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Comparison of Nutritional Composition of Parboiled Rice Using
High-yielding Tong-il Types
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Abstract

The nutritional composition of polished (unparboiled rice) and parboiled rice was compared using three high-yielding
Tong-il types. Crude protein, crude lipid, and crude ash of proximate composition after parboiling were higher than
those in polished rice. In terms of mineral composition, K scored the highest followed by P, Mg. Ca, and Na. All
the compositions increased after parboiling except in Ca. The total content of mineral composition of polished and
parboiled rice were 257.5-276.5 mg/100 g, and 533.2-588.6 mg/100 g, respectively, which resulted in 2.1 times
increase after parboiling. Vitamin B, content was the highest among the polished rice of the Dasan cultivar with
0.1530 mg/100 g and increase in parboiled rice by 2.0 times. The total amino acid content was highest in the pol-
ished rice of the Dasan cultivar. An increase in amino acid content in Saegyejinmi cultivars was observed after par-
boiling while the others showed a decrease. In terms of essential amino acid content, the highest was leucine while
the lowest was methionine. Glutamic acid scored the highest and cystine the lowest in terms of non-essential amino

acid content.
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2013a; Yoo et al, 2013b). <=,
(endosperm layer)2 Z}H. & 2]3
Z(bran layer)©]1} Bljo}(germ)7} T ET%
HEAY T )7t HojA]7] o] &=
o] e v st AEslA o
r4—(Bhatt::lcharya 2011). TS v]7to)] ¢
Zo2 WA} HERT 5719
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0431 =A| 717 = vtEd =T Ol%—%
(Aykroyd, 1932; Kik, 1946; Heinemann et al., 2005).
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Ao v Kjeldahl HS, ZAWLE oH=2E &=z
8-3514] Soxhlet He, Z3]|%-2 550°CollA 24 3]sy
< o] &3tk ©skE S 100014 Fa, 2eE,
ZA N, 235 TS WMo 2 AL

1 g

NFE AxE 52 ZalH(Yun et al, 2003)S ©]-&3tth
AlE 05gS 65% HNO, 6 mL2} 30% H,0, 1 mLE teflon
bottle®] ¥ I microwave digestion system (Ethos-1600,
Shelton, CT, USA)S ©|&3ted 30&7F 4F #alAzl &
045 filter® o #ato] A4 A 82 ARESITH S
inductively coupled plasma spectrometer (Perkin-Elmer
SCIEX, Norwalk, CT, USA)E AR&3lon, B4 24
Table 13} 72T},

o> T
™
i)
o
& o
ox
o
12
=]
=
il
N
p‘lr‘
£
I
<
P
2
W)
m
il
oo
4N 1 o

JE - 318

Table 1. Analytical conditions of ICP for the determination of
mineral.

Classification Conditions
Flush pump rate 2.00 ml/min
Analysis pump rate 2.00 ml/min
Rf power L150 W
Nebulizer flow 25.0 psi
Ca 393.366
P 324.754
Wave length (nm) K 766.491
Mg 279.553
Na 589.592
Argon flow rate 2.00 ml/min

Table 2. Operation conditions of HPLC instrument used for the
vitamin B1 measurements.

Classification Condition

Column Luna IOu C 4 (4.6x250 mm)
Mobile phase MeOH : Ammonium acetate (3:7, V/V)
Flow rate Main column: 0.7 mL/mir.l,

Reagent pump: 0.7 mL/min
Oven temperature 30°C

Injection volume 20 uL
474 Fluorescence Detector

Detector (Ex : 375 nm, Em : 450 nm)

sk kA 37colA sA7E AT o 9L
0.22 um membrane filterZ 33k F A|PgHo 7 AL
SFATh. #4372 Table 29t 2t}

T ofo| =t Bkt

ANE 003g(EWME 10mg )2 A HF3sle]l 6N HCI
10mLE ¥ 110°C 7FE 2ollA] 24417 7Hesl gk
40°CollA Y &5 7zt A|EE o] &atith A4S
HPLC (Sykam Co., Ltd., Gilching, Germany)E A}&-3}$1 3,
%718 Table 33} 7¢t},

SHXE|

7zt NBZF o)A AES SAS BAIA Y T2 (SAS
Institute Inc, Cary, NC, USA)S °]&3ldt}. 24 A5e &
2kt o8l o448 AASHA AL, Duncan®] T 9
ARES AAste] FoAR1 Aol & p<0.05 FTOE H|AL
A5k
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Table 3. Operation conditions of HPLC instrument used for
amino acid analysis.

