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Effects of Parboiling on the Physicochemical Properties of Tongil
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Abstract

This study was carried out to investigate the physicochemical properties of parboiled rice using high-yield Tongil
type Dasan, Hanarem2, Saegyejinmi and Japonica type Boramchan cultivars. The length and width of rice in all cul-
tivars tend to be shortened in parboiled rice. The milling yield shows that Boramchan scored the highest at 99.7%
and the others increased in the range of 2.9~4.6% after parboiling. The range of hardness in the raw milled rice
showed that the Tongil type was higher with a 223-245N range than the Japonica type Boramchan. An increase in
the storage capabilities is expected in the all cultivars after parboiling with 1.7~1.9 times their hardness. The Tongil
type shows a lower tendency in the solid content than the Japonica type and was reduced by 33 to 37% after par-
boiling. The reducing sugar content shows an increase in all cultivars after parboiling and also resulted in the neg-
ative correlation in colorimetric values. In solubility and swelling power, raw milled rice scored higher in the high
temperature (75°C) than in normal temperatures (25°C) and parboiled rice showed decreased solubility and the
increased swelling power in the higher temperature (75°C). It is expected to increase production value by producing
processed products with less nutritional loss and better shape preservation.
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A Al Fgrlet A7t s B e Eo] YEE, &
o] FxE ¢ 2UstE T3] 7 th(Bhattacharya, 2004;
Messia et al., 2012; Prakash et al., 2014). B3+ F S &
o] WiF7HA] o]s =] A T HIEIT FrHe] F7E
™ (Bhattacharya, 2004; Messia et al., 2012), H#| U] o}
detolA] 9 glufolA] F thdst S4E50 2843t Ho
2ZH AA7|7ko] A#=E I (Elbert et al., 2001; Messia et
al,, 2012), 28] Al 9 &4 A 2 Fof WL
Feie Y IR fFAEH] YE5AEF 2 xH T
7VeAlE Azl f2l 8K (Derycke et al., 2005; Messia et

al., 2012).
5AY ¥E 1971 9 ATvie} AU FF 1 A9
o o8] JYE EX0 7 BFo|d HEFY 2 2kr}Fo|
s AHN e TS S & 714 E st
) Yo oksl o}l E ¢ A9} thuld ko] o}
AR, 11 5 skl ol ALk o 2 4 el
x%x% 71—/\3/\}\1 ;(}__,L_L]ﬂ_ tsg ZTxzog x%;‘q_ J—Jr_ﬂ]g]
71 AWEEI%OE%(Chm 2002), 1990 9 ZRFLEE= 3E7
Z Aol "AZ3A U EH(Cho et al, 2012a; Cho et

al., 2012b). FHZoll= 7|5 Wsk] mE & YAk a8l
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SAAEE F2ITH FHAFHSHAN S48 v
A BLY F5< tHiK(Dasan), MAZ ] (Saegyejinmi), g+
o}=2 ¥ (Hanareum2)9} ZUh AEUT}F EFQ B3k
(Boramchan)H 4 F%-°] AFEE ATt A3l A& A5
Y] (milled rice; un-parboiled rice)= P 2A] FHI=n]Q]

T2 o] &H A

oEenl M=

HAE o] H Aol 65°CY Z(HA S 1.5 u))el =3
F 30%7F 2 wj7hA] HAste] A& 60 F e SRS
% 40°C7F A EE AE7](Model SW-90D, Sangwoo Sci.
Co. Ltd., Korea)oll <] Al 8= 12~14%7F 2 o
7HA] Az AFE TR A== A A AIL(2~5°C)e
BASG T, BAE 7HRE 4] 7]/(HMF-1100, Hanil Electric.
Co. Ltd., Korea)oll 2 & 100 mesh A2 %A A8+
SENA S AL

2ol o F9= AES E4171(Model RN-300, Kett
Co. Ltd., Japan)& A3t 7] (head rice), 3l 7](broken
rice), TG 7](cracked rice)E 2] 3te] WE-&Z AT
F3E =Au|e] Zoleo} Z2 Caliper® 20 7§ =73}

F3ko2 yerhh

%

200 mL H]o]# 9] @i =54 100 mLE:
2ol 3087 A2oA HAA et T 2087 FESIATCH 22
2] A7 100 mL H]o]AN Hol AZAZ &

i
i1

o] Axe 7t AEE ¢nE AR 5084 =
3l Texture Analyzer(Model TAXT, Stable Micro System
Co. Ltd., Haslemere, England)E AMHE-3}d &3t} 4]
HZ272 pre-test speed 3.0 mm/s, test speed 1.0 mm/s,
post test speed 10.0 mm/s, trigger force 5.0 g©] %13, Probe
+ A&°l 5mmsl 95F P/10°] AHE-H AT

