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ABSTRACT

Sungyod rice is a local rice variety which is mostly cultivated in Phatthalung province,
southern part of Thailand. The red pericarp of sunyod rice mainly contains high anthocyanin.
Milling process of sungyod rice yields 62% whole rice grain, together with by-products of 1.5% of
bran, 29.2% of husk and 7.3% of broken rice. Broken rice is sold at low price even contains high
nutritional values. Therefore, this research attempted to produce instant powder drink from broken
rice in order to increase its value. This work consisted of 1. measurement of chemical properties in
sungyod whole rice and broken rice grain during storage, 2. maximising alpha-amylase activity and
study its effects on rice hydrolysate properties, 3. optimizing spray drying conditions for instant
rice powder made from partially enzymatic hydrolyzed, and 4. investigating of the most liked
formulation of instant mixed drink made from sungyod broken rice powder.

Sungyod paddy rice was de-husked and milled to obtain both sungyod whole rice and
broken rice grain which are co-products from milling process. The length, grain weight and bulk
density of broken rice grain was significantly different compared with the whole rice produced
from the same batch (p<0.05). Both types of sungyod rice (whole rice and broken rice grain) were
vacuum-packed in 25 cm x 15 cm of Nylon/LLDPE plastic bag for 500 grams/bag and stored at
room temperature for 6 months. The samples were sampling for analyses every 2 months. Changes
in physical, chemical and physicochemical properties were found in both samples during storage at
2, 4 and 6 month intervals (p<0.05). TBA value of sungyod broken rice grain increased during
storage (p<0.05) which was significantly higher than those of sungyod whole rice (p<0.05).
Moreover, L*, a*, chroma, moisture content, anthocyanin content, peak viscosity, final viscosity
and setback viscosity of both samples were decreased during storage (p<0.05) with increasing
enthalpy of gelatinization (p<0.05).

Sungyod broken rice grain was processed to instant drink by firstly grounding and sieving
to physically reduce the raw material size and increase areas for further chemical reactions before

partially hydrolyzing using alpha-amylase. Therefore, alpha-amylase activity on rice hydrolysate
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properties can be maximized. Sungyod broken rice flour then was mixed with 10% distilled water
(w/v) and the mixture was incubated at 85°C in the temperature controlled bath. The three different
concentrations 0.05, 0.1 and 0.5 (v/w) of alpha-amylase were applied to the mixtures. As a result,
the equilibrium times of enzymatic reaction were 60, 50 and 40 min, respectively. The decreasing
of the equilibrium times of enzymatic reaction was consistent with increasing alpha-amylase
concentration (p<0.05). The recommended condition for rice hydrolysate producing was 0.5%
(v/w) of alpha-amylase at 85°C for 60 min. Under this processing condition, rice hydrolysate
presented the highest total solid yield of 9.41% and degree of hydrolysis at 9.41% and 36.57%
(p<0.05). In addition, spray drying process was established in order to produce instant rice powder.
The partially hydrolyzed rice hydrolysate was set at a 480 mL/h sample flow rate and outlet
temperature 80°C. The spray drying conditions of rice powder were optimized using factorial 3 x 3
design with different maltodextrin concentrations (0%, 10% and 20%) and inlet temperatures
(150°C, 170°C and 190°C). Thirteen conditions were generated from the design expert software,
including 4 replications of the control point. The optimum condition between inlet temperature and
maltodextrin concentration, maximizing the product yield of 70.94% yield and WAI 0.3639 g/g
was 15.2% maltodextrin and inlet temperature at 187°C. Regarding to this condition, yield 70.94%
and WAI 0.3639 g/g of rice powder were obtained (p<0.05). The thirteen mixed formulas were then
generated varying concentrations of rice powder (45-65%) and creamer (10-30%) to test consumer
acceptance. All formulas of instant drink before and after dissolving in warm water were tasted
from 50 consumers using 9-point Hedonic scale. The instant drink from sungyod broken rice made
from 65% rice powder and 10% creamer received the highest liking scores on rice odor in (both
instant drink before and after dissolving), and rice flavor after dissolving. However, the liking score
obtained from this formula was lower than 6. Therefore, the original formula was further developed
to increase consumer acceptance by adding another ingredient-cocoa for 6 levels (0%, 1%, 2%, 3%,
4% and 5%). The instant mixed drink made from 68% rice powder, 2% cocoa, 20% sugar and 10%
creamer gained the highest liking score of rice odor and overall acceptance, compared to other

formulations (p<0.05).
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Table 2 Classification of rice grain size

