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Physicochemical characterization of brown rice and milled rice at
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Abstract Four rice varieties (Boseogchal for waxy, Baegjinju for medium-waxy, and Seolgaeng and Haiami for non-
waxy) were milled to 2% degree of milling (DOM), and physicochemical and sensory properties of 2% milled rice (2%
MR) were compared to those of brown rice (BR). No significant differences in the approximate compositions of BR and
2% MR were observed, whereas the grain color of 2% MR was slightly brighter than that of BR. For all varieties, water
absorption ratio of BR was significantly increased by milling. The pasting properties of rice varied significantly depending
on the variety, but there was no significant difference in peak and through viscosities between BR and 2% MR. Analysis
of the texture of cooked rice showed that milling to 2% DOM caused a significant decrease in hardness, but an increase
in adhesiveness and stickiness. Cooked Seolgaeng 2% MR scored significantly higher in the sensory evaluation than the
corresponding BR. These results suggest that 2% DOM would be useful for improving the sensory properties of cooked

non-waxy rice.
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FHo2RE FYS Hoske TS AN FN Al S
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T o] =] sith AnE WolA|7|W ol FolA &
dstE JEsl B4 AE B ARES Ealste] dnle x
S FEPA s A 7|EEE =Y F oM Kum T,
2004), o} AnE o] &3 theet T AlFe] AlAEL vk &
sk du| Wol I F gamma-aminobutyric acid (GABA)} 72
7154 AR o] FulEle A2 (Choi 5, 2004; Kang 5,

wol drlt wel 2 Az 5 Az BRI AF Y A
AR S Ak 28 2 keElg S 5 #At 9

= Aoz XA g} g vl mAE AuHoz AA

ate] Awe] o|3}st S} 217 Aol &S AT (Kim
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So] FEAYTHChun 5, 2005; Kim 5, 2006; Kim %, 2009).
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F2 550°C A 3]s R EAIBIL(AOAC 945.38), =Tz
FFS micro kjeldahl 24 Ao wel 258247 (Foss
Kjeltec 2400, Foss Tecator, Huddinge, Sweden)Z =739 o™,
Ax AT 5955 tYste] AAFSIATHAOAC 920.53). 24
W g2 soxhlet A% 7](Soxtec System HT 1043 extraction
unit, Foss Tecator, Eden Prairie, MN, USA)E AFME-3}o] 2-3g &+
A EE Ao g2 FZ3ATHAOAC 979.09).
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£ ¥ & AAA|(Model CM-3500d, Minolta, Osaka, Japan)S
g3te] ZAsATh. A 24 A EESE ZEdEeE
=313k & AM8E9g o MIE(L, lightness), 2= (a, redness)
2 BT (b, yellowness) L2 UERJATE ML L, a, bgk
o] Z}7} 9642, -0.10, —0.25%1 WA FFIHS AME-SIATH

S3I5Y

T3 E EAS 2% A (rapid visco analyzer, Model RVA-
3D, Newport Scientific, Warriewood, Australia)E ©]8-3l] =43}
ATE RVA £4& 95t 7FAIE 3.0g0 SFF 25mLe H
Vhe AL 71FECR 9o A RS wel AnE 9
FHT 2 2ASIIT A5 FREEe Ave 12.53-13.89%,
EE0E 12.26-13.79%C]0Th RVA 4744 £7]0] HAyE &
Fo| A7pRe} SRFE TSI 50°C, 960 rpm 2004 10%
ot Aetlls A T 160pm ZAOE 127 FAAZ
L 2EE 9SO 478 0l AR the 28 307
, TR 50°C7HA] 38 40% Fotoll WZHA 71 53514
Ak F B4 A7 oF 138 AeEQd SIS
= (peak viscosity), ##] = (through viscosity), HEFHE
(final viscosity), @ Z3A|7H(peak time)o]Th. Z} 2] RVA &
TE 33 ST g Hawge® JeEsith
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FAvvle] B4 S-S v As 59T o AMgEHe 27
=7 7] (tensipresser, My Boy II system, Taketomo Electric Inc.,
Tokyo, Japan)E- ©]-8-3lo] #1313k (Naito®} Ogawa, 1998; Taka-
hashi &, 2000). HW-> du]e} 28%r A8 ZHzt 30g¥ 2=
olgl2 FH(=ol 8cm, A7 4cm, F3 187mL)ol ¥, 7HEA
AolFHA 2E B2 33 FA3 o, A2(9F 25°C)1A 12
AlZF AAEAY JAE Algs A B E7E AAT v
T 36mLE F7kete] dub drgEe s Fubsigich Fukdk