S BlEf

A7VF SgE 100mL §FEe=Te] B3 H8st
AIZE FF ket & A E S 1 mLe Al H
3L Dinitrosalicylic acid(DNS) A]%F 1 mLS 7}sle] %
2 F 100°C EoA 1087 TR 20 &
23 3 FHF 3mLe 92 540nmolld EFEE

SR, TS B4l thd ko] a3l

ol
_ =
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dEP S FRIene] A= MAAE o] &AL
(Model JS555, Color Techno System Co. Ltd., Japan). 7]7]
o] A0 ¥F MIH(X=94.22, Y=96.11, Z=114.55)& A
Aot HAGE & AEF AF cello] ¥ 2 =S
Efl+= L(lightness), #2229 H =& YEM = a(redness)
2 o] A2 YeERE b(yellowness)Zb-S T3+ TH

0=
Mo JH

=3

=l
[o[]
H1

= i
R 7} 8£3]=+= Schoch & Leach®] H¥(Schoch &
Leach, 1964)& W& ate] SA st A7 059 S/
F 30mLS ¥ Zh7he] 2moA 30%%E 7Y
3,500 rpmell A 2027 F4lEE] st AHE FAS
FE &700 EElE NS Fof 105°CoAA HAzet
AZRE g 2]S o] 83l §al=E AlLlelal o] ZH5E
W&E S ALt s

I

o o

3799 AEFA

&8l =(%) = A7 FA(g) o
i AHE A7 ] A () y
BEHO)= iz A (g)x(100-%4- 3] =) o
SHXZ

7zt NB7Z fold AFS SAS BAA Y ZEI(SAS
Institute Inc, Cary, NC, USA)S ©|-&3l3ith. 2t AA5& &
chEAlel o8l §2144S AA AL, Duncan®] thaH <l
AR S AAst] FolAQl AolE p<0.05 FTOE HAL

o
S LI

A

k=
40| §4 Hlu

o] 97 A% Ao A9t Felw o] FAH Tt
o] &AM, FF7E2 e 2 THSon et al., 2002).
o] A7|E ARS SHAS A 23 F(extra long)
2 75 oA, AHF(long)S 6.6~7.5, T HF(medium)
5.5~6.6, FHZ(shortyS 5.5mm ©|&t2 FEE T, &L
Fel= G DAY HE(F/AH)E BAHST A
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Table 1. Effect of parboiling on the dimensions of Tongil rice cultivars. Unit : (mm)
o YMilled rice Parboiled rice
Varieties - - - -
Length Width L/W ratio Length Width L/W ratio

Dasan 5.9+0.20° 2.6+0.11° 2.30° 5.6+0.21° 2.5+0.07* 2.24°
Saegyejinmi 5.8+0.30° 2.6+0.18° 2.23% 5.5+0.23° 2.5+0.09* 2.20°
Hanareum?2 5.6+0.23° 2.5+0.09° 2.24° 5.3£0.13° 2.4+0.03* 2.20°
Boramchan 4.9+0.11° 3.1+0.06° 1.60° 4.8+0.00" 2.83+0.03* 1.57°

The values indicate the meanSD of triplicate

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

Yun-parboiled rice

& (slender)S 3.0,
2 1.1~20, Jﬁ.ﬂ(round)—"— 1.0 °]3t= +

¥ (medium)S 2. 1~3 0, T3 (bold)
F Ho} o] 71&:

o olstd $-Eutet EFo AU 3719% Jee= 59
o] Zt7} FYHF, FUFolH, AZXYIIE e GdHF, @Y
o &3},

E54) = xﬂzﬂﬂul % WorE2
<

oF7k ﬂ*o}w BEeR E}E%_‘%l 44 F HHO} E‘rOl
kst BRE L] w ol m
7Y A Zke] oA 45 7HAE Th(Bhattacharya, 2004).
H 57 a9 sRYden £ & Gu|S4 v
= Table 29} 2t} $An &2 959 45 ZEzhgrt
95.8%% 71

=2 54d¥E i AR 2 SolE
237} 90.6~92.0%= AEU7 FRT} dgton X 7h

¢

(Saifullah et al., 2004; Buggenhout et al., 2013; Nasirahmadi
et al., 2014).

