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ABSTRACT

 Starch is an appropriate matrix-forming material of edible film. However, 
film made only from starch has poor water vapor barrier. This research, fatty acids 
were incorporated into films based on octenyl succinate tapioca starch, which are 
attracted to, and stabilize the oil-water interface of an emulsion. The objectives were 
to study the effect of lipid type and concentration on the properties of edible film 
based on octenyl succinate starch and to study the effect of the coating on arare’s 
properties. Three types of lipids (stearic acid (SA), palmitic acid (PA) and oleic acid 
(OA)) applied at different ratios of lipid to starch (0:1, 0.1:1 and 0.2:1) were used in 
this study. Sorbitol was used as a plasticizer. Edible films were prepared by a casting 
method. The film microstructure, molecular interaction, crystallization, opacity, 
mechanical properties and water vapor permeability (WVP) were evaluated. The 
lowest WVP formulation was then selected to coat arare rice cracker and tested for 
sorption isotherm, physical and sensory properties. The results were found that lipid 
addition in the films provoked a decrease in the tensile strength and elastic modulus 
and an increase in %elongation at break. A decreasing in WVP was found in the 
sample containing saturated fatty acid at ratios of lipid to starch 0.2:1.  The control 
films (without lipid) showed rough surface and less transparency as compared to 
starch-lipid films except films containing oleic acid. The rice cracker coated with the 
solution containing saturated fatty acid had less monolayer moisture content and 
greater critical water activity than the lipid-free coated sample. The sensory 
evaluation, general quantitative descriptive analysis, tested by trained panels 
presented that type (PA and SA) and amount of lipid (0-20%) had no significant effect 
on brittleness, hardness and sticky mouth coating of the coated rice cracker (P>0.05). 
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2000)  
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2.1  (Edible film) 

 (Edible film)       

   

 

     

 

 (Bertuzzi, 2006) 

   

  

 4  (Bourtoom, 2008)    

1.    (collagen),  (gelatin),  (zein 

protein),  (wheat gluten protein),  (oilseed protein), 

 (milk protein)    (other protein)   (albumin)   

 2.   wax, ,   

 3.    (alginate),  (carrageenan),  

(cellulose),  (pectin),  (starch)  (chitosan)   

 4.  (composite film)  

   

 (Zahedi , 2010) 

 (Ayranci  Tunc, 2001)   
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 (mass transfer barrier)   

  

    

 

 2.  (food preservation)   
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(retrogradration)  (syneresis)  

  

 

 (Bao , 2003; Shogren , 2000;  , 2543) 
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 (solid)  (semisolid)   

     



7 

 

 

 1  
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2551) 

1.  (short chain fatty acid) 

  4-10  

2.  (medium chain fatty acid)  12-

14  

3.  (long chain fatty acid)  16 

  

 

  2  

 

  

 1   1   

 (Saturated fatty acid)  CnH2nO2 

  

   (  2 ) 

(  4 )  

 6-10    12 

 

 (Unsaturated fatty acid) 

  

  

1.  1  (Monounsaturated  

Monoethenoid acids)  CnH 2n-2 COOH    

  

2.  1  (Polyunsaturated  

Polyethenoid acids)  18-22 

  2-6  ( , 2551) 
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(Lauric acid) 
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(Myristic acid) 
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(Palmitic acid) 
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70.1 

 

 (Oleic acid) 
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 Polarized light microscopy 
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  X-ray Diffractrometer (XRD) 
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   2theta 

 7, 11, 20, 22  24o (Teixeira , 2010)  3 -

 2theta  12.5, 22.6  24.3o (Fang , 
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 3  X-ray diffraction patterns  
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 4 X-ray diffraction patterns  

: Fang  (2012) 
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  bilayer film  

 emulsified film  emulsified film 

 bilayer film  homogeneous ( ) 

 emulsified film    multilayer 

film  layer 

 emulsified film  

  

(Karbowiak , 2007)  

   

(Jiménez , 2012),   hydroxypropyl -methylcellulose (HPMC) (Tarazaga , 2008;  

Jiménez , 2010), carboxy methyl cellulose (CMC) (Ghanbarzadeh  Almasi, 2011) 

 Kefiran (Ghasemlou , 2011) 
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   (25 oC) 

 (Jiménez , 2012) 

 2   hydroxypropyl -methylcellulose 

(HPMC) 

  hydroxypropyl -methylcellulose (HPMC)  
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 (Critical Micelle Concentration; CMC)  

 

 (Jiménez , 2010)  2  

 hydroxypropyl -methylcellulose (HPMC) – Beeswax 
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methylcellulose (HPMC) – Beeswax  Bilayer  lipid enrich layer 

