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Production of Brown Rice Malt from Upland Rice in Chiangmai Province
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Abstract

Pilot plant scale of brown rice malt production from 8-varieties upland paddy rice was devided
into 2 categories, 4-varieties of sticky rice; namely, R 258, Khao Pong Kri, Sewmaechan, Mueynawng
62M and 4-varieties of non-sticky rice; namely, Namru, Daenghom, Jao khao and Leesaw. This research
was conducted to investigate the effects of steeping and germination temperature comparing between
20 and 30°C. The result revealed that all varieties had the highest content of vitamin Bl at 30°C
malting temperature. The sensory evaluation by organoleptic test indicated softness, stickiness, glossy,
aroma, taste, color and overall acceptance were the same level of slightly like to moderately like. On
consideration of the increasing of vitamin B1 content, Daenghom and R 258 were selected as
representations of non-sticky and sticky varieties. The highest content of vitamin B1 were found at 48-h
and 60-h of germination for Daenghom and R 258, respectively. The accumulation of vitamin B1,

gamma-amino butyric acid (GABA), and fiber in Daenghom were 33.0, 2.9 and 1.2 fold, respectively
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while R 258 were 14.7, 1.6 and 1.4 fold, respectively.

Rancidity parameters of the final product from

R 258 and Daenghom were decrease from brown rice which was according to the heat in the malting

process. It was found that the average of free fatty acid, peroxide value and TBA were decreased to

2.7, 1.4 and 1.4 fold, respectively.

Keywords: germinated rice, malted rice, rice malt production, upland rice
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M13199 1 YSuauansniun (un./100 n.) lunissenvestniiiennile 4 aneiug Neaumall 30 uay 20 C

Fla9n1s 915 258 nlalad WILEUD9 62 154 Fualdu
o 30°C 20°C 30°C 20°C 30°C 20°C 30°C 20°C
0 2.28i0.00 3.49io.oo 1.04J_¢o.o1 2.25%0.00| 8.38%0.00 6.23i0.00 1.044;0.01 6.89710.00
3 9 9 3" o 3 2 9°
’ 2.81J_rho.oo 3.754_20.00 2.36J_rho.oo 5.3oi¢o.oo 16.55io.o 4.10£0.00| 1.50%0.00 7.42%0.00
6 7 7 9 12 3¢ 7" 9°
” 3.574_;0.00 4.501;0.01 3.62if0.01 6.84ig0.00 17.17J7ro.o 5.19J_rjo.oo 2.33J_rgo.oo 5.294_;0.00
7 0 3 6 21 3 6 6
36 4.1oico.oo 5.12ieo.oo 6.22-1_;0.01 5.9oiho.oo 19.59%0.0 11.16?0.0 4.114_;0.01 3.55ifo.oo
9 3 2 9 29 09 9 9
08 2.84iho.oo 6.9410.01| 8.53%0.00| 9.40£0.00| 20.5710.0| 11.9610.0| 2.8520.00 4.3210.00
1 2 6 9° 18° 12' 7 9
60 3.634_;0.00 7.66ib0.01 4.19J_reo.oo 8.17‘|_‘f0.00 22.014{0.0 14.57J_bro.o 3.85J_reo.oo 3.3210.00
6 q 6 3 10 03 9 3
- 3.117%0.25 5.91%0.01 1.55J_to.02 19.7010.0| 29.4430.0| 15.33%0.0| 4.03%0.01| 1.02%0.01
0° 2 6 06" 08° 24 g’ 2"
84 4.144_20.00 6.944_;0.00 3.0910.02| 11.58%0.0| 37.14%0.0| 13.5010.0| 5.1230.00 0.76i0.01
1 9 4 13° 14° 03" 6 0
9 3.39ifo.oo 3.32ijo.oo 3.61‘|_‘f0.00 9.55ido.oo 38.01?0.0 13.93%0.0 6.82ib0.0l 3.33igo.oo
6 6 6 7 25 10 2 6
108 5.98iao.oo 8.491;0.00 7.251;0.02 11.14%0.0 26.74%‘0.0 9.68J_rho.o1 7.21J_rao.oo 4.33ido.oo
8 3 4 01 21 0 6 7
120 4.701:000 4.29710.00 11.1030.0 5.60i0.00 22.6710.0| 13.2610.0| 2.35%0.00| 4.13%0.00
0 9 03" 9 22° 09° 3¢ 9°
Fuauiidsnusiiumesilusnuanatuegsdifoddymeanntussiumudesiio5%(p<0.05)
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M19199 2 YSnaansniun n/100 n.) lunssenvestniilfionidn 4 aneviug Ngamnil 30 uaz 20 C

