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Abstract

In comparing the film forming properties among three rice materials including rice
flour, native rice starch and hydrothermal treated rice starch with 31.04-33.75% amylose
content, hydrothermal treated rice starch exhibited the best film forming properties as 1t gave
the gel with the highest strength and clarity. In order to formulate and optimize the
formulation of film, film suspension was prepared from 2.5% w/w hydrothermal treated rice
starch, as the main film forming agent. The eleven film formulas based on central composite
design were employed to study the effect of two additives, glycerol (10, 20 and 30% starch)
and carrageenan (0.5, 1.0 and 1.5% starch) on physical and mechanical properties of film.
Results showed that glycerol and carrageenan did not affect morphology of the derived film
as observed by neither SEM nor XRD. The polynomial equations obtained from Multiple
Regression Analysis showed the significant effects of the two additives on physical and
functional properties including moisture content (R2=79.56%) lightness (L*) (R*=78.67%)
redness (a*) (R>=95.11%) total color difference (R*=78.57%) thickness (R*=68.31%) tensile
strength (R2=90.51%) elongation (R3=78.97%) and water vapor ftransmission rate
(R*=74.37%). However, glycerol and carrageenan posed no significant effects on yellowness,
opacity, transparency and gas transition rate of film. The Response Surface Methodology was
used to obtain the optimal film formulation with maximum tensile strength and elongation.
The optimum combination between the two additives was glycerol 16.14% starch and
carrageenan 1.29% starch. The derived film showed the good protective property against
oxygen. However, the film had a poor protective property against water vapor when
compared to plastic films, polyethylene, polypropylene and cellophane. Therefore, the
potential uses of the film were to be applied for dried food in particular food with high fat
content. The film might possibly help in retarding lipid oxidation from the surrounding
oxygen. The derived film needed to be improved on the protective properties against water

and moisture to be applicable for various food products.
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4.2.2.1 anvaziuiazieilanlag Scanning electron microscopy (SEM)
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1 1 10 10.80£0.03 76.67+3.56 88.81+0.68  -1.00+0.02 2.710.21 4.43£0.68
2 I 30 21.45:0.24 66.07£7.26 87.88£027  -0.89+0.24 2.8240.09 5.370.27
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5 15 58  9.80at0.06  76.20£3.78 87.730.18  -1.00+0.02 2.4240.06 5.500.18
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Y = o A o o =2 1 [ y o
19519 4-10 ANUATUNTIULTIAL DATINITUAAT Lm:ﬂm1mwummmmmz‘lammu%ugmi

#1399
qas  USuaauwey ANUAIUNTIY A5Rea $ATINITFN OATINIFUAIMY
ﬁ (% starch) 1159A901A (Tensile  (Elongation, FUURINY ‘um"laﬁfw
miduuu - ndisoson strength, pa) mm) 2ONFIIU (g/m’ day)
(cm3/m2.day)
1 1 10 3068.94+431.62 1.1440.40 111.00£1.41  2095.76+12.50
2 1 30 549.59+£56.94 6.422.11 106.00+2.83  1075.76+31.54
3 2 10 1251.97+265.12 0.3140.09 173.5047.78  2606.50455.16
4 : 30 1588.33+387.70 0.43+0.14 179.004£5.66  4242.46+54.77
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9 1.5 20 1094.76+75 81 9.65+1.92 140.5047.78  4935.32£77.98
10 1.5 20 987.09+£62.79 10.33£1.91 108.0042.83  4975.87£73.57
1 1.5 20 1605.53+84.52 14.68+2.82 268.00+8.49  4528.36+14.50

40



LA ¢ ar
4.2.2.4 @UMsWHINNSEHI wauauTadaui vl numnduuu aznawesea
diorhman1s InTziamauiAvesflaudna nunanuduiuinnSnundiyeseanasm
= 2oy . . [ o L =t o @ d’. a
F0UY 1AYTD Regression analysis Wi ldaumanyuinlugduuuIwa lubsamasaes nesuw
o o o ' = =) ar sy s 9 ¥ d:f 1
ANuFMIUTTzHIIAE ALY (x) taznaesea (y) NUANANTANANAIUAIAIILFY A1AITY
[ 1 1 ' 9 o s
#7119 (L*) MAUA (2%) ANULANAINUBIATE AINHYT ATUATUMUUTIAIA 8ATINITIAAIIAY

