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ABSTRACT
The production of a quick-cooking
mixture of 3 types of brown rice (Khao Dok
Mali 105,

conducted in order to improve texture, aroma

Homnin and Riceberry) was
and nutrients to meet consumer demand. Four
processes were used to produce quick-cooking
brown rice including: pre-dry heating (to create
cracking on the surface of the rice and to
increase the rate of hydration during soaking);
soaking (to gain 30% moisture), steaming (to
obtain 80% gelatinize); and dry heating. The
pre-dry heat process did not affect the rate of
hydration compared to the rice which was not
pre-dried. The proper soaking conditions of the

3 types of brown rice, Khao Dok Mali 105,
Homnin and Riceberry, were 65°C 90 min.,

30°C 120 min. and 60°C 90 min. respectively.
The proper period of atmospheric steam
cooking for each, Khao Dok Mali 105, Homnin
20, 30 and 35 min.

and Riceberry, was
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respectively. Dry heat at 90°C for 2 hours was
used to reduce the moisture of the rice to a,
< 0.6 which was suitable for storage. The
timing for cooking rice in boiling water was
explored. The un-processed brown rice (raw
brown rice) was fully cooked in 25 min but the
processed quick-cooking brown rice was fully
cooked in 10 min. These results indicate that
processed, quick-cooking brown rice can be
cooked faster than un-processed brown rice
for 15 min. The physical property of the brown
rice was investigated by Rapid Visco Analyser
(RVA). Results showed that levels of peak and
final viscosity and setback of 3 types of
processed quick-cooking brown rice lower than
the 3 types of raw brown rice. Sensory
evaluation of the 3 types of quick-cooking
brown rice mixed together (1:1:1) indicated a
(p<0.05)
compared to the 3 mixed types of raw brown
rice (1:1:1)

significant ~ overall  preference

Khao Dok Mali 105, Homnin Brown Rice,

Riceberry Brown Rice, quick-cooking rice
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2. nMsAneInsuant1Inegnla
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(Preheat) (AnLUasn1uis Weibye (1983) [4])
AnwINaTeInITeUAINLSoULTITiTiNaR e
UszgAnsnmnisgaduinveaudadin Tngnisle
anudeududuiuioauszasdifielfiAnsessn
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viusureIINIAfisedu 3 (Hot Air Oven, Su
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gamaiivlu 50 uay 100°C wazwUsiunialunis
autdu 5 way 10 w19l wagvinisuseiiunanis
naaolagrin1siUssuiisuUsuimua Ny
(AOAC, 2000) ndsnisudihvestndiiiunisly
AnuSeut gy ﬁqmmﬂﬁﬁamﬂunm 15, 30 wag

a5 Y19

2.2 Msfinyinavesguugiiazialun1suydg
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Bath, Memmert 3u WB-22 Usineigasiu)

2.3 msAnyinslianuieulunisyeanaigisnis
{19 (FawUaanu3s Tanaka (1969) [5])
nsAnenslimuseu  fedsnisi
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7% Differential Alkaline Solubility (AnuUasn1uis
Birch and Priestley 1973 [13])
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Juliano and Bechtel (1985) [14])
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Scientific, Narrabeen, Australia)
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0889w UU CRD (Complete Randomized Design)
wAadenazA1uLlsUsIulaeis One-Way
Analysis of Variance LagAIIA@DUAINNLANFY
Multiple

YDINANAUIAI8 DMRT  (Duncan’s

Range Test) 15¥AUANLTBLU 95%
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(2533) [12) Al ndaviusunnentzd 105 7
aaungdl 50 uar 100°C 1uaan 5, 10 waz 15 Wil
WU3 U‘%mmmmsﬁuiajLL@ﬂsmﬁ’ua&mﬁﬁfaﬁﬁﬁﬁg
(p>0.05) usligeanassiunisvnassvosuigla
WaraTIR (2540) [15] Mddnunanentzd 105
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neludn

Table 1 Moisture content after soaking of pre-dry heat and not pre-dry heat of Homnin brown rice

Moisture content (%)
Soaking Non pre-dry heat Pre-dry heat rice
time (min) , 50°C 100°C
ree 5 min 10 min 5 min 10 min
15 15.94+0.71" 15.52+030 " | 15.8140.29™ | 15.66+027" | 15.52+0.30"
30 18.58+0.24 " 18312030 " | 18.51+0.38™ | 18.24+031" | 18.57+0.18"
a5 22.92+0.12" 2224023 | 2257+0.43" | 22.55+0.42" | 22.45+0.49"

Remark: Data are expressed as means + SD (n = 3).