eZ L Ul T
818 F3E el sy A 2 s
33} d

YLy 223~245N He =2 A}

Q3L TR Y=m Q] o% = 5 7} 454 N= 71
EUAL SHOLE2 & > M A X >H%‘J& £o 7 wRdg
= FEA 1.7~1.9 vl Zopxlom, opd = 0 29 o
L 2 FUY 5ol A2 Bt w34t
= HEAY F F o] A st o
A AL, AG= Yol] ER)ste ol R s,
o] Hi;‘ﬂ ]_E_ ﬁx%s}oizyq 27}5113:] =]
gl e] Alw=o] ulg ¥ th(Saifullah et al, 2004; Derycke et
al,, 2005). webxA BEA =R A7 A dEv|ET 7] F
o] FEFT7E =8, o] Thsl7E Aol A
o] 7|theth(Juliano & Bechtel, 1985; Elaine, 2004; Sujatha
et al., 2004).

A=re)
o149l Aol Gt £ ARAEH Y A% FE F 2T Awre] 428 TR FHE Awvle] 49
B 7} 99.8%= 7P =9k, YFERS} Bl Al RE 42-56% WIE £9¥o] A¥xY7L Furp de AFow
FEoNAM 29~4.6% S7HEATE o]de] AEFE R AAXIR >t > GolE2 & wollen, Ry &
cr)o] EAFEL BRAY Y T A o5 & 33~37% HAFAL FF 7 420 Aol AT
otz FYrish ek HolAy) WEe] FE, 4 nduele] 3R FFe DAY Agle] Lol W5 i
Al dAE BEe Az A AR Ee] IS et =y, dEvEn SopA=d #RdY F SsA8 S A
Table 2. Effect of parboiling on the milling yield of Tongil rice cultivars. Unit : (%)
o "Milled rice Parboiled rice
Varieties - - - - - -
Head rice Broken rice Cracked rice Head rice Broken rice Cracked rice
Dasan 290.6+1.70° 4.7+£0.10* 4.7+0.15* Y94.64+2.40% 2.4+0.04* 3.0+0.26°
Saegyejinmi 291.1+1.04° 4.9+0.21* 4.0+0.81* ¥93.8+2.07% 2.4+0.10* 3.8+0.23°
Hanareum?2 292.0+1.20° 5.0+0.20° 3.0+0.29° *96.4+0.85° 1.4+0.03® 2.2+0.15%
Boramchan ¥95.8+0.30" 4.1+0.23* 0.1+0.01¢ %99.7+0.27° 0.2+0.01¢ 0.1£0.00¢

The values indicate the mean+SD of triplicate

Numericals having same shoulder letters are not significantly different (p < 0.05)

*a, b and ¢ mean Duncan's multiple range test for the varieties

*w, X, y and z mean Duncan's multiple range test for milled and parboiled rice

Yun-parboiled rice
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Table 3. Effect of parboiling on the hardness and solid content of boiled rice of Tongil rice cultivars.
o YMilled rice Parboiled rice
Varieties
Hardness (N) Solid content (%) Hardness (N) Solid content (%)
Dasan Y245+57° *4,6+£0.09" “454423¢ %2.9+0.49
Saegyejinmi Y223+21% ¥5.0+0.16™ 372428 Y23 240,05
Hanareum?2 "2414+41* *4.240.21° “451+53¢ “.8+0.10°
Boramchan “184423° ¥5.6+1.08° *348+18° ¥3.6+0.26"
The values indicate the mean+SD of triplicate
Numericals having same shoulder letters are not significantly different (p < 0.05)
*a, b and ¢ mean Duncan's multiple range test for the varieties
*w, X, y and z mean Duncan's multiple range test for milled and parboiled rice
Yun-parboiled rice
AWA B W) ARt DA Re] SRl ARS  sHE BE 4F WA ¥ ANNY 52 BYse
2 o] A el AR @ §Eo] Holxrl o FF 7|l Ak 554 dEr g A 24 das
O] th(Priestley, 1975; Juliano et al., 1981; Sujatha et al., Table 48} 7t} A= F We =5 Yeple Hee ¢
2004). I AEUY Bk FAY FRAA e 3F Bris Audseie) A9 FF F 47 Byl 13 =
S oopdz ool Ty 9 W og ATEkSaifullah I AARR] > Solg2 & > ot rollon, R &
et al., 2004; Derycke et al., 2005). RE EF3F9AM L(Lightness)@el YL, a, b #kol =olA
meh HHAEe|E o8-8 ATAFS /E A G oFANS T 5 AN olelF Audsre) wale v