Falawg LR 1hs uPanBY 131917

?;: 30°C 20°C 30°C 20°C 30°C 20°C 30°C 20°C

0 5.861&0.13 3.334_;0.00 5.164_;0.00 7.35i-io.oo 4.494_;0.00 2.65ik0.00 3.87iho.oo 1.75#0.00
0 5 6 3 3 9 7 6

T 5.864_;9.13 4.311;0.00 5.68ie0.00 7.89if0.00 5.74J_reo.oo 3.68ii0.00 3.56"_;0.00 1.25iko.02
0 6 3 6 6 3 6 0

” 6.454_;0.00 8.124_;0.00 6.45ico.oo 7.9oifo.oo 4.744_;0.00 3.29ijo.oo 5.91J_reo.oo 1.52J_rjo.oo
9 0 0 3 3 3 7 3

36 6.464_;0.00 6.39iCO.01 6.97J_rbo.oz 8.454_20.00 6.96iCO.OO 6.99J_reo.oo 3.11J_rjo.oo 4.35%0.00
6 0 0 3 3 3 3 6

4 5.844_;0.00 5.631:000 7.744_;0.00 10‘65?0.0 6.96iCO.OO 7.23ido.oo 9.704_;0.00 8.96id0.00
3 6 3 06 7 6 7 3

60 5.73ico.oo 6.751:000 6.22ido.oo 7.74iho.oo 7.104_20.00 7.62ico.oo 9.974_;0.02 10.33?0.0
3 6 9 3 7 3 0 06

- 5.33-1_;0.02 4.36ieo.oo 4.92igo.oo 8.75‘|_;0.01 8.36ia0.00 9.12iao.oo 6.44ido.oo 9.064_20.00
0 3 3 0 9 7 6 9

84 5.06ieo.o 4.361;0.0 4.35-!_-ho.o 8.25ido.oo 4.32iio.o 7.704_;0.0 5.17if0.o 9.13-!_;0.00
03 03 06 6 06 09 10 9

9 4.431;0.0 4.364_;0.0 4.12#0.0 7.784_;0.00 5.251;0.0 6.41ifo.0 6.95“_‘CO.O 7.28ieo.oo
06 03 10 0 20 06 03 9

108 4.384_;0.0 4.36J_reo.o 6.23"_;0.0 6.47iJO.OO 6.56id0.0 6.144_;0.0 3.604_;0.0 4.95ifo.oo
03 03 10 9 03 00 06 3

120 3.08iho.o 4.36J_reo.o 6.22J_rdo.o 8.08ie0.00 3.73ijo.o 5.96‘|_;0.0 3.4oiio.o 4.434_;0.00
06 03 06 3 09 10 03 0

fuaviifisnusmiusmsilusuasuaniuegsditeddymeadilusssueudediu 95% (p<0.05)
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#1 WasniiAsldmdleldgaumgiilunissendisinia
wudefuidenmietlunsedl 1 denndesiu
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duasgrarsniuttuiivitaunsagnnsegulaain
AUAARUNIENINLINSDULTU NTTOANIEAIULE
waziosnmsazaunun Budutuainianssauves
ouleyd  glutamate
(EC1.1.1.15) ety anmeditaedniiliin activity
lauannagyilvdinisazsauniuilaunnauluaae
(Shelp uazAnlz, 1999) wazfI@DAAADIAUTIEIU
284 Cholewa wavay (1997) Tenanidanisifinty
2941101 Tu mesophyll

decarboxylase %38 GAD

cell B3 Asparagus
sprengeri (A. densiflorus) 9MNMsUNNRUMTAlAY

WuINsuNfgamall 20 °C Wuan 15 wil

anzguvgiifimnzaudian awnsanszduliiead
Funsrginrualduindu aan 2.7 1Hu 5.6
nmmol/10° wwad TngeSunedn cold shock a¢ly
ﬂizél:um’iﬁmﬁwuad signal transduction pathway
ffnaluifinusunn - Tulelananady Fudu
aaFUszneuveslUsiu CaM-binding protein 7idu
co-factor wpataulesl Fetnurl  GAD vieulan
f97u ifan1sidsunsangminiduniuildunty
diesanidueulesivfia PLP-dependent enzyme
ey calmodulin — dependent enzyme %ﬂﬂﬁlﬂﬁ
atuayulassairsveaeulesdd Baum  wazamy