  

 

 Beeswax  Bilayer (Tarazaga , 2008) 

  carboxyl methyl cellulose (CMC) 

   

(hydrophobic)  (Ghanbarzadeh  Almasi, 2011) 

 kefiran  

(Ghasemlou , 2011)  2 

  

  

  

  

 ( )  Tensile strength   %Elongation at 

break  ( , ) 

  

 

 (Jiménez , 2012) 

  hydroxypropyl -methylcellulose (HPMC) 

  Tensile strength, %Elongation at break Elastic modulus 
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    Elastic modulus  

(Jiménez , 2010)  3 

 

  Elastic modulus  (Ghanbarzadeh  Almasi, 2011) 

 Tensile strength  kefiran   %Elongation at break 

 (Ghasemlou , 2011) 
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2.5  

   

 (Labuza  Hyman, 

1998)  

    

 

 

  (Bravin , 2006)   ( , 

2553)  (Usawakesmanee , 2008)  

 

     

 (moisture sorption isotherm)  

 (adsorption)/  (desorption)    

 (Bell  Labuza, 2000) 

  

 

  

 

 

 

  (Damodaran, 2008) 

  2    

1.  Brunauer-Emmett-Teller (BET model) 

 0 - 0.5 (Yu, 2007)   
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  m0     

 C       

2.  Guggenheim, Anderson  de Boer (GAB model) 

 0 – 0.95 (Labuza 

 Altunakar, 2007) 

    
  m     

 m0   

 kb  c   

3.  Smith  (empirical model) 

 

                  
  m    

 a  b      a  (  y) 

  b  

  

Labuza  Altunakar (2007)  2   

1) 

   (saturated salt slurry 

method)   Dynamic Vapor Sorption (DVS)  

2) 

    Dynamic 

Dewpoint Isotherm (DDI) 
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 (Saturated Salt Slurry Method) 

 

 

 (Lewicki  Pomaranska-Lazuka, 2003) 

  

  

 

  

 

(Penner, 2013)  

 

(Labuza, 1984)  

   1) 

 2) 

  3)   4) 

 (Levoguer  

Williams, 1997) 

 (Snow, 1949  Beuchat, 

1983) 

 (Humidity Generating Instrument) 
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 (Penner, 2013)  dm/dt (

)   dm/dt  0 

  (Yu, 

2007)   

 1. Dynamic Vapor Sorption (DVS)   

 (ultra-sensitive microbalance) 

/  

  (Yu, 2007)  

 10-100  

 (Levoguer  Williams, 1997) 

 2. Dynamic Dewpoint Isotherm (DDI)  DVS 

  DDI 

  %RH 

     

 

 (desiccant)  

  (0.03-

0.95)  (10-1000 ml/min) 

 (  0.015)  

 chilled mirror dew point sensor  magnetic 

force balance  

 ( ) (Schmidt  Lee,  

2012)  DDI 

  , 

  



22 

 

 

 

  DDI 

  glass transition,  

(Recrystallization),   (Schmidt  Lee, 2012)  

  Dynamic Vapor Sorption (DVS)  Dynamic Dewpoint 

Isotherm (DDI)   

Dynamic Dewpoint Isotherm (DDI)  Dynamic Vapor Sorption (DVS)  

   

glass transition  (critical water activity) 

 (glassy state)  (rubbery state)  (Penner, 

2013)  
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 3 

  

3.1  

 3.1.1     

 3.1.2  (70% solution)   

 

 3.1.3    

3.2  

 3.2.1   Sigma-Aldrich, Germany 

3.2.2   Sigma-Aldrich, Germany 

3.2.3   Sigma-Aldrich, Germany 

3.2.4   Ajax Finechem , Australia 

3.3  

3.3.1  

-  2  (  KERN & Sohn GmbH D-72336, 

Balingen, Germany) 

-  (  TBT-08H, China) 

-  (High speed blender),  Moulinex 

-  (  275DAE,  CREST, New York) 

-  Homogenizer (  Lab2000,  APV, UK) 

3.3.2  

  - Hand dial thickness gauge (  7326, Mitutoyo, Japan) 

- Scanning Electron Microscope (  JSA-541QLV, JEOL, Tokyo) 

- Fourier transform infrared (FTIR) spectroscopy (  Spectrum 100 FT-IR, 

Perkin Elmer, USA) 
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-  (Texture Analyzer, Model TA-XT2i, Stable Micro 

System, UK)  Tensile Grip (  11356) 

  -  X-ray diffractometer (XRD) (  MiniflexII, Rigaku, Japan) 

-  (Climatic test cabinet,  TK120, Nuve, Turkey) 