Classification Condition

Column LCA K06/Na Column (4.6x150 mm)
A(L): pH 3.45, Sodium citrate 11.8 g,
) Citric acid 6.08 g, Methyl cellulose 65 mL,

1\(45‘??11\1/3/1{2]‘)58 HClg(32%) 6.0 mL

- B(L): pH 10.8, Sodium citrate 19.6 g,

NaOH 2.5 g, Boric acid 5.0 g

Flow rate 0.45 mL/min
Oven temperature 55°C
Injection volume 200 pL

Sykam S4300 UV detector, 570 nm
Sykam S7130 Reagent organizer
Sykam S5200 Auto sampler
Sykam S2100 Pump system

Instrument

214 Ajole] REHO] Sl AL Ao SR F,
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h= [e]
RE W HGo] vty ghE I} Fgo] "oz = F A
7} ZF A" TH(Choi, 2002; Son et al., 2002; Champagne et
al, 2004). A/ o} T-Fo Fol LExEo] UL IF-
AR A AL ez SRk FHuk Al i) vl
T2 Agste] 3315 AAATIAL A7) A Al aelF
9] 9¥<9le] H7|= dHtk(Godber & Juliano, 2004; Prakash
et al, 2014). 3% 75 FI14ES xget=d A9
33}, =3 B Aujof] JES FH o] EEFFE TH
7Hd Al HAHETE mobA WA fElstal, =34
w7 =eA, AR 5 Mg 9l =3 K @] ¥
T Au]7h FopxIt(Okamoto et al., 1992; Choi, 2002;
Kim et al., 2004).
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S 7t=] o th —?;i o] o] 7] wi
ojHo] gl A Ao A A= o1 th(Eggum, 1979)

WS dsret gRdEne] F9 7H) 0.82~
0.98%, 1.00~1.36% HZ FF 5 AAZIR 7} 73 =9k
3 HEAY T oF 148 F7HEAT st g =R o]
} SIARICIE 6}% S FEHOR o] FH o
, B4 5 d8v| e dAn R grolxn X
=2 g&z FAAZr0] A o GHoM =
2 BH(Ibukun, 2008; Sareepuang et al., 2008).
22} Lee et al(2010)2F & A7-2] AolA = wioe] 73
S Jeh o™ AU Bigo|gle AW
AR F Fxo Zol7F thalr] WEo 2 ATE AT
(Sondi et al., 1980).

6}&4 e n) 22 A& Al o] RAAEEY
Aol Qle] HedH TRYEv = Rdy A F E
xg)ol o]t ] utolA(lipase)] EEAEE A7 7ko] A
¥ t(Juliano & Bechtel, 1985; Sujatha et al., 2004).
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Table 4. Proximate composition of polished and parboiled rice with cultivars of Tong-il types. Unit : (%)
YPolished rice Parboiled rice

Varieties Moisture  Carbo- Crude Crude Crude Moisture  Carbo- Crude Crude Crude

hydrate protein lipid hydrate protein lipid ash
Dasan 13.5£0.027 76.9+0.02° 8.3+0.15" 0.84+0.11" 0.46+0.06™ 12.5+0.02° 77.3£0.02° 8.4+0.04* 1.00+0.05" 0.80+0.02%
Saegyejinmi  14.0+0.01* 77.0+£0.01* 7.5+0.13° 0.98+0.05" 0.48+0.03" 13.0+0.01* 77.0+0.02* 7.7+0.06" 1.36+0.03* 0.90+0.02°
Hanareum2  13.7£0.01° 78.2+0.01" 6.8+0.23" 0.82+0.07" 0.50+0.00° 12.7+0.01° 77.8£0.01* 7.3+0.08" 1.310.01" 0.90+0.01°

The values indicate the mean+SD of triplicate.