(1993) wwesneaulidnaie

M13199 3 USunadniiud 1 @n./100 ) luniseenvestifenviled 4 aneud Ngumail 30 uag 20 C

1319015 815 258 SR EVN WNEUDY 62 18y Fouaddu
98N 30°C 20°C 30°C 20°C 30°C 20°C 30°C 20°C

0.0440.00 | 0.04£0.00 | 0.02%0.00 | 0.0420.00 | 0.0240.01 | 0.02£0.00 | 0.01£0.01 | 0.02%0.00

0 o . 5 o of L L 5
0.08%0.00 | 0.08+0.00 | 0.0440.01 | 0.0430.00 | 0.09F0.01 | 0.09%0.00 | 0.0530.00 | 0.0230.00

12 r e I < 0° 5 g o
0.16%0.00 | 0.0930.00 | 0.0530.00 | 0.0530.00 | 0.1440.00 | 0.10%0.00 | 0.0530.00 | 0.0230.00

24 o 5 d 5 6 59 5 5° 5
0.2140.01 | 0.15%£0.00 | 0.04%0.00 | 0.0630.00 | 0.1840.00 | 0.10£0.00 | 0.05%0.00 | 0.02%0.00

36 Oe 3 c 4d 7c 3 c 3d 3 b 2d
0.52%0.00 | 0.20+0.00 | 0.07+0.01 | 0.0610.00 | 0.22+0.00 | 0.13%0.00 | 0.023+0.00 | 0.0430.00

a8 9d 3bc 5c 4c 3b 3b:: 3c 1c
0.87%0.01 | 0.2240.00 | 0.08+0.00 | 0.10+0.00 | 0.2630.00 | 0.09%0.00 | 0.0530.00 | 0.0630.00

60 2’ 3 3° 6° 3° 3¢ 3° 0°
0.8310.00 | 0.24£0.00 | 0.15%0.00 | 0.1130.00 | 0.2530.00 | 0.15%0.00 | 0.02%0.00 | 0.07£0.00

72 3a 6a 3a 3b a 6a 3c 3a
" 0.7240.00 | 0.2440.00 | 0.1330.00 | 0.14%0.00 | 0.2330.00° | 0.1240.00 | 0.04%0.00 | 0.0330.00

7b 9 3b 33 b 3c 8bc 8cd
0.64%0.01 | 0.2330.00 | 0.1330.00 | 0.1130.00 | 0.2440.00 | 0.14%0.00 | 0.0830.00 | 0.0230.00

96 2c 3ab 3 b 1b 3ab 3a 3a 3d
0.7330.00 | 0.21£0.00 | 0.12%0.00 | 0.1330.00 | 0.2530.00 | 0.15%0.00 | 0.08%0.00 | 0.04%0.01

108 9b 3b 9 b 7a 6a 3a 8a 3 C
120 0.76%0.00 | 0.2440.00 | 0.1240.00 | 0.1430.00 | 0.2610.00 | 0.14%0.00 | 0.0810.00 | 0.0730.00

b a b a a a a a

il 9 8 2 3 8 3 1
favnionwsmaumsiululusuanasiueglitud 1Ay adfluseaunugesiu 95% (p<0.05)
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903197t 3 letiiuszeziaanlunissen
Umadmiu 1 Sunldndivaniudu uasiug
sedfugean Dnduiiuunltiuasfiuasdsunuuiiviion
fulutmnaneitug ldiwihnsseniigamgdl 20 vide
30 C lngseaugeanveddnndud 1 wenanuusiu
muaeiuginey Gudsdumuaungiiluniseen
#8 Yamada wag Kawasaki (1980) léesurenisiiia

