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Abstract

Porridge is well-known as one of the traditional food products. In addition
to the traditional form of porridge, instant porridge, which is a dried form of the
product, has recently gained much popularity due to its longer shelf-life and
convenience. Rheological property of porridge is one of the factors affecting the
processing as well as the structural and physical properties of the dried product,
which in turn affect the quality of the rehydrated dried porridge. The purpose of
this research was to therefore to study the relationships of the above-mentioned
properties. Porridge was prepared from Hang rice, which was selected due to its
highly nutritious nature. Since Hang rice is obtained by harvesting paddy during
its immature stage prior to being subjected to aging, streaming, drying and
partially polishing, Hang rice possesses high nutritional value in the same way as
parboiled rice. Porridge was prepared using the Hang rice sizes of 0.5 and 2.0
mm and the Hang rice to water ratios of 1:4, 1:6, 1:8, 1:10, 1:12 and 1:14 (w/w).
Subsequently, Hang rice porridge was dried using a double-drum dryer at
temperatures of 125, 130 and 135°C. The dried porridge was rehydrated using
the same dried porridge to water ratios as those used to prepare the porridge
prior to drying. The results indicated that the Hang rice size and Hang rice to
water ratio had an interactive effect on the viscosity, color and sensorial
acceptance of the Hang rice porridge. Increased water ratio resulted in porridge
with decreased viscosity, lightness, redness and yellowness. Hang rice porridge
prepared from the rice with 2.0-mm size had higher viscosity and overall
acceptance score than that prepared from the rice with 0.5-mm size. Hang rice
porridge preparation methods and drying conditions affected the structure and
rehydration ratio of the dried porridge. Dried Hang rice porridge had moisture
content in the range of 2.6-7.8% (db), depending on the porridge preparation
methods and drying conditions. SEM images of the dried porridge indicated that
the dried porridge structure correlated well with the rheological property of the
Hang rice porridge. Hang rice porridge prepared from small size rice had lower

viscosity, leading to dried Hang rice porridge with more extensive shrinkage.



SEM images also revealed that dried porridge obtained from porridge prepared
by using higher rice to water ratios had less shrinkage. This structural
observation correlated well with the physical property of the dried product. Dried
porridge had a rehydration ratio in the range of 4.7-8.9, depending on the
porridge preparation methods, drying conditions and rehydration temperature.
Using small-size rice to prepare the porridge resulted in more structural changes,
shrinkage and decreased rehydration ratio of the dried porridge. Using less
water also led to similar results. The structural property of the dried porridge
also correlated well with the physical property of the rehydrated dried porridge.
Rehydrated Hang rice porridge had lightness, redness, yellowness and viscosity

less than those of Hang rice porridge prior to drying.

Keywords: Drying; Parboiled rice (Hang rice); Physical property; Structural
property; Viscosity;
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3. M3dnsnszuIwknIuls3UlnIIE9 LAY
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12 treatments) aUdBLATAIAUUAILDLANNAIGNTINTZLEN (Model 19/22 DOFM,
. ) a2 A v & Y
Thailand) (Fig. 1) 8nnAgNTINTzUanIFRAIBEBINAIILATANLIIZNNRY
2 { a = 1
190%X220 au” Nigmannl 125 130 uaz 135 adeLTalToE ANNLTITAL 1 TOUdD
W

Fig. 1 A schematic diagram of double drum dryer. 1, controller; 2, double drum;
3, knife; 4, valve used to control distance between double drum; 5, valve
used to control distance between drum and knife; 6, pressure gauge; 7,

product receiver; 8, cover.
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1. Nawaanszmunﬁuﬂ‘sgﬂﬂumaqmmwmaafanmaEna
1.1 ANUALBIINYINIZUFLASANT ALBIN18ATND DI NBIIEN
Tables 1-3 LAAINAVAIVWIALALDATNRIUTNNIT NG NUNAF AN VR IALRLR
PaI1ANTIIN INNHANITNARDINLINVUIA LAZDATIEININIFIA DU NINTHA
1 = 1 A 1 a (22 v (27 v =1 =} 1 =S
INNRAANNRIA LazaFIa9lEnT819 19nTE9laNUREATERiNg 0.08 D9
14.03 Pa.s ANMNRINY T21IN9 60.34 D9 71.80 AN uFLAITERING -2.03 D9
& A A \ 2 o o X o A
3.47 URZANNULTIURIRADITEHING 6.59 DY 21.76 ANNAIAU VRNURAIEAFlwn1T
a 23
@ 3au1an
Table 1 Average viscosity and color of Hang rice porridge prepared from

