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Abstract 

This project presented a development of shellac-based fruit coating formulations 
modified with carnauba or shellac waxes. The efficacy of coating formulations was tested on 
four types of Thai fruits; mango (cv. Namdokmai), Khai banana, pomelo (cv. Kaoyai), and 
rambutan (cv. Rongrien). The tests were done on laboratory scales, in comparison to either 
the storage in high-OTR plastic bags, or using a commercialized coating solution. The 
commercial-scaled evaluations were conducted on rambutans. The results from the 
characterization of the films of the coating solution revealed that the basic shellac coating 
formula (10% shellac) modified with 5.0-7.5%(w/w) led to higher mechanical properties, 
higher glass transition temperature, but lower  diffusivities for gases and water vapor 
compared to the based formulation. This is because the emulsion characteristic of the 
modified formulation which were less homogeneous. This would result in the partial coating 
on the fruit skin. Efficacies of the coating formulations were evaluated using physico-
chemical properties and tasting of the fruits. The suitable fruit coating formulation for mango 
(Namdokmai No.4) was the based shellac solution. Although coating mangoes with this 
formula resulted in higher weight loss in comparison to the storage in high-OTR plastic bags, 
it could protect the fruits against pathogens and the loss of flesh firmness. After 3 weeks of 
storage at 12 oC, 95±5% RH, the consumer satisfaction with the ripening mangoes using this 
coating was not different from those kept in the high OTR plastic bags. For Khai banana, it 
was found that storage in plastic bags (Tayang district agricultural cooperation, Petchaburi 
province), resulted in the highest fruit storage qualities. After 3 weeks of storage at 12 oC,
95±5% RH, it was found that the plastic bags could delay the ripening process, and other 
quality changes such as skin spotting, weight loss, lowering flesh firmness, and total soluble 
solids. Although this method caused the highest alcohol concentration, but changes in flavor 
was not detected by consumers. For pomelo (cv. Kaoyai), after 8 weeks of storage at 10 oC
and 95±5% RH, all of the tested coating formulations, including a commercialized coating 
(CM, composed of polyethylene and latex) gave better fruit qualities than the controlled 
group (no coatings). The shellac based formulations did not result in high level of alcohol 
productions as in the fruits coated with the CM. The basic formulation had the lowest cost, so 
it was then chosen as the most suitable coating. For rambutan (cv. Rongrien) storage at 12 oC,
and 85-95% relative humidity for 2 weeks, the best method discovered was either the dip 
coating with shellac based formulation modified with 7.5% (w/w) shellac wax, or the use of 
high-OTR plastic bags. These two methods resulted in satisfactory appearances, delay of the 
fruit hair darkening, and higher firmness. The coating formulation modified with 5% (w/w) 
carnauba wax was selected for a commercial-scale evaluation on preserving quality of 
rambutan (cv. Rongrien). The obtained results were promising. The coated rambutans kept 
their qualities for at least 2 weeks in a commercial cold room (12oC) . These coated 
rambutans remained fresh after moving out to shelves (at 20 oC) for 3 days, and 2 days after 
the first and the second week of storage in the cold room. The coating was found to reduce 
water loss, delay hair darkening and retain the firmness of the fruit flesh. The coated fruit 
received high preference scores from consumers. For the same coating tested on commercial 
exported rambutans, the high potential was found for the application this specific coating 
since the coating could retard the appearance of blackening hairs. In addition, the coating 
process used was simple enough for exporters. The results showed potential of the coating 
formulation in reducing export costs.  
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2.1.1  (a)  (b)    5 

2.1.2  6 



2.1.3  (a) hydroxyl acid ester  n, m   18-30  24-

34  (b) di-esters  n, m  2-8  2n  2n-2  R  R’  alkyl group  

carbon atoms  16-22 

8 

2.2.1  climacteric  non-climacteric   10 

2.2.2   climacteric  non-climacteric 11 

2.4.1  18 

3.1.1  26 

3.5.1   31 

3.7.1  33 

3.7.2  35 

3.8.1  38 

3.8.2  6   39 

3.8.3   42 

3.8.4  47 

3.8.5  48 

3.8.6  50 

3.8.7  53 

3.8.8  53 

3.9.1   1  57 

3.9.2     2  58 

4.1.1  63 

4.1.2    

    

67 

4.1.3         

  25   70±5 

69 

4.1.4        

   25   70±5 

 

70 

4.1.5      

  

72 

4.1.6  75 

4.2.1   S10%  

 

78 

4.2.2(1)   

  1  2  12  

  90±5 

79 

4.2.2(2)   

 3  4  12  

 90±5 

80 



4.2.2(3)   

 5  6  12  

 90±5 

81 

4.2.3(1)   

 12  

90±5  1  2  500 ppm  3-4  

82 

4.2.3(2)   

  12  

 90±5  3  4  500  

ppm  3-4  

83 

4.2.3(3)   

 12  

90±5  5  6  500 ppm  3-4  

84 

4.2.4(1)   

 5  6  12  

 90±5 

85 

4.2.4(2)   

  3  4  12  

  90±5 

86 

4.2.4(3)   

  5  6  12  

  90±5 

87 

4.2.5(1)   

  12  

  90±5  1  2  500ppm  

 3-4  

88 

4.2.5(2)   

  

 12   90±5  3  4  

 500ppm  3-4 

89 

4.2.5(3)  

  12  

 90±5  5  6  500ppm  3-4  

90 

4.2.6(1)   

 1  2  12    

90±5 

91 

4.2.6(2)   

 3  4  12     

 90±5 

92 

4.2.6(3)   

 5  6  12     

93 



 90±5 

4.2.7(1)  

  12 

 90±5  1  2  500 ppm  3-4  

94 

4.2.7(2)  

  12 

 90±5  3  4  500 ppm  3-4  

95 

4.2.7(3)  

  12 

 90±5  5  6  500 ppm  3-4  

96 

4.2.8  L*, a*  b* c*  

(CONTROL)    3 

. (CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   

90±5  6  

99 

4.2.9  c* H*  

(CONTROL)    3 

. (CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   

90±5  6   

100 

4.2.10  L*, a*  b*  

(CONTROL)    3 

. (CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   

90±5  6   20  

101 

4.2.11  c*, H  

(CONTROL)    3 

. (CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   

90±5  6   20  

102 

4.2.12  L*, a*  b*  

   6  12  

 90±5 

103 

4.2.13  c* H   

  6  12   90±5 

104 

4.2.14  L*, a*  b*  

   6  12  

 90±5  20  

105 

4.2.15  c* H  

   6  12  

 90±5  20  

106 

4.2.16  107 



   3 . (CONTROL 3kgs)  5 . 