Means followed by the ns letter in the same row are not significantly different according to Duncan’s test (p > 0.05).
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1.2 MsfAnwIRAvasRangiuazIa tun1TwYd?
nsuttaitelileUSinaeuty 30% &
HudSuaenuduilifisaesenisiiaisanilud
wiuvostiluduneunisiiaudeundensvinld
gneiald 270 Table 2 - 4 wudngaumiluniswed
maGiaﬂ%mmmm%juaa'wﬁﬁaﬁwﬁzg (p<0.05) 1y
U‘%mzumm%u%LﬁuﬁmﬁaqmmﬁiumsLLdeﬁwﬁu
Feanmezmnzanludunoumsutdasiansan
Mngamniiigaildnarlunisuddialiiu 120
udl Fetugamgiuazinarlunisuddindessn
nenuzd 105 Ao figaumgll 65°C U 90wt
USuraau iy 31.41% daufudiandes
viewtla fie Mgaumgil 30°C U 120 Uil JU3unal
AUBuINGY 31.61% wavdnndedlsdiues e
gaunfl 60°C w1y 90 unit fUSIAT UMY
32.96% Tusuidevoansinduazany (2552) [16]
nuinsutdnigungiifiugauasyiliuiunm

ANNTUNUTY wazaanAaaIiy Bello (2004) [17]
Inaasunisgaduinvestilden  91indes
117813 Wewtingaumgll 25-65°C Faluaumngd
enIngamgiiaatfludusstny wuirtuigeyy
v A Ao o Y o v < Y
Prvsensenniluintusitriluguassatauing
nsgadut1sEnIenswy yilrdindesddnsinig
Andulteunditnans wagn1IgatulIveinInn
YUALLNUTUA U UNTNITUAN T TDIINBNT
N1FUNIVRIUIL RN VUTDIINFUUTEANTNITUNS
LANTUMNQUNN AN ANTY FaU1Indeane 3
a1eiug 9Inn1InaaetasIlivuve nieuiudn
AoudanuYiTnIeNsgedulnnABLan
& 2 A & a a A <
giilowan anviaUsunalusiuniluesdusznaunia
= < v v o 3 v <
wilaziduiitarinenisgaduiidiluaigluie
wds [3]

Table 2 Moisture content of Khao Dok Mali 105 brown rice after soaking at vary temperature and time

. Moisture content (%)
Soaking temperature
° Soaking time (min)
(@) ) . .
60 (min) 90 (min) 120 (min)

30 23.87+0.24"° 2575+0.01™° 26.00+0.73™"°
a5 24.86+0.01°° 26.87+0.12°° 28.21+0.01™°
60 2527+0.12°° 28.82+0.27""° 29.14+0.07™"
65 29.97+0.08"° 31.41+0.05" 31.60+0.07""

Remark: Data are expressed as means = SD (n = 3).

a, b, c

Means with the different letters in the same column are significant at p<0.05

A8 Means with the different letters in the same row are significant at p<0.05

Table 3 Moisture content of Homnin brown rice after soaking at vary temperature and time

. Moisture content (%)
Soaking temperature
° Soaking time (min)
o A . .
60 (min) 90 (min) 120 (min)

30 25.08+0.12°° 28.88+0.08"° 31614017
a5 26.28+0.41°"° 29.91+0.44"" 32794032
60 27.79+0.12°° 31.9120.20" 33.68+0.54 "

Remark: Data are expressed as means + SD (n = 3).

a

A,
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"> Means with the different letters in the same column are significant at p<0.05