different Hang rice sizes

Hang rice size  Viscosity (Pa.s) L* a* b*
0.5 mm 2.97£0.23 65.07£0.28 1.75+ 0.38" 19.3240.74"
2 mm 4.20£0.25" 66.20+4.82° -1.370.13" 10.1120.63"

a'b, Means with different letters in the same column are significantly different (PS0.0S)
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slmwdwmnﬁ@Lfﬂamavl,w,m%'uvl,ﬁmnﬂdﬁdomalﬁﬁmmwﬁmgamuéwé’u Caeel
NAUBIDATNEIUT IR UNN T IUNTLeToN L TNWL I USUNinRINaAaa N AL
NILAALIRAA bl Twaadnils tiauilaluwtrradunanemeuainiliniiaa

1 =S & U d' Qs 2 & 1 v o
naMAaLduuilinlasuanusanlasn1sing LazHIBNIINIZUIRNITALLRI AT
iﬁaaﬁdmuﬂsgﬂlﬂﬂﬁﬂ WataninlulSuitay Lﬁml,ﬂaﬁms@@%uﬁﬂiﬁﬁa

=) Q Q { a J g’
NRAN AN VAN IRSLA T LLazﬁmﬂwﬁ@go e iR NNINAUIIRINITALNIN
= U =3 U = U a s =} £ s 1
Futnlunreluvaadanis WauilafansuruneduazaaTudlasigdanuaig
a9 anunitavaslindsaasimumaiindSanaihlulindnians 1l§ndnaned
o a o ' = N a 4 £ ) v & 9 A
ANBHENFINITOAW b 889 IIAMUMILANUSUIIINUINT W JINa LR auTledinng
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Table 2 Average viscosity and color of Hang rice porridge prepared from

different Hang rice to water ratios

Hang rice: water  Viscosity (Pa.s) L* a* b*
1:4 12.1242.55° 69.25+2.82° 1.59+ 2.07° 18.84+4.09°
1:6 5.34+0.77" 68.85+1.87" 0.86+2.02" 16.28+4.55°
1:8 2.71+0.97° 67.2641.60 0.40+1.94° 15.3145.07°
1:10 0.73+0.39° 64.8740.50°  -0.19+1.66" 14.1145.30"
1:12 0.36+0.27" 62.88+1.26°  -0.5641.50° 12.8645.84°
1:14 0.29+0.23" 61.22+40.98°  -0.95+1.23" 11.73+5.71"

a'b’c'""f, Means with different letters in the same column are significantly different (P=0.05)
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Table 3 Viscosity and color of Hang rice porridge prepared from different Hang

rice sizes and Hang rice to water ratios

Hang rice Hang rice: Viscosity L* a* b*
size water (Pa.s)

0.5 mm 1:4 102142.29°  66.70+0.35°  3.47+0.28° 21.76+0.22°
1:6 4.72¢042°  67.2640.30° 2.69+0.30° 20.4140.42"
1:8 2.30+0.92°  66.00£0.22" 2.14+0.42° 19.88+0.74"°
1:10 040011  65.09+0.26"° 1.3240.22° 18.92+0.60"
1:12 0.1240.04  63.2940.44" 0.78+0.56° 18.1241.06°
1:14 0.08+0.03  62.10+0.14 0.130.52' 16.88+1.41°

2.0mm 1:4 14.03+0.32°  71.80x0.51° -0.29+0.10° 14.3240.18'
1:6 5.95+0.42°  70.43+1.03°  -0.97+0.21" 12.15+0.70°
1:8 3.11£0.48"  68.52+1.28°  -1.35:027"  10.73:0.92"
1:10 1.05¢0.19°  64.65+0.64°  -1.71+0.05" 9.29+0.53
1:12 0.60+0.04  61.46+1.13 -1.89+0.07¢ 7.50+1.01
1:14 049+0.06  60.34+0.23 2.030.11" 6.59+0.45

a'b’c’““j, Means with different letters in the same column are significantly different (P=0.05)

= 4 ' A o < A =
nazuIwmMIAUIBILezulszl dnadefuestnn lasnaldiduuansadida

@ . < @ A Y o A a A !
9717 (Pericarp) TiUvznavals 1WRand17 uwazst1n JFUeS waziinies uannin
Aeluidiadn (Endosperm) (Lamberts et al.,  2007) YW 1A28IT12819 LAz
aaTEInVaITMEIAanN T lunsiasuuldndantwasunude® (P<0.05) 411
N A a & a o R v a o  ea
gadutnidnieimes madudSunasihlunsesouldnsgsna liuaa A i