(CONTROL 5kgs)  12   90±5  6  

 500 ppm  20   3-

5  

4.2.17  
   3 . (CONTROL 

3kgs)  5 . (CONTROL 5kgs)  12   90±5  6 
  500 ppm  20 

  3-5  

110 

4.2.18  

   3 . (CONTROL 3kgs)  5 

. (CONTROL 5kgs)  12   90±5  6  

 500 ppm  20  

 3-5  

111 

4.2.19  

   3 . (CONTROL 

3kgs)  5 . (CONTROL 5kgs)  12   90±5  6 

  500 ppm  20 

  3-5  

114 

4.2.20  

   3 . (CONTROL 3kgs) 

 5 . (CONTROL 5kgs)  12   90±5  6  

 500 ppm  20  

 3-5  

115 

4.2.21  

   3 .   (CONTROL 3kgs)  5 

. (CONTROL 5kgs)  12   90±5  6  

 500 ppm  20  

 3-5  

116 

4.2.22 
    

3 . (CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   
90±5  6   

119 

4.2.23  

   3 . 

(CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   90±5 

 6   

120 

4.2.24 

    

3 . (CONTROL 3kgs)  5 . (CONTROL 5kgs)  12   

121 



90±5  6   

4.2.25  

   3 . (CONTROL 3kgs)  5 

. (CONTROL 5kgs)  12   90±5  6   

122 

4.2.26  

 6  12  

 90±5 

125 

4.2.27  

 6  12  

 90±5 

126 

4.2.28 

  6 

 12   90±5 

127 

4.2.29  

 6  12  

 90±5 

 

128 

4.3.1  (a)  (b) 

 12   90+5   4  

132 

4.3.2   12 

  90+5   4  

133 

4.3.3   25  

 80+5   3  

134 

4.3.4  (a)  (b) 

 12   90+5   4  

137 

4.3.5  (a)  (b)   (c) 

 12   90+5 

  4  

138 

4.3.6  (L*) (A)  (-a*) (B)  (+b*) (C) 

 (C)(D)  ( H) (E) 

 12   90+5    4  

140 

4.3.7  (L*) (A)  (-a*) (B)  (+b*) (C) 

 (C)(D)  ( H) (E)  

 12   90+5   4  

141 

4.3.8  (L*) (A)  (-a*) (B)  (+b*) (C) 

 (C)(D)  ( H) (E)  

 25   80+5    3 

 

142 



4.3.9  (L*) (A)  (-a*) (B)  (+b*) (C) 

 (C)(D)  ( H) (E)  

 25   80+5  3  

143 

4.3.10  (a)  (b) 

 25   80+5   3 

 

147 

4.3.11  (a) 

 (b)  25   80+5   

 3  

148 

4.3.12  (a)  

 (b)  25   80+5    

 3  

149 

4.3.13  (a)  

 (b)  25   80+5    

 3  

150 

4.3.14   (A)  (B)  (C)  

(D)  (E)  (F)  (G)  (H)  (I) 

 25   

80+5   3  

151 

4.4.1(1)   1  2  

 10   90±5  8  

157 

4.4.1(2)   3  4  

 10   90±5  8  

158 

4.4.1(3)   5  6  

 10   90±5  8  

159 

4.4.1(4)   7  8  

 10   90±5  8  

160 

4.4.1(5)   1  2  

 (32 )  70±5  4  

161 

4.4.1(6)   3  4  

 (32 )  70±5  4  

162 

4.4.2(1)   1  2  

 10   90±5  8  

163 

4.4.2(2)   3  4  

 10   90±5  8  

164 

4.4.2(3)   5  6  

 10   90±5  8  

165 

4.4.2(4)   7  8  166 



 10   90±5  8  

4.4.2(5)   1  2  

 (32 )  70±5  4  

167 

4.4.2(6)   3  4  

 (32 )  70±5  4  

168 

4.4.3  (A)   S10%(B) 

  S10%(C)  SW7.5% (D)  

169 

4.4.4  L* a *b*  

   10   90±5   8 

   

171 

4.4.5    C* H   

   10   90±5  8 

   

172 

4.4.6  L* a *b*  

   10   90±5   

8    

173 

4.4.7  C* H  

   10   90±5   

8    

174 

4.4.8    L* a *b*  

   10   90±5   8   

175 

4.4.9    C* H   

   10   90±5  8    

176 

4.4.10  L* a *b* 

   (32 )  70±5  4 

   

177 

4.4.11  C* H  

   (32 )  70±5  4 

   

178 

4.4.12  L* a *b* 

   (32 )  70±5  4 

   

179 

4.4.13  C* H  

   (32 )  70±5  4 

   

180 

4.4.14  L* a *b* 

   (32 )  70±5  4    

181 



4.4.15  C* H 

   (32 )  70±5  4    

182 

4.4.16    10   

90±5  8    (32 )  70±5 

 4  

186 

4.4.17     10   90±5  8 

   (32 )  70±5  4  

187 

4.4.18  10   90±5 

 8    (32 )  70±5  

4  

188 

4.4.19  10   90±5 

 8    (32 )  70±5  4 

 

189 

4.4.20    10   90±5  

8    (32 )  70±5  4  

190 

4.4.21   10   90±5 

 8     70±5  4  

191 

4.4.22    10  

 90±5  8     70±5  4  

192 

4.4.23    10   90±5 

 8     70±5  4  

193 

4.4.24   10    

90±5  8    70±5  4  

196 

4.4.25     10   

90±5  8    70±5  4  

197 

4.4.26   10   

90±5  8    70±5  4  

198 

4.4.27   10    

90±5  8    70±5  4  

199 

4.5.1   5% 

  10 

203 

4.5.2  (control)    (S10%)    

   5 % (SC5%), 7.5 % (SC 7.5%)   5% (SW 5%), 7.5 % 

(SW7.5%%) 

206 

4.5.3 (1)  (A)  (B) 

  (S10%)       5 % (SC5%), 7.5 % (SC 7.5%) 

  5% (SW 5%), 7.5 % (SW7.5%%)  1P  2P  12°  

 3  

207 



4.5.3 (2)  (A)  (B) 

  (S10%)       5 % (SC5%), 7.5 % (SC 7.5%) 

  5% (SW 5%), 7.5 % (SW7.5%%)  1P  2P  12°  

 85-95%  2  

208 

4.5.3 (3)  (A)  (B) 

  (S10%)       5 % (SC5%), 7.5 % (SC 7.5%) 

  5% (SW 5%), 7.5 % (SW7.5%%)  1P  2P  12°  

 85-95%  3  

209 

4.5.4  (A) 

 7.5% (B) 

 (C)  7.5% (D) 

 

210 

4.5.5  ( L*), (a*)  (b*)  (Control) 

  (S10%),  5 % (SC5%), 7.5 % (SC7.5%) , 

 5% (SW5%), 7.5 % (SW7.5%%)  1P  2P  12°  

 85-95%  3  

213 

4.5.6  ( L*), (a*)  (b*)  (Control) ) 

  (S10%),  5 % (SC5%), 7.5 % 

(SC7.5%) ,  5% (SW5%), 7.5 % (SW7.5%%)  1P  2P  

12°    85-95%  3  

214 

4.5.7  L*, a*  b*  (Control) 

  (S10%),  5 % (SC5%), 7.5 % (SC7.5%) ,  

5% (SW5%), 7.5 % (SW7.5%%)  1P  2P   12°    

85-95%  3  

215 

4.5.8  ( )  0    4   

  ( )  (Control) )   