Size of rice grain Length (mm)
Very long >17.50

Long 6.61-7.50
Medium 5.51-6.60
Short <5.50

Source: Kongsaeree (2003)
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Figure 2 Amylose structure

Source: Caplin (2004)
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Source: Caplin (2004)
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Table 3 Classification of rice grain according to amylose content

Amylose content (%) Classification of rice grain Cooked rice quality
0-3 Waxy rice grain Very sticky texture
4-11 Very low amylose content of rice Sticky texture
12-19 Low amylose content of rice Soft, sticky and wet texture
20-25 Medium amylose content of rice Soft texture and separated grain
26-34 High amylose content of rice Separated grain, hard texture and fluffy rice

Source: Adapted from Kongsaeree (2003) and Naiwikul (2004)
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Figure 4 Hydrolysis and oxidation reactions of lipids in rice grain

Source: Champagne (1994)
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Figure 5 X-ray diffraction patterns of A-type, B-type and V, -type starch

Source: Buleon et al. (1998)
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A-type - B-type

Figure 6 Crystalline polymorphs of hexagonal packing in A-type and B-type starch

Source: Eliasson (2004)
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2.3.4. MINARaIA Iy (Gelatinization)
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Figure 7 Thermograph of rice flour from differential scanning calorimeter

Source: Bao et al. (2004)
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Figure 8 Schematic model of the aging process in rice grain process

Source: Adapted from Zhou et al. (2002)
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auoatoula]

[ a 1 A Aa o =} o A A A I
MNY >500 Qu%@]@ﬂaaﬂﬁi\ljﬂﬁﬂu F1ZMIINNUNHNIEFNAe NaNwiunsa-

A1UNINY 6 LAzQUUATINIAY 85 BAAIAIFEA) 9INUTUN Sigma-Aldrich 1szine
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J A oA
Qﬂmmuaz!mmm

11808 1U5AY (Gerhardt, Model Kjeldatherm, Germany)

m’%mﬁ’ avv'lonsa (Gerhardt, Model TURBO SOG, Germany)
Lﬂ'ﬂi'mﬂﬁ'} 115U (Gerhardt, Model Vapodest 10 SN, Germany)
Lﬂd'i'mﬁ el (Electrothermal, Model EME6, United Kingdom)
Lﬂ%i’)ﬁ’iﬂmmiﬂﬂﬂﬁm&m (Hitachi, Model U-1500, Japan)
Lﬂ%@ﬁ%ﬁﬁWﬁﬁ/ﬂ1Wﬂ1 (Sartorious, BP310S, Germany)
ﬂé}ﬂﬂ‘ga%ﬁﬁﬂ%!ﬁﬂ@iﬂu (JEOL, United Kingdom)
m’%mwyum%m (Sanyo, Harrier 18/80, United Kingdom)

Lﬂd’alEN Differential scanning colorimeter (DSC) (Perkin Elmer, U.S.A.)
Lﬂd’alm Rapid visco-analyzer (Scientific Newport, RVA 4D, Australia)
1A3897A% (Hunter Lab Reston, VA, U.S.A.)
nseeiaSunaniidasy (Aqualab U series, U.S.A.)
AzunIIsoUIUIA 250 luTasng

193 pep U aUWUADY (Nitro A/S. Gladsaxevej 305, Denmark)
Lﬂdil@\i’s’ﬂﬂﬂ'lﬂlﬂuﬂiﬂ-@H\? (Mettler Toledo, PG-20, China)

Lﬂd’al’éN Rheometer (Haake, RheoStress RS75, Germany)

Lﬂd’ali’N X-ray Diffractometer (X’ Pert MPD, Netherlands)
mdi'ammmuﬁ'@um%m (Hammer mill) (Zoneding, China)

