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ABSTRACT

Hom Bai Toei rice (Cultivar 85) is specific-pandan flavour rice from Thailand that has soft
texture when it was cooked. Hom Bai Toei rice can be consumed either in a form of brown or milled
rice. After harvested, paddy rice is dehydrated by sun light to reduce the moisture content until its
reached 14% or below. Then, paddy rice is dehulled to obtain brown rice. Furthermore, brown rice is
removed bran and germ to obtain milled rice. The quality of cooked rice was affected by rice and
water ratio and also the duration of aged rice. At present, ready-to-eat foods are of important and the
market share has been increased rapidly. Since people do not have time for cooking. Therefore, this
research was to study the effect of storage time on the rice quality, rice to water ratio on cooking
quality as well as to investigate the sterilization process to produce ready-to-eat rice in a retort pouch

and to monitor the quality of cooked rice during storage.

Fresh Hom Bai Toei brown and milled rice was packed in Nylon/LLDPE plastic bag under
vacuum and non-vacuum packaging and storaged at room temperature for 6 months. Each month,
Hom Bai Toei brown rice and milled rice grain was determined for physical, chemical and
physicochemical properties. It was found that the properties of Hom Bai Toei brown and milled rice
that was kept under vacuum and non-vacuum packaging changed during storage (p<0.05). Hom Bai
Toei brown rice that was kept under vacuum packaging had lower rancidity than the one that was kept
under non-vacuum packaging during storage (p<0.05). The thiobarbituric acid value (TBA) of fresh
Hom Bai Toei brown rice was 0.55 mg of malonaldehyde/kg sample, while the TBA values of
non-vacuum and vacuum Hom Bai Toei brown rice that was stored for 6 months were 1.15 and 0.97
mg of malonaldehyde/kg sample, respectively. In addition, the TBA values of fresh Hom Bai Toei
milled rice was 0.46 mg of malonaldehyde/kg sample, while the TBA values of non-vacuum and

vacuum Hom Bai Toei milled rice that was stored for 6 months were 1.07 and 0.84 mg of
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malonaldehyde/kg sample, respectively. Hexanal that acts as a main volatile oxidative product
increased during storage (p<0.05). While, the specific pandan flavor compound, 2-acetyl-1-pyrroline
(2AP) decreased during storage (p<0.05). The peak viscosity, final viscosity and setback viscosity of
Hom Bai Toei brown and milled rice that was kept under non-vacuum and vacuum packaging
decreased during storage (p<0.05) with an increasing of crystallinity and enthalpy of gelatinization

during storage (p<0.05).

The effect of rice to water ratio on the quality of cooked rice either fresh or stored
Hom Bai Toei brown and milled rice were investigated. Fresh Hom Bai Toei brown and milled were
packed in a Nylon/LLDPE plastic bag under vacuum packaging and stored at room temperature for 6
months (Stored rice). Fresh and stored brown rice (the 6" month) were cooked with rice cooker by
using various ratios between rice and water (1:1.5, 1:2 and 1:2.5 w/w). Meanwhile, fresh and stored
milled rice were cooked by using various ratios between rice and water as 1:1, 1:1.5 and 1:2 w/w. The
suitable ratio between rice and water was selected according to the sensory evaluation score
(9-point Hedonic scale). The result showed that appearance, colour, flavour, texture, taste and overall
liking scores of stored Hom Bai Toei brown and milled rice were higher than the fresh rice (p<0.05).
In addition, the stored Hom Bai Toei brown rice with the ratio of 1:2.0 (rice: water) and stored
Hom Bai Toei milled rice with the ratio of 1:1.5 (rice: water) was selected. This was due to the
highest score in appearance, texture and overall liking scores (p<0.05). The hardness and
adhesiveness of stored Hom Bai Toei brown rice were 54.81 and 2.61 N, respectively. While, the
hardness and adhesiveness of stored Hom Bai Toei milled rice were 27.05 and 2.90 N, respectively. In
addition, it was found that stored Hom Bai Toei brown and milled rice had lower 2AP than the fresh
ones (p<0.05). However, high hexanal content was noticed. Fresh and stored Hom Bai Toei brown
and milled rice which was cooked with high water content had higher in moisture content, water

uptake and elongation ratio than those with low water content (p<0.05).

In order to produce ready-to-eat rice, this reseach was aimed (1) to optimize the soaking time,
(2) to investigate the heating process time (F;) and (3) to monitor the quality of the ready-to-eat rice
product during storage. Firstly, Hom Bai Toei brown and milled rice were soaked in boiling water and
monitored moisture content and degree of gelatinization every 2 min in order to find the optimum
soaking time. The result showed that the optimum conditions for brown rice were 8, 10 and 12 min

and milled rice were 6 and 8 min. The moisture content and degree of gelatinization of Hom Bai Toei
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brown and milled rice were in the ranges of 60.01-64.64% and 70.78-89.93%, respectively. Next step,
the sterilization process of cooked Hom Bai Toei brown and milled rice was investigated. Rice was
packed in a retort pouch 125 grams/bag, then sealed and sterilized in a retort at 118°C with pressure
23 pound/square inches. The heating process time of Hom Bai Toei brown rice was 26.30 min
(F, Formula = 4 .29 min), while heating process time of Hom Bai Toei milled rice was 23.30 min
(F, Formula = 4 .08 min). The sensory evaluation 9-point Hedonic scale was monitored for
Hom Bai Toei brown and milled rice that was packed in a retort pouch. The result showed that Hom
Bai Toei brown rice in a retort pouch that was soaked for 10 min under boiling water and Hom Bai
Toei milled rice in a retort pouch that was soaked for 6 min under boiling water had the highest score
in texture and overall liking scores. The hardness and adhesiveness of cooked Hom Bai Toei brown
rice were 54.83 and 2.62 N, respectively. While, the hardness and adhesiveness of cooked
Hom Bai Toei milled rice were 26.88 and 2.89 N, respectively. Finally, Hom Bai Toei brown and
milled rice in a retort pouch was stored under room temperature for 6 months. The changes in
physical, chemical, physicochemical properties as well as sensory evaluation in each month were
determined. It was found the retrogradation increased in all treatments during storage (p<0.05). It was
considered as the increasing of enthalpy and hardness (p<0.05) and the decreasing of moisture content
and adhesiveness (p<0.05). Texture and overall liking scores of Hom Bai Toei brown and milled rice
in a retort pouch decreased during storage (p<0.05). Therefore Hom Bai Toei brown rice that was
soaked for 10 min and Hom Bai Toei milled rice that was soaked for 6 min before packing in a retort

pouch and sterilization had the highest in texture and overall liking scores (p<0.05).
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Figure 2 The crystal structure of A-type (A) and B- type (B) and X-ray diffraction of crystal
A-type, B- type and Vh-type (C)

Source: Buleon (1998)
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Figure 3 Analysis of changes in the viscosity of starch with Rapid visco analyzer (RVA)

Source: Dengate (1984)
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Rice Protein Lipid Fiber Ash Carbohydrate
(%) (%) (%) (%) (%)
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Source: Juliano (1993)
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Figure 4 Changes in the chemical composition of rice grain during storage
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Figure 6 Retrogradation of starch

Source: Fruton and Simmonds (1958)

4.2.6 MINAFOUNNYUIEaMTUNT (Sensory evaluation) AINITALAAIDIAINITHONTY
a X a I
19905 Inald ¥9n15Usziiunauren Taeld 9-point Hedonic scale 1Y un1snaaounis
UszamdudadszinnuilaNizdszidiuanurondingn Tasnarsaiain anvuzdlsing &

2 dal v W d an ~
AU IUDTUNT ngﬂ?'lllalf@lliﬂﬂiﬁlﬂ (]l‘WIii]u 38913, 2545)

g d’d 1 9
4.3 fadenlnanonuINIIgn
9 é! v W 1 9 [ %’ <3 [ I
ﬂmﬂ’lWGU@\‘]GU'I'J’EZfﬂFﬂgeUUﬂ'U’ﬂﬁi'lﬁ'Ju"U']')@@u'l HAZISYSLIATINITIINUINE !,ﬂu
adsdngaonssous uuoIRLS 1nn
IS o a 1
4.3.1 Wﬁellf]\1§$ﬂ$ﬂ1ilﬂﬂiﬂH’l%’nﬂUﬁ@ﬂmﬂ’lW"lT’n/Qfﬂ
3 o 9 a [ 1 9 9 A A < o 1
Lﬂﬂiﬂ‘l&l’l"lﬂ'}ﬂﬂﬂgﬁ\iWaﬁ@ﬂmﬂ’lW"UTM:fﬂ Tﬂﬂ"lﬂ’mmnNmmilmﬁﬂmmum1
A ~ ) ' J 1 A 9 A o <3 9
6 D ULTINIT V1IN (ﬁuﬂﬁﬁlaiﬂq@ﬁ’lﬁﬂiiiJﬂ’liLL‘]Jiqﬁ;‘]J"U’l'J, 2551) BHTWIVIUAAUDIUTI
' a o 1 9 A A < A = 1 9 A ° 3 9
’Qfﬂ%ﬂmmmﬂﬂu FIUVINENINTIUNITINULNYINITLTUN I 6U’l'flsl,‘ﬂll mamm’kjﬁma@mnqﬂ
a o J 9 1 Y 1 [ Y 1 ] o dy v o 9
imzaanuiuneuLaz Ao UYL ﬂ'ﬂiflﬁll-!’ﬂ']sll@\islﬂ'mgﬁQNﬂﬁ@ﬂﬂHﬂwLu@ﬁuﬂﬁﬂ]@ﬂﬂ]’n