A A ~
MAFINAAR
1.2 NM1sgansunvlszananngwa9lana1a19
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Table 4 Average consumer acceptance scores of Hang rice porridge prepared

from different Hang rice sizes

Hang Appearance” Color Flavor - Taste Viscosity"b Overall

rice size acceptance

0.5 mm 5.46+1.04 579+157 591+ 1.37 579+1.60  5.20+1.25 5.7541.60

2 mm 5.31£1.19  6.18+1.40° 6.15¢1.56 6.37+1.57 5.19:0.84  6.1621.29°

a'b'c, Means with different letters in the same column are significantly different (PS0.0S)
Acceptability was scored on 9-point hedonic scales where 1= dislike extremely, through

9=like extremely

Table 5 Average consumer acceptance scores of Hang rice porridge prepared

from different Hang rice to water ratios

Hang  Appearance Color Flavor Taste Viscosity Overall
rice: acceptance
water

114 3.96:1.56° 5.28+1.62° 553+ 1.84° 4.9142.04° 3.46:2.20° 4.53+1.65
1:6  4.26+1.81° 557£1.95° 561£1.88° 55141.98° 3.96+1.92° 4.85:1.81°
1:8  557+1.54° 6.04+1.72" 6.04+155"° 6.4411.59° 548+2.16° 6.24+1.54
1110 6.2641.23° 6.26:1.43" 6.20£1.37" 6.57+1.37° 6.30t1.45 6.611.23"
112 6.17#1.368°  6.31#1.14°  6.4621.33° 6.4621.72° 6.35:1.63° 6.91+1.36"

114 6.11+1.42° 646+1.38° 6.33+1.45 6.61+1.60° 5.65+2.03" 6.61+1.42°

a'b’c, Means with different letters in the same column are significantly different (P<0.05)
Acceptability was scored on 9-point hedonic scales where 1= dislike extremely, through

9=like extremely
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N Table 5 WUINSATEININE19AN T ENTHanzLuuNITEaN UM
ﬂs:mﬂéf&lﬁaslunﬂﬁmmaﬂ%”ﬂ‘ﬁnaw TaplinAinanansaaiuiniaisdain
1:10 1:12 uaz 1:14 dmsindasiiwin Lﬂua‘“@mmu‘ﬁ;ju%InﬂsLﬁnﬁﬂau%'ugﬂunﬂ
AN I@ﬂﬁﬂ:uuummau%‘mgjiszvxdwwauLﬁnﬁamuﬁwaumuﬂmo W
naNasanTINNLlunIdasanunitavaslindrians wudng?u‘ﬂmlﬁmmau%’u
18nd11an9ndanwmetito18n1ilu heterogeneous (LATDUIINT1IENIVUIA 2
adluas) uazianuniaae (a"'mﬂdawﬁnma@iaﬁw 1:10 1:12 uaz 1:14 4inmsin
fasinin)

Table 6 Mean consumer acceptance scores of Hang rice porridge prepared from

different Hang rice to water ratios

Hang Hang  Appearance Color Flavor Taste Viscosity Overall
rice rice: acceptance
size water
0.5 14 3441221  4.89+1.91° 530£2.02° 4.30+2.16° 3.48+2.34°  3.96£1.79

1:6  3.93+2.04" 500+1.94° 500+1.57° 4.96+1.87° 3.81+1.84° 4.44+2.01"

1:8  6.22+4137" 6.19+1.62° 6.30+1.56° 6.48+1.40" 5.85+1.94" 6.5641.60"

C

110 6.2241.69" 596+1.65 6.04+1.37° 6.22+1.53" 6.15+1.54" 6.22+1.37"°

112 6.3041.75" 6.22¢158" 6.37+1.33" 6.15¢+1.88" 6.22+1.85" 6.52+1.50"

C

114 667+1.41° 6524153 6.48+1.42° 6.67+1.84° 574+2.23" 6.85+1.38"

b C

2.0 1:4  4.48+178° 567+1.18" 593+1.62"° 552+1.74°

3.44+2.08° 5.11+1.28%

16 450+1.78° 6.15+1.81° 6.07+2.04" 6.07+1.96° 4.11:2.03° 5.26+1.51%

C

1:8 493207 589+1.83° 578+1.53"

6.41+1.78" 5.11:2.34° 5.93+1.44"

1110 6.30£0.99" 6.56+1.12° 6.37+1.36° 6.93+1.11° 6.44+1.37° 7.00£0.96"

112 6.04+1.74" 6.41+125  656+1.34° 6.78+1.53"  6.48+1.40°

7.30£1.10°

114  556+1.80° 6.41+1.25 6.19+1.49"° 6.56+1.34° 556+1.85  6.37+1.45"

a'b’c’““f, Means with different letters in the same column are significantly different (P=0.05)