  -  (Hunter Lab, model miniscan XE, USA) 

3.3.3  

  -  (Shin Denyo Electric Blower) 

  -  Sorption Isotherm (Vapor sorption analyzer, AquaLab VSA 

, USA) 

  -  (Texture Analyzer, Model TA-XT2i, Stable Micro 

System, UK)  Cylinder probe  50   

3.4  

3.4.1  

 3.4.1.1   

   , 

Non-Crystallizing sorbitol 40 %(total solid)  3  ( ,  

)   3   

0:1, 0.1:1  0.2:1  (1.1) 

 700   (1.2) 

  9   

25±5   50±5  24  

  

 53±5  25   3   

3.4.1.2  

-   Scanning Electron 

Microscope ( JSA-541QLV)   

-  Fourier Transform Infrared Spectroscopy 

(FTIR)   
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-   (Texture Analyzer, Model TAXT2i, 

Stable Micro System, UK)  Romeo-bastida  (2005)   

  

-   X-ray diffraction  Jiménez  

(2012)   

-   Wittaya (2009) 

  

-   (Hunter Lab, model Miniscan 

XE, USA)  Day light (D65)   

 

3.4.2 

   

 2  

 0.2:1  

   500  

    

-  Vapor 

Sorption Analyzer  Dynamic Dewpoint Isotherm (DDI)   

-    Lacaze  (2007) 

  

-   Hamada 

 (2005)   

- 

  Scanning Electron Microscope  

-   (Texture 

Analyzer, Model TAXiII, Tex Tech Corp, USA)   

-  General Quantitative 

Descriptive analysis  10   Chaiyakul 

 (2008) 
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3.5  

 3.5.1 

  3×2 Factorial in Completely 

Randomized Design (CRD) with 1 control   LSD (Least 

Significant difference)  95 

 3.5.2 

 (Completely Randomized 

Design, CRD)  

(Randomized Completely Block Design, RCBD)  LSD (Least 

Significant difference)  95 
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4 

  

4.1  

4.1.1  

  ,  

  

  

(Jiménez , 2010  Villalobos , 2005) 

 

 Scanning Electron Microscope    5a 

(gelatinization)  

   Homogenization  High pressure 

homogenization   (shear)  

 (Floury , 2002)   (glycosidic bond)        

   

   

(retrogradation)    (re-crystalization) 

 

 

 (Jiménez , 2012)  

 (  6a)   

 

  5 

  (Das , 2013) 
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 3     

  

  

 

 

 

 (heterogeneous surface)  5b  5c 

 (  5d-5g)  

  

 (Singh , 2002) 

 

  

  

    
 

 5    

   a=  ( ), b= : =0.1:1, c= : =0.2:1, 

d= : =0.1:1, e= : =0.2:1, f= :

=0.1:1  g= : =0.2:1 

1 =  200   2 =  500  

 

(a1) 

a2)

(a2) 
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 5 ( )   

   a=  ( ), b= : =0.1:1, c= : =0.2:1, 

d= : =0.1:1, e= : =0.2:1, f= :

=0.1:1  g= : =0.2:1 

1 =  200   2 =  500  

 

b2)

c2)

d2)

(b1) (b2) 

(c1) (c2) 

(d1) (d2) 
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 5 ( )   

   a=  ( ), b= : =0.1:1, c= : =0.2:1, 

d= : =0.1:1, e= : =0.2:1, f= :

=0.1:1  g= : =0.2:1 

1 =  200   2 =  500  

 

f2)

e2)

(e1) (e2) 

(f1) (f2) 
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 5( )    

   a=  ( ), b= : =0.1:1, c= : =0.2:1, 

d= : =0.1:1, e= : =0.2:1, f= :

=0.1:1  g= : =0.2:1 

1 =  200   2 =  500  

  Scanning Electron Microscope  6 

  

 ( )  ( ) 

 -  

 (McClements, 2005) 

 

 

         

 (Jiménez , 2012) 

 

  

 (Microvoid)  

 (Colla , 2006) 

 (Microvoid)  

g2)

(g1) (g2) 
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 6  

   500  

   a=  ( ), b= : =0.1:1, c= : =0.2:1, 

d= : =0.1:1, e= : =0.2:1, f= :

=0.1:1  g= : =0.2:1 

 

(a) 

c)
(b) (c) 
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 6 ( ) 

   500  

   a=  ( ), b= : =0.1:1, c= : =0.2:1, 

d= : =0.1:1, e= : =0.2:1, f= :

=0.1:1  g= : =0.2:1 

 

4.1.2  Fourier Transform Infrared Spectroscopy (FTIR) 

 