S o 1 &’ Y 1 v °
gn Ohno LA Ohisa (2005) ﬁﬂy']Wﬁﬂl@\iﬂ']ﬁLﬂﬂﬁﬂ]%lTWQLu@ﬁiJWﬁSU'(’)QGﬁJTJGl‘I’TﬂJLLagLﬂ"l Tﬂﬂm

v J

9 . A 3 A o A I 99 o 1 g o 9 o 1
V1INUTG Japonica NWIUNITNULINYD mmﬂmwaiﬂmnﬂmmﬂm mﬂuummnwmﬂﬁu

E]

3 o N A ay A A I VY o
Lﬂ‘]Jﬁﬂ‘]&l"liquWﬁ"lﬁﬁﬂ Uiﬁﬂllﬂﬂqmuig"lﬂw’f qumﬁﬂll‘ﬁ'ﬂﬂ HUIU S 1IAU LW'E]GlW]’lﬂ"UTJsUﬂsU"I'J

U

i wazihdnuiihldgnlaethdnInduazdranmedisas 10 niu laludreezgiifion @y

v
o

¥ A aa 1y 9 < o v aa 9 AA A
U1 16 Uaaaag LLGIf“]J"ITJllfJ U 1 GB’JIIN ’I]Tﬂuuu']ﬂ?flﬂggNLUﬂN?TQjUﬁN@WNHTLﬂ@@ UIU 12

[

S 9

= 1 9 = j‘ S [ "9 1 A a 1T 9 [
PN WU TAUMNHBTAANULTININNNV N WY tazlinnisinzaantiseni1v121ny
A 1 3 o = 3 9 a aaa a o o Y = a
weannlusgninamunuiner Tusauluwaatnunalgnsecondadu sl lsauna
o ] s A g dy a a 9 1
wuseladalWdtiuvy (Ohno er al., 2007) UBNIAUAITINAAITUTEAOVIFIFOUTEH I

) 1 3 o 9 ' Y 3 v o 3 o Y
’EJ$uliJIﬁﬁL!ﬁ%ulsllﬂJL!GlL!i$“H’JNﬂTﬁLﬂ“]Jiﬂ‘]slHJTJET\‘]WaGhri’LﬂJﬁﬂGUTJﬂﬂG]ﬂJu1lla$ﬂ13WfJ\‘lﬂ’Julﬂ



27

o J 1 <3 1 1
woerhliaumiiainnuudaganiii1a 1 (Keawpeng and Venkatachalam, 2015; Zouh ef al.,
d' Y L= ] a 9 "9 " 9 a a L 1
2002) vz NV MNAIMSINIEAATeen1 I Y1vznamsead lussuluserninams
[ 1 4 <3 3 a d
wagn dawaloz luTaagniasmaseeoninanaaiisunsya uazuuadoumaadnuiluilay
: o a 1 . <3
1199 Foh lddanuausalumamzaa Tagazuaaaluni Adhesiveness 111aA917
Tagdruniezlinnuanisalunisazatod dedenalnSumoes luTadgnianilassosn
A I o Y 9 2K o Y 1 .
waouluianldves 39 19 Tan Adhesiveness aAa3 (Bhattacharya, 2011; Zhou et al, 2007;
Kohyyama et al., 2005; Jinshui et al, 1999)
[ ] %’ ]
4.3.2 HAYDIBATIEIUT1IADIIADAMNINMITEN
o [ %‘ ~ 9 1 1 9 = o 1 9 1 g
oasainnlFlunsyegnizaInaaeganInd1gn FI0aT1dIuI1IA0U

: y

4 v W @ @ o 3 9 @ 1
ﬁﬁwaﬁﬂlﬁ@ﬁup\lﬁ @ﬁi’lﬂ’ligﬂﬁj Llagﬂ'J’lllﬁ’]NWﬁﬂGI)Uﬂ'li@ﬂcﬁUu'lsll@\?m']]’Gjﬂ Iﬂﬂ@@ﬁ’lﬁ]uu’l

=~

Y 9 49@1 Y] a v Y =Y 19 =
1/]16151‘1«!ﬂ'lﬁﬂ\?’&jﬂﬂﬂ’)ﬁ]gﬂ]u@gﬂﬂﬁﬁuﬂﬂlﬂﬁWu‘g"]ﬂ'ﬂ ﬂﬁlﬂﬂ!@gullliﬁﬁ ITAUNTUAT LUASDIYNIT
3 o 9 = ? Aq 9 ' ' @ 9y a
INUINHIVBIVIN TﬂEJ‘]J53J1mu11/]1%1uﬂ’]51{!@ﬂ]’]'ﬁ]$ﬁ3Wﬁ@]@ﬂ'lifl@lli‘ﬂ"u@{lZ\!‘]Jiiﬂﬂl!.ag

9 I [ [ [ 9 [ %’ 1
AUNINUDIVIIFN Keawpeng (2012) ﬁﬂ‘]&l’lwaﬂ]'ﬁ]\ifﬂilﬂ‘]Jiﬂ‘]el’lllﬁ&’f]@]i?ﬁ?ﬂslﬂ?ﬂﬁ]u'lﬁﬂ

L) Q

o o J {
Aunmagn TasihdndesdeineaiussyuuugyInalug Nylon/ LLDPE 41MAa0IH

L) a a

1 3 o [ ' 1 K 1w
anlunng 2 1Hou 3eHINIMTAUTIYILIY 6 1Bou Tasl¥sasiaiudinein midy 1:1.0,

a a

a J J 4 3w
1:1.5 1Az 1:2.0 w1 20 Wi 1A 1A IZHAUAIMMTYIEN WU 11B5Z02181MSINDTNY
A X o Yy A o 3 4 ' <
mvvuz ndnianuansalunsgaduiianas (p<0.05) tesa1nluszninamsiny
@ < a aaa a % o a o o J
Snw TsAuluwaadinalgnsoreendadu i ld Ts@unause lada W (Ohno and

Ohisa, 2005) azn15inaa15UsenewFadensevinees luTaauay lviy (Keawpeng and

Y
g °

Venkatachalam, 2015; Zouh ef al.,2002) d4wal¥iudatalinnuaimisalumsgaduiitanas

Y 4 H 1 1 90’ \ 4 4 BOI v %
natldmgninlasldoasidrudnaeiuminy 12 wlimsgaduiimazoasinsdadigaga
A y , 4 2

¥4 o q ¥a o 9 ) v E
L‘LlE’Nﬁ]”lﬂ@@]3”IfTTJuu"IVILW?J“]J‘Llﬁ]ﬁ/]flﬁlﬂﬂﬂ"lilﬁ/]iﬂﬁfllﬁll"lllﬂGl,ullﬂikla“llﬂﬂ“ll"lflnlﬂu"lﬂ“lluﬁ\‘lWa

= 3

WwdadnamsagaduiuasdadiIdinniuun aeandeaiy Billirs wazamy (2012)
AnuwavesszAuNITaR IRz dmhdeT IR mdN Bz YR INTgAT LI \iloFuria
wazmamadmlszamduiavestngn Tasldddadiisedudesas o dndev), 0.15,0.20,
0.40 182 0.55 311U 300 Y ﬁﬂﬁ'qﬂhﬂi%’ﬂﬁ'ﬂm%’n"lwﬂﬂué”mwdauﬁw 1.5, 1.75, 2.00,

1 4 % G % 1 90/ Q‘ 3 1
225488 2.5 NUN Lﬁﬁ)i%ﬂ‘ﬂﬂ?iﬂlﬂﬁllﬁ%f]ﬁi?ﬁ’luuﬂv‘lhﬁu %ﬁwaiﬁ’azaznaﬂummq

¥ <

< <] 4 o o o A 1 o
LLaZﬂ’meN"UmmaW’fﬁ’m@m (p<0.05) Lﬁ’f]\ifﬂ’lﬂigﬂﬂﬂ’]im@ﬁlWNﬁu%%ﬂ’ﬂﬁ!% T1UBDNLUDA

' < 1

) o ! A A2 9973 ] ) gy A X v
GUTJaﬂa\‘lL!ﬁ3@@]ﬁWﬁﬁuUWﬂLWllGUU“VHGI,??UWEH3J1ﬁﬂll1/liﬂLGU1ﬁL1JaﬂGU1'JulﬂLW1JGUUﬁQWGGlﬁ

U

A3

'
o a

] v A o : 2 \ P A
ﬂ'n\ﬂiflaﬂi%8$L3ﬁ1ﬂ151'jﬁijﬂelﬂ’3llﬂ UAZINDDATIAIUUIUNNUYU ﬁwaiﬁmmﬁvu



28

A d%’ A o 1 901 A da! o Y g Y Y 1 < 9 A ds! [
NI (p<0.05) tiosvIndasidruiuinIuzh ldhunsnaadg luwdadranuaiu dawa
] A 3 v A X 1 A o A ~ = ) [ Y 0 oy A
Tdanudulumaaduudiu audsviy inei (2553) Anpidandinhaedniminzan
1 1 Bol 1 U
lumsnegniandes TagdandesronnganIneoasdIud IR U UNINY 1:1.7, 1:2.0
v
nag 1:2.2 Tagldndonadn I minduhwmageunisdszamduda Taol93s 9-point
1 2 1 1 901 1 3 QJ -
Hedonic scale W11 nsvaan laelgoasaivinaedumny 1:2.2 185uazuuumsoensy