(S10%),  5 % (SC5%), 7.5 % (SC7.5%) ,  5% (SW5%), 7.5 % 

(SW7.5%%)  1P  2P  12°   85-95%  3 

 

216 

4.5.9  (Control) 

  (S10%),  5 % (SC5%), 7.5 % (SC7.5%) ,  5% 

(SW5%), 7.5 % (SW7.5%%)  1P  2P   12°    85-

95%  3  

217 

4.5.10  (Control) 

  (S10%),  5 % (SC5%), 7.5 % (SC7.5%) ,  5% 

(SW5%), 7.5 % (SW7.5%%)  1P  2P   12°    85-

95%  3  

217 

4.5.11  (TSS:a),  (TA:b) 220 



 (TSS/TA: c)  (Control) ) 

  (S10%),  5 % (SC5%), 7.5 

% (SC7.5%) ,  5% (SW5%), 7.5 % (SW7.5%%)  1P  2P  

 12°   85-95%  3  

4.5.12  (CO2:a)  (O2:b)  

(C2H4:c)  (Control) )   (S10%), 

 5 % (SC5%), 7.5 % (SC7.5%) ,  5% (SW5%), 7.5 % 

(SW7.5%%)  1P  2P   12°   85-95%  3 

 

221 

4.5.13  (CO2:a)  (O2:b)  

(C2H4:c)  (Control)   (S10%), 

 5 % (SC5%), 7.5 % (SC7.5%) ,  5% (SW5%), 7.5 % 

(SW7.5%%)  1P  2P   12°   85-95%  3 

 

222 

4.5.14    ) 

  (S10%),  5 % (SC5%), 7.5 % (SC7.5%) , 

 5% (SW5%), 7.5 % (SW7.5%%)  1P  2P   3 

 10  

223 

4.5.15    (a)   (b) 

 (Control)   (S10%)     

 5 % (SC5%), 7.5 % (SC7.5%) ,  5% (SW5%),  7.5 % (SW7.5%)  

1P  2P  12°   85-95%  3  

226 

4.5.16  (a)  (b)  (Control) 

 (S10%)      5 % (SC5%), 7.5 % 

(SC7.5%) ,  5% (S3),  7.5 % (SW7.5%%)  1P  2P  12°

  85-95%  3  

227 

4.5.17  (a)  (b)  (Control) 

  (S10%)      5 % (SC5%), 7.5 % 

(SC7.5%) ,  5% (S3),  7.5 % (SW7.5%%)  1P  2P  12°

  85-95%  3  

228 

4.5.18  (a)  (b)  (Control) 

 (S10%)      5 % (SC5%), 7.5 

% (SC7.5%) ,  5% (S3),  7.5 % (SW7.5%%)  1P  2P  

12°   85-95%  3  

229 

4.6.1  (A)  (B) 

 5 %   0 

 12 ° /  0  20 °  

232 

4.6.2    (A)  (B) 233 



   5 %  

 0  12 ° /  1 2  3  20 °  

4.6.3  (A)  (B) 

 5 %   1  12 ° /  0 

 20 °  

234 

4.6.4  (A)  (B) 

 5 %  

 1  12 ° /  1 2  3   20 °  

235 

4.6.5    (A)  (B)  
 5 %   2  12 ° / 

 0  20 °  

236 

4.6.6  (A)  (B) 

   5 %  

 1  12 ° /  0, 1  3   20 °  

237 

4.6. 7  L* (A-C),  a* (D-F) b* (G-I)   

   5 %  

 12 °   0 (A,D,G), 1 (B,E,H), 2 (C,F,I))   20 °  

 3    1 

   

242 

4.6.8  L* (A-C), a* (D-F) b* (G-I)    

   5 %  

 12 °   0 (A,D,G), 1 (B,E,H), 2 (C,F,I))   20 °  

 3    1 

   

243 

4.6. 9  L* (A-C), a* (D-F) b* (G-I)    

  carnauba wax 5 %  

 12 °   0 (A,D,G), 1 (B,E,H), 2 (C,F,I))   20 °  

 3    1 

   

244 

4.6.10         

carnauba wax 5 %   12 °   0 (A), 1 

(B), 2 (C)   20 °   3  

  1    

245 

4.4.11         

 5 %   12 °   0 (A), 1 

(B), 2 (C)    20 °   3  

  1     

245 

4.6.12       257 



 5 %   12 °   0 (A), 1 

(B), 2 (C)   20 °   3  

  1    

4.6.13       

  carnauba wax 5 %   12 °   0 

(A), 1 (B), 2 (C)   20 °   3  

  1    

247 

4.6.14  (TSS:A-C),  (TA:D-F) 

 (TSS/TA:G-I)   

     5 %  

 12 °   0 (A,D,G), 1 (B,E,H), 2 (C,F,I))  

 20 °   3  

  1    

252 

4.6 15  (CO2:A-C),  (O2:D-F)  

(C2H4 :G-I)        5 % 

  12 °   0 (A,D,G), 1 (B,E,H), 2 

(C,F,I))   20 °   3  

  1    

253 

4.6.16   ( , A-C)   (D-F) 

   12 °   0 (A, 

D), 1 (B, E), 2 (C, F)   20 °   3  

  1  

         

254 

4.6.17   (A-C)   (D-F)  

  12 °   0 (A, D), 1 (B, E), 2 (C, 

F)   20 °   3  

  1           

255 

4.6.18   (A-C)   (D-F)  

  12 °   0 (A, D), 1 (B, E), 2 (C, 

F)   20 °   3  

  1           

256 

4.6.19   (A-C)  (D-F) 

   12 °   0 (A, D), 1 (B, 

E), 2 (C, F)   20 °   3  

  1           

257 

4.6.20  

  3  

258 

4.6.21    259 



 

   

2.1-1  3 

2.1-2  (stick lac)  (seed lac)  (shellac) 4 

2.1-3  7 

2.1-4  8 

2.1-5     9 

2.4-1  16 

2.6-1: (1) –(3)    22-24 

2.6-2  25 

3.4-1  30 

3.7-1  36 

3.8-1   44 

3.8-2  46 

3.8-3  50 

3.8-4  54 

4.1-1 

 

60 

4.1-2  62 

4.1-3  64-65 

4.1-4  

 

74 

4.2-1  

 (CONTROL),   (S10%) 

(SC5%, SC7.5%)    ( SW5%, SW7.5%) 

 3 . (CONTROL 3kgs)  5 . (CONTROL 5kgs)   12 

  90±5   4 

129 

4.2-2  

 (Control),   (S10%) 

(SC 5%, SC 7.5%)    ( SW 5%, SW 7.5%) 

 3 . (CONTROL 3kgs)  5 . (CONTROL 5kgs)   12  

 90±5   4 
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4.3-1   

  12   4  

152 

4.3-2   

  12   3  

153 

4.3-3   

  12   3  

154 



4.4-1 

  10   90±5  

 8 

200 

4.4-2 

  (32 ) 

 70±5  4 

201 

4.5-1  5 % 

 1 /  9   

204 

4.5-2 

 (Control)   1P  2P 

 12    2  

230 

4.7-1  261 

4.7-2    262 

4.7-3  263 
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 1 
 

 

