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Physicochemical Properties of Rice Powder and Puffed Rice Powder Ice
Cream with a-Amylase
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Department of Food Science and Technology, Seoul National University of Science & Technology

Abstract

The viscosity, overrun, melting-down, moisture, crude fat, total sugar, and color of rice powder and puffed rice powder
ice cream, following the addition of a-amylase, were investigated. For identical grain types, the gelatinization degree
increased with puffing, and within the same treatment, the short grain was higher than the long grain. Viscosity dropped
with increasing a-amylase at the same concentration and grain type, excluding 0.0%, the rice powder was higher than
the puffed one, and for the same concentration and treatment, the short grain was higher. The overrun was highest at
0.2%, and for the same concentration and treatment, the short grain exhibited higher overrun. Higher melting-down was
observed in puffed and lower viscosity ice cream mix. No significant difference was found in moisture with enzyme
concentration. Regardless of puffing, the short tended to have a higher moisture. No difference was noticed in crude
fat by concentration, grain type, or puffing. The total sugar was higher with increasing a-amylase; at the same concen-
tration, puffed tended to be higher. The hunter “L” and “b” increased with a-amylase, while the “a” value dropped.
At the same concentration and grain type, the “b” values decreased with puffing (p<0.05).
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thFetal st € AAE S ZIEAFE N TR
AR 8] st ok Wag Ak E6)
Mo 2004 155 A £, 2 6w LoA 2011 129 3
A E, 3399 282 2013 o9k 3 E, 3H e
(Ministry of Food and Drug Safety, 2006; 2012; 2014)=
2 AN BRI 5t St FA L AL
THAIEC] ATEE Aoz Hdh, FHZoe A7 El
st AvRtEe] Msw Frtd wEt 71sd3 7150l
27 ® QUY(Kim et al, 2003), 3(Ryou, 2005; Park et al.,
2008; Park, 2011) 2 A% (Hwang et al., 2012) 5 T}Fsh
ofo] 2=y A7} 1P = At

Syl & AakEke 2000 5297 E(Kim & Kim,
2004), 2011'3L 4209 Eo 7 743k v 2012 400
9k EolA 201390 5.6% ‘35St 4235 o2 FUts)
3L ATHSong et al., 2014). AT A7F 19T & An|Ee
2000 FFAE 93.6 kg, 2010 FFd= 72.8 kg (National
Statistical Office, 2011) 2] 3L 2013 ST o= 68.6
kg (Song et al, 2014)S.2 2000 ©]F FF3| 7HAadtaL
Atk WTO (World Trade Organization)] F<3# ol w}
2hA] Q=Ak 2HS 2004 FE o FA o R FUsHA =AU
oh o F9 B2 20109 329 74 EodlA 2011 34



2 Ak

o 8H Eo g Z718IA 201490E 409 9H E Y
sHA =] A TH(Yun, 2007).

FYBE wEgo] ofet A9 JhFE& o R Aol
(Yun, 2007), § - AF 47%, T7F 20%, 2 22 17% 1
23 718} 16% (Keum et al, 2010)2 52 E Az
o2 22o)a At 7Hg S A A% 20124
407+ 5H E(Seung et al, 2013)2.2 vjd Y
Sholl whet Bamg Fi7h o 4= AL T
ot mde] wsl, vl Haf el A Ak
7R 7 dojubet] o] F 7P AlgE 1S AT
o] 3 (Jung et al., 2007), 7% WH3IE x| Ao 3t
) 2 A7 5 F42o] A3tEthKim, 2005).