4 o < a { 4 g
737 (p<0.05) tifoani ldwandgniinisverelTuiasuiniganaziiovamen 1%

=

Y= 1 ~ A = v 1 A 9 9 o 1 9 1 % " W
mmgﬁmémmﬂmjmmgﬂ%ummm‘uamﬁmuauq V1INYIAIYDATIAIUUIIADUUNIND

Q

=) < =

Yo o o 4 4 1 9 1 9 {
1:1.7 Vlﬂiﬂﬂglluuﬂ’ﬁﬂ@uﬁu@'] Lﬁ@\iﬂ1ﬂﬁ@uﬂlﬁﬂjsll']'JWQﬁﬂiJﬂ'J']iJllmQN1ﬂ AIUVIINYIY

q Q q Q

N T N A X g9y ym 9 A S & Y R o q
AT IFTIUVIINDUUNIND 1:2.0 Lﬂaﬂﬂlﬂﬂﬂiﬂﬂ'J']ll5ﬁﬂsll']'J’(?fﬂllﬂ??ul!ﬂ]ﬂlﬁﬂuﬂﬂﬁ]ﬂﬂ’liﬂ

U q

= [ 1

Yo o o ! 9 1 3 A
Vlﬂiﬂﬂ%uuuﬂ'lﬁﬂ@uiﬂ@'l @9U Kohyyama UaZAMY (2005) ﬁﬂyma%wmmmmnmmﬁ
= 1 dy v W o 9 o J . . Y v J 9 1 ¥ T W
UNANDIUDTUNT T@EJ‘L!'I"]JTJWH‘E Koshihikari WIIFNAYDATITIUVIINDUUNIND 1:1.5,

] 4 [ 1 %} A 2 1 Y I 1 a
1:2.0, 1:3.0 i@ 1:4.0 WUN Lﬁaamwmummuﬁumwaiwmmmumaﬂmuazmmﬂmzm

9
o o

3 v 4 2 A 3 v P A a
YDIUVAATIUNUUU (p<0.05) 1103910 Iuvmgyegnwaaiinzgadguiind lliwenanis
a @ = o Y 4 o 1 Y S A <
wad lwadu Feagi ldaarssunsyagniiatedenaliinaaininaiunisanag
g 1 o [ ] Y
(Billiris ef al., 2012; Kerdpiboon and Charoendee, 2012) 4909104 W11 895 18IUY1IA013
Hane 1n59a519N199a1v999119AU 18z 9190309198 N Tamura 11A2 Ogawa (2012) AN
=Y sol 1 a g’/ a o 9 o 9 o k) 9 9 A o U 9
Ysmanhaemsmaruilavvesdiingn Tasthdnidavuvemeniensdnnisasdiudig
1 1 90’ 1 (%3 1 (%] H (%] 1 1 90} L} (%]
Apd AU UMIND 1:1.0, 1:1.5 1ag 1:2.0 WU 912999717 1198200A 5182141200111 AY
a 3’, a Y d’ [IN-Y 9 &% d' 9 [ 1 9 1 9°1 LY
1:1.0 tnasuflauiosninuagh lidanu d1ndavninsdiesasidiudinaeiin imn 1:1.5
a gJJ ald A 3 [ { 1
ey 1:2.0 NAFUNSNVAIY doAndeINT Wu lagame (2016) NANYIHAYDINITHIZNAD

a

A ] ) o Y o ) v =
ﬂ”l'i!ﬂﬁEJ“L!LLTJﬁQIﬂﬁx‘]ﬁiNﬂN‘ﬂqﬁﬂ?ﬂﬂl@ﬁﬂﬂ’J TﬂfJuwnmmnmazmnnammm’qﬂwqmmu

U
9

98 DA AIFTHA WU 23 LAY 35 WA MWAIAY WU DTN ITERIUMTHIgNIZINATY
ald a dy A 3 Y A 1 3 9 a Aa o [
WaumnavUnaUIWAaAU1? LH’ENﬁnﬂbluigﬁ??ﬁﬂTi?j\i@'ﬂlﬂJﬁﬂ"lﬂ’m&ﬂﬂﬂiilﬂﬁ"m"lulc]fclfuﬁﬂﬂﬁ
a 1 4 a I a o
14z luTaauazez luTamniugnianldesesnuiaindarisunsyavazailudlduun
<] 1
InfeUINAAY 1IY4gN (Bhattacharya, 2011; Leelayuthsoontorn and Thipayarat, 2006) & TUN17
Y ] A 9 <3 9 Y a ' 1 ' g oI 4 .
NABIYIEN WU Lﬂ@?jﬂli]ﬁﬂ"ll’f]ﬂ"lﬂ']ﬂﬂ@\?Lﬂﬂ%ﬂﬂﬂWQiZﬁﬁ?ﬂ%ulW@ﬁiﬂ’]iﬂ (Pericarp) 4o
9 Yy
FUNAAT (Testa) UBNIINTUBFULDAITAU (Aleurone layer) INANITVEIAITUTENINNNITHIGN
4 o 4 a o
llﬁg’G’f@niﬂfllﬂil‘gaﬂgEIﬂ‘ﬂ']'ﬁWEJLﬁ’E)Qﬂ']ﬂﬂ'igﬂ'luﬂ'l'i!%ﬂ']ﬂulu!%%u (Wuetal., 2016;
Leelayuthsoontorn and Thipayarat, 2006) Srisawas Lt2& Jindal (2006) ANYINAVDIOATIAIUTIY

=\

1 90’ 1 0} CX o { \ U
apiaenunmnelszamduda TashdnnidSuaes luTaagunin 33 @ngwssayd)



29

oz luTae thunarauminu 20 (v Tan) nazes luTaaduniny 14 (Eveuasnuzd) i
[ ] 901 § 1 [
WIgNAeoATI@IUTIARINNANAINY 1:1.3, 1:1.2, 1:1.7, 1:1.9, 1:2.1, 1:2.3 1ag 1:2.5 uaz
Y
i ldnageunatszandudea Tagld 9-point Hedonic scale Useiiuanuyauaua 1iie
4 1 [ 1 1 9.! { 4 =Y
dudd nausd uazanuyeulaesan wun sasidiudnasihimzaudnidsuaes
TuTaags @gwssuy3) Ao 1:2.1 410lU5uaez luTaa dunan @nivylan) fe
y o a X @ 1 1 ?,' I 1
1:1.7 wazgnntdsunaes luTaad (iveuasnuzd) Ao 1:1.5 F8a518I1UT1IA0U1AINE1)
9 ]
185unzuuunnuseusud ileduda nausa uazaureulassIuveItIgngega
[l 9 . 1
(p<0.05) Taganniioz luTaagedosmsinfSuawinlusgniemsyegniiosnindiieg
P yy : Yy da o 9 v A 9
ansogaiin lduin daudadies luTaaddesnisiideslunmsyegniiiosaindinee
y 2 A o 2 % 4
awnsagai larvies minldinnmuldee lddngnunziay duiutSuanihnldlumsyegn
=2 A ' EY
VwaneANMNIIIGN
3 o
43.3 HAYDITLOLIDIMINUTNEIVEIIGN
3 o 1 1 1 Aa o
MINUSAYINIZNILAINAADAUNINVDITIIYIFN 1FU N15INAS INTINTIATY
N15AAAIUDINAUNON UATAITVDIUI1IGN Yuuazaue (2009) AnyInavesdsuin
1 a A Y A o o 9 o 9 a =
oz luTadaeniaifas Insinsadunaziloduddvosdiagn Tagihdavenuza (T I
Psuaes luTaad 917 Simia 6 (SM6) H1Suaes luTaathunais uazd1i Keyou 21 (KY21)

! g =) Aa Aaa
Hlsuaes luTaathuge vivaTagldanadiuau 1000 n5u laifSuia 1300 addas uaz

v v ] ) Z . 2 o = A a
‘VNﬂ’JEJ‘VilI@‘IKNGU”I’J"lWﬂ”I%uﬂSZVNGU”I’JQﬂ AMNUUHIVUNUINDEINOUK NN 4 DIAUBALYT LAY

q a Q U

9 v A [ U 9 aAn A =
ATNUNNVOIN1IGN TUTUN 0, 1, 4,7, 11 Az 14 34 WUN sunmﬂﬁmmaz“lﬂaﬁqmm

1 < A a o 1" Y Aa o A S o
ﬂ']ﬂ'l']?JLﬂNi;f\‘l Glltuz‘ﬂﬂ1ﬂ1‘Jmeﬂmmwnﬂuﬂ%mmaﬂuTaﬁm IUBDISYLLIAINITINUINY
A 2 ' Y Y a A @ A 2 A X ' ' a
LW?JGUHﬁ\‘]NﬁGl,ﬁall']'llﬂﬂi}ﬂ3LﬂiLﬂGBULLﬁgiJﬂ']ﬂ'J']NLLGUQLWNGUU AIUATINITINITAAAAAN