 (shellac)  1,000  

 Laccifer lacca  ( )  Tachardia lacca  

     

   (aleuritic acid;  = 304)  

 (shellolic acid;  = 296)  (jalaric acid;  = 

280) [Golz-Berner  Kastrow, 2001] 

  

 

  

 6   17,000 – 25,000  200  

   

   (seed-lac) 

 (flaked shellac)  (bleached shellac) 

 (food grade)   

 

2549 (        , 2549)

 

   

   

 

   

  

  4   

      

  2 

 

  (wax)  

  



2

  

 4 

  1   

 

 

    

 

 

  
   

 4        

 

1)   

  (wax)    

 4       

2) 

 4  

3)   1  

 

 

 

 

 

 

 

 

 
 
 
 
 
 



3

 2 
 

 
2.1  
   

  

  

     (   

 , 2548)  

 

 

  

  

      2.1-1 

   (Shellac)  (Carnauba wax)   (Shellac wax) 

  
 

 2.1-1:  (  , 2549) 

 

   

Carnauba      

  84-96  

Candelilla   Pedilianthus 

pavonis 

 Pedilianthus pavonis  

 Carnauba wax   

Shellac       

72-80   

Paraffin         
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2.1.1  (shellac) 

     

      

   (stick lac)  

     (seed lac)  

  

   66% 

  

    

 87% (Sequeira and  Bezkorowajnyj, 1998) 

 

1,000  4-5   1 

 2-3  (Xia et al., 2006)  2.1-2 

 

 
 2.1-2:  (stick lac)  (seed lac)  (shellac) 

(Hatchett, 1804) 

 

 
 (% ) 

 (stick lac)  (seed lac)  (shellac) 

 68.0 88.5 90.9 

 6.0 4.5 4.0 

 10.0 2.5 0.5 

 5.5 2.0 2.8 

 4.0 2.5 1.8 

 6.5 - - 

 
 

 

 



5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.1.1  (a)  (b) 

  (Limmatvapirat et al., 2008) 

 

   aliphatic hydroxyl acids  alicyclic hydroxyl 

acids   (aleuritic acid)  (terpenic 

acid)     (jalaric acid)  

(laccijalaric acid)  2.1.1  

  1900  

   500 (Banerjee et al., 1982)  

  2.1.2 

  90   

 

  35-40  

  

 

 90   
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 filter press  

 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 2.1.2  (

) 

 

 

  

 1.   

 

 pH  7    

 2.  

   

 

3.     

  

4.  

      

 

, , , 
 

 

 

  ,  

,  

    

, ,   
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5.     

 

6.     

  (Xia et al., 2006) 

 

   

   

 (Tg)  65-70   (Tm)  75-80 

  (specific gravity)  1.14-1.21 (Sharma et al., 1983) 

 (water vapor permeability)  2.78x10-8 - /

- 2-  (Sontaya et al., 2008)  

 
2.1.2  (shellac wax) 

   2.2 

 4%   74-80 

    (carnauba wax) 

 (candelilla wax) (Xia et al., 2006)  

     

       

 (Xia et al., 2006)    2.1-3  2.1-5 

 

 2.1-3:   (Edwards and Falk, 1997; Moloney, 2005)  

 

Fatty ester (C14-C34) 70-82% 

Fatty alcohols (C26-C34) 8-14% 

Free acid 1-4% 

Hydrocarbon  1-6% 

   

 

 2.1.3  (carnauba wax) 
  (copernicia cerifera mart.) 
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(Thomas, 1961)  

  83-86       

  

  2.1-4  2.1-5  hydroxyl 

acid ester  di-esters  2.1.3 

 

 

 2.1-4:  (Maurice and Kelley, 1944) 

 

Hydroxyl acid ester 53.0-55.0% 

Di-esters 19.0-21.0% 

Free acids 3.0-3.5% 

Alcohols 2.0-3.0% 

Hydrocarbon 1.5-3.0% 

Resins 4.0-6.0% 

           

 

 

 

 

(a)                                                                (b) 

 2.1.3  (a) hydroxyl acid ester  n, m   

18-30  24-34  (b) di-esters  n, m  2-8  2n  2n-2  R  R’ 

 alkyl group  carbon atoms  16-22 (Thomas et al., 1961) 

 

 

 2, 3, 4.5, 9% 

   

9%  90% (Fabricio et al., 2010)  cat hoa 

loc   

   (Hoa and Ducamp, 2008) 
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0, 2, 4, 6%  25    

  4% 

 (  , 2548) 

 
 2.1-5:     

 

 (wax) 

acid value 

( KOH/

) 

ester value 

(

KOH/ ) 

melting point (

) 

 (  

  ( )) 
70-95 N/A 60-75 

 (   

 ( )) 4 38 79 

 (   ) 7 81 83 
  (acid value)   (mg KOH) 

 1   1   ASTM 

D 1639  (ester value)   (mg KOH) 

 1           1   

ASTM D 6871-03 

 
2.2  
       

 (  , 2549)  

 

  (   , 2543)  

.  

  

  

 (    2549) 
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            C6H12O6 + 6O2    6CO2 + 6H2O +  

 

 (  

, 2528)  (  , 2549)   

 2   2.2.1 

   

climacteric  2.3  4  (1) pre-climacteric (2) climacteric rise (3) 

climacteric peak  (4) post-climacteric          

  

   

non-climacteric        (  ,  2528) 

 

 

 

 

 

 

 

 
 
 

 2.2.1  climacteric  non-climacteric 

  (  , 2549) 

 
 

.   
   

  CH2=CH2 

   

    

  climacteric  
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climacteric rise  climacteric peak  

  non-climacteric 

  

 (  , 2549)  

  2.2.2  

 
 

 2.2.2   climacteric  non-climacteric (  

, 2549)     

 

  

ACC oxidase  ACC  

 competitive inhibitor 

(Thompson, 1996)  

  (2547) 

  1-4   (175 – 225 

mgCO2/kg.hr)  6-8     

(2551)   5   

 ( )   Citrosol AK (Carnuba wax 18%) 

Honra (Polyethylene wax 13%  Wood rosin 3%)  PVC  

liner (bag-in-box type)  10   60   internal gas 

   internal gas 

 10   25   3  
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  Citrolsol AK 

   

4-8%  9%    

   20%  1.4% 

 
.  

  

    

  

 

 (  , 2549) 

     

 (   , 2549) 

   

    

  

 
.  

  

 2     

 

  

 climacteric fruit  

 (non-climacteric fruit) 

 (hand refractometer)   

 (    , 2548)  

 

 (  , 2549) 

 
.   
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 pH   

  (  

 , 2549) 

    10-15 

 (  , 2549)  

 
2.3  
  

     

      

 

.  
   

  3   
-     

      

-    

   

  

-   

  

 
.  

 

 

  

  pectinesterase  polygalacturonase (  

 , 2548) 

 (turgor pressure)  (  

, 2549)  
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.  
 