Ao syl A g 274 o] & 2 E8E FAE

skoh k2 SRl Bls) Tl e AANE FE9] Al
A8 opm] iz Akel 2] Al(lysine)> B, F, Sr T oF 26
AE =0h G A uid e I35 ZH2HES T4
W EEE AaATe Y 9ES sAY, fEle A
B 758 48E de] 85 Bl Uth(Ha,
2002). o] RIS =2 ot JHAE A4E §
gk 2M)F 7t 8 FE

B Ao AFE ES 534 28] 7S 9l5H
A59] 3% F4 2 7|E ofo] Ay Y AVpFE E
= WS HUhet AlF9 a-amylase Tl e HE,

M=

%] = & (Seoul Dairy Co-op., Ansan, Korea), X &-f
(Seoul Dairy Co-op., Yangju, Korea), &%(Ottogi Co., Ulsan,
Korea), 44 ®(Samyang Co., Ulsan, Korea), St A| (715
2}, Yeongdeungpo, Korea)y:= AlZolA TUsIATE a-
Amylasex= C&J Solution (Gangnam, Korea), 200834t =+

-o1gd

WAk S A71E = B =4t 7213 A (Ansan, Korea)
a3 20122 B A FEE AVRRE Rt 4
3] AHEumsung, Korea)ollAl ol 3} 32, 2008 4F =4k
S 201294 B=t AHE AsuEe HRAFE
2] 3] Al (Hwasung, Korea)oll A #| &4},

Salr

Kainuma et al. (1981)¢] ®Hol whe} ©@§F 275, &
4T A7, Gy Ao e S Fs)iE 10 ¢
< SHSTZE 100 328 & stomacher (BagMixer 400vw,
Interscience, St Nom, France)Z 30%7F @23} Al#t. z+
Z}tol| & A9 (B-amylase} pullulanase)S 3 7}3F & 40°C
incubator (Samhwa Scientific Co., Seoul, Korea)ol|4] 30%
7} BkS-A1Z T}l Somogyi-Nelson method (Ju, 2005)2 =73
Sk 33}t phenol-sulfuric acid method (Kang et al.,
1998)2 5t FFO 2 Albste st & 4SSt

=ct

HA FBEE 47] fl&l SAE AR 1 mLE test tube
o] ¥ 5% (v/v) phenol (Daejung Chemlcal & Metals Co.
Ltd., Siheung, Korea) £ 1 mLE 23t o37]ol 95% 3
AH(Deajung Chemicals & Metals Co. Ltd., Siheung,
Korea) 5 mLE FH7I8F & 308 &9 Ao W5t
Spectrophotometer  (GENESYS10, Spectronic,
Madison, WI, USA)E ©]-&3t 470 nmollA $EEE =
A8 & glucose standard curveS ©o]&3to] F (%)

< P

0

Thermo

ol|~=E M=

GHE AR, AEE AL, GHE AR B
HE A 3tu]Eo] 30,000 uniymL o-amylase 0%, 0.1%,
0.2%, 0.3%, 0.4% 2 0.5% (Ww)E 3 7}g olo] =AY
7] & vl 3] = Table 13 2T},