Acceptability was scored on 9-point hedonic scales where 1= dislike extremely, through

9=like extremely
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Fig. 2 Moisture content of instant Hang rice porridge; P125, P130 and P135
represent Hang rice dried at temperature of 125°C, 130°C and 135C,

respectively.
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Table 7 Moisture content (% dry basis) of Hang rice porridge and the dried

product prepared from different sizes and Hang rice to water ratio

Hang rice  Hang rice PO P125 P130 P135
to water size (mm)
ratio
1:4 0.5 428.61+1.09 3.65+0.56" 3.35+0.08" 2.57+0.34°
2.0 412.19+7.96 7.20+0.068°  6.27+0.15°  5.51+0.05°
1:6 05 617.75+16.13  4.64+0.28°  3.49+0.03°  3.49+0.59"
2.0 617.91+7.07 7.2140.07°  6.49+0.37°  5.66+0.03"
1:8 05 831.35+13.22  4.88+0.11°  3.92+0.01°  3.45+0.04°
2.0 927.86+0.15  7.21+0.07°  6.49+0.37°  5.66+0.03°"
1:10 05 1046.50+4.40 501+0.05°  3.92+0.05°  3.46+0.08"
2.0 971.70+9.56  7.67+0.29°  6.64+0.34°  5.66+0.00%
1:12 0.5 1340.24+61.15  6.73+0.19°  3.84+05"°  3.45+0.14°
2.0 1288.12+9.93  7.65+0.20°  6.74+0.02"  6.19+0.05°
1:14 0.5 1455.89410.63  6.75+0.09°  4.38+0.52°  3.63+0.03"
2.0 1447.404128  7.81+0.03°  6.78+0.11°  6.13+0.13"

PO represents moisture content of Hang rice porridge; P125, P130 and P135 represent Hang

rice dried at temperature of 125°C, 130°C and 135°C, respectively.

[P125, P130 and P135]: **°% Means with different letters in the same column are

significantly different (P<0.05)

[P125, P130 and P135]: ABC Means with different letters in the same row are significantly

different (P<0.05)
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P125/1:8/0.5 P125/1:8/2
Fig. 3 SEM images of instant porridge dried at 125°C prepared from Hang rice to

water ratios of 1:6 to 1:12 and Hang rice sizes of 0.5-2.0 mm
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P125/1:12/0.5 P125/1:12/2
Fig. 3 (cont’d) SEM images of instant porridge dried at 125°C prepared from

Hang rice to water ratios of 1:6 to 1:12 and Hang rice sizes of 0.5-2.0 mm
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Table 8 Rehydration ratio of instant Hang rice porridge prepared from different

Hang rice sizes and Hang rice to water ratio

Hang Hang rice P125 P130 P135
rice to water 40°C 80°C 40°c 80°C 40°C 80°C
size ratio
0.5 1:4 4661029" 53011.08" 4.46F034” 628F073"° 487F120" 6.41FT068"
1:6 52310.36" 6171165 5051063" 6471089"° 579F095"  7.71F047™
1:8 5244021" 6181118 5201055 6.84+0.40"° 553+022™" 7.351+0.56"
1:10 5204025" 642t164™" 5741037° 7121092 6.45%031° 7.50%073"
1:12 514+059" 7.081062"° 508+044™ 680+054" 576+0.16" 7.601+0.63"
2.0 1:4 5574+0.93" 6.35+021"  531t071™  6.18+035"  6.25t060"  7.4910.38"
1:6 5401061" 76901096 6.691040" 8151053 6541045 7.7110.16"
1:8 6.241050" 8201025"° 6981057 7441118 7.10F084™° 8531058"
1:10 5841085 6.141091" 6.491042"° 8051044° 7.04F075"° 87210.49"
1:12 5611053" 628157 6391051 6.84F1.10™"  7.49F1.19"° 8931074

P125, P130 and P135 represent Hang rice dried at temperature of 125°C, 130°C and 135°C,
respectively.

PO represents viscosity of Hang rice porridge; P125, P130 and P135 represent viscosity of
rehydrated Hang rice dried at temperature of 125°C, 130°C and 135°C, respectively.

