (e=
26,900 M em™)E ©]&3 4o Atsii.

Total anthocyanin content (mg/100 g)
_ AXMWxDFx1,000
ex]

A (absorbance)=(Asio—A700)pti1.0—(As10~A700 pti4.5

MW (molecular weight of cyanidine-3-glucoside)=449.2
DF (dilution factor)=dilution ratio of sample

£=26,900 M~ cm™

8. ABTS ¥ DPPH ziC|Z A= =8

ABTS ]2 27158 Re et al. (1999)2] HWHS st
o] 2438} th 7.4 mM ABTS €93} 2.6 mM potassium
persulfates &3 F A22] Gaox] 12417 o] WR|Ele
ABTS HZS IAA1Z1 5 735 nmollA] S4= 7o) 1.00]
HA SHRFR 34sle] AHEITE AR FEE 25 L
3|4 ® ABTS &9S 500 uL 7}sted ghAolA] <F 30827+
RIS o] % 96-wellell 200 pL# &7 ELISA reader”|
& o]&3ted 735 nmollA S3 =5 =435St DPPH 2]
ZF 2752 Blois(1958)2] WHS o|83t A3S a3t
Atk A& FE5 25uLol DPPH &9 500 uLE 3718

3087F 9F2of] WHS-A]A ELISA reader’]2 520 nmollA]
A3t ABTS ¥ DPPH Ht|d 4759 ¥=E4d=
gallic acid& AFE3FS™, mg gallic acid equivalent

(GAE)/g residue® YERJATE.

AT A} 7k 23] o] wHEste] AAJgE Axton,
T+ RFURZ FAISIATE A7 Aake] TAZAA 94
o2 SAS ver. 9.4 (SAS Institute, Cary, NC, USA) 4=
EdoE ALE3te] one-way ANOVAE AHAISHS Y,
Duncan’s multiple range tests 53l p<0.05 <=olA AF
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FoA y-oryzanol> HEEA] Ut et ] ARle=
y-oryzanol®] FEo] 160.694-238.566 mg/100 g, F12] A7)
= 78.099 mg/100 g& = UEFsTh 4 AlE T 7P =2
TS Hel A A dvle] Rz #55(238.566 mg/100
2)0 = SRIFUTE o= 25AS o y-oryzanol®] §HF
€ 3.110-20.013 mg/100 g0 & RE A|FoA] 7443t Aog
LERS T y-Oryzanol2 steryl?} ferulic acid] triterpenyl
ester SFHEE 713 rksiAo|n, Alely ~EYAE <
g Had d3ke Zole d A o|thXu et al. 2001).
B opg} ol I FH2HEY FATY] S
A7) FEZHES A AAE B8 v s
dutsle AoZx YelA  JThRukmini & Raghuram
1991). Chotimarkorn et al. (2008)2 Ej=fol|A] Aju]=]= o
] EFF9] vl EA8F= y-oryzanol®] T2 0.56-1.08
mg/gel2}al B3O m, Ham et al. (2013)9] ATl =
Syt Al s ohdst FEe B FE -
oryzanol®] $F-2 1.0-3.0 mg/g?] F==olet 3R, E A
T Ades ol A Aot AR #E YERAITL
Srichamnong et al. (2016)°] <3P & Zz] A| & 53}
HgoM S8k 8QlolH, 2] A HEF B2 ZFE v-
oryzanol®| && ©F7]58t4] y-oryzanol®] FHgFo] 1HAad
Arkar B skt