IA30IUAYDINFA (Phillip, HR 2061, Indonesia)
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F
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A
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9 A A Yo
- Sovazveananani lasy
- ANVHU MU UUDING (Bulk density) (Goula and Adamopoulus, 2004)
3.1.2 aUMWMani
A
- S nuFU (A.0.A.C., 2000)
¥ =)
- USuaeease (A.0.A.C., 2000)
Aa aa d
3.1.3 aumimaniiylana
Y Y
- ANNENIa lumsaz a1z M3gATUL (Anderson ef al., 1969)
d
3.1.4 MFAATITHN9ADA
o ¥ Y A a s
hdoyan 1491nN13NAR09HI0AIN1TABUAUBI (Response) W1 IATIZHN
a0a 1ag1UNUNTNAADLULY Face Central Composite Design Iﬂﬂﬁﬂgﬂﬂ1iﬂﬂﬁ@ﬂi?ﬂ£ﬁ1ﬁﬂ
~ Y o 9 o v Jdou o 1 < 4
13 gAMINADDI (A3 1N 4) uanhuaianuduiusnudlssennalsunauea lndndg
a a 9 a 4 a d Y o
nIutazguugioIn vl Taensiasisnaunmsniendiamanialellsunsuduiagy
4 o [ Y 4 1 % g‘/ @ 1 ]
Design Expert 1ia¥11181aLE@AIAN TN UTTE M0 U T NI@09aIADAINITABUEUDY
AFuNSN 1
Y =B+ Bx, + BX, + B X+ BX, + BuX XKoo, (@umsi 1)
4 a4 4 n
iio B, ie AR & gANINE1INITNAREY (0, 0)
= 1o a £ Jo o = .
B, uaz B, Ao arduilsz@nTnariouauniia (Linear)
LY a Q( o o
B, waz 3, Aln mdwilsz@nswariouduaed (Quadratic)
[ a Qd da A 1 @ a g’/
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<3 d Aa g ] =
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A a 9 =
X, 19 gUNYUDINIAVIUUT (GNAGKIGTE))

A

9 [
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(Hu, 1999)
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Table 4 Experimental design for spray drying experiments

Coded levels Actual levels
Number of Maltodextrin Inlet Maltodextrin Inlet
treatment (X)) temperature (%) temperature

(X, {®)

1 0 0 10 170

2 0 -1 10 150

3 0 0 10 170

4 -1 1 0 190

5 1 1 20 190

6 -1 -1 0 150

7 0 1 10 190

8 0 0 10 170

9 0 0 10 170

10 0 0 10 170

11 1 -1 20 150

12 -1 0 0 170

13 1 0 20 170

3.1.5 neaumsi1n1nllsunsn Design Expert
o 1 Ay v o . = Y
1AM saevUauen 1931nn15¥u1e Tae 1151n54 Design Expert 34 18010
: Lq . 4 2 o -
msunum luaumsnlglumsiineg iwemgasimiunganlumsnandime uufSeume
o 1 ~ 9 a Y A I d Aa a
AUAIMIROUAUOIN 1891nN15NAaee9se TaeldSinavea lnangniuuazguvgioims
9y Ao A Y ~ & A 9 Y a =\ 1

VUTNNAAADNLIINTON 3.1.4 FIaUMINA1W150 19U A3 3az TANUURUILAUADNIT
o o d' d' ?x’z Y = d' 9 [
huiinememgas iz gl azdealinimsaovaueei lnanmssinne Tag T sunsy
Design Expert %4 laanmsunuamlugumsuuyusians nummsaevaussi laainmsnaass

a 9 a0 1 1 a 9
239 azdeatian luuanaaunudesay 10 (Hu, 1999)
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3.2 finmngasiimanzaalumswannIosnnms
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3.2.1 AaengasioInu
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Table 5 Ingredient of commercial instant drink from rice (Xongdur brand)

Ingredient Amount (%)
Rice powder 45
Creamer 30
Sugar 15

Cocoa 10
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Table 6 Formulations of instant drink from rice

Number of Ingredient (%)
treatment Rice powder Creamer Sugar Cocoa
1 45 30 20 5
2 45 30 20 5
3 45 30 20 5
4 47.5 27.5 20 5
5 50 25 20 5
6 52.6 224 20 5
7 55 20 20 5
8 55 20 20 5
9 60 15 20 5
10 62.5 12.5 20 5
11 65 10 20 5
12 65 10 20 5
13 65 10 20 5
MINWHUMIADA

o 9 A 4 A 1
Wdoyai 1a91nN15NA0IHIT0AINITAD VAU (Response) W
a 4 Aana ' v
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Ao oa o4 s
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A 1o a £ Jou o & .
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r'd
" o a A o o
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[ a Q‘{ Ja A 1 o a g’u
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3.2.3.1 QUMWNIMENINVDUNITOIANA
L=

- Jam1@luszuy CIE Hunter Lab luga) L*, a* uag b* Tagldinsesian

@ (Hunter Lab)