  

 

 

 

 (  , 2549) 

 
2.4  
 2.4.1   
  (Nephelium lappaceum L.)  non-climacteric   

  (humid-tropical fruit crop) (  ,2525) 

  

      

 ( , 2537) 

 2    

   2   99.5  

    

   (Lam, 1987) 

   

   

   ( , 2537) 

  64     16.5 

       53, 20, 15,  1.9 

/100   

 (  IC50 > 100 micrograms/ml)  

 [Okonogi, , 2007] 
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1.   100-120 (

, 2534) 

2.  

  8  

 1-2   8  

 3-7 ( , 2540)  

3.  ( , 2536) 

 

- Total soluble solids    20 

- Titratable acidity   0.3 

- pH    4.2 

   

 95   7-10   

10 -15    3-4   9-12 % CO2 

[O’Hare, T. J, 1995]  7 

 (Chilling Injury)   

   0-20  

  (< 0.04 microliter/kg.hr) 

   (Browning) 

  

 2-3 microliter/kg.hr   

  (spinterns)  (pericarp 

and endocarp)  [Landrigan , 1996]   

(stomatas)  (  abscisic   Fusicoccin)  50-

70  .2  [O’Hare, T. J, 1995] 

    

 anthocyanin  Chilling Injury  anthocyanin 

 

 2.4-1 

     

 CI     Kondo   (2001)  
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 Putrescine  (Put)  

 8-13   8  

 Put  CI   Put 

 CI   Put  28 

 13% ( )  100   Put  

  Put   22%   Put  25% (

)  100   Put  3%  

 Yingsanga  (2008)   (60–

70%)  (85–95%)   25   6   

 (browning index)   phenylalanine 

ammonia-lyase (PAL), polyphenol oxidase (PPO)  peroxidase (POD) 

  PPO  POD 

 POD  PPO 

 
 2.4-1:   [O’Hare, T. J, 1995]  

 

 
  

  Paull  (1994) 

 (hot water treatment, HWT)   49   20  

   Sulphurdioxide  80   HWT 

 Sivakimar   (2001)  

Cinnamaldehyde  30 ppm  20   
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 Botryodiplodia theobromae, 

Colletotrichum gloeosporioides  Gliocephalotrichum microchlamydosporum 

   stem-end rot, anthracnose  brown spot  

 13.5  95% RH  14  

  Martínez-Castellanos  (2009) 

 Biofilm  Lactobacillus plantarum   

 (20 g/l, MW 171.4 kDa, 15% DEA) 1  

 1  

  25  10  75% RH 

 10  15   

 10%  2 %  25  25  10  

  

 

 

2.4.2  
 

-  (exocarp)  

 0.1-0.2  

 

   (epidermal layer)  (cuticle) 

 (stomata)  (lenticel)  epidermis 

    

 

 

   

-  (mesocarp)   

   

-  (endocarp)  

 10  (

 , 2531)  
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 Colletotrichum gloeosporioides  

  

   

    

  

  

 

  

   

   

 

2.4.3  
 (berry)   

(hesperidium)   2.4.1  

 

 
 
 
 
 
 
 
 
 

 2.4.1  

 

-  (epicarp)  (flavedo)  

 (oil grand)  

 

Epicarp/Flavedo 
Mesocarp/Albedo 
Endocarp 

Juice sac 
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-  (mesocarp)   

spongy tissue 

  (albedo) 

 

-  (endocarp)   (carpels) 

 (  ,2523) 

  

(juice sac  juice vesicle) 

  9-13  

  

 

 (endocarp)  (locule) 

 (  , 2526) 

    

    

(granulation  ricing)  (juice sac) 

 

  pectic substances  (gel) 

  (organic acids)  (carotenoid)  

 (  , 2523) 

  

 

2.5  
 (galangal)  Alpinia galanga (Linn.) Swartz. Languas galanga (Linn.) Stuntz. 

 Zingiberaceae  

 (  

)   50-95 %  

  (Schimmer , 1994)  

  Escherichia coli (  

, 2543)   eugenol 

 (Okazaki Oshima, 1952)  1'-
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acetoxychavicol acetate  1'-acetoxyeugenol acetate  

(Okizo, A., , 1974) Mazsuda , 2003) 

  (Venkataranganna  , 2000, Sundari , 2001)  

, , ,   Microsporum gypseum 

Trichophyton rubrum  Trichophyton mentagrophyte  

 1'-acetoxychavicol acetate  1'-acetoxyeugenol acetate 

 (Jassen , 1985) 

     (2547) 

  Phomopsis asparagi  Colletotrichum gloeosporioides

    95%     0 ,  10 

 20   10,000 20,000 30,000  40,000 ppm 

 2   Phomopsis asparagi  Colletotrichum 

gloeosporioides   

 2          

(2550)    

  30,000 ppm   100 

%  15,000  ppm.  100%  
 

2.6   
 

1)  Hagenmaier and Grohmann, 2000 (US006162475A) 

Edible food coatings containing polyvinyl acetate 

 

    

 (Pharmaceutical)  
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2)  Signorino, 2003 (US006620431B1) 

 Shellac film coatings providing release at selected pH and method 

 
  pH 

 

 acid value  

 pH  7.4  acid value  7.4 

 pH  7.0  acid value  8.0 

 pH  acid value     

 

3)  Cook, 1996 (US005567438A) 

Shellac dispersions and coatings, and method of forming aqueous-based shellac 

dispersions and coating 

  

1.  100   1   170 

  80   

 770   pH  7.5 

 2.  950   100 

  10%  50   

 10,000   3  

 3.  1:5 

 26%  

 
2.7  

  2.6-1  2.6-2
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 3 
 

 
3.1    3.1.1 
 
           

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 3.1.1   

   

   

 4    

   

  
 

 

  

 

 

 

 

 

 

  

 

 

 

 

  
 

 
 

 
 

 
 

 
 

 1  
  ( ) 
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 2  

  

 

   High OTR 

   

   

 
3.2)   

 
-  4  100-110  50   

    

-   3-6       

-     

-   7   

-       

-   Kahl,  

-    PA (Panreac),  

-  25% AR   QRec,  

-  (Demineralized water)  

-  (H2SO4)  QRec,  

-  (NaOH)  QRec,  

-  (H2O2)  QRec,  

-  (K2Cr2O7)  QRec,  

-  100 mg/l ( ) (    )     

 

-  ( )   
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-  1000 ppm (  48)     

 

-   RCT basic  Ika Laboratechnik,  

-  (scanning electron microscope)  JEOL  JSM-5400  

(Jeol ltd., ) 

-   SC 7620,    

-   (Freeze dry)  LY3TTE   

-   CE MINOLTA  CR-300,  

-     Effegi,  

-   ATAGON1,  

-  (Gas Chromatography)  Shimadsu  GC-8A 

-   Cannon  Ixus 800 IS,  

-    PE   12   

-  FF5    LLDPE   (OTR  12,500 cc/(m2-day), CO2TR   

42,250 cc/(m2-day), WVTR  19.5 g/(m2-day)) 

-  FF3    LDPE   (OTR  18,272 cc/(m2-day), CO2TR   

>30,000 cc/(m2-day), WVTR  25.1 g/(m2-day))  

-  

-    PE wax 20%  Latex 75%   Additive 5%   

   

-  ( ) 

-  ( )  

-  UV-2450 Shimadzu  

-   5 .  10.6 .   1.2 .  