GABAx o, =5}, SHEFo| EAlsks Btz ofn|i=
Ao 7 FHEE EAlske A4 g EEE dEA e
™, Aol FPds A, S8AEe] S7F oA E v|et
WA o] AL Qe 713e dsirTE T a3t 9l
o] 2% 7kl e WSt #ale] EolA|AL AthLim &
Kim 2009). & A5 A3}, 317 B3] GABA 2 0.117-
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<Table 1> y-Oryzanol and GABA contents in cooked rice and porridge of selected grains
. y-Oryzanol (mg/100 g) GABA (mg/100 g)
Samples Cultivar : : : :
Raw Cooked rice  Porridge Raw Cooked rice  Porridge
Samgwang ND ND ND 0.14340.004# ND ND
) ) Saeilmi ND ND ND 0.568+0.027°" ND ND
. Non-glutinous rice
Rice Sindongjin ND ND ND 0.117+0.020# ND ND
Odae ND ND ND 0.259+0.005" ND ND
Glutinous rice Boramchal ND ND ND 0.351£0.003®  0.023+0.005° ND
Samgwang 161.775+0.209¢  7.323+0.014¢ - 6.403+0.340° ND -
Non-glutinous Saeilmi 160.694+0.134¢  3.110+0.017° - 2.899+0.249° ND -
B;‘;‘g“ brown rice Sindongjin 195.1954+5.078° 11.989+0.136° - 1.055£0.000°  0.8610.052" -
Odae 175.074+1.271¢ 20.013+0.591?* - 0.365+0.000°' ND -
Glutinous brown rice  Boramchal 238.566+1.504*  9.179+0.258° - 0.3700.041°% ND -
Nurichal ND ND - 1.069+0.080¢  0.582+0.028° -
Naked barley b )
Barley Hogang ND ND - 2.670+0.146 1.316+0.138* -
Unhulled barley heuksujeongchal ND ND - 2.241£0.370°  1.141+0.028* -
Oat Naked oats daeyang 78.099+0.949°  3.439+0.008° - 0.727+0.088%  0.671+0.118% -

All values are meantstandard deviation of duplicate determination.
ND: not detected.
Means with different superscripts in the same column are significantly different by one-way ANOVA followed by Duncan’s multiple range test.
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7} 7r2® 3.268 pg/100 gQ] S UERAIT. Gropper et
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<Table 2> Biotin contents in cooked rice and porridge of selected grains

Biotin (ng/100 g)

Samples Cultivar : :
Raw Cooked rice Porridge
Samgwang 1.287+0.103° 0.637+0.020% ND
. . Saeilmi ND ND ND
. Non-glutinous rice ]
Rice Sindongjin ND ND ND
Odae ND ND ND
Glutinous rice Boramchal 0.337+0.030" 0.105+0.004¢ ND
Samgwang 2.723£0.018° 1.749+0.093° -
) Saeilmi 2.534+0.054" 1.739:£0.006" -
, Non-glutinous Sindongjin 2.467+0.003° 1.728+0.074° -
Brown rice brown rice
Odae 1.95740.054¢ 1.831£0.208° -
Heukjinmi 2.499+0.109¢ 1.190+0.062¢ -
Glutinous brown rice Boramchal 0.875+0.001¢ 0.708+0.059 -
Nurichal 1.025+0.004 0.490::0.001° -
Naked barley P :
Barley Hogang 1.060+0.049'¢ 0.352+0.017 -
Unhulled barley heuksujeongchal 1.184+0.063°" 0.433+0.004" -
Oat Naked oats daeyang 5.038+0.272¢ 3.268+0.036" -

All values are mean+standard deviation of triplicate determination.
ND: not detected.

Means with different superscripts in the same column are significantly different by one-way ANOVA followed by Duncan’s multiple range test.

© AEo de] BAlske ARoE Fholle
Z2 vjol, E2% 9 wPFe] BEo] gl 2 Aol
Fohr FHo| F Feivlimst Behriols g Y3
A 747} 1.567-203.953 mg GAE/100 g, 0.266-81.602 mg CE/
100 g0 % epgon, 3 Sejsl 2 Fehniwols gae
FARQ SRH] EFL T2 FEo) vsle] foHow =

A hebgh w3 5 el 9 Fehueol= ge v
3} % el wet gask BAAAL o 22 A F o)

iz 9 ST eo|=9 ke 77t AR Hlste] 15-85%
9 7-88% AL, 5 2] Aldle W] AR FE0lA
91%7HA] ZHAH AT} Park et al. (2016)2] Aol Zm]e]
F5o e ZT)E RS 262-955 mg GAE/100 gol2kr
S, 2 AFoME SxIv|o] ZjdlE S 203.953
mg GAE/100 g& 2 FAFSHA YERsTh £ Aol dol
Bzl ZYHE S 8.854~13.647 mg GAE/100 g &
Jo et al. (2013)0] B3k ®E]e] B3 £ e He
o] Zg)9E ¥(3.06-5.67 mg GAE/100 gy A5t
3n 9 v S5 E FEoM e tEAeMd e