10g8 At ANlm 788 3ol APsta 28 Tt HA
X121 o2 puncture probe (A& 5Smm)7F AXE 2712710 &
3R =L two-bite YRPH O Z WA E T 25%=
FL, T 90%E dEellen SALSEE 2mmsz 46t
Atk =4 FE& wre] A (hardness), T2 (adhesiveness) 2
27| (stickiness)E S 3IL, £ A5 & 93] wHE S5l
HAH o2 FAST.
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thate] R8P EATHIRB 1040173-201903-HR-009-03). #-553 71-&
v A F5d dn|9) 28 = 22} 300 g2 SE2E Eol 34
3] FAEE & WHFE@0)A oF 12417 FAA S A"
AEE A EXA E7E AAT o, & T <F 15019

07 58 B9 F 77 FHvkd AEE #5AA &

STk AL 892 194] o) 6541 olste] 7
Fol| = FukS-(allergy)e] Sl HA 3
ste] e AAEth B AR F SIE
242 G ioA sk M kg SAE BAIS o 3
x| ste] /i F Wl yro] AAEAT wuks A5k 3
7} &5 A(color), 2] (appearance), % T4 (chewiness), &34
7]S %= (overall acceptability)°] %™, B7k= 78 =W (18=c15
o}, 28=81, 38=CF dn, 48=R%|t, 8= 0, 6
A=}, 7d=v9 Fthez Frisidct. 7zt &= BJ7r A5
= B ARt AE7e] fo4d-e ASSIATHp<0.05).
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5 430 EAAEE SAS (ver 9.2, SAS Co., Cary, NC,
USA) Z2ag ARE3ste] Fasiglon, & F5 7+ {94
A EAHEA(ANOVA) 2 tEH 217 % (Duncan’s multiple
range tes)O = FAEI oW, An|9} 2 Er|oke] RO ttest
2 A3 tH(p<0.05).
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F=i =Nt WS el Latel 49 2ARBSORIN =g o8 f-of
Ao g ZAaEAoY tE FFAAME F98 Zelrt #EE
QUHiM = A kt}, H M (a, redness)?t A= (b, yellowness) 7o 75
£ A ARgE B 4l FE @ (waxy rice) FEU HA AAH o2 Fnjo) Hgte 28Ew|7t B YolAls AdFE o+
ZH(Boseogchal, BSC), WFH2HH (medium-waxy rice) &5 WA Ehflo] o= <3l Fuje] ZAldlo] it o2 B
(Baegjinju, BJJ), W™ (non-waxy rice) ¥35<1 478 (Seolgaeng, SG) ™ o] oA WMAFBIF 2% =g o3 FAN=It 7 2
3} 3tololn|(Hiami, HIA)oItt. &nlel du)e] 24 (pericarp)E Al Zog Yolxle oz Yeldth 3 BAZBS0)e A=
Ag 285V YudE 4 A= Table 13 o) dvle Az}l A mEox §o)ZQl zto|7t #FER] Fghrt. &
3 1.15-245%, A 585-6.54%, A 229-3.22% W0l L, ujo} 2RERE Ste g el dry| Aol ¥sle HAHL
2R =0 38 1.10-2.40%, T 6.08-6.59%, AW 2.02-3.10% 2 dulof| H|5le] 28ER 7} ThA B2 Alo] WS ujglom )
HREA drle] ] AAR g Ik Fae] Aol A vlofl HlgjA= A8 A =4S Fe= ofFE WS UERY
o] e b4 gt RAZBSC)R i TA o, e = A8 AT F Uk
Sto]obr|(HIA)S] ©hid ghdoll A 2% =4 o3& felido]
B U (p<0.05), A== vl HH Rk G20l 9iTK(Table 1). S5
W] sslEAgda o] Sl AR WA kel Ag- BA Aol & 7hste] 718t JEYAe B S5t A&
ZHBSC)> ) X1F=(BII)>A 7Y (SG> 3Ll oHW](HIA)S] 0.2 %W skl F¥ S7h2 Qlste] Hmrt SrbsheEl, A ofdms
= Ao=2 yepyth g dhilde HE JAE EHMA e dEe s 43S Fe= F82 }iﬁ ofd g A gheko]
dl, 78S S =W dEe 75%@01 wroba A Xd%%}x} T MR A ofdE A Fhge] B ARe] I3k H]
o] WMo 2 F3E LolalA sl Ao FEEAY AFFS st giAlF o g =2 IS HATtKReddy 5, 1993; Vandeputte
o mebd o] v ghol weas HES SR 2 = 5, 2003). Y A7 A, FTE Fvle] opdEA g B4
e g Wol7] mEel Huk Al 2 FE Welste 2 5.0-5.6%, BT 10.1-11.0%, 2783 3tojobrl= 18.5-19.3%
ko] G WobAaL FHWE AlZE% F7HHk(Chiangét Yeh, °] ®9le]th(Choi &, 2017; Yoon &, 2014).
2002). Fojo} 2en|e] SepEgS A% 4574](RVA)§ X éUr,
s 2, vk, vy 5 A F3l ot £ 2
M} °lg HQl WA (p<0.05), Er|9} 28=r] 7he] ST WHololA
Hulol 2R =n]o] M 2o]lE EA3F A= Table 29} 2} = HIH = (peak viscosity)2} ZFH = (final viscosity)2] ¢ &