GHE A7HE, FES AL, ©ES A Be

Table 1. Recipe of ice cream g (%)
o-amylase
(%, w/w) 0.0 0.1 0.2 0.3 0.4 0.5
Ingredients
Water 250.0 (50.0) 250.0 (50.0) 250.0 (50.0) 250.0 (50.0) 250.0 (50.0) 250.0 (50.0)
Whipping cream 83.3 (16.7) 83.3 (16.7) 83.3 (16.7) 83.3 (16.7) 83.3 (16.7) 83.3 (16.7)
Rice component 50.2 (10.1) 50.2 (10.1) 50.2 (10.1) 50.2 (10.1) 50.2 (10.1) 50.2 (10.1)
Skim milk powder 46.7 (9.3) 46.7 (9.3) 46.7 (9.3) 46.7 (9.3) 46.7 (9.3) 46.7 (9.3)
Starch syrup 36.7 (7.3) 36.7 (7.3) 36.7 (7.3) 36.7 (7.3) 36.7 (7.3) 36.7 (7.3)
Table sugar 31.1(6.2) 31.1(6.2) 31.1(6.2) 31.1(6.2) 31.1(6.2) 31.1(6.2)
Stabilizer 2.0(0.4) 2.0 (0.4) 2.0(0.4) 2.0 (0.4) 2.0(0.4) 2.0 (0.4)
a-Amylase - 0.5 (0.1) 1.0 (0.2) 1.5 (0.3) 2.0 (0.4) 2.5(0.5)
Total 500.0 (100.0) 500.5 (100.1) 501.0 (100.2) 501.5 (100.3) 502.0 (100.4) 502.5 (100.5)
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dZE A3v]E 502 goll & 250 g 223 a-amylaseS Al
gato] HA YAtk AE7F F2 HAE 50°C water
bath (BW-30G, Jeiotech, Daejeon, Korea)oll 4 3A]7F &<t
7tgdste] £8E Axsint Sl 3B AH 833 g,
A ER 467 g, BH 36.7 g, ¥ 31.1 g, PEA 2.0 ¢&
2 3 homogenizer (ULTRA-TURRAX T25, IKA-WERKE
GMBH & Co. KG, Staufen, Germany)Z 10%7+ 72 3}
ANA B2E Az 925 85°C water bathol|A] 205
7 At At | 9 AE oA WY she] 50°C
2 23 & 4C YAI(R-B63AM, LG Electronics Inc.,
Seoul, Korea)oll A 24117 ¥ A8t 49 928
olo] 238 A Z7](MDI-502, Macdous, Bucheon, Korea)
Wzkg 710l Wi 2087k ZHEAlA ofo] =AY S A xS
THJu et al., 2005).

M

%4 A ofo] 23y B2 4C WA U AW
25 A2olA spatulaZ FA3HAl A ATE Viscometer
(LVDV-II+pro, Brookfield Engineering Laboratories Inc.,
Middleboro, MA, USA)Q| torque %#to] 70-80% U S:==
spindle 64Z 30 rpm (revolutions per minute)>. 2 17 3}
Atk g A= Fho] Yo xS 147k spindles 3|54
21 5 5% 7t 2 UL FE cp (centipoise)Z LFEFTH
(Shin & Yoon, 1996).

2H

A E Yo} A 2H ofo] 23S 20 mL scoop (H3304-
40, Nikken, Tokyo, Japan)o. & WA FA S =43} o}
ofo] =Y WX FAOA ofe]laay FAE W S of
ojl2ay FAZ UYHE F NELEZ e over run
(%)S 53 THHan, 2005).

I'_rE

Over run (%) =

Weight of ice cream mix - Weight of ice cream X 100

Weight of ice cream

=0lH2|l= =

7+ 5 mm ZWS 500 mL H]A 9ol gle F | ofo]x~
A9 g scoope WA B flol EXH T AF2olA 308
7+ ol Fei™l ofo] g o] FAE A ofo]A=d
FAZ Ur H HEEZ YER o] melting-down (%)
T8} THShin & Yoon, 1996).

Melting-down (%) =

Weight of melting i
eight of melting ice cream

Weight ice cream

At AZH(The Korea Society of Food Science and
Nutrition, 2000)2. 2 ZA 3} t}. olo]x=g 5 g8 AFs}
of Azpgol adth A=V ' A FAE wE
do] FL2 A 105°C2] dry oven (Samhwa Scientific Co.,
Seoul, Korea)ol] o] 34|17k 5t AR A AL AF & A
F57F & AFEE desiccatorell &7 F 302 7F YAl
Zith. &&Fo] & wj7kA] 3 vhE SA st FE (%)

= A3l

ESNL-

Rose-Gottlieb method (Moon, 2003)2.2 =4 3}5t}. o}
o]2=AY °F | g& vixYolRdA F/HFTE 11 mL A
83 T 25% (w/v) ammonium hydroxide (Daejung
Chemicals & Metals Co. Ltd., Siheung, Korea)& <% 1.5
mL2} 95% (v/v) ethanol (Daejung Chemicals & Metals
Co. Ltd)) 10 mLE 23 EE°] EFsA. A5 99%
(v/v) ethyl ether (Daejung Chemicals & Metals Co. Ltd.)
25 mLE Y3 TE ¥ 90% (v/v) petroleum ether
(Dagjung Chemicals & Metals Co. Ltd.) 25 mLE %]
=AU 8 9 4EdS A4 HAA(No 20, Hyundai
Micro, Seoul, Korea)Z HZ3 TS| ethyl ethere}
petroleum ether 30 mLZ NS At F71&uE
75°C water bathollA4] SHFA]Zl & 103°C2] dry oven®lA]
A7 AZAIA 22 (%) S Tt