*9Means in a column sharing a different superscript letters are significantly different(p < 0.05).

Yun-parboiled rice
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Table 5. Comparison of mineral contents of polished and parboiled rice with cultivars of Tong-il types. Unit : (mg/100 g)
o YPolished rice Parboiled rice
Varieties

Mg Na P Ca Total contents K Mg Na P Ca  Total contents
Dasan 114.22*  28.74° 857 109.59° 11.4° 272.5° 241.23* 60.52°" 10.18° 210.14* 11.12° 533.2%
Saegyejinmi  109.26° 31.04* 15.86° 108.75% 11.55% 276.5° 250.34° 67.59* 22.73* 210.96° 10.12° 561.75%
Hanareum2  116.14° 2233  7.99* 99572 1]1.46° 257.5% 271.85* 68.55* 20.51°° 21643 11.23* 588.56°

**“Means in a column sharing a different superscript letters are significantly different(p < 0.05).

Yun-parboiled rice

o] 71 74 AlE Azl ol8-o] 7hestel et AztEr

B E5% 0[2E Bl

F71de AW A &g F88H ol &EHARA Y F=
;z]]gljlg,] }\}_Oﬂ7] Eﬂﬁﬂ ALE o) =z A mﬂg]_ x]o]_ D}HH;G 2

T H 2=, =
a0 80l 511, o] *ZH Al A W B4
o] Z-8-& FXIgt}. ol HlEk 52 g g2 ge
kA AIRE B HH oy 2 «l Al =EH7]

%E}(Heinemarm et al., 2005).

ol SHrE F1EE FF, Al Tl wet g A
o1 UrE}LHD% JFgAel 271 9 ER B0l A9E wET
(Juliano, 1985; Welch, 2002; Kim et al., 2004).

FAE AP BF ARvI% SRAsrlo) v 2
A }+= Table 59 2.

HEARL = ZT=2oA] K zﬂako] 7 =3 P>Mg>
Ca>Na = o|¢loH, sy & o|¢o] HEES F
A, R S %ow‘ﬂ Agv|sh e

v)e] 7§ 7+zF 257.5~276.5, 533.2~588.6 mg/100 g2 T}
HAY F oF 210 S7HENA FF T FokE2 27t 7L
& =t

31 (Heinemann et al., 2005), lﬂrE‘_ =
H4 F A A mREEEC] G F
° AL, SAF Al AR Ao r =g A
of A EAo mE FIFES AA Wy "ot
(Bhattacharya, 2011; Prakash et al., 2014).
Tt Z}EHﬂ FZo gk o] ?i?ﬁﬂr"ﬂ*i dsn)ok
HRAEn o FHE FFS
320.6mg/100g HAE e
49% =S & 2
T FFAY S ol w0, %74%‘—01 FAY B
H| g S| BRFH O olFsle] F74EeY] B
=2 —Er‘?l'%“:‘r(Chung et al., 1998; Lee et al., 1989; Juliano
et al., 1993; Wang et al., 2002; Kim et al., 2004; Yoo et
al., 2013a).
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71 sFEEA Aol %E‘?} Fol FEA 2371

'E" of eJRERE HH =R ow <t €k HER! B
EZA A Eoprl R XA ]_E_( iamin pyrophosphate,

TPP)= EAJ8hH, o] TPPE ¥ FEA E44g s 5o 28

a8 ZHgete] Al gEAbl Fa3 9E5 i)