Fourier Transform Infrared Spectroscopy (FTIR)  2  

    

g) 

(d) 

g)

(e) 

(f) (g) 
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(Xu , 2005  Guan , 1998  Yin , 1999) 

 2   1)   2) 

    

 1578  1584 cm-1  (Xu , 2005) 

 1541.15  1621.96 cm-1 

 

 

  Tensile 

strength  (Bourtoom  Chinnan, 2008) 

   FTIR spectroscopy  

attenuated total reflection (ATR)  Quinoa – 

 –     

 3263 cm-1   ionic interaction  (Valenzuela 

, 2013)  

 Fourier Transform Infrared 

Spectroscopy (FTIR)  4000-500 cm-1   7  

 3400 cm-1 

  900–1200 cm-1  

 (Fingerprint)  C-O-C 

  1154 cm-1  C-O 

 C-O-H   1080  1020 cm-1  C-O  C-O-C 

 (anhydroglucose ring)  1412 cm-1 

 (Chang , 2012)  2927 cm-1  C-H 

 1642 cm-1  H-O-H  (Hu , 2013) 

    

   7, 8  9
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  –CH3  

–CH2  2926  2856 cm-1   1710 cm 1 

 C=O  (Kong , 2008)  

 –CH3  –

CH2  2917 cm-1  2850 cm-1  (Teixeira , 2007) 

 1704 cm-1  C=O 

 (Fang , 2011) 

 

  

 3400-3500 cm-1  

 (Pereda , 2010)  

 

 FTIR spectroscopy  transmission  

(KBr)  25  

 (rubbery state)   

 

  3600 cm-1 

 (  21-27)   
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 7    FTIR ( )

 :  = 0.1:1 0.2:1 

           ( ) 

                           : =0.1:1 

                          : =0.2:1 
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 8     FTIR ( )

:  = 0.1:1 0.2:1 

               ( ) 

                            : =0.1:1 

                             : =0.2:1 
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 9     FTIR ( )

:  = 0.1:1 0.2:1 

             ( ) 

                            : =0.1:1 

                           : =0.2:1 

4.1.3  

   Tensile strength,  %Elongation at 

break  Elastic modulus  Tensile strength 

 2   Elastic modulus 

  Elastic modulus 

   %Elongation at 

break  

  

(Maftoonazad , 2007) 
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 Tensile strength,  

%Elongation at break  Elastic modulus  Tensile 

strength  Elastic modulus  ( )  10a 10b  

 (Fabra , 2008) 

  (Jiménez , 2012) 

 (Bravin , 2004)  Tensile strength  Elastic modulus 

 (Jiménez , 2010)  

 (   0.1 1)  (  

 0.1 1  0.2 1)  Elastic modulus 

 95  

 Tensile strength  Elastic modulus  

 

   

  

 ( , 2554)  

 Jiménez   (2012) 

  Elastic modulus 

  

 %Elongation at break 

  10c 

 (Jiménez , 2012  Fabra 

, 2010a; Monedero , 2009; Rhim, , 1999) 
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(a) 

 
(b) 

 
(c) 

 10   Tensile strength (a),  Elastic modulus (b)   %Elongation at break (c) 

  

a

cd

d

b

cd

bc bc

0

1
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4

control oleic  acid stearic acid palmitic acid
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4.1.4  

    peak 

  11 

   peak  2   5-25o      

 (amorphous)   (Bourtoom  

Chinnan, 2008)   peak  2  

 19.7o  V-type    

 (Fanta , 1999) 

 

 11d, e, f  g  11 d  e  X-ray diffraction patterns 

 peak  2   X-ray diffraction 

patterns  Teixeira  (2010)  3 

 X-ray diffraction patterns  10 f  g 

 peak  2   X-ray diffraction patterns 

 Fang  (2012)  4  

 ( 25 )  

 peak  21.4  23.8o

  Fanta  (1999) 

   0.1  1  0.2  1 

 peak   
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 11  

  

  a=  ( ), b= : =0.1:1, c= : =0.2:1,   

d= : =0.1:1, e= : =0.2:1, f= : =

0.1:1  g= : =0.2:1 
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4.1.5   

  25±2  

 75±5 

 0  12  

 (p>0.05)  

 Scanning Electron Microscope    

  6  

 11  

 

 (Krochta 

, 1994)  

 0.1  1 

   (25 

 )  

 0.1 1 

 0.2  1 (  11) 

 0.1  1 

 

 0.2  1 

 95% 

  micropathway 

 (tortuosity) 

 

  (hydrophobic) 
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 (Krochta, 1990) 

 (hydrophobic)  

 (Garcia , 2000)   

 