A9ANRDIND Narkrugsal 1ag Sacleaw (2009) NANHIHAYDINTNAT INTINTATUVDIT1IVTTY
o+ 1 < [ o 9 % a & 9 %,‘ A A& a A
nsedloaluseranamsnusine lagihidvaviveuns andadlends s ininunesn

g’loﬂ) A &

Qﬂ!‘l"i{]ﬁ 85 DIAUFALFOT WU 5 UIN NUUUID1INHIUNITUS 180 DT NWUiiﬂﬁQGlu

1 1 %’ a N ?A’J
ﬂ‘i%‘ﬂﬂ\?"llu1ﬂ 307x113 Lgazmumiwu"lamﬁ YUNYN 85 IR UFALFYT UIU 10 W IMNUU
=1

v 4’4’ Y Y v 4’4’ @ 9y 1 a = = T W A
‘il»l'll“])"é]ﬂ'JEl'ﬁ1I’E]le%@ﬂﬂWNﬂuﬂ1Uﬁl@]gﬁﬂ@mﬂ{]N 116 pafssaLse e Iﬂﬂllﬂ'] F, tmny 5 1o

I~ ay ] dy a %} A 1 < %] ] Y o 3 o ~ a 9y A
lﬁiﬁ]ﬁuﬂ1i"&l1l‘]ﬂ@ﬁ]$lﬂ@uﬂWfJ‘ﬁﬁ@Lﬂu@]’JﬂﬂN umm”lﬂmumqumﬁgnﬁm UIU 8 1ADU
1 A S o A da! 1 Y < a A v A ds!
PENUN WBISYSIATINTIINUINHUNUUU ﬁ\?Wa1ﬁﬂ1ﬂ31ullmﬁlla$ﬂ1imﬂiIﬂilﬂilﬂ"]ﬂ.lLWN"lJ1.!
A 2 o ) o q ¥y a a o & s A
Ll!fNﬁ]1ﬂﬂTﬁLﬂUiﬂ]elWGUTJ“YI\‘lﬁjﬂﬁ]%ﬂ'ﬂﬂﬂﬂ')mﬂﬁiﬂimﬁm‘lﬂu PFIFANIFNNIUNTSUIUNIT

a J 9 A ' Y < @ 3 o A 2
lﬁ]a'lﬂulucﬁlla'l UJ@ﬂa@ﬂclﬁlﬂu@I'Ja\‘]Lla$lﬂUiﬂH11u5$ﬂ$lﬂa1ﬂu1usUu IﬂJlafJaﬂlfJ\‘]



30

oz luTaahoglndnuazinamsdaisesdrlnidronuse lelasnuszrina Tuanalages
a a = @ 9 ] dy = o Y Y A
luTaauazes luTamniunamsdaizesiivesIaseadwozmivinay 3 Iddgniinmu

MInUSn¥az o duNa NI UNUY (Wong ef al., 2015; Yu et al., 2010; Ma and Sun, 2007)



U

4

aglszasn

A = A o = A Aa AaaAa 4 9 9
1. weanwmsiasuudasauianiamenin all tazalimsla@ndussvinaosas

@ 1 3 o

GIQJJ'I'J‘?U@GUTJW@NGI,UWIﬂﬁzﬁ'N\?ﬂ'lﬁlﬂUﬁﬂ‘HW

A = o ! I T )
2. INDANHINIDATITIUVIIADUINBAUNTINUIIGN

A = a 9 9 a a a 9 1 <
3. LW@ﬁﬂH1ﬂ13Wa@lﬂl’nWﬁfJMUﬁTﬂﬂﬁluﬂVﬁuzﬂﬂﬁu“ﬂllagﬂﬂ!ﬂWWﬂJﬂ\‘]ﬂﬂ?ﬁgﬁ?W\?ﬂ'ﬁlﬂ‘U

FNH

31



32

UNN 2

ﬁﬁ] Qﬂﬂﬁm HazIEMINaaed

Fagaunldlumside

v Y9 v Y @ a a 9 Y
1mvenlume Taglsinnasaazannvau NITIHNIFUFUUIUVINAN IINIA

@

U
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10.
11.
12.
13.
14.
15.
16.

17.

nga Mol wet. 2557 waz 2558

aquazansinil

Potassium sulfate INIAUATICH (mmmﬁ‘w%( 39802 99.50, Fisher Chemicals)
Copper (1) sulfate pentahydrate N ALAT1EH (mmu?qm%%} 280 98, Fisher
Chemicals)

Sodium hydroxide NIAVATIEN ANUUI qw§ 39802 98, Fisher Chemicals)
Boric acid IN3AUATIEH (ﬂﬂll“lﬁ'ﬁ‘ﬂ%i@ﬂaz 99.7, Rankem)

Sulfuric acid 1032 UATILH ANMTUTUToBAL 98 (mmmﬁﬁ; 38R 97.5-98.5,
RCI Labscan)

Hydrochloric acid 113AATILH ANUTUTUTo8aY 37 (RCI Labscan)

Disodium tetraborate decahydrate

Petroleum ether 1n3031A5129% Aududuesas 99.5 1ML qnifooas
99.98, RCI Labscan)

Ethanol 103015124 ANUTuTu308a2 95 (QRec)

Glacial acetic acid (n3AAATILH (ANUITUTUTD8AZ 99.7, RCI Labscan)

lodine (NTANATIEN (mmﬁﬁw%%’aaaz 99.8, Univar)

o‘
Potassium iodide Lﬂiﬂ’)mﬂw“ﬁ (ﬂ’ﬂmﬁﬁ“ﬂ‘ﬁ 28ag 99, Univar)

Q

a

Thiobarbituric acid mm?u,mwﬁ (ANUUIFND %I’EJ g9y 98, Sigma-Aldrich)
Amylose from potato N ANATIEH (Sigma-Aldrich)

Peptone water 1N ANATIEH (Sigma-Aldrich)

Chopped liver N3 ANATIEH (Sigma-Aldrich)

Bromocresol purple dextrose broth 1NFAAAT 1o (Sigma-Aldrich)
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13.
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20.

Uszamauna
1808 15AY (Foss, Tecator, U.S.A)
m’%mﬁmﬁ”ﬂaﬂm (Foss, Tecator scrubber, U.S.A)
Lﬂéﬂﬁﬂﬁbujﬂi au (Foss, Kjeltec TM8200 Auto Distillation, U.S.A)
Lﬂd'almﬁ gl (Electrothermal, Model EMEG6, England)
Lﬂdﬁ"m’jjﬂmmiﬂﬂﬂﬁuuﬁﬂ (Hitachi, Model U-1500, Japan)
93993nT128018 (Ankom, U.S.A)
wsoararhmin ulih neriion 4 dumda (Sartorious, BP310S, Germany)
m’%mmum’%m (Sanyo, Harrier 18/80, England)
Lﬂé@ﬁfﬂléﬂﬁl UNA (TA-TX2, Texture Technologies, Scarsdale, U.S.A.)
Lﬂé@ﬁ Differential scanning colorimeter (DSC) (Perkin Elmer, U.S.A)
Lﬂé@ﬁ Rapid visco-analyzer (Scientific Newport, RVA 4D, Australia)
193893AF (Hunter Lab Reston, VA, U.S.A)
Lﬂdi' 83 Gas Chromatograph-Mass Spectrometer (GC-MS) (Hewlett Packard, 5890
series II, U.S.A)

1AT99 X-ray Diffractrometer (XRD) (Philip, X pret MPD, Netherlands)

A = J

IN3093NDIN (Owener foods machinery, AT 2000, Thailand)
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1 ianinge Mnwhdmndeazddavndnyiae
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1.2.1 35Msnaaog
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- Amiinaat1 (Wadsworth er al., 1982)
- ANUHUMUY (Wadsworth ef al,, 1982)
- ad Jalugilan L, a* oy b
a d wAa =
1.2.3 MIIATZHANUAMBAN
X
- USanuFue (A.0.A.C., 2000)
- 53 T1/58u (A.0.A.C., 2000)
- lwiiu (A.0.A.C., 2000)
- 181 (A.0.A.C., 2000)

- o2'luTaa (Juliano er al, 1985)
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- AANUHY (Thiobarbituric acid value (TBA value)) (Woods and Aurand, 1977)
a a a 4 1
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(ﬁmzﬂm Tananuwong and Lertsiri, 2010)
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a d‘ A
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Table 3 Grain weight and density of Hom Bai Toie brown rice in a vacuum and non-vacuum

Nylon/LLDPE packaging during storage under room temperature for 6 months

Storage period Package Weight Density
(Months) (2) (g/cm3)

0 2.34+0.03™*  0.1009+0.0006"""

1 2.30+0.02™%  0.1007:£0.0006""

2 2.28+0.02™%  0.1006+0.0007">"

3 Non-vacuum  2.27+0.00™C  0.1006+0.0002™>*"

4 2.25+0.01"°C  0.1004+0.0002"*"

5 2.24+0.05">C  0.1004+0.0001"*"

6 2.23+0.04™C  0.1004+0.0001"*"

0 2.34+0.03™*  0.1009+0.0006"*"

1 2.25+0.03™%  0.1007+0.0007 "

2 2.24+0.01™>%  0.1007+0.0007 "

3 Vacuum 2.24+0.01™>%  0.1006+0.0006">"

4 2.24+0.00">%  0.1006+0.0003"*"