=

Colorimeter (JC 801, Color Techno System Co., Tokyo,
Japan)E ©]-8§-33th. 7171¢] A7l FEFATH(X=94.30,
Y=96.11, Z=114.55)% ¥ HAT 0} ofo]2==ad 10 ¢
S 98 celld] €3 HE(lightness)E YEM = L7, 24
Z(redness)® UERNE a@tat 34 & (yellowness)E YERY
= b#kS S I THKim et al., 2008).

SAXE

SPSS program (ver. 19.0, SPSS Inc., Chicago, IL, USA,
2000 ol-g3ko] HE 7} ol A4 BTk Fo
g zpol7t e AS TukeyH S o83kl p<0.05 FFol
A oS St

oy g
k=)=l

o= A4S a2-agte] AEdA & 2] FES
100°C o]’¢o 2 vhe & 802 ofEHS WEA7|H,
2 x2 0] FF717F 248 v stHA] #E Aol o]
=2 B3 Zlo] H3ju|Eo|tKim et al., 2004). T 3+=
AES &3 7ME9S o dEH 2727t dF 94,
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HEsle] BaEe dAtola, 33t dAs s3te A
ol et 38} =2 A elsti(Korean Society of Food
Science and Technology, 2008a). A& A3} TY FFolA
= A3t 28al Y AN e dEEel AHE
B} 33157} =QTH(Table 2). & AR ol 2= el 3}
oldZ 27 o]Fojx] JTHChae & Kim, 1998). THZF
2 ofdZHE oF 80%9 ofdZ Q2 9F 20% (Korean
Society of Food Science and Technology. 2008b)°] 2. 7%
& zhzh oF 72%9F °F 28% (Choi & Shin, 2009)2 T
Heol AYT Bt ofd =Y Jhfo] Erh AR Fx
(a-1,6)9] oPEEHEI L A FR(a-1,4)2] ofgE e~
(Chang et al., 2000)5c} ¢ B2 B S35t B &
A7] wZol| dyFo] Es7b A Z(Yeo, 201402 o
AA W, Han & Oh (2001)2] B e} AU x] &9 T),

L

ik}

-4

v A ojolzagel $/1EY, Fe aelw 4z
s =
- 6}

A= a
o] JFL HXE FQ Qio|th AETt 27 G4

—
=

i ol
(o3

P ol thek A& 2 vt Abs$oh(Arbuckle,
1986). o-Amylase= &9 o-1,4 AFS FAH=E 7155
3 3led glucose, maltose, maltotriose, maltotetraose 12| 3L
maltopentaose 53 242 @7 9 {52 Aikett
(Lee et al., 2004). 84 F=7} Z7185EE A dE] ¢
Wol walEo] Ao HETF THadh A(p<0.05)2= oA
At} B3t oeix HdE FF o] = g-amylase F-
A7t 75 AL Y FE FFolME ArhErt B3
niE Bop =9kt e A Felx e ofd 2 Rlo] B
dHFel FHET Boh =3 THp<0.05). EAFFe] 2 7HAE
T opRHEo] Y RO opURAHT HE
= =& Zl(Song & Park, 2005)2-2 o] AZITHTable 3).