 
 12  

  25±2    

 75±5  0  

 

4.1.6   

  25±2   13 

 (  0.2  1) 

 (p<0.05)  

  

 (p<0.05)  

 

 (Villalobos , 2005) 

 (  5a)  
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 0.2 1 

 

 

 

 13   (Opacity) 

  

 

4.2 

   

 

  

   

  0.2  1   

 

  0.2  1 
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 ( , 2553)  

4.2.1  

  extrusion  , 

   

  

  (Moisture adsorption) 

  (water activity 

equilibrium)   

 (water activity; aw)    

 (Labuza  Hyman, 1998) 

    

 (sorption isotherm) 

 

 

 

 J  moisture sorption 

  

  (monolayer moisture) 

 (hydrophilic)  ( ,  ) (Andrade 

, 2011) 

  

 

 

 ( , 2553) 

 

  25  
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 14  

  

(critical water activity) 

 (glassy state)  (rubbery state) (Barbosa-Cánovas , 2008)

 

 25   4  

 

    

 

 

 

 

 2    Guggenheim Anderson de Boer (GAB)  Brunauer – 

Emmett – Teller (BET)  25   4  

Root mean square error (RMSE; R2) 

   R2  GAB  

 BET  BET  moisture sorption  

 0.11-0.55   0.5  BET 

   

 GAB  moisture sorption   0.11-

0.75 (Labuza , 1985)  GAB 

  

 (2553)   Siripatrawan 

 (2006)  

 GAB  (M0)   
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 14    ( ) 

, :  1:0.2

:  1:0.2   25  

               

                              :  1:0.2 

                              :  1:0.2 

 (M0) 

   

   

        

 (active site)  

(Siripatrawan , 2006)  4  M0 

 GAB  M0  
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 (hydrophobic 

property)  

 

 4   GAB  BET 

 

 25  

M0  =  ( ) 

C  =  

K =  GAB 

R2 = Root mean square error 

 

 

 

 

Model 

 

   

 

20% 

   

   

20% 

GAB 

C1 17.0981 21.7468 61.188 

K 0.8774 0.8924 0.8992 

M0 4.9807 4.4962 4.5634 

R2 0.9834 0.9863 0.9827 

BET 

C 25.9753 52.8541 311.2177 

M0 5.4716 5.053 5.1711 

R2 0.9665 0.9504 0.9795 

 0.4875 0.5320 0.4925 
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4.2.2    

( .)   

  5 

 1.96 cm3/g  

 

 95 (p<0.05) 

 1.45-1.48  cm3/g 

 (  28)  

  

  

 

 ( , 2556) -

 (2553) 

  (  13 

)  

 

 ( .)  

 

 5  

 95 (p>0.05) 

 

  (   

, 2555)  (2553) 
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 (Jumaa  Muller, 

1988) 

 5    (cm3/g) 

  

 

 

 

(cm3/g)  

 1.96±0.20a                       - 1/  

 1.48±0.20b 2.66±0.28a 

:  1:0.2 1.47±0.05b 3.01±0.09a 

:  1:0.2 1.45±0.20b 3.20±0.08a 
        1/  

 ( .)  

  

 

 ( , 2553) 

   1  0.2 

  1  0.2  Scanning Electron Microscope  20   200 

 (  15  16 ,    )  

  

  

 

 (   , 2555) 

  

   (68±3 ) 
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 Scanning Electron Microscope  

250    1000    17  18 

 

  (  18-30 m) 

 

 

    
( )          ( ) 

    
( )         ( ) 

 15     Scanning Electron Microscope 

 ( ),  ( ), :

 1:0.2 ( )  :  1:0.2 ( )  

 20              
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( )         ( ) 

    
( )         ( ) 

 16    Scanning Electron Microscope  

 ( ),  ( ), :

 1:0.2 ( )  :  1:0.2  200              
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    ( )       ( ) 

    
    ( )       ( ) 

 17    Scanning Electron Microscope 

 ( ),  ( ), :

 1:0.2 ( )  :  1:0.2 ( )  

 250              
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    ( )       ( ) 

    
    ( )       ( ) 

 18    Scanning Electron Microscope 

 ( ),  ( ), :

 1:0.2 ( )  :  1:0.2 ( )   1000              

 

( .)   