Table 1. Approximate compositions of brown rice (BR) and 2% milled rice (2% MR)

Approximate components (%)

Rice Varieties - -
Moisture Ash Protein Fat Carbohydrate
BSC 12.53+0.00% 2.45+0.31% 6.61+0.02* 2.68+0.05* 75.73+£0.38"*
BR BlJ 12.84+0.02¢* 2.24+0.72%4 6.48+0.01°* 2.29+0.03* 76.15+0.76**
SG 13.89+0.07* 1.15+0.02% 6.19+0.03* 2.40+0.03** 76.36+0.0924
HIA 13.1140.02% 1.22+0.04** 5.85+0.01%" 2.29+0.04* 77.53+0.01**
BSC 12.26+0.05® 2.21+0.56* 6.59+0.01* 2.49+0.03* 76.44+0.48
2% MR BIJ 12.74+0.04°4 2.40+0.84* 6.51+0.04% 2.02+0.38* 76.33+1.23*
¢ SG 13.79+0.06™* 1.10£0.01** 6.18+0.01¢* 2.36+0.05% 76.57+0.09**
HIA 12.89+0.23% 1.14£0.02** 6.08+0.01% 2.35+0.03* 77.54+0.19**

Values in the same column with different superscript small letters (a-d) are significantly different among rice varieties by Duncan’s multiple range
test (p<0.05). Values with different superscript capital letters (A and B) are significantly different between BR and 2% MR by t-test (p<0.05). BR:
brown rice, 2% MR: milled rice at 2% degree of milling, BSC: Boseogchal, BJJ: Baegjinju, SG: Seolgaeng, HIA: Haiami.

Table 2. Grain color of brown rice (BR) and 2% milled rice (2% MR)

Rice Varieties L a b

BSC 66.72+1.93 1.76+0.18% 16.86+0.24%*

BJJ 61.78+1.64% 3.08+0.45 17.61+0.39*

BR SG 65.59+1.48 2.18+0.15% 17.1120.19"
HIA 55.63+1.65 2.79+0.24 15.424+0.11
BSC 61.99+1.51%8 1.59+0.27° 16.59+0.25®*

2% MR BIJ 61.121.64" 1.85+0.03F 15.73+0.27°®
SG 67.83£1.28 1.73+0.13%8 16.88+0.54
HIA 61.11+£1.43" 2.11+0.26"® 16.05+0.68*

Values in the same column with different superscript small letters (a-d) are significantly different among rice varieties by Duncan’s multiple range
test (p<0.05). Values with different superscript capital letters (A and B) are significantly different between BR and 2% MR by t-test (p<0.05). BR:
brown rice, 2% MR: milled rice at 2% degree of milling, BSC: Boseogchal, BJJ: Baegjinju, SG: Seolgaeng, HIA: Haiami.