 4.2 .  

-   Tuvrhelnland  12 bar,  

-  BIO-BIK balance dishes  138x 138x25 .(INAOPTIKA co., ltd, ) 

-    

-  7  
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-  

-  
 

3.3)  

  ( ) 

 (NaOH)  0.5  80   200   

 1,600   30   85   

 (H2SO4)   0.25  80 

  

 3     200   1,600  

   (   

  , 2551) 

 

3.4)  
 (S10%)    

 1.25-7.50 %       

 3.4-1    2   

   

   60 °   

     

   

 15-30     

90 °     5 o    60o    12 
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 3.4-1:  

 

/  
 ( ) 

 *    

1.  S10% 10.00 - 1.00 0.89 88.11 

2.  

- G0.25% 10.00 0.25 1.00 0.89 87.86 

- G0.50% 10.00 0.50 1.00 0.89 87.61 

- G0.75% 10.00 0.75 1.00 0.89 87.36 

- G1% 10.00 1.00 1.00 0.89 87.11 

3.  

- SC 1.25% 10.00 1.25 1.00 0.89 86.86 

- SC 2.5% 10.00 2.50 1.00 0.89 85.61 

- SC 5% 10.00 5.00 1.00 0.89 84.36 

- SC 7.5% 10.00 7.50 1.00 0.89 83.11 

4.  

-SW1.25% 10.00 1.25 1.00 0.89 86.86 

-SW 2.5% 10.00 2.50 1.00 0.89 85.61 

-SW 5% 10.00 5.00 1.00 0.89 84.36 

-SW 7.5% 10.00 7.50 1.00 0.89 83.11 

 :   , ,  

 
3.5)    

.  
 (ball mill)  0.5  

 95%   100   400    300 

   18    4  

 (rotary evaporator)  40°    

(      , 2552)  
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.  
  

3.4-1   0.25, 0.50, 0.75, 1.00 %   

 2   

   

   60  

      

    60 

  15-30    

   

 

 ( )  ( ) 

 12    

  3.5.1 

  

  1  

 (  3.6) 

 

 

   
 S10%   

 
 3.5.1   
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3.6)  

     6 

  

-     

  

  -   (viscometer)  

  - pH    pH (pH meter) 

-  (insoluble solid) 

 (drying oven)  50  

 6    2    
 

3.7)   
 100   casting 

  BIO-BIK balance dishes  138x 138x25 .(INAOPTIKA 

co., ltd, )  

 

 

.     6  

.  (Moisture adsorption)  

   25 °   70% 

 6      

.  (color)  color space CIE L*a*b (Colorimeter)  Minolta CR 400 

 L*   (lightness)  0-100, a*   

  b*   

  space   (coordination) 

L*a*b    2   (3.1) 

                     (3.1) 

 



33 

   

  

   

 CIE (Commission Internationale de I'Eclariage) 
.  (thermal properties)   

(glass transition temperature: Tg)  (melting temperature:Tm)   

Differential Scanning Calorimeter (DSC) 

  5    

10 °     -20  180  °  

.  (Mechanical properties)   (Tensile strength)  

(%Elongation)  Universal testing machine 

 ASTM D882-01  

  3.7.1  

 5   10x90 

  1,000 

  20   Young’s modulus (MPa)  

Stress/Strain   

 

                      20 .                         50 .    20 . 

             10 .          

                 

  3.7.1  

.  (Water vapor permeability, WVP) 

 

  Jo (2004)  

ASTM E96-95  
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 25   10   

   24 .  25 

°   80%  (3.2)  (3.3) 

 

WVTR = [( w/ t) / A]   (3.2) 

 

 w/ t =  

A =  ( 2 ) 

 

WVP = (WVTR × L)/ P                            (3.3) 

  

WVTR =  (water vapor transmission rate, /  2) 

L =  ( ) 

P =  ( ) 

 

  

   100%  (saturated vapor pressure)   

 27 °   70%

 16  1,600   

 27 °   (psychrometric chart)  38 

 3,800  2,200  

 0.24   0.00024  

.  (Oxygen transmission rate, OTR) 

  Erol A.  Sibel T. (2003) 

 2   500  

 4 .  6 

.  (  3.7.2)  25 °   80% 

   100 

   24 . 
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   (Gas Chromatography)  

  (3.4)  (3.5) 

M = (m x v x1440 x 32)/22400   (3.4) 

 

 M =  ( / ) 

m =    (% ) 

v =   (100 / ) 

 

OTR = (M x d)/(A x P)   (3.5) 

 

  OTR =  (Oxygen transmission rate, . .3 /  2

) 

A =  ( 2) 

d =  ( ) 

P =  (1 ) 

 

           O2 out                         O2 in                    N2 in                        O2  out 

 

 

 

 
                                         

 3.7.2  

 
 



36 

.  
 8   0-5      

   2  x 2 

   

    60 

  

    3.7-1 (  

, 2550)  
 

 3.7-1:  
 

-      

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

 
 
3.8)  4  

 

   4    

   

 

 

3.8.1)   4  
)  (Pretreatment ) 
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 4  100-110  

  0.5 

   

 1%  2%   

  

200 ppm    52   5  

 0   5    250 ppm  5 

   1 

 12   85-90%  6  

 3.8.1 

)  ( )   2  

 1:  

 1.1   (Control) 

 1.2   (A1)  

 1.3   5.0% (S3) 

 1.4   7.5% (S4) 

 1.5   5.0% (C3) 

 1.6   7.5% (C4) 

 2:  Linear low density polyethylene (LLDPE)  FF 5 

(OTR = 12,500 cc/(m2-day), CO2TR =  42,250 cc/(m2-day), WVTR = 19.5 g/(m2-day) ) 

 2.1    3 . (P-3) 

 2.2    5 . (P-5) 

)   high OTR 

  1 

  ( )  20 /  (

) 

  2  3 .  5 .  high OTR

 13 x 18    17x22    12 °  

  85-95%  6   (  3.8.2)  
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 0.5-1.0 .   

 
 200 ppm  52   3  

 250 ppm   12  

 
 3.8.1   
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20 /   

  
  12 o   85-95%  

  
 high OTR  3 .  5  (  2) 

     

                3.8.2  6  
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)  

 3     

 (  1000 ppm  

 5-7 )  

 
-   Cannon  Ixus 800 IS 

      (

 100%)    3    

-  (SEM)   JEOL  JSM-5410 LV 

 

   

   0o

    24 .   (Freeze dry   LY3TTE  

)  33.3   -45o     96 . [A Nussinovitch, 2004]  

 0.5x0.5 x0.1 .    

    

 Ion sputter coater  SC 7620   4 mA  0.2 mbar  4    

 (SEM) 

 

-  (  L* a*  b*) 

  Minolta CR 400 

   L  a    b 

   6   

-   

 

  

 

 = (  – ) x 100       (3.6) 
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-    (Effigi, )   1 . 