E4o] Ao, wrddo] gEk2A] ol AlFFE FAlol fE
3 Ao 7 FATkE (Priestley, 1975; Derycke et al.,, 2005;
Messia et al., 2012).

elere RS A9 e URE T olFFL ol
B Z1tH(Weenen, 1998;

e
FE59) 4809 Fus

AEU7HE S 1.8,
H® 5o skl &
Al opdetolA] B 2 ut
2 Ao X, MR} FA; Al
7 tH(Yang & Cho, 1995;

=
ol\
N
i)
32
%

Prakash et al., 2014).
e NE 759 @

e
!
ko

[0}

1 Bl SR 4EY

A AL W7ol E0i8le A o] AbstE A, 7Hd A g
Al goll o3k gk ofm| it Ao = wiRbA] S -
gatke] 7] W&ol ™H(Ail & Bhattacharya, 1980; Lambert,
2006; Lambert, 2008), JA] A1 &% A7} FA8] A%
2 Az FA Tl 93-S W=rhPillaiyar & Mohandoss,
1981; Elbert et al., 2001; Islam et al., 2004; Sareepuang
et al., 2008; Dutta & Mahanta, 2012). IHLH G| o]F
AR ARAEn= HA] Al £ pHEAE, ot 49
(bisulfite) 7} R A Al &=po] FEFFE 2HToR

A A2 4 dthJayanarayanan, 1964; Nasirahmadi et

al., 2014).
o= U WEe 5l

ARYAPE RGO AYY TRAE T o] 5
23} 92 SFspEE Y TR obAR e 29 WY Sol
gebA Hvl, ARAA] FANARE THY ol
WP PoEM FRHAOE PPIEL FHrhKulp

Table 4. Effect of parboiling on the reducing sugar and color value of Tongil rice cultivars.

. "Milled rice Parboiled rice
Varieties - -
Reducing sugar (%) L a b Reducing sugar (%) L a b
Dasan ¥24 88+0.11* 71.05+£0.79 -1.47+£0.01 16.66+0.07 *10.37+0.13*° 54.39+0.69 1.66+0.23 35.56+0.82
Saegyejinmi 3.53+0.38° 79.62+£0.62 -1.47+0.15 15.95+0.05 *9.19+0.08" 56.80+0.54 2.17+0.31 36.24+0.61
Hanareum?2 “4.15+0.44* 72.41+£0.27 -1.17£0.02 15.57+0.09 ¥13.81£0.06* 54.63+0.28 2.82+0.23  36.58+1.01
Boramchan 23 27+40.12° 89.88+0.59  1.68+0.01 7.23+0.02 ¥5.82+0.04¢ 87.06+0.15 3.33+0.21 12.78+0.09

The values indicate the mean+SD of triplicate

Numericals having same shoulder letters are not significantly different (p < 0.05)

*a, b and ¢ mean Duncan's multiple range test for the varieties

*w, X, y and z mean Duncan's multiple range test for milled and parboiled rice

Yun-parboiled rice
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Table S. Comparison of solubility and swelling power milled
rice and parboiled rice with various varieties at 25 and 75°C.

Temperature Properties a0 Swelling power
°C) Varictics Solubilities (%) (%)
Dasan (A) “1.8+£0.01™F .7£0.01™F
B) *4,9£0.03" 8 ¥5.3£0.02> ¢
Saegyejinmi (A)  *2.3+0.02*° “.8+£0.01™F
25 (B) *4.7£0.028 ¥5.0£0.03> ¢

“2.9+0.01°F
*6.3+0.03" P

Hanareum2 (A)  *1.7+0.01%E
(B)  *4.9+0.02P

Boramchan (A) ~ *2.6+0.01*P “3.3+0.01*F
(B)  “5.6+0.01** *6.6+0.03* P
Dasan (A) %3,6+0.03™ ¢ V7.7+0.02° €

¥8.4+0.03" B¢

™8.1+0.01 B¢
¥8.7+£0.03" P

¥8.0+0.01* ¢
¥8.7+£0.04° P
*8.6+0.01*®
"9.94+0.02* 4

B) *4.240.01" B
Saegyejinmi (A) *3.3£0.04"€
(B) *4.3+0.01B
Hanareum2 (A)  ¥2.8+0.01"P
(B) *4.5+0.01" B
Boramchan (A)  *4.0£0.02%"
(B)  “5.0+0.01-%
The values indicate the mean+SD of triplicate
Numericals having same shoulder letters are not significantly different (p
<0.05)
*a and b mean Duncan's multiple range test for the varieties
*u, v, W, X, y and z mean Duncan's multiple range test for milled and
parboiled rice
*A, B, C, D and E mean for Duncan's multiple range test for temperature.
Yun-parboiled rice