= E

E_A—l 217

Table 3. RVA pasting properties of brown rice (BR) and 2% milled rice (2% MR)

Ri Varieti RVA parameters (RVU)
ce arieties
Peak viscosity Through viscosity Final viscosity Peak time (min)
BSC 63.5+1.5% 29.2+0.9% 38.0+1.2% 3.30+0.04*
BR BlJ 147.0£0.8* 48.1+0.4" 71.9£0.2< 5.20+0.14°*
SG 112.8+0.4% 62.1£0.6™ 123.6+0.4" 5.73+0.02**
HIA 142.4+0.2" 78.8+2.4* 149.3+£2.8* 5.70+0.04**
BSC 64.8+0.4°* 30.1£0.1% 39.3£0.1% 3.33+0.00*
304 MR BlJ 151.9+2.8* 48.7+0.4 74.3+0.2 5.200.00"
° SG 116.3£0.4" 61.0£0.1°* 124.4+0.1° 5.70+0.04**
HIA 148.2+0.4* 80.6+1.1* 154.5+0.7* 5.64+0.05*

Values in the same column with different superscript small letters (a-d) are significantly different among rice varieties by Duncan’s multiple range
test (p<0.05). Values with different superscript capital letters (A and B) are significantly different between BR and 2% MR by t-test (p<0.05). BR:
brown rice, 2% MR: milled rice at 2% degree of milling, BSC: Boseogchal, BJJ: Baegjinju, SG: Seolgaeng, HIA: Haiami.
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Fig. 1. Water absorption ratio (%) of brown rice (BR) and 2%
milled rice (2% MR) as a function of soaking time. (A) brown
rice, (B) milled rice at 2% degree of milling (BSC: Boseogchal, BJJ:
Baegjinju, SG: Seolgaeng, HIA: Haiami).
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Fig. 2. Texture properties of cooked brown rice (BR) and 2%
milled rice (2% MR) evaluated by a tensipresser instrument. (A)
Hardness, (B) Adhesiveness, and (C) Stickiness. Values of the gray
bars with different superscript small letters (a-c) are significantly
different among rice varieties by Duncan’s multiple range test
(»<0.05). Values on the bars with different superscript capital letters
(A and B) are significantly different between BR and 2% MR for
each cultivar by t-test (p<0.05). BR: brown rice, 2% MR: milled rice
at 2% degree of milling (BSC: Boseogchal, BJJ: Baegjinju, SG:
Seolgaeng, HIA: Haiami).
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Table 4. Sensory properties of cooked brown rice (BR) and 2% milled rice (2% MR)
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Sensory parameters
Cooked rice Varieties oP -
Color Appearance Chewiness Overall acceptance
BSC 4.64+1.32* 5.27+0.84* 4.91£1.10* 4.85+1.18*
BR BlJ 4.36+1.03* 4.30£1.19" 4.24+1.35" 4.27£1.04"
SG 4.33+1.16* 421£1.11° 3.88+1.27" 4.09+1.04
HIA 3.48+1.46"™ 3.21+£1.58® 2.67+1.29" 2.88+1.32%
BSC 4.79£1.474 4.79+1.52* 3.5241.54°® 3.97+1.63"
304 MR BlJ 4.70£1.19* 4.21£1.34%4 3.67+1.41*4 3.91+1.55*
° SG 4.27+1.18 3.94£1.37% 4.03£1.45 4.06+1.39*
HIA 421£1.17* 4.18+1.10™* 4.24+1.28 4.24+1.09*

Values in the same column with different superscript small letters (a-c) are significantly different among rice varieties by Duncan’s multiple range
test (p<0.05). Values with different superscript capital letters (A and B) are significantly different between BR and 2% MR by t-test (p<0.05). BR:
brown rice, 2% MR: milled rice at 2% degree of milling (BSC: Boseogchal, BJJ: Baegjinju, SG: Seolgaeng, HIA: Haiami).
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