;‘; rr

AR =Y FHAL S2FA AP A Kste] o FHA
(pyruvic acid)@} Z2F(lactic acid)o] F2] &l SHHoZ
A Al SlojA= 717 (beriberi)’t B3 FEANAM = 1A
A (polyneuritis)ol] Zg|™ I)F P FFo| v EY FFS
2077 HTHKwak et al, 2006). 7 DL e Agrm
ol FFE wor S ), A " SR

B eheskE A dH Al S7F "k
FAE H 3 FF e A8m 9} st =] we
B, 24 Z 7} Table 63 72t} HEY B, ke Qi gn ¢
749 0.0722~0.153 mg/100 &2 FF F Thito] 718 =
3 Folgasrl weton, fudsne] ¢ E5 5 A

Table 6. Comparison of thiamine content of polished and
parboiled rice with cultivars of Tong-il types.
Unit : (mg/100 g)

Varieties YPolished rice Parboiled rice
Dasan 0.1530* 0.2340®
Saegyejinmi 0.1420® 0.2542°
Hanareum?2 0.0722¢ 0.2263%

“Means in a column sharing a different superscript letters are
significantly different(p < 0.05).
Yun-parboiled rice
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Table 7-1. Comparison of amino acid contents of polished rice with cultivars of Tong-il types.

Unit : (mg%)

Cys-
Asp  Thr  Ser Glu Pro Gly Ala Cys

Total

Val Met lleu Leu Tyr Phe His Lys Arg contents

Dasan

1042.6" 499.7% 701.5" 2334.4" 1670.8" 476.5" 612.8" 176.9" 464.5" 91.6° 342.0° 876.2" 537.8" 564.7° 222.0° 364.3" 881.9" 11860.2"

Saegyejinmi  562.6° 322.3% 367.1° 1168.5™ 740.7° 267.9" 343.8° 101.6™ 263.8™ 58.1° 206.7™ 498.6° 262.6™ 345.7° 144.5° 196.5 518.0° 6370.0°
Hanareum2 ~ 671.3% 357.4™ 408.7 1412.2° 1061.0° 328.7° 436.2° 120.0° 318.0° 116.9" 257.8° 617.5" 284.7° 408.3" 173.2° 257.2° 651.4° 7880.5

*b“Means in a column sharing a different superscript letters are significantly different(p < 0.05).

Table 7-2. Comparison of amino acid contents of parboiled rice with cultivars of Tong-il types. Unit : (mg%)

Cys-
Asp Thr Ser Glu Pro Gly Al Cys

Val  Met Ileu Leu Tyr Phe His Lys Arg

Total
contents

Dasan
Saegyejinmi
Hanareum?2

843.8% 309.3™ 562.8% 1942.2°1453.6* 412.8* 520.1° 161.0° 426.4* 204.5" 280.4* 725.7° 427.3" 455.0° 242.5* 307.9" 803.2" 10078.5
697.4° 385.0° 483.7° 1390.8> 950.0° 352.8™ 456.5% 140.9% 355.3° 46.4° 260.0°° 604.9° 346.1° 434.6™ 194.8° 251.7% 566.9° 7917.8°
646.2° 396.0° 381.8™1357.4°956.2° 334.7™ 418.6° 124.9° 324.7° 72.4° 224.4° 560.8° 286.3° 377.6" 176.0° 293.3* 558.8° 7436.1°

***Means in a column sharing a different superscript letters are significantly different(p < 0.05).

AR 7} 74 =3 0.2263~0.2542 mg/100 g0 2 A B H
o} oF 2.0 vl = AT

T ol AFAFNA AEUTL FEFS o] &35 Elopvl
e Asret EdEm ] e 747t 0.0572~0.1410,
0.3183~0.3532 mg/100 g&. 2 A Zn KT} 3.8 H] A=A
< B33 b} dt(Yoo et al, 2013a). ©]2]3 AIZHH
Elopyl e A8m| 9 A9 Ax UMY o] FYIET
< #H(28%)S YER WHA, stRI=r]e] g w7}
FAL AEY7F FFo] TLIET oF 30% 1 =o}
& 4= A TH(Lee et al., 1989; Kim et al., 2004).