5 2.24+0.00™°%  0.1006+0.0004"*"

NS,B NS.B

6 2.24+0.00 0.1006+0.0004

Note: NS in the same column is non-significantly different (p>0.05).
Means with different capital letters in the same column in each packaging are significantly

different within storage period (p<0.05).
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Table 4 Grain weight and density of Hom Bai Toie milled rice in a vacuum and non-vacuum

Nylon/LLDPE packaging during storage under room temperature for 6 months

Storage period Package Weight Density
(Months) (2) (g/ cm’)

0 2.24+0.03"" 0.1001+0.0014™*"

1 2.23+0.01™* 0.0992+0.0006" "

2 2.21+0.00™*"  0.0982+0.0007">"

3 Non-vacuum 2.19+0.04™"  0.0969+0.0007">"

4 2.15+0.03™" 0.0966+0.0008™>"

5 2.13+0.02™%  0.0958+0.0007 >

6 2.10+£0.01™" 0.0952+0.0004">

0 2.24+0.03"" 0.1001+0.0014™**

1 2.23+0.03"* 0.0993+0.0008™*"

2 2.22+0.15%  0.0986+0.0002™""

3 Vacuum 2.20£0.03"*"  0.0979+0.0005">"

4 2.19+0.05>"  0.0975+0.0002">"

5 2.18+0.03™%  0.0969+0.0008""

6 2.16+0.02™" 0.0965+0.0002™>¢
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Note: NS in the same column is non-significantly different (p>0.05).

Means with different capital letters in the same column in each packaging are significantly
different within storage period (p<0.05).
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—+—Non-vacuum package

——Vacuum package

TBA (mg malonaldehyde kg sample)

0.0 T T T T T 1

Storage period (Months)

Figure 10 TBA value of Hom Bai Toei brown rice in a vacuum and non-vacuum Nylon/LLDPE
packaging during storage under room temperature for 6 months
Note: Means with different small letters in each month are significantly different within two
packaging conditions (p<0.05).
Means with different capital letters in each month are significantly different within
storage period for 6 months (p<0.05).

ns is non-significantly different (p>0.05).
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Figure 11 TBA value of Hom Bai Toei milled rice in a vacuum and non-vacuum Nylon/LLDPE
packaging during storage under room temperature for 6 months
Note: Means with different small letters in each month are significantly different within two
packaging conditions (p<0.05).
Means with different capital letters in each month are significantly different within
storage period for 6 months (p<0.05).

ns is non-significantly different (p>0.05).
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Table 9 Thermal properties of Hom Bai Toie brown rice in a vacuum and non-vacuum

Nylon/LLDPE packaging during storage under room temperature for 6 months

62

Storage period Package Thermal properties
(Months) T, (°C) T,(°C) T, (°C) AH (1/g)
0 63.5620.06""  68.27+0.02™F  72.63+0.08""  3.17+0.02™¢
1 63.96+0.04™"  68.58+0.02""  72.78+0.03""  3.29+0.08"""
2 64.02+0.01™°  68.65+0.04™  73.01£0.03™"  3.42+0.02™"
3 Non-vacuum  64.11+0.01™"  68.7740.02"*"  73.10£0.04"*¢  3.64+0.03">"
4 64.35+0.02"°C  68.82+0.03™"  73.18+0.02"°"  3.69+0.01™C
5 64.63+0.03""  68.87+0.02™"  73.30+0.12""  3.75+0.03""
6 64.81£0.01™"  69.40+0.48"*  73.57+0.06""  3.92+0.01"
0 63.56+0.06"¢  68.27+0.02"¢  72.63+0.08""  3.17+0.02"*°
1 63.91£0.02""  68.56+0.02""  72.75£0.01""  3.25+0.03""
2 63.99+0.01""  68.62+0.02™"  72.98+0.03"C  3.40+0.01"*"
3 Vacuum  64.10£0.04™"  68.74+0.02""  73.07+0.04™"  3.63+0.02™°"
4 64.32+0.03"C  68.80+0.01"C  73.16+0.03™"  3.68+0.01""C
5 64.54+0.05""  68.84+0.02""  73.29+0.11™"  3.74+0.02""
6 64.68+0.03""  68.92+0.01""  73.35+0.01""  3.79+0.02"**

Note: NS in the same column is non-significantly different (p>0.05).

Means with different capital letters in the same column in each packing are significantly

different within storage period (p<0.05).
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Table 11 Thermal properties of Hom Bai Toie milled rice in a vacuum and non-vacuum

Nylon/LLDPE packaging during storage under room temperature for 6 months

64

Storage period Package Thermal properties
(Months) (T,) (°C) T, (°C) T, (°C) AH (1/g)
0 63.55+0.05""  69.27+0.02"°°  72.64+0.06™"  3.17+0.02™¢
1 63.98+0.02"°  69.58+0.02™"  72.82+0.01"  4.27+0.02""
2 64.09+0.06""  69.95+0.04™°  73.03+0.02""  4.43+0.02"%"
3 Non-vacuum  64.14£0.02°  70.13+0.02"  73.18+0.02"  4.70+0.06™"
4 64.36+0.02"C  70.37+0.04™C  73.19+0.01™°  5.02+0.01™¢
5 64.65+0.03™"  70.55+0.01"  73.34x0.01™"  5.12+0.02""
6 65.52+0.01"  70.70+0.02™"  73.61+0.02""  5.27+0.02"*
0 63.55+0.05"F  69.2740.02"°°  72.64+0.06"F  3.17+0.02"°"
1 63.92+0.02""  69.50+0.02""  72.78+0.01™"  4.21+0.01™"
2 63.96:0.06°  69.86+0.01"  72.99+0.03"  4.40+0.01™¢
3 Vacuum 64.08+0.03""  70.06+0.04™"  73.11+0.01™"  4.56+0.23"%¢
4 64.34+0.02"°  70.33+0.02"°C  73.16£0.03™"  4.95+0.06""
5 64.55+0.03""  70.4120.02"  73.29+0.10™"  5.06+0.01™"
6 65.42+0.01™*  70.54£0.04™"  73.32+0.01™"*  5.17+0.10™"

Note: NS in the same column is non-significantly different (p>0.05).

Means with different capital letters in the same column in each packing are significantly
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Figure 12 Lightness (A), redness (B), yellowness (C), hue angle (D) and chroma (E) of cooked

rice that prepared from fresh and stored Hom Bai Toei brown rice with different rice to

water ratios

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Figure 13 Hardness (A) and adhesiveness (B) of cooked rice that prepared from fresh and stored
Hom Bai Toei brown rice with different rice to water ratios

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Figure 14 Lightness (A), redness (B), yellowness (C), hue angle (D) and chroma (E) of cooked
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water ratios

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Figure 15 Hardness (A) and adhesiveness (B) of cooked rice prepare from fresh and stored
Hom Bai Toei milled rice with different rice to water ratios

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Figure 16 Cross section of raw HBTBR (A), cooked HBTBR with rice to water ratios as 1:1.5 (E),
1:2.0 (I) and 1:2.5 (M), cross section of raw HBTBR (B), cooked HBTBR with rice to
water ratios as 1:1.5 (F), 1:2.0 (J) and 1:2.5 (N), cross section of outer layer of raw HBTBR
(C), cooked HBTBR with rice to water ratios as 1:1.5 (G), 1:2.0 (K) and 1:2.5 (O), starch
granule of raw HBTBR (D), cooked HBTBR with rice to water ratios as 1:1.5 (H), 1:2.0 (L)
and 1:2.5 (P) observed by SEM (accelerating voltage 20 kV, magnification 50X, 100X,
2000X and 5000X)

Note: HBTBR; Hom Bai Toie brown rice, P; Pericarp, CL; Cuticular layer, AL; Aleurone layer,

EN; Endosperm
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i

Figure 17 Cross section of raw HBTMR (A), cooked HBTMR with rice to water ratios as 1:1.0 (E),
1:1.5 (I) and 1:2.0 (M), cross section of raw HBTMR (B), cooked HBTMR with rice to
water ratios as 1:1.0 (F), 1:1.5 (J) and 1:2.0 (N), cross section of outer layer of raw HBTMR
(C), cooked HBTMR with rice to water ratios as 1:1.0 (G), 1:1.5 (K) and 1:2.0 (O), starch
granule of raw HBTMR (D), cooked HBTMR with rice to water ratios as 1:1.0 (H), 1:1.5
(L) and 1:2.0 (P) observed by SEM (accelerating voltage 20 kV, magnification 50X, 100X,
2000X and 5000X)

Note: HBTMR; Hom Bai Toie milled rice, EN; Endosperm, CF; Coated film
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al., 2014) 5202IAMTLFT1INFRINMITANITANTANNNUT I MANUTULaz S peaz g
a a o 1 A 9 Y A A R A
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4
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70.78-85.76

Table 17 Length, width, water uptake, moisture content and starchy core of soaked Hom Bai Toie

brown rice in boiling water at different soaking times

Soaking time Length Width Water uptake  Moisture content ~ Starchy core
(Min) (cm) (cm) (%) (%)