Aanssuveeulysl 2 ¥da Ae thiamine phosphate
synthase Wag thiamine diphosphate kinase %1
wihfidauasewmiud 1 lnsanefivanzauves
nsviheuveteulasife pH 7.0-7.5 wavamungil 30 -
35 C Fuduanzisfiortunisiendiouead uas
1AR15197 3 aansaagdlaingumgindnalitans
Anfiud 1 Tuvsunugaesiilstraniedlusses

a a a ! )
P2IMUUY 1 MUUNAUIRIN

n1590n Ae gaumnni 30 C

A15197 4 UTInaindud 1 @n./100 n) lunseenvesdniiudenidn 4 aneug Meamall 30 uaz 20 C

4

Fluans q90 3 upgviay 11U
380 30°C 20°C 30°C 20°C 30°C 20°C 30°C 20°C
0.02%0.0 | 0.02£0.0 | 0.1030.0 | 0.0610.0 | 0.06310.0 | 0.051£0.0 | 0.0510.0 | 0.03%0.0
0 03' 03° 08™ 01’ 07’ 03° 03° 03°
1 0.0430.0 | 0.0530.0 | 0.07£0.0 | 0.24+0.0 | 0.1710.0 | 0.14%0.0 | 0.0910.0 | 0.04%0.0
03° 03° 03° 06 03° 10° 03' 06"°
0.0610.0 | 0.0420.0 | 0.11£0.0 | 0.2510.0 | 0.133+0.0 | 0.15%£0.0 | 0.13+0.0 | 0.05%0.0
2 10° 03’ 03° 02" 03° 03° 10° 03'
0.1130.0 | 0.0420.0 | 0.23£0.0 | 0.2310.0 | 0.2520.0 | 0.20£0.0 | 0.19310.0 | 0.05%0.0
50 03¢ 03’ 03° 03 03¢ 06™ 03¢ 06'
0.12140.0 | 0.053+0.0 | 0.17£0.0 | 0.2240.0 | 0.363+0.0 | 0.21£0.0 | 0.16+0.0 | 0.0910.0
9 03° 09° 03> 06> 03° 03> 0a° 03°
0.1130.0 | 0.0810.0 | 0.17£0.0 | 0.2710.0 | 0.35+0.0 | 0.24+0.0 | 0.21+0.0 | 0.12F0.0
60 03° 03° 03> 03 06° 03 07" 03°
0.1810.0 | 0.15320.0 | 0.18+0.0 | 0.2910.0 | 0.3430.0 | 0.25%£0.0 | 0.2310.0 | 0.19%0.0
2 03° 03 03 06° 03" 06° 03 03°
0.17£0.0 | 0.13%0.0 | 0.1510.0 | 0.2530.0 | 0.3310.0 | 0.24£0.0 | 0.2510.0 | 0.22%0.0
. 03 03¢ 07° 03 12° 02 03’ 06"
0.1240.0 | 0.1930.0 | 0.19£0.0 | 0.12+0.0 | 0.3530.0 | 0.22%0.0 | 0.25+0.0 | 0.20=%0
%0 03° 03° 03 02° 03° 01 03° 06
0.1510.0 | 0.1830.0 | 0.18+0.0 | 0.1510.0 | 0.3430.0 | 0.19£0.0 | 0.24140.0 | 0.2530.0
108 03" 03% 10> 05° 01% 03° 03° 03°
120 0.1610.0 | 0.15320.0 | 0.15%£0.0 | 0.1720.0 | 0.333+0.0 | 0.23£0.0 | 0.2510.0 | 0.2620.0
03" 03 03¢ 03¢ 01° 03 03’ 03°

o v

favnionwsmauasiululusuanasiue g1 litud 1Ay adfluseaunugeiu 95% (p<0.05)
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35 way 45 °C wasnumsiuIue e tud 1 Tu

4.2 wansuszLiiunun nNeUsEana Ul
Tandeweantiils
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Hedonic Scale lutnindesuead 8 arewug lu
Fuslaamaly §1udu 55 AU wanawalunisnedl 5
nudguslaalinisseusuludadeaiiudu Ay
wilen 1@ousiu ndu 5@ @ uazauvouTINegly