S8k, AR Al 7}2F 545553 mg/100g 2
39.409 mg/100 g& T-Hslal ARom, woz Fo|H 3¢
o= QtEAJopdo] AEER] it 28 5 784 dA=
sRHEe 2R AEH GAE Fode ds s9Ee
FA17t s Eo] FlE sheHEe] FHeo] aske ZloR
AHA AkKita et al. 2013). E3] HEAJOPIS 4=84 A
O ZPFE olst] XElshe 79 47 &42 +
om, F2 AESl cyanidin-3-glucoside®} delphinidin-3-
glucosider= Foll E9HJ371= St Goufo & Trindade
2014). Bhawamai et al. (2016)° 2]3}H 2ol Shi-%
JFEAJoPI-L 7o = Zgk 739, AR Hlate] of
80%°] QtEAoRde] Fashs 2o s £ &

]
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FH79] w3 = x2ld w2 ABTS ¥ DPPH |z &
G4 =A% A= <Table 450 JERAAT =8 A
A 89 ABTS ) A4S 1.139-73.648 mg GAE/
100 go] W9, 3711 (73.648 mg GAE/100 gyl A 713
=tom, O g o 2 FE oAk HeR X Al
ABTS )z 275 ARl B3l 4-87%71A] 7Hashale
H, $02 ZEAS e WrQl Aldu] EFlA Ay
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<Table 4> ABTS and DPPH radical scavenging activity in cooked rice and porridge of selected grains

ABTS (mg GAE/100 g sample)

DPPH (mg GAE/100 g sample)

Samples Cultivar
Raw Cooked rice Porridge Raw Cooked rice Porridge
Samgwang 1.550+0.034%  0.671+0.080"  0.464+0.022°  0.830+0.063"  0.256+0.000"  0.145+0.000°
Non-glutinous ~ Saeilmi 1.686+£0.047"  0.729+0.009"  0.382+0.016°  1.040+0.195"  0.443+0.000"  0.302+0.000°
Rice rice Sindongjin 1.314+0.0340  0.727+0.058"  0.423+0.016™ 0.748+0.059"  0.159+0.000'  0.092+0.000°
Odae 1.499+0.009%  0.924+0.061"  0.581+0.019*  0.968+0.110°  0.680+0.000"  0.1970.000°
Glutinous rice ~Boramchal 1.139£0.044  0.693+0.071'  0.267+0.047¢  0.731£0.000"  0.277+0.000"  0.044+0.000°
Samgwang 6.170£0.086  4.362+0.030" - 4.707£0.079¢  2.576+0.229 -
Saeilmi 5.922+0.030°  3.794%0.137° - 5.198+0.174°  1.678+0.313% -
Non-glutinous . .. . J d ef
Brown b . Sindongjin 6.725£0.055°  4.291+0.052 - 4715£0.042¢  2.013+0.147°% -
. rown rice
rice Odae 6.593£0.005%  3.055+0.046¢ - 344140.337°  1.644+0.042¢ -
Heukjinmi 73.648+0.359* 9.227+0.327° - 31.265+1.193* 3.981+0.124° -
Glutinous brown rice Boramchal 5.093£0.1468  4.858+0.045 - 3.073£0.101°  2.452+0.136%¢ -
Nurichal 7.058+0.026°  4.575+0.060° - 8.356+0.125°  3.344+0.334° -
Naked barley c d |
Barley Hogang 6.032£0.045"  2.979+0.185¢ - 5405+0.011¢  2.314+0.270% -
Unhulled barley heuksujeongchal 6.374+0.020%° 3.568+0.087" - 7.017£0.053¢  2.841+0.345° -
Oat Naked oats  daeyang 6.506£0.443%  3.822+0.153 - 5445£1.116°  2.099+0.337 -

All values are mean+SD of triplicate determination.
Means with different superscripts in the same column are significantly different by one-way ANOVA followed by Duncan’s multiple range test.

77%7FA 7+4~319Tk. DPPH 2H]Z A7%5 % ABTS 2z

Oryzanol:> #jv]olr&= AZHA &tew, dvjet 729

27A%H PRPIAIE fR X317 (31.265 mg GAE/100 g)°]
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