=~

-manunilalagldiasesianunila (Rheometer) Tafiguingil 50
DIANFAHOA (Sutinium ef al, 2008)
3.2.3.2 guMnmand
2
- AU (A.0.A.C., 2000)
- YSuanhvase (A.0.A.C., 2000)
- 5 Tasau (A.0.A.C., 2000)
- 5a i (A.0.A.C., 2000)
- 1518081 (A.0.A.C., 2000)
A Aa Aala d
3.2.3.3 gumumaniigailana

9 9
- ﬂ’ﬂll’@ﬂ3J1iﬂSl,uﬂ15ﬁ$ﬁ?ﬂu1lmgﬁﬂ1§@,ﬂcﬁﬂu1 (Anderson et al., 1969)



53

a J
HallazIv1IUNaAN1INAA9N

a d Y

H a A v d Y
1. ﬂ]i!ﬂﬁﬂu!!ﬂﬂﬁﬂmﬂ1ﬂﬂ1ﬁﬂ1£|<ﬂTW !ﬂﬁ !!ﬂ$!ﬂﬁ!‘ﬂﬁﬂﬁﬂﬁm@ﬁm]ﬁﬁﬁﬂlﬂﬂﬂﬂﬂ

Y v d [ [ v v A ' <Y

HAZVINIVHIAANAANSHAINTVATISHINIMSINUINY
= ~ =\ A Aa aAa 4 F) v o
mMaAnyINIlasuulasguammianenn inll uazn A anduesiIdUrean

9 v 1 < 1% o A 1 IS o o 9 v d I <
1Az I AU HIAANINAANENAINTTATTEHINM VT Tagrhindeunsafumdn

1 o d o A % ' a a
Tminazdndsiveasinludfrunsdaduisain vussyluganaiadnyiia Nylon/LLDPE

a a 3 o { A 1 o 1
udraatinluganzgyoma tazinusnungungiidesuiu 6 Mo gua106199n 2 Hou

@

J

a J = a a AaAa = = v dy
AUATICUAUNTIWNTNNIYNTN Y ez and IﬂﬂuiWﬂﬁmﬂﬂﬂﬂﬂﬁ@Ulﬂu
3.1 AUNNWNNNYNIN

= d' Y ) < 3
fl]'lﬂﬂ'lﬁﬁﬂlﬂl']ﬂ']ﬁl‘ﬂﬁfJ‘LlLlﬂJﬁQﬂmﬂ'lWVl'l\iﬂ']fJﬂ'qulﬂL!ﬂ AITUNINLNAR ANUYIUUAA
%’ o < 1 3 = 9 v d o 9 v 3 <3
HINUNNAA ANUUUUUUTINVDIUNAA LUAZATTUDIVIITIVNYA NS UNITIVH YA NN A
@ &Y 1 3 o J v o v I <3
ﬂ?ﬂﬁﬁﬂﬂ?i‘uﬂallﬁg331’731\1ﬂ13lﬂ‘ﬂ§ﬂ1&ﬂ1"|ﬂ'ﬂ GISJ}TJﬁ\‘I‘Uﬁﬂﬂﬁﬂllﬁgﬂghﬁﬁx‘]‘uﬁﬂﬂmu!uaﬂ
o v A 9 3 ] 1 ] g o A
ﬂ']fJWi’Nﬂ”lﬁsllﬂﬁil‘ﬂ'l']ilﬂ'ﬂ\‘]allf’N!JJﬁﬂ”lllLmﬂ@n\‘]ﬂu%ﬁﬂﬂﬁ%ﬂm?ﬁﬂﬂﬂﬁﬂﬂ? (p>0.05) Iﬂf]llﬂ']
] ' a { <] o o o J v
@gﬂlumﬁ 0.176-0.187 LBUANAT clusllﬂ‘!gﬁﬂ'NﬂJfJTJLlIﬁWU@QGﬁ)TJﬁQﬂlﬁﬂﬂﬁﬂ@']ﬂ'ﬂsl%’lﬁﬁéllﬁﬂﬂ
I < 3 o 2 9 v = [ l [
IAUIUAANADATISYSLIANUNUVINHA (pZ0.0S) GINGU'I'JE‘TQGUWﬂﬂﬂﬂuﬂ’lﬂﬂ?uﬂ?ﬂluﬁﬂ’E]giu%")ﬂ
a ' I < 1 < ' ' a
0.432-0.437 1B UALNAT ’ﬁ')u"lTTJWIlILlIa@ﬁﬂ1ﬂ3’lﬂﬂ’nlllﬁﬂ@gclu%3\3 0.647-0.650 I UALNAT
o @ @ v W 1 (4 < 3 A
inﬂ"ﬁ’ﬂya"ll@\‘iﬁ'lﬂﬂ\i'lulﬂ‘ﬂﬁiﬂﬁﬂ'J@WWQ\‘l (2553) 91991UN "ﬁH’Jﬂé}@QﬁQ"UWﬂﬂL@NLNaﬂllﬂ’)'liJ
<} [ a <} [ Y a { A
ﬂ'?]}'l\il,llaﬂlﬂ'lﬂﬂ 0.181 tHUSAUNAT LASAINVUITINNAALNTIND 0.670 LEUALNAT u’f]ﬂﬂ’lﬂﬁlﬁ’f]
a A Y o d @ 9 o J 1< I @ v A 3 o
@]@ﬁ'lilﬂ1ilﬂaElul,l,ﬂa\i"lﬂ')ﬁ\?"llﬂﬂﬂﬁﬂllﬁ%GUTJﬁ\i"UWUﬂ!ﬁiJHJaﬂﬂ'lflﬁﬂ\?ﬂ']ﬁﬂlﬂﬁllﬁgmﬂiﬂ‘hﬂ
' ¥ @ < 9 o @ Y o <3 a3 ' 3 o
WUI UIRUNLUAAVDIVIIAIVHYAUNUASUIITIVHYALANLINAAISAAITSUINUNUINY
1 S o o d @ [ S g @ <
(p<0.05) I@Ui%'ﬁ?'l\uﬂﬂiﬂ‘kﬂu'lu 6 La’f]u "{’l}'nﬁ\'i"UWElﬂWﬂfﬂfﬂ’ia\‘lﬂ'li"llﬂﬁﬁu']ﬂuﬂluﬁﬂﬁﬂﬂﬂ
Y 1 <3 < o 1 < 1 o J < < [
210 0.948 NTU ©9 100 LUaA 19w 0.933 N3N @0 100 LUaA ﬁ')u"ﬂj'nﬁ\i"lﬂ’fEJﬂmllLllﬁﬂﬂWElﬂaﬁﬂ’]i
9