Fvsaedaeiiug Jrunged 35 °C

A5 5 NansUsamdusanaueandnils 8 anewug

seaunlunansnsTuArRUIENTR R UUIUNaS

[

]

nay p . - 4 o 2 o
,,q ﬁ’]EJ‘W‘L!ﬁq ﬂ'.l'llll;lll AIULNAUYD LADUNU Nl d 5l AINUYDUIIN
U1
915 258 694129 | 692137 | 63+1.70™ | 83+0.95" | 8.0+1.05"° | 6.141.20" | 7.241.03"
e grldslad | 694129 | 694137 | 63+1.70" | 84170 | 7.8+1.14"° | 6.241.32" | 7.241.03"
willen Fualdu 694129 | 69+152" | 63+1.70™ | 84+1.70"° | 7.9+1.20" | 6.141.20" | 6.9+1.45"
Wioues 62 183 | 6.8+1.23" | 714158 " | 63x1.70" | 8.4+1.70" | 7.941.20" | 6.121.20"° | 7.2+1.03"
13 70151 | 724158 | 6.4+1.78" | 824132 | 842097 | 6.0+1.76" | 76+1.43"
41 WAIvION 712160 | 7.021.78" | 6.0+1.78" | 82+1.14"° | 7.8+1.32" | 6.641.26" | 7.641.42"
131 W 714151 | 712165 | 63+1.93" | 85+1.08" | 83+0.95 " | 6.8+1.48" | 7.0£1.15"
P NS NS NS NS NS NS NS
A0 70+151" | 73+1.68" | 6.44206" | 85+1.08"" | 83+095" | 6.741.63" | 7.0+1.15

@

favnionwsiniu NS wdsuiuluwuas luunanseiusgraliduddgnisaialuseduauiiiotu 95% (p<0.0)

2ne9197 5 wuweaRdline 8 aneiiug
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AnLianagiugfmunuInd1Imiletnazdnignag
fnsanswivmnaioniud 1 dadugeuioves
frmeadie Hesnnsfiutuvesiandiud 1 lu
Frueadiuegluseduiianuisniiuindadnsly
WanAuailaings (high) v3egau (rich in) na1fed
Usinalsisiinindesay 20 vesAfuuziliuilag
Usgdrfudmsuaulneengious 6 Viull wie Thai
Recommended Daily Intakes-Thai RDI #nuUs N
nsgnTNAISITNAY altiufl 182 (2542) el uile

N15U1NUSUIUA Thai RDI Anuslifseau 1.5
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M19199 6 AUNIMNNINIEAN 1Al karAuYSY Wisumeuseninsdnueadiazd1Indes

o ts | smemsiiass yﬁﬁnmﬁmm% 258 : i YT AINDY :
! RN UBDAR RBRN UBAR
ALY (%) 10.53£0.15° 8.3410.06" 10.50£0.06° 8.1310.06"
A L 85.3010.06" 74.3210.06 833710.00° | 789810.13°
- a 0.920.06" 1.63£0.14° 0.9010.15" 1.3240.06°
b 15124015 | 17313000" | 153010.13" | 16.34+0.13"
BU: /i:l?ty 0.8110.05" 0.80.20.03" 0.8410.04" 0.821+0.03"
W35 (%) 1.1240.08" 1.24+0.08" 1304006 | 1314016
oy (%) 2.80+0.64"" 2.90+0.64"" 3891015 | 3.90+0.15"
Too1vs (%) 2.1410.01" 3.06£0.09" 2.6140.06 ™ 3.1710.17°
WWsfu (%) 1050+1.95" | 1048t196" | 840t1.92" | saet195™
mslulawnsn 06) | 72914850 | 7298t82" 7330181" | 75.03t7.7"
- (f:j;izz; 0.0430.03" 0.59%0.06 0.0130.06" 0.3310.03"
nu1 (mg/100g) 2.27%0.06" 3.6510.02" 2.3740.01° 6.9810.23°
theasa (mgo) | 0.840.06° 11.9040.12° 1.9840.32° 5.96+0.06
weillaa (%) 8.41%1.24° 7.01%1.24° 24.844001" | 23.07£0.03°
nialududase (%) | 1.4510.15° 0.4610.15" 1.08+2.34"° 0.4710.05"
wefoenlud (g/Kg) | 25744183 19.20+1.65 28.0640.09" | 16731173
TBA (mmole/Kg) |  12.6540.02° 8.5510.15" 11.5941.03° 7.65 £0.09°
Total Bacteria 5 4 4 3
o e 2.5x10 1.5x10 2.2x10 1.1x10
R Yeast & Mold
o 180 75 125 59
aufidenusiiu a,b,. Arsfululuiueu LmﬂGmﬁ’uasmﬁﬁaéwﬁ’fymmaaiuizﬁummL%aﬁu%% (p<0.05)
9
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il Wolfgang (1999) laasurginlunisimisuuean
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maillard  la@1s melanoidins ﬁiﬁﬁﬁﬁmaum
(reddish-brown color) ileriunisivirufou uay
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(2550) TLUSouisuadseninetniueaduazd
ndesmuaunuindiineadidinuainaiingy
Tuvairfifiedunaazindosgeniidondes uaziile
N1541310A1 bulk  density Wu3191INDaRINNS
anadwe9A1 bulk density 919190809 Tneiily
wal A1 bulk density Tugnafiannngu 0.56-0.86
g/cm’ WANANNAINEIBW LTI (Battachaya  Way
Ay, 1972) Wawdouluteadnanananas su