[P125, P130 and P135]: **°9 Means with different letters in the same column are

significantly different (P<0.05)

[P125, P130 and P135]: "B Means with different letters in the same row are significantly

different (P<0.05)
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Table 9 Viscosity (Pa.s) of rehydrated Hang rice porridge prepared from different

sizes and Hang rice to water ratio

Hang rice Hang rice: PO P125 P130 P135
size water
0.5 mm 1:4 1021+2.29°  8.77+3.50° 8.84+0.89" 8.05+0.33"
1:6 4.72+0.42° 3.66+0.12° 3.24+0.41° 2.98+0.17"
1:8 2.30£0.92°  2.1140.32° 2.00+0.14% 1.95+0.22°
1:10 0.40+0.11" 0.30+0.21" 0.26+0.02° 0.21+0.00°
1:12 0.12+0.04' 0.11+0.04' 0.08+0.02" 0.06+0.01°
1:14 0.08+0.03' 0.06+0.01° 0.05+0.03" 0.05+0.03°
2.0mm 1:4 14.03£0.32°  12.2120.29° 10.2141.44° 9.05+0.58"
1:6 5.95+0.42° 4.89+1.27° 3.95+0.32° 3.67+0.38"
1:8 3.11£0.48"  3.01+0.62% 2.78+0.12" 2.65+0.44°
1:10 1.05:0.19°  0.96+0.05° 0.88+0.09' 0.63+0.07"
1:12 0.60£0.04  0.45:0.04' 0.32:0.14g  0.2120.11°
1:14 0.49+0.06' 0.45+0.05' 0.40+0.06' 0.42+0.04°

P125, P130 and P135 represent Hang rice dried at temperature of 125°C, 130°C and 135°C,
respectively.

PO represents viscosity of Hang rice porridge; P125, P130 and P135 represent viscosity of
rehydrated Hang rice dried at temperature of 125°C, 130°C and 135°C, respectively.

[P125, P130 and P135]: abc,..g

Means with different letters in the same column are

significantly different (P<0.05)
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Fig.4 Color, L (a), a (b) and b (c), of rehydrated instant Hang rice porridge:

P125, P130 and P135 represent Hang rice porridge dried at temperatures
of 125°C, 130°C and 135°C, respectively.
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Fig.4 (cont’d) Color, L (a), a (b) and b (c), of rehydrated instant Hang rice
porridge: P125, P130 and P135 represent Hang rice porridge dried at

temperatures of 125°C, 130°C and 135°C, respectively.
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Abstract

The objective of this work was to study effects of Hang rice sizes (0.5
and 2.0 mm) as well as Hang rice to water ratios (1:4, 1:6, 1:8, 1:10, 1:12 and
1:14, w/w) to physical property and sensory acceptance of the porridge.
Different Hang rice sizes and Hang rice to water ratios were used to prepare the
porridge by heating in water bath with temperature of 100°C for 90 min. It was
found that Hang rice sizes and Hang rice to water ratios had interactive effects
on the viscosity, color and sensory score of the final product. The porridge had
viscosity, lightness (L"), redness (a) and yellowness (b") between 0.08-14.03
Pa.s, 60.34-71.80, -2.03 to 3.47 and 6.59-21.76, respectively depending on the
sizes and the ratios of Hang rice. Increased water resulted in porridge with
decreased viscosity, lightness, redness and yellowness of the porridge
(P<0.05). Moreover, porridge prepared from Hang rice size of 2 mm had
higher viscosity and overall acceptance score than that of 0.5 mm. In addition,
porridge prepared from ratios of parboiled rice to water of 1:10, 1:12 and 1:14
were found to have high sensory score in over all acceptances compared to
other ratios.

Keywords: Hang rice, parboiled rice, physical property, porridge and sensory.
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ABSTRACT

The objective of this work was to study effects of Hang rice sizes (0.5 and 2.0 mm)
as well as Hang rice to water ratios (1:4, 1:6, 1:8, 1:10, 1:12 and 1:14, w/w) to physical
property and sensory acceptance of the porridge. Different Hang rice sizes and Hang rice to
water ratios were used to prepare the porridge by heating in water bath with temperature of
100°C for 90 min. It was found that Hang rice sizes and Hang rice to water ratios had
interactive effects on the viscosity, color and sensory scote of the final product. The porridge
had viscosity, lightness (L), redness (%) and yellowness (/%) between 0.08-14.03 Pa.s, 60.34-
71.80, -2.03 to 3.47 and 6.59-21.76, respectively depending on the sizes and the ratios of
Hang rice. Increased water resulted in porridge with decreased viscosity, lightness, redness
and yellowness of the porridge (P<0.05). Moreover, porridge prepared from Hang rice size
of 2 mm had higher viscosity and overall acceptance score than that of 0.5 mm. In addition,
porridge prepared from ratios of parboiled rice to water of 1:10, 1:12 and 1:14 were found to
have high sensory score in over all acceptances compared to other ratios.

Keywords: Hang rice; Parboiled rice; Physical property; Porridge; Sensory.

induces pre-gelatinized starch. Hang rice has
been processing by cooking with Jasmine
white rice or brown rice.