75

& Lorenz, 1981; Donovan et al., 1983; Lee & Shin, 2006).
o oV A= YAl AT L A9 Hwo) B
A7F Qo 7H2AA Eoﬂ J3ks m XA Eu),
goHEsh Fae AE A AWFEES A2
(Teste & Karkalas, 1996), HE-JAFe] A GG HEA}
o] P 4BAG A= Bk o gHol e
wo] obd 2 e A E3hA, Gl ENA A% L,
U ool opuzade) Hg B AR A B
AE 5o J3S w=t}(Wong & Lelievre, 1982; Derycke
et al, 2005; Huang et al., 2007; Han et al., 2007; Kim et
al., 2012).
FF0 AEV% FRASE BUSF T 247 2508
25} 79CEBEE oyt fAHE Ferrol 3087
e F g % PaEe 2

ITH= o= h g - =
th 25°ColA Sl EE YENY AL 1.72.6% HI=E
AEY7FEQ B F50] 5UY 2y =9ky, vy
culo] A BE EFo|A YEVET 2.0~2.9 8] 7
o, FF T Bl 7 Ehth(Derycke et al,
2005). 25°ColA] S dEr 9] A$- AEXY7IE 1
B3] 33%E 7P w3 TUF FEL 27-2.9% WA=
Zx2 7} §9)F9l x}ol»t— fen, Ay F Ysnn

H2HE FRIF

s Uetdlled 5Y3 9 A9 AXYIL JET olE R
29} ghalAsteto] 7] wjE o 2 AE th(Derycke et al.,
2005). 75°CellA] s m]e] &3l 5 5 AxU7tEd
Hgzho] 4.0%= 7+ FE2 28-3.6% H4
2 EFF
T84 *él‘%é«l §Zo] A7 WEo R AETh(Lee
et al, 2004). HHATH 9 BIEE 42-50% HHIE
25°CollM 9] SR} 8.4~14% 7HAiEo] T3eE o4
o2 7MEAE & AF Aol A3 G o= =Tt
2% 7] wiEo] ™ (Priestley, 1975; Biliaderis et al., 1993),
ZHEZS o83 R =ve] AR} FAalgh kS o
EME}(Yoo et al., 2013). 75°ColA1¢] W-HH2> Y5m| 9
T 7.7~8.6% WHZ 25°CollA K} oF 26~29HH =7}
1911, HEAEw| 9] 9 84-9.9% HWAZ FFI 79
ZQl Zpol= o m dmvwETE oF 1.1 vy, 25°CE‘:]’ of
1.4~1.7 v Z7F=] At ery_ma * S7H Bage S
B AAUA FE ARG FE0 57 TekH Y S5k
A Fol 2L ?ié?ﬁl FEHeEN EEAE] Fol
o 957 wlEolth(Derycke et al., 2005; Huang et al.,
2007). =3 ol AFAA] FH FFE o83 Ry
o] BHHE oF 97~11.7% B E w¥e} vl A <F
143}] 71—/\5]()1 o]_tﬂio}\ El—at_,Jr )\]-_,,}44_7:”7} M‘_ 7—]_0_;
Jtz]oj R th(Hermansson & Svegmark, 1996; Fredriksson et
al, 1997). &, FEHEL U2 ofd2Hgoz A Eof
Aoy AR | TS R 2ERES o] T 3
of g0l 419 W, YO ofUR el Yol L
W] AR Uaae] A07EE ol R glo 43 F47H
LT ojgs] HEol olabe ARERE e &
(75°C)oN A Lallmrt 7ras s Bgeo] 2ty o
Al A% 22 A G S 43
o 59 7% AT A% A Aeto] DeHEA] 2 3
FAH A% HEME £ 5 Ak B,
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aEon, S e fHAY F BE FFA F
ZHE RS Ao} Fo] Aag Jepith =t WaE

A7me A AL25°C)ETE 75°CoA BT =k,
v En|e] 7 (75°C)oﬂA1 ER

_‘4
> OH r}o
5'1
2
BN
>
o2
o]

0,

o i T

2 ATFE 2014 4 sHFIAF 71719971 A
A A FZAE: SR =eto]l~ Az 9 o] g4 F
710, AR AN S PI009116)2] Lol oJs] 35
Rom ol A=},
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