LﬂumaLﬁaamﬂLmﬁmﬁﬁnuaaﬁﬁmquumﬂ%uam
assurunsldiAnnssen nawian (2545) &
a3u1891 bulk  density 7iflA161 wansIueand
Snvauzudafidnuaziiandalulsuaiitesnia
w31z bulk density Tlunsnsiaasunisitnluges
ameanivveseulull anfuiigngesunn An bulk
density 398089 daudad1afifian bulk density
10 wanedaiiduesaniviieulesiddos Ll
wideegunn dnsunsidsunlasesuunaluiy
waglusiu Tudndeseasnuinliunnaieannda
ndes denndesduiilusieauidesiuauuin
(Briggs, 1998) ; (Wolfeang, 1999) fina1vinaws
azanmdnigndesaanoiiielfidundsaudniunis
Lﬁ]qizy,LLazmiwmﬂwaﬂ arospire  lagrootlets i
wiafiaen wansueadiidnuasudafidnuasd
amsaluusunadivesninmsiz bulk density T4l
msthanldou feamsy iesndvSunadianndu
Surunilsludndedoas 5063 uazuuunueladle
$refign Taunvlddunaiunsiddsuulaswes
Umnailufunselusiudegneesaansludidusionn
uwiludnsfidndn uenannd  Haris (1962) s
s1g9utsUsuaecleiilag 1WSsULABUTERING
Vistaduasueasniee nanfeusinameilaainuly
weas Aty 6.37 anasainuiiiadded 6.72
n%1/1000dn  d@enAdasiunisanasasaniivd
s1891ulay Wolfgang (1999) 2 ni3usiu 63%lu
visiad 1Wu 58% lunead wazlunisiwSuulead
ADIAING wunnsinTuvesthaasiudadunaun
Insdonan1sy 300% Fslunisnaassnlane
HOARABINU LATEDARGBINUIIBIUITENISINT L

11n89999N31NT1TEUM 1 uazU1INeNUza105
Tae¥ann g wagany (2550) invuidledanis
senUsinameiladanasmindnindes daunsiiudy
vosSnaleamsuazussis iunaainnislden
S ous wifura (hydrothermal modification)
Juliano (1972) wag Juliano way Bechtel (1985)
oSudvihlvinisBadeveadevuudauasifonodn
Tsudsnadnuuuuiutuidoriuna wazfsiognda
wisauarinfiunguiiazaneildfanidetuna
LLaz%ﬂé’LUﬁaﬂﬁﬁ’auaﬂ%aLuﬁwﬁnvﬁﬂgﬂ,auim
alfsusuluvesiuda d1uiunisanasednsd
dodAguensaluiudasy Anwesesnlenuayan
T8A  Junaeinaudeudiunsadudueuled
lipase figamgil 100 °C (Champagne,  2003);
(Shastry way Raghavendra, 1977) uaviteulad
lipoxygenase ‘ﬁqm%ﬂ“ﬁ 60 °C (Ekin uazAMy,
1977); (Ory wag Flick, 1992) NaN15953988U
AUNINYNIAUTE SN UUTIN QAU S avnaLay
FrurudadsidiiniinaeiuinsgiugnaI gy
Frsufsduiagl 393 (2524) Asimuayiaa
Qdunidanualilaiiu 1x10aladdonsy woz
Tunudadsliluiiu 100 lelellsiensy
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