"®< Means with the different letters in the same row are significant at p<0.05
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Table 4 Moisture content of Riceberry brown rice after soaking at vary temperature and time

40

Moisture content (%)
Soaking temperature . -
0 Soaking time (min)
60 (min) 90 (min) 120 (min)
30 23.25+0.08"° 25812023 26.69+0.86""
a5 23.90+0.08"" 26.96+0.24"" 27594087
60 29.42+0.09"° 32.96+0.10™ 33.06+0.01"

Remark: Data are expressed as means + SD (n = 3).
a

A

1.3 msfinwnshiauseulunismeanieisnig
19

n5laudeulnenisiadingaelet
delwldlesidudnisiineafludieduresding
nfoavia 3 anewus eglurieuszans 80% wui
nafimunzaudmsunisisdindesninenuza
105 41andeaeuda wazdndeslsdues fe 20,
30 way 35 Uil audeu Jaduraeianzauiily
biadadnagnuanuiutazivileafiaiu @ Table

"> Means with the different letters in the same column are significant at p<0.05

"® < Means with the different letters in the same row are significant at p<0.05

a ¢ aa v & =

5 WNANITILATIZNISERR uansliiuInaailglu

o § v ) % A ] s & a
nsvibianiagnisiialown Inasdewosiduinisiina
WaRlugiureIdnINdemia 3 ateiug unneng
ffusgsiieddny (p<0.05) TnaliUasidunnisiia
WaRl LG TureIt1INaBIN 3 @1eug LNy
oAU FdaenndestuauiITeussnuaning
(2533) [12]

& @ L2 a al s L dy 1%
WesuAnsiiaan@ludiatuazanndusme

WotaanlunseanuIueINUy

Table 5 Percentage of gelatinize of cooked brown rice under atmospheric steam cooking

Percentage of gelatinize
Time (min) A ) .

Khao Dok Mali 105 Homnin Riceberry
20 71.27+1.21° 65.60+1.26° 52.26+0.84°
25 86.18+1.30" 73.24+0.38" 57.84+0.70°
30 96.63+1.25° 79.22+0.04° 65.86+0.26°
35 N/A N/A 76.3340.25"
40 N/A N/A 86.10+0.60°

Remark: Data are expressed as means + SD (n = 3).
a

N/A = Not Applicable

1.4 A1SINWIAS
nseutnfiunisldeadeulunisyean
fre35nsiefitivesiduinisiineaniludiedy
Uszanas 80% iaaumgil 90°C Wunan 2 dalus
iioanUSnaunnutuLasitensiiuSnuHan S
NAUARINY Table 6 WuUTMEINseUTIINEDI 3
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"> Means with the different letters in the same column are significant at p<0.05

aneiiug fien Water Activity (a,) 8031 0.6 Fadu
A1 Water Activity M¥831 8ad wazqdunsd lu

a a

anunsaLasauAulale [18] Aatunisauwidluanig

o
[V '
= =

NANWIATIN FINUIZALLNDVINTAYIILIAILAZ LD
ASLAUSNEN
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Table 6 Water activity value of brown rice after
dry heat at 90°C, 2 hours

Rice variety ay
Khao Dok Mali 105 0.41+0.01°
Homnin 0.36+0.01"
Riceberry 0.52+0.01°

Remark: Data are expressed as means = SD (n = 3).
*® Means with the different letters are significant at
p<0.05

1.5 NINAFBUNITLAUNITANVDIUT
nagauIaldlunisneduiielladnad

a a 6 € A L3 a a

Wsandludauysainsegnauysal wWisuiiiey

synindndesiiliiiunszsuiunisndn (fagdv)
fudhandesiiimunszurunsvinliudimegnla
NAN1TNARBARY Table 7 wudndandesitsinu
nszuauMmsKARtnaaniate 3 anewud fee
n3an 100% fan 10 Wil drudnindesiilaisinu
nsEuUMSHER (Smgiv) axilszdunisgn 100% 7
van 25 Wil wansliiiuinnswandandeanegnla
annsaanszezaluneiilada 15 undl 3
A0ARBINUNUITEVDIRTAAT (2550) [19] uay
Chakkaravarthi  (2008) [20] fina13d1a7teinu
n33uIsMIsAnRaIRludletuNIuIedIN aunse
Prevlstmveantdiiiu