  

 

  

  

,   (rheological properties ) 

(Surówka, 2002) , 

  

 

  ,  
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 (Surówka, 2002) 

 

  

  

 (crunchy)   (crispy) 

  (Peleg, 1994) 

Lewicki  (2007) 

 (acoustic 

properties)    Lewicki 

 (2007)   (crispness)  

   

 Texture Analyzer  6  

  

95%  (-0.952) (  21) 

 General Quantitative Descriptive Analysis  10 

  7  

  

  

  

 95   

 

 (Suresh  

Mortensen, 1998) 

 95 

 Texture Analyzer 

  95 
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95 

 6   ,   Texture 

analyzer 

 

 

( ) 

 

                     ( ) 

 27.70±0.81a 49.95±1.16a 

 7.56±0.50c 33.02±0.69b 

:  1:0.2 7.69±1.12c 32.19±0.79b 

:  1:0.2 11.68±0.77b 31.37±1.21b 

 

 7  ,  

  Quantitative Descriptive Analysis 

 10  

 
  

 

 9.78±0.73b 10.84±1.10a 8.05±0.77a 

 11.05±0.93a 9.84±1.39ab 8.53±1.07a 

:

 1:0.2 

10.72±1.19ab 9.05±1.60b 8.48±0.92a 

:  

 1:0.2 

10.89±1.69a 10.03±1.40ab 8.48±1.10a 
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 5 

 

1. 

 Tensile strength  Elastic modulus  

 Tensile strength  Elastic modulus  

 Elastic modulus    

%Elongation at break  

 0.2  1  %Elongation at break   

2.  

 0.2  1 

 0.1  1 

 

3.  

 

 0.2  1  

4. 

  (M0)  

 (critical water activity)  

5.  ,  

  General 

Quantitative Descriptive Analysis   

 95 
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1.  

1.  1×1   0  

   3  

2.  Scanning Electron 

Microscope ( JSA-541QLV) 10 kV  10-20 nm 

2.  Fourier Transform Infrared Spectroscopy (FTIR) 

 1.   0  

  3  

 2.  2  (KBr) 

100   hydrolic press  (KBr Disc) 

 3.  KBr Disc  IR  4000-450 cm-1  

3.  

1.  1.5 × 6   Chamber 

 53±5    25±5  

2.  Tensile strength  %Elongation at break  tension grip 

 A/TG  1 mm/s  Texture analyzer (  TA-XT2i, Stable 

Micro System Co,Ltd.,UK) 

3.  10   grips  3  

 1 mm/s 

4.  2   maximum load 

  Tensile strength ,  %Elongation at break  Elastic modulus 

 (1) , (2)  (3) ( Romero-bastida  , 2005 ) 
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 20   stress-stain curve 

: Maftoonazad  (2007) 

4.   

1.   2 × 2   Chamber 

 53±5    25±5 
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2.   X-ray diffraction  Jiménez  (2012) 

 50  300   ( )  1.5418 Å 

 2   5  50   1.5   

5.  

 

 

 75±2   25±2 ºC  3.26 m/s 
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 (4)  (5)   3  

WVTR  =     m / A     (4) 

  m      

   A       

WVP     =      (WVTR*L)/ P  (5) 

  L      
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6.  

1.   2 × 2   Chamber 

 53±5    25±5 

 

2.  HunterLab model Miniscan XE  Day light (D65) 

 3.    
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7.   

   (CHARPA TECHCENTER)    Dynamic 

Dewpoint Isotherm (DDI)  Vapor Sorption Analyzer 

8.  Lacaze  (2007) 

  75   

  

  

              =  –  

                                                                     75  

  2  

9.  Hamada  (2005) 

  

 

         –     x 100 

               

 2  

10.  Texture analyzer  

 1.  

 2.   Pretest speed  1 / , test speed 1  / , 

Posttest speed 10 /   probe  30  

 3.  run a test   

 3  1   10  cylindrical 

Probe  50    
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 8     

Attribute scale refference sample 

Brittleness 1.0 Muffin, 1/2 in cube, BigC bakery 

  4.0 Crackers, 1 pieces, Nabisco 

  10.0 Wafer, 1/2 in square, Bissin coffee wafer, Thai president 

Ltd. 

  14.5 Hard candy, 1 piece, Clorets hard candy, Cranbury 

Adams (Thailand) Ltd. 

hardness 2.5 Egg white, 1/2 in cube 

  7.0 Frankfurter, Large, 1/2 in cube, cooked 5 min, CP Co. 

  9.5 Peanuts, 1 nut, Tong garden Co. 

  14.5 Hard candy, 1 piece, Clorets hard candy, Cranbury 

Adams (Thailand) Ltd. 

Sticky mouth coating 1.0 Carrot, uncooked, fresh, unpeeled 1/2 in cube 

  7.0 Crackers, 1 pieces, Rosy crackers, Imperial general food 

  15.0 Mangosteen candy, 1 piece, Mae Lee, Chantabyri 

:  Chaiyakul  (2008) 

 

 11.2  

  1.  