2 0.72+0.01°  0.21£0.00°  1.25+0.08" 48.23+0.17°  100.00+0.00"
4 0.74+0.01'  0.21+0.01°  1.44+0.11 48.82+0.05' 98.89+3.33"
6 0.78+0.02  0.22+0.01°  1.48+0.05' 53.36+0.06' 96.67+5.00"
8 0.82+0.01"  0.22+0.01°  1.67+0.03" 60.01£0.13" 85.56+5.27°
10 0.85+0.01°  0.230.01°  1.75+0.04° 60.29+0.07° 65.56+5.27°
12 0.87+0.02"  0.23+0.01°  1.81+0.01" 60.68+0.05" 41.11+3.33°
14 0.89+0.03°  0.23£0.01°  1.93+0.01° 61.07+0.05° 35.56+5.27°
16 0.91+0.03"  0.23+0.01°  1.98+0.00° 61.26+0.19° 26.67+5.00"
18 0.93+0.01°  0.24+0.01°  2.070.09° 61.64+0.23° 15.56+5.27°
20 0.94+0.01°  0.24+0.01°  2.26+0.06° 62.16+0.08° 6.67+5.00"
22 0.95+0.00°  0.24+0.01°  2.39+0.01° 63.36+0.10° 0.00+0.00'

Note: Means different letters in the same column are significantly different (p<0.05).
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Table 18 Thermal properties of soaked Hom Bai Toie brown rice in boiling water at different

soaking times

Soaking time Thermal properties Gelatinization
(Min) T, (°C) T,(°C) T, (°C) AH (I/g) (%)

0 64.58+0.07°  68.26+0.01° 72.60+0.08" 3.16+0.01° 0.00=0.00'
2 64.47+0.01°  68.19£0.02°  72.54+0.02°  2.16£0.02°  31.65+0.56"
4 64.34+0.01°  67.50+0.01° 70.51+0.01° 1.2440.02° 60.87+0.41'
6 64.26+0.03°  67.27+0.01°  70.45+0.02°  1.12+0.01°  64.56+0.43'
8 63.94+0.02°  67.25£0.02°  69.73£0.01°  0.92+0.02°  70.78+0.39"
10 63.70£0.01"  66.68+£0.01°  69.25+0.03"  0.76£0.01°  75.95+0.24°
12 63.6310.01°  66.49+0.02°  69.17+0.18°  0.45+0.01°  85.76+0.27"
14 63.59+0.01"  66.29+0.02°  69.01+0.01h  0.28+0.01"  91.14+0.34°
16 63.5120.01'  66.13+0.02"  68.83+0.02i  021+0.02'  93.25+0.48°
18 63.46+0.01'  66.02+0.01'  68.73+0.01j  0.15+0.01'  95.25+0.31°
20 63.26£0.03"  65.96+0.02  68.70+0.01k  0.11£0.01°  96.62+0.19"
22 - - - - 100.00+0.00"

Note: Means different letters in the same column are significantly different (p<0.05).

URRRTIRD
a 4 A = A a Aaa 4 9 % A
INNTAATIEHTUUANNNININ AN LaZABIN TN T VoI NITAVIINHIUNIS
[] %,‘ A d' 1 [ 1 d‘ 19 C% dy J Yy Y %
uﬂummaﬂmzﬂznmmmu WU LUBISYSLIAINITHTUIIVAVIIUIUUU ﬁﬂﬂaiﬁ"lﬂ’lﬂlﬂ

< @ o X o 3
61]1'3ﬁﬂ’3"|1|fﬂ’l ﬂ’J"I?Jﬂ%HQ“’IJ@QLﬂJaﬂ @ﬁiTﬂTﬁgﬂ@’J AITUYU Llagﬁﬂ'nilﬁ"lll15‘@]11”7']3@@“]5‘]_]1‘!1

P4
=<

NN (p<0.05) @IUL5N1A Starchy core aAAY (p<0.05) (A15197 19) oNITUIANTANI

4 v o '

A Aa Aaa d‘ () £ 49! 1 Y Y £ =
ANFINFNTUDIV1IVAVII WU 1B 1NTUBV VAV IV IHAUF TH I 1ITAv1IH

'
a a 9 a

Qmwgﬁginﬁu (T,) qmwgﬁqaq@ (T,) uazqmwgnq@mmlmmimmﬂma"lum%’u (T) wag
[ d' 9 a % dlsl a a &Y A da!
qumﬂﬂumiLi]mﬁ"lugcwua@m (p<0.05) mmz‘wiﬁ)&lazmimm%am”lummummu

A "9 % ~ a 1 =) [ 9
(p<0.05) (11919 20) Iﬂﬂi$EJ$L’JE11ﬂ1§l,!,“lf"lJ1’J"Uﬂ"lﬂ’)‘ﬂlﬁll13?(%%87‘1%13@41“1111@EJ’Jﬂ’U"lJTJ
vy = 19 o A A AR A A dy ' '
N YITLUTIATNITUFUNIVAVNINUNISTN AD 6 LIaE 8 UIN muﬂimmmmmu@giumq

Soonz 0glur9iooaz 60.83-64.64 uaziisoeazminad luwdusgluyieiosny 83.34-89.93



91

Table 19 Length, width, water uptake, moisture content and starchy core of soaked

Hom Bai Toie milled rice in boiling water at different soaking times

Soaking time Length Width Water uptake ~ Moisture content ~ Starchy core
(Min) (cm) (cm) (%) (%)
2 0.82+0.01"  0.21+0.01° 1.62+0.01" 54.76+0.10"  100.00+0.00"
4 0.85+0.03°  0.23+0.01° 1.91+0.02° 55.19+0.11°  98.89+3.33"
6 0.98+0.01°  0.23+0.01° 2.17+0.03° 60.83+0.08"  97.78+4.41°
8 1.04+0.03°  0.23+0.01° 2.32+0.05° 64.64+0.12°  86.67+5.00"
10 1.1040.21°  0.24+0.06" 2.4140.03" 67.4840.11°  47.78+4.41°
12 1.19+0.24"  0.24+0.09" 2.56+0.02" 69.2040.15°  0.00+0.00"

Note: Means different letters in the same column are significantly different (p<0.05).

Table 20 Thermal properties of soaked Hom Bai Toie milled rice in boiling water at different

soaking times

Soaking time Thermal properties Gelatinization
(Min) T, (°C) T (°C) T, (°C) AH (/g) (%)

0 65.43£0.07"  70.54+£0.03"  73.32+£0.01"  5.06+0.02" 0
2 65.00£0.02°  70.50£0.02"  73.30£0.01°  3.43£0.02°  32.3240.49'
4 64.53+0.02°  70.49+0.03°  73.29+0.02°  1.96£0.02°  61.29+0.39°
6 64.25+0.01°  68.74+0.01°  73.26£0.02°  0.84+£0.02°  83.34+0.47"
8 64.16£0.04°  67.38+0.05°  73.23£0.02°  0.52+0.01°  89.93+0.23°
10 63.77+0.02"  67.13£0.02°  73.2140.01°  0.16£0.02"  96.77+0.32
12 - - - - 100.00+0.00"

Note: Means different letters in the same column are significantly different (p<0.05).
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ﬂ?ﬂiJLL%QGU’ENGIQJ}TJq NaAad (Leelayuthsoontorn and Thipayarat, 2006; Tain et al., 2014)

Table 22 Length, breadth, L/B and elongation ratio of cooked Hom Bai Toie brown rice that

packed in a retort pouch under heating temperature at 118°C for 26.30 min

Soaking time (Min)  Length (L) (cm)  Breadth (B) (cm) L/B Elongation ratio
g g g
8 0.88+0.03¢ 0.24+0.01" 3.69+0.19"° 1.2240.04°
10 0.92+0.01° 0.24+0.01™ 3.76+0.16" 1.30+0.02°
12 0.99+0.01° 0.24+0.01" 4.05+0.22™ 1.41+0.03"

Note: Means with different letters in the same column are significantly different (p<0.05).

NS in the same column is non-significantly different (p>0.05).

Table 23 Colour of cooked Hom Bai Toie brown rice that packed in a retort pouch under heating

temperature at 118°C for 26.30 min

Soaking time Colour
(Min) L* a* b* Hue angle Chroma
8 74.85+0.66° 1.23+0.03"° 12.66£0.99"° 84.46+0.46"° 12.72+0.98"°
10 75.2040.30°  1.24+0.05"° 12.4440.04"° 84.34+0.24"° 12.50+0.04"°
12 75.67+0.27°  1.24+0.07"° 12.16£0.12"° 84.22+0.34"° 12.22+0.12"°

Note: Means with different letters in the same column are significantly different (p<0.05).

NS in the same column is non-significantly different (p>0.05).
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Figure 18 Hardness and adhesiveness of cooked Hom Bai Toie brown rice that packed in a retort
pouch under heating temperature at 118°C for 26.30 min
Note: Means with different letters on each line indicate significantly different (p<0.05).
Hardness and adhesiveness values of commercial ready-to-eat Jasmine brown rice are 52.85
and 2.74 N.
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Table 24 Length, breadth, L/B and elongation ratio of cooked Hom Bai Toie milled rice that

packed in a retort pouch under heating temperature at 118°C for 26.30 min

Soaking time (Min)  Length (L) (cm)  Breadth (B) (cm) L/B Elongation ratio
6 1.25+0.01° 0.25+0.02""° 5.1240.44"° 1.63+0.01°
8 1.30+0.01° 0.25+0.01™ 5.2120.18™ 1.79+0.08"

Note: Means with different letters in the same column are significantly different (p<0.05).