@ <}

o < & o 1 s 2
ﬂ?’fﬁu’lﬁuﬂlua@a@aﬂﬁnﬂ 1.540 N34 $1® 100 LA Lﬂu 1.530 NTU $1© 100 LA ﬂ\iﬁﬂ'ﬁaﬂa\i
4

~ 9 1 IS o A Y v o 9 o J 3 I @
NAAAIVOIVIITEUINUNUINET IUDININVINITIVHYANNUALSUIITIVHUALANNAAN 1Y AINTT

a a y A g < ' 2 o 9 Ya a X =
ad E]ﬂ ﬂﬁ!ﬂTGIquUﬂﬂlﬂ@ﬁﬂluaﬂ@@ﬂUTQﬁfJu ﬁN‘V]fl‘VﬂﬂﬂﬂTﬁquﬁﬂﬂ?Tﬂ%u53W313LﬂU



54

@ 1 v { g a
0¥ 91NNI1TI18I1UUDY Kanjanumpha (2015) ‘V‘I‘U'ﬂ‘ﬁ}'l]ﬂé}f]\iﬁﬂ‘llﬁﬂﬂﬁLﬂ‘UﬁluQQWﬁWﬁﬁﬂ

v A

3 o < { 1 v d i
Nylon/LLDPE @012y nia u1u 6 ideu timinmwaansinndndsineanmumsiad

o & A

A D) Yy o ~ A 9 19 ' ) ' o =
Lu'ﬁ]\‘]ﬂWﬂGU'I'Jﬂ'ﬂfNﬁ\?“llﬁflﬂN‘Huﬂl@ﬂlﬂ@‘}jumaﬂﬂ@ﬂuﬂg Glu*llm%ﬂ‘lﬂ'lﬁﬂ‘ll‘ﬁﬂﬂﬂNTLlﬂ']i‘Uﬂﬁ

9
= %

o A Y <3 o Y a dy 9 v J A =
ANUATDIFUVDIUYDHUINAADDIN 1/]']Glﬂfnﬁqmulﬁﬂﬂ'3111615115116\161”3ﬁ\?ellwﬂﬂﬂW'IUﬂ']isllﬂﬁ W