, :  1:0.2 :  

1:0.2   5   6×8  

 3  

  2. 

   

  

 15   “ ” (recognition threshold)    1.25  

 “ ” (saturation threshold)  13.75   
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 9  Tensile strength  

Contrast                  DF      Contrast SS         Mean Square    F Value     Pr > F 

control VS other           1       3.20642857         3.20642857       46.51      <.0001* 

type                       2       0.88410000         0.44205000        6.41      0.0106* 

level                      1       0.46080000         0.46080000        6.68      0.0216* 

type*level                 2       0.12023333         0.06011667        0.87      0.4397 

Error                         14          0.96526667         0.06894762 

Corrected Total             20          5.63682857 

*  (p<0.05) 

 10  Elastic modulus  

Contrast                       DF      Contrast SS           Mean Square           F Value      Pr > F 

control VS other          1      421.8516071         421.8516071       10.30     0.0063* 

type                      2      238.9521333         119.4760667        2.92     0.0873 

level                     1       68.7964500           68.7964500        1.68     0.2159 

type*level               2       52.9825333          26.4912667        0.65     0.5387 

Error                              14       573.444000           40.960286 

Corrected Total             20      1356.026724 

*  (p<0.05) 

 11  %Elongation  

Contrast                         DF      Contrast SS           Mean Square     F Value    Pr > F 

control VS other         1      1016.436007       1016.436007        6.65     0.0218* 

type                          2       523.592033        261.796017        1.71     0.2159 

level                         1         4.390672            4.390672         0.03     0.8678 

type*level                    2      1023.854678        511.927339        3.35     0.0647 

Error                              14      2138.468133        152.747724 

Corrected Total              20      4706.741524 

*  (p<0.05) 
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 12  

Contrast              DF      Contrast SS      Mean Square     F Value    Pr > F 

control VS other      1          1.0957341              1.0957341        0.11     0.7438 

 type           2      490.0400778     245.0200389       24.85     <.0001* 

level                  1        0.2026722               0.2026722        0.02     0.8880 

type*level             2          21.6678778              10.8339389        1.10     0.3604 

Error                           14        138.0330667                 9.8595048 

Corrected Total              20        651.0394286  

*  (p<0.05) 

 13  

Contrast           DF      Contrast SS         Mean Square  F Value   Pr > F 

control VS other       1       0.06133651         0.06133651         4.70     0.0479* 

type                    2       0.03014444         0.01507222         1.15 0.3434 

level                   1       0.05555556         0.05555556         4.26     0.0582 

type*level             2       0.03201111         0.01600556         1.23    0.3231 

Error                         14           0.18273333         0.01305238 

Corrected Total              20           0.36178095 

*  (p<0.05) 

 14  

Contrast               DF      Contrast SS    Mean Square     F Value     Pr > F 

control VS other       1       0.20240079         0.20240079        4.26     0.0582 

type                    2       0.76907778         0.38453889        8.09      0.0046* 

level                   1       0.16245000         0.16245000        3.42      0.0858 

type*level             2       0.04423333         0.02211667        0.47      0.6374 

Error                          14          0.66573333         0.04755238 

Corrected Total              20           1.84389524 

*  (p<0.05) 
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 15  

    Contrast                    DF               Contrast SS         Mean Square           F Value         Pr > F 

        trt                          2                 0.30106724           0.15053362                4.76         0.1174 

        Error                     3                 0.09496564           0.03165521 

        Corrected Total    5                 0.39603288 

 

 16  

    Contrast                    DF               Contrast SS         Mean Square           F Value         Pr > F 

        trt                          3                0.36911719           0.12303906                 5.77          0.0618 

        Error                     4                 0.08530076          0.02132519 

        Corrected Total              7      0.45441795 

 

 17  

Texture analyzer 

    Contrast                    DF               Contrast SS         Mean Square           F Value         Pr > F 

      control VS other          1         525.8375614          525.8375614         765.55          <.0001* 

      lipid vs nolipid             1            5.9985769              5.9985769             8.73          0.0418* 

      PA vs SA                     1           15.9070354           15.9070354            23.16         0.0086* 

*  (p<0.05) 

 

 18   Texture analyzer 

      Contrast                       DF           Contrast SS            Mean Square        F Value       Pr > F 

      control VS other             1         473.0482592             473.0482592         485.17      <.0001* 

      lipid vs nolipid               1             2.0299300                  2.0299300             2.08      0.2225 

      PA vs SA                       1             0.6779052                  0.6779052             0.70      0.4513 

*  (p<0.05) 
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 19    

 