1. INTRODUCTION
Porridge is well-known as one of
traditional products served as

complementary food for adults and infants. Hang rice manufacturing process is

Porridge can be prepared from vatious types
of cereals such as sorghum, rice and maize.
Jasmine white rice is one of the most
popular cereals used widely to prepare
porridge. However, due to recent higher
demand for more nutritious foods and
related products, consume of Hang rice,
which has higher nutritional values than
Jasmine white rice, is an interesting
alternative.

Hang rice is achieved from harvesting
grain in immature but fully formed stage
(dough stage), streaming, drying and
polishing.  During  streaming,  starch
molecules are heated. This causes starch
molecules absorb more water, swell and
gelatinize.  After that, rice is dried and

different from that of Jasmine white rice as
mentioned. It is most probable that physical
property and sensory acceptability of the
obtained porridge would be different from
that of porridge from Jasmine white rice.

Various types of cereals represent
different characteristics such as flow
behavior, color and sensory acceptability to
porridge [1-5]. Moreover, sizes, solid to
water ratios and processing conditions affect
the quality of the porridge [2,4].

The purpose of this research was to
study the effects of preparation methods,
which were Hang rice sizes and Hang rice to
water ratios on viscosity, color and sensory
acceptability of Hang rice porridge.



2. MATERIALS AND METHODS
2.1 Preparation of Hang rice

Hang rice was purchased from Ban-
Nar-Bor  Village, Varichapoom, Sakon
Nakhon Province, Thailand. Hang rice was
controlled moisture content of 8-10% wet
basis. Hang rice was milled to 0.5 and 2.0
mm sizes using Hammer mill (PX-
MFC90D, Switzerland) (Applied from [06]).
Milled rice was then sieved to ensure that
the size of rice was 0.5 and 2 mm. Milled
rice was kept at Laminate Low Density
Polyethylene (LLDPE) bag, vacuum packed
and kept at 4°C until use (not more than 3
months).

2.2 Sample preparation

Porridge was prepared from Hang rice
with varying sizes of Hang rice (0.5 and 2.0
mm) and Hang rice to water (1:4, 1:6, 1:8,
1:10, 1:12 and 1:14). The porridges were
prepared according to Helland et. al. [7].
Hang rice was weighted and mixed with
distilled water at different ratios in stainless
steel pot. Weight of rice and water in each
pot was about 300 g. A batter was made
prior to heating in a boiling water (100+1°C)
bath for 90 min. During cooking, the
samples were first stirred after 3 and 10 min,
followed by further stirring every 10 min.
After cooking for 90 min, the porridge was
cooling to 40°C in a water bath (30 min).

2.3 Viscosity

A Rheometer  (Physica MCR51,
Austria) was used to measure viscosity.
Temperature of porridge was controlled at
40°C, considered to be eating temperature of
the porridge. Rate of shear is fixed at 1/100.

All  samples were performed three
measurements.
2.4 Color

Color was measured by using

Hunterlab (Miniscan SE plus, USA). Color
measurements (L¥ % and 5% were taken in
triplicate.

2.5 Consumer acceptance test

Panelists were screened for eligibility
based on willingness to eat porridge. The
experimental design was Balance Incomplete
Block (BIB) in CRD with two replicates.
Parameters consisted of t=12, b=41, k=3,
t=11 and A=2, respectively. Consumer
panelists were male and female, more than
17 years of age, participated in the product
evaluation. Fach sample treatment (from
2X06 treatment) was tested for thirty times.
One panelist was asked to test four samples
and evaluate appearance, color, flavor, taste,
viscosity and overall acceptability of Hang
rice porridge by using 9-point hedonic scales
(where 1=dislike extremely and 9=like
extremely).

2.6 Statistical analysis

The experimental design was 2x6
Factorial in Randomized Complete block
Design.  This experiment was replicated
three times, except for sensory evaluation.
Data were analyzed by using SPSS program
analysis of variance including main effects
(Hang rice sizes and Hang rice to water
ratios) and their interaction was applied.
When the analysis showed significant
(P=<0.05) treatment effects, a Duncan
Multiple Range test was used for means
separations.

3. RESULTS AND DISCUSSION
3.1 Viscosity and color

Hang rice sizes and Hang rice to water
ratios had interactive effects on the viscosity
and color of the final product (Tables 1-3).
The porridge had viscosity, lightness (L),
redness (¢%) and yellowness (4%) between 0.08
to 14.03 Pa.s, 60.34 to 71.80, -2.03 to 3.47
and 6.59 to 21.76, respectively depending on
the sizes and the ratios of Hang rice.
Increased water resulted in porridge with
increased flow behavior and decreased
viscosity of the products [8-10].