HIERI B, g2 A" 3 F A A IAE7}
FI FAA L] AW, R E Fevt s St
% 3Z(Pauda & Juliano, 1974; Darmir et al., 1985; Manful
et al., 2007), =87d0]aL Lol oFs}7| wiZoll x| e} SA}
Al AN S EY SR e T2 v Sl EEE o]
AE EolHle wjf2 4 olFEHo FHF FUHET
(Doesthale et al., 1979), AZ3GE AXHA HEo] A3F
ol wet =4 Al 9snEn $4o] ATH(Chukwu &
Oseh, 2009; Bhattacharya, 2011; Prakash et al., 2014).

ol’e] A2 HE g B9 T FF FH I
o] L, FHUTY F FolA|H, 7Hg A 2AS A
sigto =4 A 4 Aohal dekE ofzint

g, o] 7S] Bol EiE Je IR, 53
HIEFY B> B4 &o] A-AFE 4ol A3, A4 A] of
defolA], 2lpA] 59 o] aA%E 0= A7t wE,
e o Y 4ol At dHA A= FRAH X
% olygt FAHES T4HE

2 th(Malekian et al.,
2000; Tuncel et al., 2014).

f
to © M

ol

ofN |t

A}
=,
%
o~
5=

TN ofg| At &2k -
chalE e Aol AAER 24, 3}shdk-go] Q3
4, HAAA AEZ 2 A 75 2E 3ERS =

= gokat o] o] &EolA W, dzjsle] ofeatso]
el = Aol 93] o] 2olA k. e AR AL
HolA = ofulwate B & g3)5n, o] ol
pH W32 ksl ahw, SAAAA FHol 9 Belr)
golaln, shshngo] 28] ofel ARE Az7} s,
ol ieabnity B4 B AT 9lo] AEo] whol P

5 o AlAKIR B g

EX S FREEEIE

m|7Egerom, wr A =n| o] Z-9- 7436.1~10,078.5 mg% S
2 9R1dy T AN E S7HER YA FEES
AAE At QA ofw|=be] gk oy ofm| At FhEke
A7 1] 739 1891.7~3203.0 mg% HHE thik st 7H%
F3L AAIKIE 7L Eokom BtRAY & FF T AARA
= 23379 mg%= dEv| R oF 13w F7HE AL v
A FEL A v opv At e B A
T FE 5 R} AAIKIN 7L Zh2E 8657.2, 55474 mg% =
P =3 ggon, strdy § Pgopu it $EF vl

W2 FF 3 AAE FHEAT T Gl

N

Table 8-1. Comparison of total, essential and non-essential amino
acid contents of polished rice with cultivars of Tong-il types.
Unit : (mg%)

TAAY EAA? NEAAY
Dasan 11860.2° 3203.0° 8657.2°
Saegyejinmi 6370.0™ 1891.7" 4477.3°
Hanareum?2 7880.5 2333.1° 5547.4°
***Means in a column sharing a different superscript letters are significantly
different(p < 0.05).

! TAA: total amino acid, 2 EAA: essential amino acid, » NEAA: non-
essential amino acid
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Table 8-2. Comparison of total, essential and non-essential amino
acid contents of parboiled rice with cultivars of Tong-il types.
Unit : (mg%)

TAA" EAA? NEAAY
Dasan 10078.5% 2709.2¢ 7369.3*
Saegyejinmi 7917.8° 2337.9% 5579.9°
Hanareum?2 7436.1° 224927 5240.9°
**Means in a column sharing a different superscript letters are significantly
different(p < 0.05).

D TAA: total amino acid, ? EAA: essential amino acid, ¥ NEAA: non-
essential amino acid

T AAEAT BE FFA 9 d opn|ieAat FEF
O12F Leu>Phe>Thre>Val>Lys>lleu>Met =22 Leucine
7H¢ #3L Methionine®] 29k o™, H]h5 ofn] =ikt
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