NS in the same column is non-significantly different (p>0.05).

Table 25 Colour of cooked Hom Bai Toie milled rice that packed in a retort pouch under heating

temperature at 118°C for 26.30 min

Soaking time Colour
(Min) L* a* b* Hue angle Chroma
6 77.39+0.45°  1.03x0.01™  2.85+0.10"  70.17+0.60°  3.02+0.10
8 77.64+026"  1.04+0.02"°  2.80+0.10°  69.72+0.61°  2.99+0.10"

Note: Means with different letters in the same column are significantly different (p<0.05).

NS in the same column is non-significantly different (p>0.05).

30 a - 4
a

—~ — 3 >
< 0 - b <
5 -2 8
3 )
= 10 —~— Hardness 2
o b )
I 1 %
—— Adhesiveness <

0 T T 0

6 Soaking time (Min) 8

Figure 19 Hardness and adhesiveness of cooked Hom Bai Toie milled rice that packed in a
retort pouch under heating temperature at 118°C for 26.30 min
Note: Means with different letters on each line indicate significantly different (p<0.05).
Hardness and adhesiveness values of commercial ready-to-eat Jasmine milled rice are

25.98 and 2.94 N.
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Figure 20 Moisture content and water uptake of cooked Hom Bai Toie brown rice that packed in
a retort pouch under heating temperature at 118°C for 26.30 min

Note: Means with different letters on each line indicate significantly different (p<0.05).
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Figure 21 Moisture content and water uptake of cooked Hom Bai Toie milled rice that packed in
a retort pouch under heating temperature at 118°C for 23.30 min

Note: Means with different letters on each line indicate significantly different (p<0.05).
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Table 28 Sensory evaluation of cooked Hom Bai Toei brown rice that packed in a retort pouch under

heating temperature at 118°C for 26.30 min

Soaking time Sensory attribute
(Min) Overall
Appearance Colour Flavour Texture Taste
Liking
Control 7.35£0.60"°  7.70£0.95"°  8.00£0.69"  7.63x0.61°  7.30£0.60"°  7.93+0.64°
8 7.2540.70"°  7.73£0.94"°  7.63£0.61°  6.93+0.74°  7.33+0.55"  7.57+0.68°
10 7.1840.59"°  7.80+£0.66"°  7.30£0.60° 8.17+0.90"  7.33+0.66"°  8.50+0.63"
12 7.14£0.60"°  7.63£0.72"°  6.87£0.43' 7.47+0.82° 7.30+0.65"°  7.50+0.73¢

Note: Means with different letters in the same column are significantly different (p<0.05).
NS in the same column is non-significantly different (p>0.05).

Control: Hom Bai Toei brown rice was cooked by an electric rice cooker.
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Table 29 Sensory evaluation of cooked Hom Bai Toie milled rice that packed in a retort pouch

under heating temperature at 118°C for 23.30 min

Soaking time Sensory attribute

(Min) Overall
Appearance Colour Flavour Texture Taste
Liking

b b

Control 7.90+0.92°  7.70+0.60"° 7.87+0.73" 7.57+0.86" 7.87+0.78"° 7.70+0.84

a

6 7.80+0.66°  7.60+0.89"° 7.67+0.40° 8.13+0.70° 7.70+0.65"° 8.20+0.73"

8 6.73+0.87°  7.27+0.98"° 7.30+0.60° 6.67+0.88° 7.57+0.86"° 6.87+0.94°

Note: Means with different letters in the same column are significantly different (p<0.05).
NS in the same column is non-significantly different (p>0.05).

Control: Hom Bai Toei milled rice was cooked by an electric rice cooker.
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Figure 23 Hardness (A) and adhesiveness (B) of 3 different soaking times of cooked Hom Bai Toie
brown rice that packed in a retort pouch during storage under room temperature for
6 months

Note: Means with different letters on each bar indicate significantly different (p<0.05).



111

(50"0<d) 1uIoyIIp APUROYIUFIS-UOU dIB SU PUB SN
"(50°0>d) squowr 9 10J porrdd 95810)S UIIIM JUSIDJIIP A[JUBOYIUSIS AR SUI| YIBA UI SI9)19] [€I1ded JUSISIIIP YIIM SUBIA
"(60°0>d) own SUIyYeOS JUAISPIP 23IY) UIIIM JUSISNIIP A[JUBDOIIUSIS QI8 YJUOW [OBS UI SIANI] [[BWS JUSISJJIP YIM SUBIIA :9JON
syjuow 9 1oj aanjerodurd) woos opun o3e1ols Jurnp yonod 110321 € ur paoed jeyp

QOLI PA[[IW A0, Teg WO PAN00I JO SAWI) FUILOS JUIIIPIP 7 JO () BUIOIYD pue ((]) d[3ue any (D) SSOUMO[[A ‘(g) ssaupal (V) ssomysI g an3iyg

(sypuogy) popd aSesog (sypuopy) porsad adeang
§ F £ T I L] 9 g ¥ £ z
1 'l 1 1 1 (1 L L 1 1 L OO
UL 8 ——
| 89
5T o
10 b =
- satsu =
o e 3
—— L 5
w9 g -
il
L
Satsu
e | a 9L
(syyuopy) porsad ddel0)§ . o
(syauopy) porsad ageaolg
9 S b € F (sypuopy) poriad afea0)g
9 s ¥ £ [4 I 0 ) ' ¢ t
1 1 I 1 1 <1 _ _ _ _ )
L 1 1 1 1 1 1 » Wh
06°0
07 - bL
W - S6°0 -
= T
H z sLE
m ‘su N gy | 00°1 W M
= gusu SN gy SN SN'SE SNSU g @ g
g = i =
=~ -osr & &
LL
SN'su - orl
8L
q - SI'L v




50 A
b
40 4 E2
d c -
~ 30 4 8 f ; 5[ [Z] 6 Min
& = [ I
£ 20 4 [ : - : 1. [] 8 Min
= N . K . 1i
E S L L A A
= 10 ::*‘ ::‘)‘ ::-‘ :::‘)‘ ::i‘
0 1 2 3 4 5
Storage period (Months)
B
4 - a a b c
2 . q
e f -1L + e
S I 1L 1 s A ]
z 11 & - j [ 6 Min
@ : N B
1] . . E3
E 2 A ' -
2 [ ] 8 Min
8
= 1
<
0 .
0 1 2 3 4 5

Storage period (Months)

112

Figure 25 Hardness (A) and adhesiveness (B) of 2 different soaking times of cooked Hom Bai Toie

milled rice that packed in a retort pouch during storage under room temperature for

6 months

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Figure 26 Moisture content of cooked Hom Bai Toie brown rice that packed in a retort pouch during

storage for 6 months

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Figure 27 Moisture content of cooked Hom Bai Toie milled rice that packed in a retort pouch during

storage for 6 months

Note: Means with different letters on each bar indicate significantly different (p<0.05).
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Table 32 Retrogradation of cooked Hom Bai Toie brown rice that packed in a retort pouch during

storage under room temperature for 6 months

Soaking time Storage period Thermal properties
(Min) (Months) T, (°C) T,(°C) T, (°C) AH (/g)

8 0 - - - -
1 54.74+0.12° 55.61+£0.07°  58.39+0.15° 0.68+0.01"
2 54.76+0.01°¢ 55.63£0.01°"  58.47+0.05°  0.71+0.02°
3 54.88+0.02°  55.65+0.01°"  58.54+0.03'  0.77+0.04"
4 54.93+0.01° 55.72+0.02°  58.62+0.03°  0.87+0.02°
5 55.30+0.07" 55.87+0.07°  58.77£0.09°  0.93+0.01"
6 55.83+0.02" 56.10+0.17" 59.4240.03°  0.97+0.01°

10 0 - - - -
1 54.75+0.02° 55.61£0.01"  58.38+0.01° 0.67+0.01°
2 54.76+0.13° 55.63+0.03*"  58.46£0.01° 0.71£0.02°
3 54.8240.01°  55.65+0.02°"  58.42+0.02°  0.76+0.02"
4 54.94+0.01° 55.73+0.06° 58.62+0.01°  0.86+0.01°
5 55.30+0.12° 55.86+0.10°  58.77+0.02°  0.93+0.03"
6 55.83+0.01° 56.11+0.01° 59.41+0.01°  0.97+0.01°

12 0 - - - -
1 54.74+0.05° 55.60+0.02" 58.39+0.01°  0.66+0.05°
2 54.76+0.02° 55.62+0.07°  58.45+0.02°  0.70+0.01°
3 54.88+0.02°  55.65+0.02°"  58.54+0.01°  0.74+0.03%
4 54.93+0.02° 55.71£0.01°°  58.61£0.01°  0.84+0.02°
5 55.30+0.01° 55.88+0.01"  58.76x0.01"°  0.92+0.02
6 55.82+0.05" 56.10+0.01° 59.40+0.00°  0.96+0.01"