Contrast                       DF          Contrast SS              Mean Square        F Value         Pr > F 

        blk                              9      34.83006250                 3.87000694             6.48         <.0001* 

        trt                              3       9.71918750                3.23972917         5.43          0.0047* 

        control vs others         1     9.15768750                 9.15768750           15.34         0.0006* 

        type                        2       0.56150000               0.28075000             0.47         0.6299 

        Error                     27      16.12018750                0.59704398 

        Corrected Total       39     60.66943750 

*  (p<0.05) 

 20    

 

        Contrast                    DF      Contrast SS      Mean Square        F Value     Pr > F 

        blk                              9      60.16750000         6.68527778            21.48        <.0001* 

        trt                              3      16.30125000         5.43375000            17.46        <.0001* 

        control vs others         1      10.86008333       10.86008333            34.89       <.0001* 

        type                          2         5.44116667         2.72058333              8.74        0.0012* 

        Error                         27        8.40500000         0.31129630 

        Corrected Total        39          84.87375000 

*  (p<0.05) 
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Contrast                        DF        Contrast SS          Mean Square            F Value            Pr > F 

        blk                              9       16.95775000              1.88419444        2.97           0.0136* 

        trt                            3         7.14425000              2.38141667        3.76           0.0525 

        control vs others      1         0.09075000              0.09075000        0.14           0.7082 

        type                        2         7.05350000              3.52675000      5.56           0.0952 

        Error              27      17.12075000              0.63410185 

        Corrected Total       39      41.22275000 

*  (p<0.05) 

 22     

 Texture analyzer 

 General Quantitative Descriptive Analysis 

 10  95 
    crisptext crispsens 

crisptext Pearson Correlation 1 -0.952* 

Sig.(2-tailed) 0.048 

  N 4 4 

crispsens Pearson Correlation -0.952* 1 

Sig.(2-tailed) 0.048 

  N 4 4 

  *  95 
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25±2     75±5  

 WVTR(×10-3 g/hr cm2) WVP (×10-7 g hr-1m-1Pa-1) Thickness( m) 

 1.40 ±0.14a 2.45 ±0.06a 59.54 ±4.39b 

: =0.1:1 1.28 ±0.16ab 2.48 ±0.27a 66.17 ±1.74a 

: =0.2:1 1.26 ±0.03ab 2.43 ±0.17a 65.48 ±3.92a 

: =0.1:1 1.39 ±0.12a 2.15 ±0.37ab 51.90 ±4.30c 

: =0.2:1 1.17 ±0.12b 1.88 ±0.20b 54.58 ±2.99bc 

: =0.1:1 1.23 ±0.12ab 2.15 ±0.23ab 58.90 ±0.60b 

: =0.2:1 1.14 ±0.04b 1.90 ±0.03b 56.28 ±1.89bc 

 

 

 24   ( )  

 

 

 

 

 

  ( ) 

 1.65±0.11 

 5.63±0.04 

:  1:0.2 5.78±0.05 

:  1:0.2 5.98±0.02 
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 28   (critical water activity)         

 

 
 29   (critical water activity)         

:  1:0.2 
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 30   (critical water activity)         

:  1:0.2 

 
 31  

 (NL), :  1:0.2 (PA)  

:  1:0.2 (SA) 
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 25  

 ( : ) 

  

 

 11.11 + 0.01 10.60 + 0.13 

 0.03 + 0.01 0.02 + 0.00 

 0.02 + 0.01  

 0.14 + 0.01 0.50 + 0.04 

 29.50 + 1.82 28.42 + 1.95 
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 33   (native) 

 (OSA) 

 5  Rapid Visco-Analyzer  
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 34   (cP)   

   Brookfield viscometer 

1  30 rpm  25°C  

 

 26  (d3,2)  

    Particle Size 

Analyzer  LS100Q, Coulter, USA. 

 

   

(%) 

 d3,2 ( ) 

Palmitic  acid 10 0.724 

Palmitic  acid 20 0.748 

Strearic  acid 10 0.796 

Strearic  acid 20 0.756 

Oleic  acid 10 1.940 

Oleic  acid 20 1.257 

 

 

 



109 

 

 

 

 

 

 

 

 

 

 

 
   

  



110 

 

 

General Quantitative Descriptive Analysis Scale 

 

Name :……………………………………………………………..  Date : …..…/…...../…..... 

   (Arare)   

  

 

 

  .....................     .....................       .....................         ..................... 
 

 (Hardness) 

  

 
 

 

 (Brittleness) 
   

 
 

 

 (Sticky mouth coating)  *   

 

 

 

 

... … 

 

 

Egg White Peanuts Hard candy 

Muffin Wafer Cracker 

Carrot Cracker Mangosteen candy 