U

a 4 J v 1 1 v o 1 1 o J
Lﬂﬂli’)ﬂﬂﬂ%ﬁﬂﬁjﬂﬂﬁﬂﬂlﬁﬂﬂ mummwmuuummm%’nmwslmi'ﬂﬁmqqmﬁnmwm
IS

< A Yy o o A ¥ o ) " Y o @ ]
LR (p<0.05) IHDINVTNITIVHYANNUAINYITWULAS HIH UNUAAN TN INVIITIVH YA Y

1< @ A 1A A 1 <
AR UFAAIAININN 10 LlazhliJLﬂﬂﬂ'liﬂJﬁEIL!!L‘]JE‘Nm@ﬂﬂﬂTNﬂuT!LuuﬁﬂNﬁﬁ@ﬂi%EI$L”JE]'ILﬂ1J

TN (p>0.05)

Figure 10 Sungyod rice broken rice (a) and whole rice (b) grain
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(Francis, 1980)

Table 7 Physical properties of Phatthalung sungyod whole rice grain and broken rice grain during

storage under room temperature for 6 months

Phatthalung Storage
Length (L) Breadth (B) Grain weight  Bulk density
sungyod time X
(cm) (cm) (g/100 grains) (g/em’)
rice (months)
0 0.650+0.006"  0.177+0.008™  1.540+0.006°  0.978+0.001"
Whole rice 2 0.649+0.007"  0.177+0.004™  1.537+0.003"  0.975+0.005"
grain 4 0.649+0.005"  0.176+0.005™  1.531+0.006™  0.973+0.009"
6 0.647+0.003"  0.176+0.006™  1.530+0.005°  0.970+0.007
0 0.432+0.010°  0.179+0.010™  0.948+0.005'  1.008+0.001"
Broken rice 2 0.433+0.019°  0.184+0.011™  0.940+0.002°  1.005+0.003"
grain 4 0.435+0.017°  0.187+0.017™  0.935+0.001°  1.004+0.002"
6 0.437+0.010°  0.181+0.010™  0.933+0.004"  1.004+0.004"

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

NS is not significantly different (p>0.05).
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Table 8 Color of Phatthalung sungyod whole rice grain and broken rice grain during storage under

room temperature for 6 months

Phatthalung  Storage Color
sungyod time Hue angle Chroma
L* a* b*
rice (months)
0 43.49+0.80"  14.29+0.56°  19.71+0.81°  54.06+2.14"  24.36+0.36"
Whole rice 2 4328+0.56™  14.22+0.44"  19.63+0.84"  54.08+1.34™  24.25+0.76"
grain 4 42.74+0.65%  13.7140.22°  19.44+0.80"  54.70+2.61"  23.81+0.43%
6 42.04+0.39°  13.36+0.42°  18.1840.36"  53.72+0.96"  22.56+0.41°
0 43.76+0.39" 14261041  19.83+0.72°  54.30+1.08"  24.42+0.68"
Broken rice 2 43.4140.64™  14.24+025°  19.44+0.83"  53.78+1.38"  24.11+0.65"
grain 4 42.88+0.25™  13.78+0.22°  18.94+0.65  53.98+1.09™  23.42+0.52"
6 4220+0.34%°  13.46+0.36°  18.17+0.25°  53.72+0.96"  22.61+0.38"

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

NS is not significantly different (p>0.05).
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Figure 11 Thiobarbituric acid (TBA) of Phatthalung sungyod whole rice grain and broken rice

grain during storage under room temperature for 6 months

Note: Means with different letters in each line are significantly different (p<0.05).
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and its diffractogram during storage under room temperature for 6 months
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Table 12 Pasting properties of Phatthalung sungyod whole rice grain and broken rice grain during

storage under room temperature for 6 months

Phatthalung  Storage time Pasting properties

sungyod rice (months) PV (RVU) P ‘o) FV (RVU) SBV (RVU)

0 102.3140.27°  93.77+0.14°  203.67+0.17°  125.86+0.46"

Whole rice 2 101.75+0.55°  94.62+0.32"  202.47+0.46° 125.19+0.35"
grain 4 99.47+0.60°  94.63+0.23"  199.72+0.83"  124.58+0.22%

6 93.58+0.67°  94.98+0.56" 199.16+0.37"  124.44+0.41

0 102.28+0.27°  93.80+0.05° 203.47+0.13  125.69+0.81"

Broken rice 2 101.64+0.67°  94.68+0.06" 202.61+0.31% 125.04+0.13"
grain 4 99.25+0.58"  94.66+0.08"  199.76+0.86"  124.54+0.12%

6 93.28+0.17°  94.92+0.46"  199.07+0.66°  124.35+0.45

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

NS is not significantly different (p>0.05).