Hang rice has been produced from
partially polishing and this leads color of
Hang rice to yellow-gold. Hence, increased



water resulted in porridge with decreased
redness (49 and yellowness (4*) of the
porridge (P<0.05) (Table 2).

3.2 Consumer acceptance

Hang rice sizes had interactive effect on
color, taste and overall acceptance of the
porridge (P<0.05) (Table 4). Porridge
prepared from Hang rice size of 0.5 mm was
more homogeneous than that of 2 mm.
Moreover, Hang rice to water ratios had
interactive effect on consumer acceptance
scores of the porridge (P=<0.05) (Table 5).
The acceptability of porridge prepared from
Hang rice to water ratios of 1:10, 1:12 and
1:14 were significantly higher than those of
other ratios (Table 5). Porridge prepared
from Hang rice to water ratios of 1:10, 1:12

and 1:14 had viscosity, lightness, redness and
yellowness of 0.73 to 0.29 Pa.s, 64.87 to
61.22, -0.19 to -0.95 and 14.11 to 11.33,
respectively. Panels accepted porridge
prepared from more water ratios (Hang rice
and water ratios of 1:10, 1:12 and 1:14)
(Tables 4-6) than those of others. This
might be because porridge prepared from
Hang rice and water ratios of 1:4, 1:6 and 1:8
looked stick and paste and hence affected
consumer  acceptance, especially  for
appearance and viscosity of the product. In
addition, using of more water ratios (Hang
rice and water ratios of 1:8 to 1:14) led
porridge had light color compared to those
of less water and then affected appearance
and color acceptance of the porridge.

Table 1. Average viscosity and color of Hang rice porridge prepatred from different Hang

rice sizes
Hang rice size | Viscosity (Pa.s) I3 a* b*
0.5 mm 2.97+0.23b 65.07£0.28b 1.75% 0.382 19.32£0.742
2 mm 4.2010.254 66.2014.822 -1.37£0.13b 10.11£0.63b

rice to water ratios

ab Means with different letters in the same column are significantly different (P<0.05)

Table 2. Average viscosity and color of Hang rice porridge prepared from different Hang

Hang rice: Viscosity (Pa.s) L* a* b*
water
1:4 12.12£2.55# 69.2512.822 1.59+£ 2.072 18.84£4.092
1:6 5.34%0.77b 68.8511.87~ 0.86%2.02> 16.28+4.55b
1:8 2.71%0.97¢ 67.26X1.60P 0.40%1.94¢ 15.31£5.07¢
1:10 0.73£0.394 64.87%0.50¢ -0.19%1.664 14.11£5.304
1:12 0.36%0.274 62.88%1.264 -0.56£1.50¢ 12.861£5.84¢
1:14 0.29£0.234 61.2240.98¢ | -0.95+1.23f 11.73£5.71F

abe...f Means with different letters in the same column are significantly different (P<0.05)




Table 3. Viscosity and color of Hang rice porridge prepared from different Hang rice sizes
and Hang rice to water ratios

Hang rice Hang rice: Viscosity L* a* b*
size water (Pa.s)

0.5 mm 1:4 10.21£2.29> | 66.70£0.35d 3.47%0.28 21.7610.222
1:6 4.7210.42¢ 67.2620.304 2.69%0.300 20.41%0.42>
1:8 2.302£0.92d | 66.00£0.22¢ 2.14%0.42¢ 19.88£0.74b¢
1:10 0.40x0.11f 65.09%0.26f 1.32£0.224 18.92£0.60<
1:12 0.12£0.04f 63.2910.44h 0.78%0.56¢ 18.12£1.064
1:14 0.08%0.03f 62.10£0.141 0.13%0.52f 16.88%1.41¢

2.0mm 1:4 14.03£0.32* | 71.80%0.51= -0.29£0.108 14.32+0.18f
1:6 5.9520.42¢ 70.4311.03> -0.9710.21h 12.15%0.70e
1:8 3.11£0.484 68.5241.28< | -1.35%0.27h | 10.73%£0.92b
1:10 1.05£0.19< 64.6510.64s | -1.71£0.05k 9.29%0.531
1:12 0.60£0.04f 61.46+1.13i -1.89%0.07% 7.59£1.01i
1:14 0.49£0.06f 60.34%0.23) -2.03+0.11% 6.59£0.45i

abe.-i Means with different letters in the same column are significantly different (P<0.05)

Table 4. Average consumer acceptance scores of Hang rice porridge prepared from

different Hang rice sizes

Hang | Appearance Color Flavorns Taste Viscositys Overall
rice size acceptance
0.5mm | 546%1.04 [ 579%1.57>|5.91£ 1.37 | 5.79+1.60> | 520x1.25 | 5.75+1.60°