Table 7 Timing for the degree of cooked rice in boiling water comparing between processed rice and

un-processed rice

Degree of cooked rice (%)
Brown rice variety Cooking time (min )
5 10 15 20 25 30
un-processed rice 0 20 80 100 100
Khao Dok Mali 105
processed rice 50 100 100 100 100 100
) un-processed rice 0 0 30 50 100 100
Homnin
processed rice 20 100 100 100 100 100
un-processed rice 0 0 30 70 100 100
Riceberry
processed rice 30 100 100 100 100 100

Remark: 0 % Degree of cooked rice = Un-cooked rice

100 % Degree of cooked rice = fully cooked rice

1.6 NISNAABUANURANIIANUNLAVDILNEARNE
a a ¢ = 1 < . .
LAT9IATIERANUNTNDE1951A152 Rapid  Visco

Analyser (RVA)
INNITANYINITUALULUAIAINUNLAVDI

Wadd1Inie 3 anewug  nudligukuueInis

Wasuwlasluanwagifvadu lagain  Figure 1

1 = d‘ a a

WAy 2 nudimunile o Ie7indin (peak

viscosity) warauningaving (final viscosity)

9999MNNIUNTEUIUNISHAaRaT LplUSeuieu

AUNINMURIUNTEUIUNTT W99t UTUABUNNS
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nan Usznausedunounislfannudeuuds nsud
waznisiedeleth mnudeuiildavsinlfiannis
WwanAludwduifiovauysal wandinsesuen
wazdinsilasundasinssadrenislusssuveudn
(crystalline)  vinlwus9s9usENINgdIU crystalline
uaz amorphous  axiUasuly ethumsgn win
wthazgainldiitu dwmaliuwaliumafaauas
ANUNLRanad [16, 211 NSEUIUNISIHAINUTOU
wenaniinarensiUasundasmnumiauaznisiin

LALkAD JIAINAMBAN setback  NiANanALLLB
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Figure 1 Viscosity profiles of un-processed brown rice flour by RVA
A = Khao Dok Mali 105 brown rice
B = Riceberry brown rice

C = Homnin brown rice
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Figure 2 Viscosity profiles of processed brown rice flour by RVA
A = Khao Dok Mali 105 brown rice

B = Riceberry brown rice

C = Homnin brown rice
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Table 8 Sensory evaluation of brown rice using 9-point Hedonic scale
Hedonic Score
Brown rice variety Overall
Color Odor Taste Texture .
acceptability
Khao Dok | un-processed rice | 7.47+1.13° | 7.27+1.83° | 7.53+1.13" | 6.601.30° | 7.00+0.76"
Mali 105 rocessed rice 733+1.19° | 7.33+2.02° | 7.46x1.77° | 7.33x1.88° | 7.60+1.12°
P
o un-processed rice | 6.53x1.30° | 5.47+1.46° | 567+1.72° | 573+1.22° | 5.67+1.50°
omnin c C
processed rice 6.33:1.11° | 5.20£1.97° | 573+2.02° | 6.53+1.46" | 6.20+1.57
. un-processed rice | 6.53+1.51" | 6.1322.06° | 6.80+2.26° | 5.80+1.01° | 6.33+1.18°
Iceperr
Y [ orocessed rice 6.00+1.65 | 6.40+1.76" | 7.07+1.67" | 6.60+1.24" | 6.80+1.52
Ratio of | un-processed rice | 5.73+1.75" | 6.00+1.85" | 6.27+0.96° | 5.33x1.11° | 6.00+1.20°
mix brown b b b b c
e 111 processed rice 5.80+2.14" | 5.73+2.12" | 6.27+1.62 | 6.33+1.63 6.33+1.99
rnce L:1:

Remark: Data are expressed as means = SD (n = 15).
a
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"> Means with the different letters in the same column are significant at p<0.05
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