 1 .  2, 5, 8  10 

   

 9.807 (  

, 2547)  6 

  

 
-  (Total Soluble Solid , TSS)  TSS 

  ATAGO N1,  

 (%) 

-  (% Titratable Acidity, TA)   

  5   5  

  1%    

  0.2    

  (3.7) 

 

%TA =  NaOH x Molar of NaOH x mEq of acid x100                   (3.7) 

              

 

 Critic acid   mEq = 0.064 (

, 2547) 

-    

  (Gas Chromatography) 

  1   3    7 

  1 .        3  

 (septum)   1 
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-   

  (Gas Chromatography)  desicator 

  5  

  

   

     

      (  3.8.3) 

    

 (Shimadzu  GC-8A)  detector  

thermal conductivity detector (TCD)    porapack Q80/100  

 0.48   200     

Shimadzu  GC-8A  detector  flame ionization detector (FID)  porapack 

Q80/100   0.48   200  

  %    

 ppm  

 

 

 
 

 

 3.8.3   
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-     jam jar experiment    

   0.06  

 (  1.2   4.2 ) 

 (  5   10.6 )   

(0.1      2.5  )  0.6  

  1  

    

 590  

 (spectrophotometer)  95% 

 0, 100, 200, 500, 1,000, 1,200  2,000 ppm 

   (  , 2549) 

 

  

       

      12   

 3.8-1   0 – 5   5        0  

     (completely 

randomized design, CRD)     

   

  3.8-1 
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 3.8-1:   
 

-   

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

 

 0 1 2 3 4 5  

  0 1 2 3 4 5  
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3.8.2)   
 

)  

 10   48  

  48  

  

 

)   (Pretreatment) 

  

  12 °   

    

3.8.1) .  (  3.8.4) 

 )  ( ) 

 2  

 1:   

 1.1  (Control)  

 1.2  (A1)  

 1.3   5.0% (S3) 

 1.4   7.5% (S4) 

 1.5   5.0% (C3) 

 1.6   7.5% (C4) 

 2:  

 2.1  1  (1H) 

 2.2  6  (6H) 

)  

 

   

    12 °  

 90±0.5%  (  3.8.4) 
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)   

  3      

 

-   Sony  DSC-HX1

  

-    (  L* a* b*), 

   0.5 . 

 0.8 .  

   

       

     10  

 0-4  3.8-2  

 

 3.8-2:  
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                200 ppm            250 ppm 5                                       

 

  

 

 

 

                                                                                                                   

 
 3.8.4  
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3.8.3)   
 

)  (Pretreatment) 

 7     

 1,000-2,000   

  200 ppm   500 ppm 

  1    10 

  85-95%  8   

3.8.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.8.5   

  200   500 ppm 

  10  
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)  

 1  (CONTROL) 

 2  (S10%)  

 3  5.0% (SW5%) 

 4  7.5% (SW7.5%) 

 5  5.0% (SC5%) 

 6  7.5% (SC7.5%) 

 7  (CM) 

)  

   3      

 
-     

   

-    (  L* a* b*), 

   0.5 . 

 0.8 . 

 

    

-       1  

 3    21   1  3.8.6  

       1   

     

 

  10    

 

 3.8-3 
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 3.8.6  

 

 
 3.8-3:   

 
-   

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

  0 1 2 3 4 5  

 

 3   

     

  ANOVA 

 95%  
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3.8.4)   
 

)  

 

  

  

  ( )  = 14 20 15 (  3.8.7) 

     5 % (C3) x  9  

 20   

 60 °    6  

  1    

  

)   (Pretreatment) 

     

  3-6 (  3.8.7)  15  

 12 °     

  3  

 200 ppm  

 250 ppm  5    

)  ( )   

 2    

 1:   

 1.1  (Control) 

 1.2  (A1)  

 1.3   5.0% (S3) 

 1.4   7.5% (S4) 

 1.5   5.0% (C3) 

 1.6   7.5% (C4) 
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 2:  Low Density Polyethylene (LDPE)  FF 3                                       

OTR  18,272 cc/(m2-day), CO2TR   >30,000 cc/(m2-day), WVTR  25.1 g/(m2-day)   

 2.1  1  (  20 )  27 32 . (1P) 

 2.2  2  (  20 )  44 35 . (2P) 

)  

 

   12 °   

85-95%  

)   

 3   

 
-    

   

-   

(  3.8.8) 

-  (SEM),     

  (  L* a* b*),   

 0.5 .  

   

    ( )  

      

  10   0 – 4   3.8-4  

 



53 

 

 

  

  

 15     12                    

 3.8.7  

 0                                    1                       2

 3                                                  4  

 
 
 
 
 
 

 3.8.8 
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 3.8-4:  
 
 

 

 

 
 

 
 

3.9)   
   

  

 

 

  

        

 (1-3 )  

 

  

 3.9.1)  1  
)  (Pretreatment) 

 5-25  2553  

  3-6  5  (  3.9.1) 

       

   

 3.8.4) . 
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 )  ( )  

 2  

 1:  5  

 1  (Control) 

 2   5% (C3) 

 2:   1   PE  (12 ) 

  

 1  (Control) 

 2   5% (C3) 

  

 

)  

 

   5% (C3) 20    

 7  (  3.9.1) 

 12 °   

  .  (  

 9  2553) 

)   

 12 o   9   3 

  3    20o  

 

 6    0, 1, 2, 3 

  0   2 
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3.9.2)  2  
 

)  (Pretreatment) 

 16   -  2554    

   

   

  3-6 

  (  3.9.2) 

 )  ( )  

 2   50   

 1:   500   

 1  (Control) 

 2   5%  

 2:  PE   500   

 1  (Control) 

 2   5% 

)  

  7  

  20   

 30   1   2 

  3.9.2) .  

 12 .  

 

)   
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   200 ppm  

 250 ppm  

  

 5  

 

 

 
 

  

 3.9.1   1   
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 3.9.2     2 
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 4 
 

 

  7   
4.1   

4.2 

 4 

4.3  

4.4  

4.5  

4.6  

4.7   

 
 

4.1  
  

  3.5.1 

  

 

  

 ( ) 

 (CM)  4.1-2 

 8.5-8.7  

 

 2   CM    

  

 CM 

 

   20 /

  10-15  

 15   20-30 
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 4.2-4.6  

4.1-1 

 

 4.1-1:  

 

 

   

 
 

 

20 ./ . 15  

 

 

20 ./ .  10-15  

  10 

 1  (
) 

20  

  10 

 1 . (
) 

20-30  

(

) 
 

   

  

 

 

  0.25-1%    

    1.25-7.5%    
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4.1.1  
 4.1-2  4.1.1 

-      

    

-   

   

   

-  (CM)   

  

   

 

 

 4.1-2 

 

 (S10%)  (total solid weigth)  

  1.011-

1.014 /    10.25-11.00  
 1.0170-1.0180  /   11.25-17.50 

  

1.0178-1.0188 /   
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 4.1-2:   (

 3.4-1) 
 

   

 

1   S10% 
    

 

2    

G0.25% 

G0.50% 

G0.75% 

G1.00% 

   

   

 

3   

SC1.25% 

SC2.50% 

SC5.00% 

SC7.50% 

  

  

 