QH{E

ofo]2ay AxFP F ¥4 A F7E A
YAIA T3 sojvh= Aol A%
2 7koll Y 7A AFY] FHAS
2005). 44 T e eHd ¥
2 283t} (Arbuckle, 1986). A 2]Toll #AIQlo]l 024
0.5%7H] FE7t HAagrs ofo| Ay 22| 37 X

Table 2. Degree of gelatinization (%) of short grain rice
powder, long grain rice powder, short grain puffed rice powder
and long grain puffed rice powder"?

sHo| Yolx Qu#lo] ol tH(p<0.05). Ryou (2005)<]
AFAME HE7F 915 cpoll A 649 cp= FAATTE O H
o] wrobxl Aol fAtstth 22 A Felae o
2AYUS Fo| 3 dEFol FHFT Bt =AY 23
ThTable 4). =7t =2 dEFo| o B2 F7|E 2
Ae Zo® AR HT

=0HKElE 8=

FEZQ] ofo]l Az YL Ao X 10-1580] A9 &
5ol g Addol A gofof s, Hohfe
= AEY FAY7E 942 AF2-EcHHan, 2005).
7b Wold 5 whe] ol gl th(Table 5). H=7}
Aqstuito] mohffdl Fo] AR Huh @okthp<
0.05). H=7t 9&45 Sohligls =7 =39 Ryou
(2005)9F Park (2011)9] A7-¢F ot} U oM =
0% AlQsta eHde] =& A8 FolfEls dol B

il
ft

o

J

e |

AR =R [rer.
i

flo >

Table 3. Viscosity (cp, centipoise) of short grain rice powder,
long grain rice powder, short grain puffed rice powder and
long grain puffed rice powder ice cream mix with a-amylase'

Rice Powder Puffed Rice Powder
o-amylase
(Yo, W/w) Short Long Short Long
Grain Grain Grain Grain
0.0 15,911£30"" 16,384+83%  16,871+48% 17,456+324
0.1 4262436 4,113+ 6% 4,093+12%° 3,979+15°
0.2 3,731+ 6% 3,626£12%  3,559+27° 3,443+ 6™
0.3 3,543+118 3,496+ 7% 3,288+ 9% 3,230+16™
0.4 3,480+£10%  3,375+19%  3238+13° 3,158+11%
0.5 3,343£11°  3243+1480 3,122+ 97 3,066+36""

YEach number is a mean of 5 observations.

DABCPMeans within a row not followed by the same letter are significantly
different (p<0.05)

Sbedeli\feans within a column not followed by the same letter are
significantly different p<0.05)

Table 4. Overrun (%) of short grain rice powder, long grain
rice powder, short grain puffed rice powder and long grain
puffed rice powder ice cream with o-amylase'™

Rice Powder Puffed Rice Powder
o-amylase
(%, W/w) Short Long Short Long
Grain Grain Grain Grain
0.0 33.2+0.5% 29.6+£0.2%  26.4+0.7° 17.9+0.4™
0.1 37.7£0.65¢  35.0+0.1°Y  44.3+0.6"° 43.7+0.9*°
0.2 48.9+0.1° 43.7£0.1™  55.6+1.2% 51.5+0.6

0.3 43.1£0.5""  41.120.3%" 42,9403 42.6+1.4"

0.4 40.5+0.3%  39.8+£0.5%  42.9+0.4"° 42.3+0.4"°
Rice Powder Puffed Rice Powder 0.5 39.9£0.3%  39.7+0.3%  40.5+0.2%! 40.1£0.3F°
Short Grain ~ Long Grain Short Grain ~ Long Grain DEach number is a mean of 5 observations.
2)ABCD E Fp—
36.742.1C 28.53.0° 80743 4* 68.8:0.1° Means within a row not followed by the same letter are significantly

YEach number is a mean of 5 observations.
DABCDMeans within a row not followed by the same letter are significantly
different (p<0.05)

different (p<0.05)
Jbede)feans within a column not followed by the same letter are
significantly different (»p<0.05)
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o} Ryou (2005)9} Park et al. (2008)2] 172} A+ T},

A

T
_oR1sad § e st 485§ 4 e
2}

2 E 9] ‘l,k%‘ﬂzﬂiiiﬂ —",\——‘:.‘—%"Ek(Mlmstry of Food and Drug
Safety, 2015)x % Y shi-7-ol AFHglo]l GFol 4T
ZAY =Sk thTable 6). A& FEF 58.8-59.9%=
Kim et al. (2008)°] ¥.313+ 4545-53.27%K. 0} =3k, 2
F9FA e olEu| o] 2=9] 63.9% (Ministry of Food and
Drug Safety, 2015)E.th= w23k}