ans sy 11 Aan119 4-11

(O - | v e w 3 ) =
BUN l‘iﬂ‘f’HJJlllJ’cT”IiJ'l'iﬂﬁ1?[‘11ﬂ"liFI’ﬂiJﬂ'llWH’fl‘i31’!'.11\‘1‘].'4‘3'1ﬂmﬂ1ﬂi]lmu (x) HaENAIYDIR (y)

fumauiaiduduaum mdmies (b*) Aaamdune (opacity) 1w Tuselavesidn

a =1 [ (24 a ¥
(transparency) LLAZBATINITHUAIU ﬂFtFE]i’Jﬂ"lﬂi]uIlﬂ

! ey ad o = a
1313 4-11 ﬁllﬂTiWTanliz?i’JNﬂﬂiﬁiIUﬂﬁﬁﬂﬂ‘l,l“lﬁ"li"lmﬂ'li'I"'llllu‘u (x) uaznaryesaa (y)

aUMIANHTUNUE i R’

AN = 24.0733-0.7329(x)+4.5581(y)-2.4858(x)4.3975(y)*~1.9333(xy) 79.56%
AAIHAII (L) = 89.8689+0.6500(x)+0.2106(y)-0.04257(x)~1.0601(y) +1.0033(xy) 78.67%
AVALAT (%) = -1.0656- 0.03120(x)+0.0074(y)+0.0299(x) +0.0415(y) -0.0483(xy) 95.11%
ANUUANATIUBIT = 3.3682-0.6433(x)-0.2053(y)+0.0516(x ) +1.0595(y) -0.9967(xy) 78.57%
AN = 64.2222-1.8537(x)-3.1253(y)-0.1194(x) +2.7972(y) + 5.0833(xy) 68.31%
ANUATUNTUITIAT = 1229.13-172.438(x)-853.833(y)-105.7178(x) +441.121(y)’ 90.51%
+713.926(xy)

BATINITUAAD = 11.5522-1.4596(x)+1 .9648(y)-2.9778(x)1—4.5227(y)2~1 2883(xy) 78.97%
Sasimsaurnleri = 573.543+19.6664(x)-43.7587(y)195.417(x") 74.37%

+0.248333(y")+68.3950(xy)

o a9 < A a
'1]1ﬂﬁllﬂ1iﬂﬂllﬁ‘fllwu]§luﬂ1ﬁN 4-11 ﬁWhWSQLLﬁﬂQLﬂHL?ﬁTﬂi\iﬂﬁ@lﬂllﬁ‘uﬂqwuﬂﬂ (response
1 = = o/ e g ¥ 1 Y w
surface plot) T¥M IS MIAAMT I (x) Laznfimesen (y) Muauauiaddudua1ag 1d danm 4-5-

4-12

41



3D Surface Plot (NEW.STA 10v*10c)
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3D Surface Plot (NEW.STA 10v*10c)
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3D Surface Plot (NEW.STA 10v*10c)
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3D Surface Plot (NEW.STA 10v*10c)
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Il 2309
Bl 3.177
El 4.045
Bl 4.912
B 5.78
[ 6.647
7.515
@ 8.383
@l 925
Bl 10.118
Bl abowe

Jl‘ = ' .
NN 4-9 Lﬁ"liﬂ'iiﬂ'ﬁﬂﬂﬂﬁuﬂ\‘IWUN?%@QE')THI!Wﬂﬁ]Qﬂ]ﬂQ% (Total color difference)

msmufsnumsuuutaznawresealumsazalsdIHanafnINNIULANA1IUBIT (Total color
difference) Tagvih lianutana13u83danas (MK 4-9) dunavinmdulszansiFavvesSnun
4 1] - 1 1]

FIUUL (-0.6433) NAIBIBA (-0.2053) DANIHATINTTHINMIIVUUUIALNAITD T AT INAFIALADA

ANUUANAIIVDIT (-0.9967) AU

45



3D Surface Plot (NEW.STA 10v10c)
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3D Surface Plot (NEW.STA 10v*10c)
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3D Surface Plot (NEW.STA 10v*10c)
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