2 mm 531£1.19 | 6.18%£1.40+ | 6.15£1.56 | 6.37£1.57* | 519+0.84 | 6.16£1.292

abe Means with different letters in the same column are significantly different (P<0.05)

Acceptability was scored on 9-point hedonic scales where 1= dislike extremely, through
9=like extremely




Table 5. Average consumer acceptance scores of Hang rice porridge prepared from

different Hang rice to water ratios

Hang rice: | Appearance Color Flavor Taste Viscosity Overall
water acceptance
1:4 3.96£1.56 | 5.28+1.62¢ | 5.53% 1.84> | 4.91£2.04> | 3.46+2.20¢ | 4.53+1.65¢
1:6 4.26£1.81> | 5.57£1.95b | 5.61£1.88bc | 551£1.98> | 3.96£1.92¢ | 4.85%1.81¢
1:8 5.57+1.542 | 6.0411.722> | 6.04£1.55%¢ | 6.44+1.592 | 5.48+2.16" | 6.24%1.54>
1:10 0.26+1.23* | 6.26£1.43* | 6.20%1.37> | 6.57%£1.37* | 6.3011.45* | 6.61+1.23¢
1:12 6.17£1.36* | 6.31£1.14» | 6.46£1.33* | 6.46%1.72* | 6.3521.63* | 6.91£1.362
1:14 0.11+£1.42 | 6.46£1.38 | 6.33%£1.452 | 6.61£1.60* | 5.65%2.03%> | 6.61+1.422b

abe Means with different letters in the same column are significantly different (P<0.05)

Acceptability was scored on 9-point hedonic scales where 1= dislike extremely, through
9=like extremely

Table 6. Mean consumer acceptance scores of Hang rice porridge prepared from different
Hang rice to water ratios

Hang rice | Hang rice: | Appearance Color Flavor Taste Viscosity Overall
size water acceptance
0.5 1:4 3.44:2.21F 4.89+1.91> | 5.30+2.02b¢ | 4.30-2.164 | 3.48:+2.344 3.96+1.79¢

1:6 3.93+2.04¢ 5.00£1.94b 5.00£1.57¢ | 4.96+1.87<d | 3.81+1.84d 4.44:2.01¢
1:8 06.22+1.37%® 6.19+1.622 6.30£1.56* | 6.48:1.40%> | 5.85+1.94% | 6.56+1.60%¢
1:10 6.22+1.69% 5.96+1.65* | 6.04=1.37% | 6.22:1.53% [ 6.15+1.54> | (.22+1.37b¢
1:12 6.30£1.75% 6.22+1.582 6.37+1.33* | 6.151.88> | 6.22+1.85% | 6.52+1.50%b¢
1:14 6.67+1.412 6.52+1.531 6.48+1.424 0.67+1.84* | 5.74+2.23% | (.85+1.38»
2.0 1:4 4.48:1.78d | 5.67+1.18% | 5.93+1.62%> | 5.52+1.74bc | 3.44:2.084 | 5.11+1.28d
1:6 4.59+1.78de 6.151.812 | 6.07=2.04> | 6.07=1.96% | 4.1142.03¢¢ | 5.26+1.51de
1:8 4.93+2.07<d 5.89+1.832 [ 5.78+1.53%¢ | 6.41:1.78> [ 5.1142.34c | 5.934+1.44cd
1:10 6.30+0.992> 6.56+1.122 6.37+1.36 6.93+1.112 6.44+1.37* | 7.00:0.96*
1:12 0.04+1.74%® 6.41+1.25 6.56+1.34 6.78+1.53 6.48+1.402 7.30+1.102
1:14 5.56+1.80b¢ 6.411.25* [ 6.19:1.49% | 6.56+1.34* | 5.56+1.85® | 6.37+1.45b¢

abe..-f Means with different letters in the same column are significantly different (P<0.05)

Acceptability was scored on 9-point hedonic scales where 1= dislike extremely, through
9=like extremely




4. CONCLUSIONS

Hang rice sizes and Hang rice to
water ratios had interactive effects on the
viscosity, color and sensory score of the final
product. Increased ~ water  resulted in
porridge with decreased viscosity, lightness,
redness and yellowness of the porridge.
Hang rice sizes had interactive effect on
color, taste and overall acceptance of the
porridge In addition, porridge prepared
from ratio of parboiled rice to water of 1:10,
1:12 and 1:14 were found to have high
sensory score in over all acceptances
compared to other ratios. Results could be
used to optimize the production of instant
Hang rice porridge.
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