Table S. Melting-down (%) of short grain rice powder, long
grain rice powder, short grain puffed rice powder and long
grain puffed rice powder ice cream with a-amylase'”

&4 S CH(Han, 2005). 5%, 2% 2 W49 Awglo]
o7 Aol 7} ISATH(Table 7). A FF2 5.9-6.9%=
21337 (Han, 2005)3 B3I A1RE, Park et al. (2008)2]
7.24-7.79%5 T = wroke).

o ogé

:[0 ot

T 5
59 ] i, ;ﬁl"éc 59 tER7E 23 dR/ AAE U
Bl & ©431ES 9| dltl(Korean Society of Food
Science and Technology, 2008c). BF& o] =AY A
7w, vz, 229 st 28 i £HE] 718 oY,
1999). A& 7tritsl el o-amylase®] =7} S7HE
5 3L A5 (p<0.05), Y FEAME s
o] =& AFS HAUTKTable 8). st=wA vajd & =
o] FA9] S Wol wo} o] T MY AOT W

(e}
S8

Table 7. Crude fat (%) of short grain rice powder, long grain
rice powder, short grain puffed rice powder and long grain
puffed rice powder ice cream with a-amylase'™

Rice Powder Puffed Rice Powder
a-amylase

(%, W/w) Short Long Short Long

Grain Grain Grain Grain
0.0 24.6+0.2°  19.5+0.8™  30.1+0.8*° 26.9+0.5%
0.1 44.5+0.8% 292+0.8™  56.3+0.7° 54.0+0.6™
0.2 543+1.1%  44.5£0.7°  63.4+0.8"° 62.2+0.3*°
0.3 56.3+0.7%  47.3+£12%  63.7£0.9%° 63.3£].14™
0.4 57.7£0.9%°  48.5+0.7°  65.6+1.0" 64.5+0.5%®
0.5 62.6£1.0  60.8+1.0°®  68.5+0.8%* 65.4+1.3%

Rice Powder Puffed Rice Powder
a-amylase

(%, W/w) Short Long Short Long

Grain Grain Grain Grain
0.0 6.7£0.4%  6.0£0.7* 6.5£0.6"  5.9£0.7*
0.1 6.7£0.5%  6.0£0.7* 6.3£0.5%  5.9£0.7*
0.2 6.5£0.5%  6.0£0.1* 6.6£0.6"  5.9+£1.3"
0.3 6.9£0.9%  6.0£0.7* 6.6£0.6"  6.1£0.9"
04 6.8£0.9%  5.9+0.7% 6.8£0.9%  6.1£1.0™
0.5 6.8£0.4%  6.1£0.9" 6.9£1.0"  5.9+£0.7*

YEach number is a mean of 5 observations.

DABCDMeans within a row not followed by the same letter are significantly
different (p<0.05)

Jbede\feans within a column not followed by the same letter are
significantly different (p<0.05)

Table 6. Moisture (%) of short grain rice powder, long grain
rice powder, short grain puffed rice powder and long grain
puffed rice powder ice cream with a-amylase'

YEach number is a mean of 5 observations.

P"Means within a row not followed by the same letter are significantly
different (p<0.05)

3¥Means within a column not followed by the same letter are significantly
different (p<0.05)

Table 8. Total sugar (%) of short grain rice powder, long grain
rice powder, short grain puffed rice powder and long grain
puffed rice powder ice cream with o-amylase'