Note: Means with different letters in the same column are significantly different (p<0.05).
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(p>0.05) HoNTUITLHZIAINTUY WU szezamadiaenu hilinadoniguuglisudu

a a Y

(T,) uwgiigaga (T,) gamgigaiie (T) wasamaanuildlumsnad s (p=0.05) iifo

a U

a 3 o 1 4 @ 2 J &Y a
NWATNTUTSHYSLIATINITINUINET WUN Lﬁ@ﬁxaxnaﬁﬂymmﬁumwaﬁlﬁ%wmnw%’aumiﬂﬂﬁlu

a a

MauzussYUaTiniimeuulEuay (T,) qungigga (T,) gungigame (T,) tasAIngany
' .Y '

A1 lumsnad luswsu (AH) vUY (p<0.05) Anaanuilslumsmard lusdu (AH) voat1n
Y 9 a a A A =~ 9 19 = A ~
Pav1anionts Inalunivuzussgdaainidiiumaasonand1ausd1ug 6 nluwaoun 1

Az 6 1IN 0.67 1Az 0.99 aABNTN AINAIAD (113199 33)

Table 33 Retrogradation of cooked Hom Bai Toie milled rice that packed in a retort pouch during

storage for 6 months

Soaking time  Storage Thermal properties

Mi Month:

(Min) (Months) 1. (o(y) T, (°C) T, (°C) AH (/g)
55.03+0.08° 56.60+0.13 58.20+0.03" 0.67+0.01"
55.24+0.27°  56.65+0.09"" 58.36+0.02° 0.71+0.01°
55.64+0.26° 56.73+0.03°* 58.42+0.04° 0.74+0.02"
55.79+0.20"  56.84+0.16™ 58.61+0.02° 0.78+0.02%
56.01+0.05" 56.83+0.06™ 58.73+0.12° 0.84+0.03°
56.17+0.02" 57.17+0.06" 59.23+0.01° 0.99+0.01°
55.00+0.02° 56.58+0.13" 58.18+0.04° 0.66+0.06'
55.23+0.07" 56.62+0.07 58.34+0.01" 0.69+0.03"
55.61£0.03°  56.72+0.02" 58.40+0.03° 0.72+0.01"
55.75+0.02° 56.81+0.01" 58.59+0.01° 0.77+0.01°"
55.99+0.01° 56.87+0.05" 58.70+0.03° 0.82+0.03"
56.13+0.01° 57.15+0.04" 59.20+0.03" 0.98+0.01°

Note: Means with different letters in the same column are significantly different (p<0.05).
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Appendix Figure 1 Chromatograms of volatile compound of fresh (A), stored (B) Hom Bai Toie

brown rice (the 6" month) in a vacuum Nylon/LLDPE and a non-vacuum

Nylon/LLDPE packaging (C)
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Appendix Figure 2 Chromatograms of volatile compound of fresh (A), stored (B) Hom Bai Toie
milled rice (the 6" month) in a vacuum Nylon/LLDPE and a non-vacuum

Nylon/LLDPE packaging (C)
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Appendix Figure 3 Chromatograms of volatile compound of cooked fresh (A) and stored (B)
Hom Bai Toie brown rice (the 6" month) with rice to water ratio as 1:2.0

in an electric rice cooker
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Appendix Figure 4 Chromatograms of volatile compound of cooked fresh (A) and stored (B)

Hom Bai Toie milled rice (the 6" month) with rice to water ratio as 1:1.5

in an electric rice cooker
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Appendix Figure 5 Chromatograms of volatile compound of cooked Hom Bai Toie brown rice
that packed in a retort pouch prepared by soaking temperature under 100°C
for 8 (A), 10 (B) and 12 min (C)
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Appendix Figure 6 Chromatograms of volatile compound of cooked Hom Bai Toie milled rice

that packed in a retort pouch prepared by soaking temperature under 100°C for

6 (A) and 8 min (B)
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Appendix Figure 7 Chromatograms of volatile compound of fresh cooked Hom Bai Toie brown
rice that packed in a retort pouch prepared by soaking temperature under
100°C for 8 (A), 10 (C) and 12 min (E) and stored cooked Hom Bai Toie
brown rice (the 6" month) that packed in a retort pouch prepared by soaking

temperature under 100°C for 8 (B), 10 (D) and 12 min (F)
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Appendix Figure 8 Chromatograms of volatile compound of fresh cooked Hom Bai Toie

milled rice that packed in a retort pouch prepared by soaking temperature

under 100°C for 6 (A) and 8 min (C) and stored cooked Hom Bai Toie

milled rice (the 6 month) that packed in a retort pouch prepared by soaking

temperature under 100°C for 6 (B) and 8 min (D)
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Appendix Table 1 The condition for analysis volatile compound of raw rice by GC-MS

Condition

DB-wax column

Length of column (m)

Diameter of column (m)

Film thickness (um)

Carrier gas

Flow rate of carrier gas (ml/min)
Mode of operation

Injection temperature (°C)

Oven temperature (°C)

Interface temperature (°C)
Ionization energy

Mass range (amu)

30

0.25

0.25

purified helium gas

1.5

splitless

200
2 °C/min

45°C ——» 80°C
4°C/min

80°C —» 120°C
10°C/min

1200 —» 230°C

250

70 eV

Scan mode (20-350 amu, 4.33 scans/s)

9. yHauazSanamsszmelludingn (Mahattanatawee and Rouseff, 2014)

ginsnl

1. 1A504 Gas chromatography/mass spectrometry (GC-MS) (Agilent 6890 Plus GC/HP 5973)
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3. Teflon-coated septum
4. Screw cap

5. Solid phase microextraction

6. Divinylbenzene/carboxen/polydimethylsiloxane fiber
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Appendix Table 2 The condition for analysis volatile compound of cooked rice by GC-MS

Condition RTX-5 capillary column
Length of column (m) 60

Diameter of column (mm) 0.25

Film thickness (pm) 0.50

Carrier gas purified helium gas
Flow rate of carrier gas (ml/min) 2

Mode of operation
Injection temperature (°C)

Oven temperature (°C)

Interface temperature (°C)
Ionization energy

Mass range (amu)

positive ion

220

40°C holding for 2 min

7°C/min

40°C  ——>  240°C
holding for 7.5 min

240°C holding for 2 min

260

70 eV

Scan mode (25-350 amu)
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4. In33a319mM3ga9a (Luangmalawat et al., 2008)
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6. aNTAMSIIDASININTATY (Teo et al., 2000)
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d
aunsas
inTeand I meation 4 gl
Aax
M3

vy y ' ' {
mumumﬁmuuax%’nn@@ 1UIU 3 K1 Lzazmmmﬂﬂugﬂmmmmﬁﬂ

MmN

o 3 ¥ @ 3 9 o
ﬂ'g’liJﬁ'ljJ']iflcluﬂ’ﬁ@@qfuu'l = u'lwuﬂGUENL?JaQGUTJ’Ejﬂ (nsy)

%’ o <3 9 a [
WIHUNUBUNAAUIIAY (NTN)
3. PSnm Starchy core (Juliano, 1985)
d
gulnsas
1. NFZINUINNI
2. dou
ad
ABEMS
[ 9 I~ [ a g’/ 9 9 <3 9 [
1. gqua1I1agn 10 180 MIVULHUNTZINUINN nUUTFFounauand1d dang
o 1 [ <
anvazvYU IudIuNa19voUNaa
2. i luglvesnunde
ad )
ABMIMUIN

° I A <
ﬂ?mm Starchy core = mmumawﬁﬁ’mumumnﬂ;u (Lllaﬂ) x 100

g 9 ¥

o <
NUIUNAAVIINIHUA (LUAA)
N . .
4. ANUdANNE (Juliano, 1985)
d
gulnsas
1. 1A309 Texture analyzer iéu TA - XT2i
2. Wan
ad
I5MS
A .
1. 1aonlUsunsu Texture expert English
o I 9 < v A < < @
2. 11waav17 10 WaA M9VWWAN 1Agdaizsuuan luuuIUNDU 5107 UAIAY 2 1UaA A4
A o ¥ @ Jyy S @ [ Y v o .
uaadlumMnAHUINT 3 9119 10 51 39 Taglgauiimiin 50 n5u naz 16w TauUD Cylinder

9y 9 [ o 1 <3 = 1 I A o Y <]
probe P35 Gl,slﬂl,iQﬂﬂﬁTWiUﬂTi?ﬂﬂTﬂ’J"l?JLHN (Hardness) Wrivuredlu HIeU A28A2101579



170

A A 1A @ ES I [ a 1 < a o
1 Haawasaedu Wasnniudumsianimsinizan (Adhesiveness) rieu Haau g

o =

Y 2 o ] @ { < a a 1A
mamzaﬂﬂﬁmmm@ma ﬂﬁllﬁﬂ\ﬂl&ﬂ”l‘l/‘lﬁ 1 ﬂ’JHJLi’JZ:fﬂﬁ}WEI 10 uammwmmﬁ

U

Appendix Figure 9 Texture evaluation of cooked rice
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Appendix Figure 10 Monitoring of heating process time (F,) of cooked rice in a retort pouch,
inserting thermometer needle into a retort pouch (A), sample weighting (B),
sample sealing (C), thermocouple connection with computer for recording

temperature (D) and sample loading into a retort (E)
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MIMUIUMITEZNANFD (F,) (Ball and Olson, 1957)
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Appendix Figure 12 Semi-logarithmic graph between temperature and time of cooked brown rice
in a retort pouch that prepared by soaking temperature under 100°C for

8 min for calculating F, Formula
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2. M3 Sterility test (Landry ez al., 2001)
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