PV equals to peak viscosity; P, equals to pasting temperature; FV equals to final viscosity and

temp

SBV equals to setback viscosity
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Table 13 Physical properties of rice hydrolysate with various enzyme concentrations

Enzyme concentration (Y%ov/w)

Physical properties
0.05% 0.1% 0.5%
L* 60.21+0.46" 61.36+0.47" 61.66+0.24"
a* 1.82+0.05™° 1.84+0.10™ 1.86+0.08™
b* 9.58+0.10™ 9.63+0.12™ 9.7340.18™
Hue angle 79.30+1.48™° 79.23+0.50™ 79.20+0.55"°
Chroma 9.76+0.94"° 9.81+0.13™ 9.91+0.17"°
Viscosity (cP) 1.712+0.008" 1.615+0.009"° 1.335+0.011°

Note: Means with different letters in the same row are significantly different (p<0.05).
NS is not significantly different (p>0.05).
Rice hydrolysate was obtained from supernatant that was yield from rice hydrolysis by alpha-amylase

enzyme.
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Table 14 Chemical properties of rice hydrolysate with various enzyme concentrations

Enzyme concentration (%ov/w)

Chemical properties

0.05% 0.1% 0.5%
pH 6.28+0.01"° 6.28+0.01"° 6.27+0.01"°
Total soluble solid (°Brix) 6.940.1° 8.5+0.1° 9.3+0.1°
Total solid (%) 7.09+0.03° 8.49+0.02" 9.41+0.01°
Degree of hydrolysis (%) 18.39+0.12° 29.16+0.14° 36.57+0.14"
Reducing sugar (ug/ml) 879.52+5.40° 1349.41+3.82" 1749.55+8.92"
Total sugar (pg/ml) 4781.59+3.32™° 4782.76+1.66"° 4683.94+8.92™°

Note: Means with different letters in the same row are significantly different (p<0.05).
NS is not significantly different (p>0.05).
Rice hydrolysate was obtained from supernatant that was yield from rice hydrolysis by alpha-amylase

enzyme.
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Figure 14 Scanning electron micrograph (2,000X) of rice hydrolysate by 0.5% alpha-amylase for 10 min
(a), 30 min (b) and 60 min (c),

Note: Rice hydrolysate was obtained from the precipitate after rice hydrolysis by alpha-amylase enzyme.
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Figure 21 Effect of maltodextrin concentration and inlet temperature on WAI of rice powder
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Table 17 Prediction of equation and experiment for optimization of spray dried rice powder
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Table 18 Sensory score of instant drink from sungyod broken rice before dissolving in warm water

at 60°C

Number of Adjusted ingredient™® Attribute

treatment Rice powder Creamer Appearance Color Rice odor
1 45 30 7.16+1.04°  7.04+0.73"  5.10+0.86"°
2 45 30 7.18+0.92™  7.00+1.01™  5.14+0.97"°
3 45 30 7.02+0.87"°  7.02+0.77"°  5.06+1.04™
4 47.5 27.5 7.04+0.81"  7.06+0.77"°  5.16+1.04"
5 50 25 7.16+0.74"  7.00+0.83"  5.18+0.98"
6 52.6 22.4 7.12+1.12%  7.00+1.03"  5.18+1.17""
7 55 20 7.1841.06™  7.04+1.01™  5.16+1.57"
8 55 20 7.00+0.83"  7.00+0.88"  5.22+1.06"°
9 60 15 7.14+0.81  7.06+1.04™  5.30+1.13"
10 62.5 12.5 7.1240.92™  7.00+1.03™  5.32+1.04™
11 65 10 7.18+1.00%  7.124+0.90™  5.32+1.06™
12 65 10 7.10+0.91™  7.08+0.88"°  5.33+1.65
13 65 10 7.084+0.94%  7.04+0.92™°  5.30+1.27"

NS is not significantly different (p>0.05).

* Fixed ingredients are sugar 20% and cocoa 5% in all treatments.