Rice Powder Puffed Rice Powder
o-amylase

(Yo, W/w) Short Long Short Long

Grain Grain Grain Grain
0.0 59.8+0.7%  59.0+0.8**  59.8£0.2%* 59.2+0.24
0.1 59.9+0.4% 58.8+0.4%  59.5+0.8%P* 59,1+0.3"B
0.2 59.7+0.3*  59.0+0.8*  59.6+0.8* 59.0+0.8*
0.3 59.8+0.6" 58.9+0.8"  59.5+£0.5%* 58.9+0.94
0.4 59.7+0.5%  58.9+0.5%  59.5+0.3B* 58.9+0.4%
0.5 59.5+0.6* 58.9+0.6"  59.8£0.4%* 58.9+0.74

Rice Powder Puffed Rice Powder
a-amylase
(Yo, Wiw) Short Long Short Long
Grain Grain Grain Grain
0.0 24.7£0.4%  253+03%  26.6£0.2% 27.4+0.4"°
0.1 24.9+0.5%  25.6+0.55%*  26.7+0.4% 27.5+0.5"°

27.4+0.2%  28.0+0.7%°
28.1+0.8%"  29.3+0.14
28.3+0.8%"  29.6+0.7%
28.9+0.2"*  29.7+0.6"

0.2 25.040.65 25.7+0.9%%
0.3 26.0+0.85 26.440.95
0.4 26.4+1.0%° 26.7+0.95®
0.5 26.4+0.7%  27.0+£0.4%

YEach number is a mean of 5 observations.

2BMeans within a row not followed by the same letter are significantly
different (p<0.05)

3"Means within a column not followed by the same letter are significantly
different (p<0.05)

YEach number is a mean of 5 observations.

PABCMeans within a row not followed by the same letter are significantly
different (p<0.05)

JbMeans within a column not followed by the same letter are
significantly different (p<0.05)
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Table 9. Hunter color of short grain rice powder, long grain
rice powder, short grain puffed rice powder and long grain
puffed rice powder ice cream with o-amylase'™

Rice Powder Puffed Rice Powder
a-amylase
(Yo, W/w) Short Long Short Long
Grain Grain Grain Grain

0.0 85.6+0.2% 87.5+0.4" 84.5+0.1” 86.0+0.0%

0.1 87.6+0.33¢ 88.1+0.1%° 87.6+0.4%¢ 87.5+0.1%

L 0.2 89.6+0.1°° 89.6+0.1"° 89.3+0.2%¢ 89.5+0.1°
(lightness) 0.3 89.7+0.24% 89.9+0.1*" 89.6+0.1% 89.7+0.14P¢
0.4 90.4+0.2"° 90.3£0.2** 90.4+0.1"° 90.5+0.3*°

0.5 92.1+0.1% 90.5£0.3™ 91.5+0.3% 93.3+0.2

0.0 -2.1£0.0" -2.7+0.0°* -2.7+0.0°* -2.3+0.0%

0.1 -22+0.0"* -2.840.0® -2.8+0.0°® -2.3+0.0%°

"a" 0.2 -2.4+0.1% -2.840.0° -3.0£0.0™ -2.4+0.0%
(redness) 0.3 -2.440.0* -2.9+0.0% -3.0£0.0° -2.4+0.0"
0.4 -2.5£0.0% -3.1+0.0° -3.1£0.0% -2.5+0.0"¢

0.5 -2.6£0.0%" -3.1+£0.0" -3.4+£0.0> -2.5+0.0"¢

0.0 8.8+0.1% 93+0.0%  7.5+0.0" 7.3+0.0™

0.1 92+0.1%¢ 95+0.1%  8.1+0.0% 7.5+0.1™

"b" 0.2 93+0.1°% 9.4+0.5* 83+0.0% 7.6£0.0%
(yellowness) 0.3  9.4+0.1% 9.7+0.14%*  8.5+0.0° 7.7+0.0>®

0.4 9.6£0.1% 10.2+0.0*° 9.440.0<° 7.8+0.0°
0.5 10.0+0.1%%* 10.3+0.4%*  9.9+0.0%  8.24+0.0%

YEach number is a mean of 5 observations.

DABCDMeans within a row not followed by the same letter are significantly
different (p<0.05)

SabedeiMeans within a column not followed by the same letter are
significantly different (p<0.05)
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