Note: Means with different letters in the same column are significantly different (p<0.05).
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Table 20 The regression parameter coefficients product properties using independent variables rice
powder (X,) and creamer (X,) of instant drink from Sunyod broken rice production before

dissolving in warm water at 60°C

Regression parameter coefficients of product responses

Parameters
Appearance Color Rice odor

Rice powder (X,) 7.1266 7.0811 5.4694
Creamer (X,) 7.0792 6.9113 4.600
Rice powder * creamer
(XX,
p-value for model 0.7927 0.0955 <0.0001
R 0.0065 0.2321 0.8577

p-value for lack of fit 0.9573 0.3579 0.6602
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Table 22 Formulation of instant drink of sungyod broken rice
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Number of Ingredient (%)
treatment Rice powder Creamer Sucrose Cocoa
1 65 10 20 5
2 66 10 20 4
3 67 10 20 3
4 68 10 20 2
5 69 10 20 1
6 70 10 20 0

Table 23 Sensory score of instant drink from sungyod broken rice before dissolving in warm water

at 60°C

Number of Adjusted ingredient™ Attribute

treatment Rice powder Cocoa Appearance Color Rice odor
1 65 5 7.12+1.06°  7.04+1.23" 5.28+1.37"
2 66 4 7.18+127°  7.16+1.30°  5.50+1.54%
3 67 3 7.26+1.16° 7.28+1.13°  6.04+1.03%
4 68 2 7.22+4120°  7.20+1.18" 6.36+1.48"
5 69 1 7.20+1.18°  7.16+1.38" 6.36+1.50"
6 70 0 6.70+1.57" 5.88+1.88" 6.38+1.34°

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

NS is not significantly different (p>0.05).

* Fixed ingredients are sugar 20% and cocoa 5% in all treatments.
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Table 25 Properties of instant drink from sungyod broken rice
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Before dissolving in

After dissolving in

Properties
warm water warm water
Physical properties
- L* 80.04+0.06 41.64+0.76
- a* 4.08+0.06 14.00+0.29
- b* 6.35+0.14 17.92+0.41
- Hue angle 57.314+0.30 52.03+0.23
- Chroma 7.54+0.15 22.74+0.49
- Viscosity (cP) * 1.3084+0.044
Chemical properties
- Moisture content (%) 3.16+0.03 *
- a, 0.152+0.002 *
- Ash (%) 1.37+40.01 *
- Protein (%) 1.69+0.08 *
- Fat (%) 1.27+0.06 *
Physiochemical properties
- Water solubility index (WSI, %) 91.69+0.57 *
- Water absorption index (WAI, g/g) 0.2492+0.0012 *

* : not determined

Figure 22 Instant drink from sungyod broken rice (A) and (B) after dissolve in warm water

(powder:warm water (1 : 3)) at 65°C
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Appendix Figure 1 Scanning electron micrographs of rice grinding from grinder at 50X (a)

and 150X (b) and hammer mill at 50X (c) and 150X (d)
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Appendix Table 1 Degree of rice hydrolysis with various enzyme concentrations at various

incubation times

Incubation time

Degree of hydrolysis (%)

Alpha amylase concentration

(min)
0.05% 0.1% 0.5%
10 5.38+0.06" 8.77+0.06" 13.74+0.06™"
20 8.92+0.12°¢ 14.96+0.09*" 22.80+0.20°"
30 11.21+0.10*¢ 19.39+0.11° 28.06+0.07™"
40 13.48+0.03 25.47+0.04"" 36.69+0.10"
50 16.05+0.11"¢ 29.17+0.06" 36.61+0.20"
60 18.39+0.12*¢ 29.16+0.04" 36.57+0.14"
70 18.42+0.03¢ 29.15+0.10*" 36.60+0.12""
80 18.39+0.04 29.20+0.05" 36.60+0.02""
90 18.37+0.12*¢ 29.17+0.04" 36.56+0.01"
100 18.37+0.08" 29.12+0.08"" 36.53+0.12*"
110 18.39+0.11%¢ 29.16+0.17*" 36.53+0.11*"
120 18.34+0.06" 29.19+0.05" 36.52+0.13*"

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

Means with different capital letters in the same row are significant difference (p<0.05).
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Detector temperature 270 o9fLaLF e
Detector Flame ionization detector (FID)
Carrier gas Helium

4 U a d

11. manuiunsa-calagliinsesianieriimes (A.0.A.C., 2000)
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14. MIzaumMsteaveauil (Degree of hydrolysis) (Somogyi-Nelson, 1994)
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3. sUuuulassadrwanuazd3anaman (Kim er al., 2001)
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