4         

SW1.25% 

SW2.50% 

SW5.00% 

SW7.50% 

  

  

 

 

5  (CM) 
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              4.1.1 
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 4.1
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n
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un
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VP

 x
 1
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 4.1.2  
  

  

   

(ultimate tensile strength)  (% elongation at break)  

 (elastic modulus)  4.1.2  CM 

  

         

       (Ebewele, 2000) 

  0.81     95.48%  

 20.61    3 

   

     0.55-

4.48   75.38-249.58   

29.22-2.41%     

   

   

1 ( )       2.30      

  

       

  

 

  (  , 

  , 2549)              
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 4.1.2   

 ( )  ( )  ( ) 

S10%+G0.25% 

S10%+G0.50% S10%+G0.75% 

S10%+G1.00% 

S10% 

 (%) 

  
(

)  (%
)   

(
) 

  
(

) 

 (%
)   

(
) 

SC1.25% 
SC2.50% 

SC5.00% 

SC7.50% 

 (%) 

S10% 

 (%
)   

(
) 

  
(

) 

SW1.25% 
SW2.50% 

SW5.00% 
SW7.50% 

    S10% 

 (%) 
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4.1.3  

 

   (Glass transition temperature, Tg) 

   (amorphous region)  

  (rubbery state)   (Melting temperature, Tm) 

 (crystalline region)   (molten 

stage) (  , 2533)   Tg 

  

  Tg   (  4.1-2) 

   CM  Tg  26.31  

 (32 )  S10%+G0.25%  Tg    

  

  Tm    Tg 

 4.1-2 

  Tm    110.97-142.27   

  Tm    Tm  82.10-83.60 

 Tm  73.10-83.70  

   Tg, Tm   (  

)    (Chanda and Roy, 2009) 

  Tg  Tm   

 phenylpropanoids (  2.6.4)  (Matsuda, 

Morikawa, Managi and Yoshikawa, 2003)  

    

    Tg  

 

  Tg  Tm    Tm 

 2     
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4.1.5   

    4.1.4   

 

 (p 0.05)  1.18 -

/ 2- -      

 1.06-0.10, 0.98-0.53  0.74-0.21 - / 2- -   
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4.1.6   

  

    

(capillary)  (Birdi, 2010)    
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 10       
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 4.1 

 4         

1.          

    

  50.32-242.54   2.73-5.83%   

(  , 2548 :  , 2548 ) 

2.     (Tg)  (Tm)  

 Tg   

 Tg    Tg 

   

3.     4.1-4 

 4  

   

 1-3   7-

10    

 71,464-370,070 / - 2  

 3-101 / - 2   

4.   

  4.1.5 

  S10%, SC5%  SC 7.5% 

 

5.  

   4.1.6 

 SW5%  SW7.5%  

  : :  

(  )   Homoginization 

 

 

  (

 ) 
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 4.1-4:  

 

 

  ( / -
2) 

 

 

( / - 2) 

 

 OPP 

  13    5 
 

1,474 7.50 

 ,  

  Briuce, 

2548 

  

 

LDPE  3  13 
 

15,000 N/A 

 ,  

   

, 2550 

 PE 

  15    5 
 

14,154 11.90  ,  2552 

 PE 

  15    5 
 

22,932 14.26  ,  2552 

  18 

  25  

N/A 87.68-119.54 
  

, 2552 

 12  32,653 34.06 

 4.2.1, 4.2.2 

 

  5  
8,163 75.83 

Chiumarelli et al., 2011 

 

 
17,000 N/A 

    

, 2551 
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 4.1.6  

 

 

  S10%, 

S10%+G0.5%, S10%+G1%, SC5%, SC7.5%, SW5%  SW7.5% 

 

 

SW1.25%  SW2.5% SW5% SW7.5% 

0 day 

3 days 

8 days 

13 days 

SW1.25%  SW2.5% SW5% SW7.5% 
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4.2 
 

 
4.2.1  

.  
 -  (SEM) 

 (Scanning 

Electron Microscope, SEM)  5   

4.2.1 (B) 

  

SEM  (freeze dry) 

   

 (hydrophobic)      

      (Ashok and 

Haider, 2009)       

       (hydrophilic) 

   

 4.2.1 (C)   

  4.2.1 (D)  

  Chen  Nussinovich (2000) 

 

  

-  

   0-3 

 4.2.2 (1), 4.2.2 (2)  CONTROL   

4  S10%+G0.5%, S10%+G1.0%, SC5%, 

SC7.5%, SW7.5%  CONTROL 3 kgs, CONTROL 5 kgs 
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 5   S10%  SW5% 

 6   4.2.2 (3) 

 

 0-3  4.2.3 (1) -

4.2.3 (2)  CONTROL  3  4.2.3 (2) 

 SC7.5%, SW5%, 

S10%+G0.5%, S10%+G1.0%  CONTROL 5 kgs  

 4   SC5%, SW7.5%, CONTROL 3 kgs 

 S10%  5   4.2.3 (3)   

  S10%, SW5% 

 SW7.5%  

  FF5 

(CONTROL 3 kgs  CONTROL 5 kgs)  SC5% 

 SC7.5%  CONTROL 3 kgs  CONTROL 5 kgs 

 CONTROL  

  4.2.4 4.2.5   

4.2.6  4.2.7 

 

  12  (  , 2548) 

  14  

 (S10%)  21  

   

5    12     

  

   

  LLDPE  

  13    20  (   

, 2553)  (high 

OTR-LDPE) 15,000 / 2-  

 3   13    (  ,   
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 , 2550)   LLDPE   

 FF5  4  

  

 
 
 

(A)    (B)  

 S10% 

(C)       (D)  

 S10% 

 
 4.2.1    S10%  
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 4.2.2 (1)  

   1  2  12 

  90±5 

0  

1  

 

2  



80 
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 .   
   

C.I.E  ; L*  ; *a  ;*b* 

; c* ; H  (CE Minolta, CR400, ) 

  

 chlorophyll    

chlorophyllase  chlorophyll  phytol  chlorophyllide a 

 Mg-dechelatase  chlorophyllide  

pheophorbide a   pheophorbide a oxygenase (PaO)  red colored chlorophyll 

catabolite   pheophoribide a           

 (  , 2550)   

 chlorophyll   

   

 4.2.8-4.2.9    b* chroma  

  L*    a*  H 

  a*  H 

  

  a*  H  

    L* 

 4-6   4.2.10a  

 b*  c*   4.2.10 c  4.2.11 a    a* 

 2-3  4.2.10b 

 (-a)  (+a)  ( H) 

  4.2.9 b     

 SW7.5%  

 a*  H (  4.2.15) 

 SW7.5%  

   

  L* b*  4.2.12a, 4.2.12c  

4-6     c* 

  a*   H   4.2.12 b  4.2.13 b  
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   a*  4.2.13 b  1-2  a*  

4.2.14 a  

  

.  

   

 4.2.16 

   20  

 12    

 

 (  , 2549)  

 4    

 

   

  S10% 

 6   4.2.15  3 
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.  
 

  

  

    4.2.17  

6  CONTROL 3kgs, CONTROL 5kgs  

 2.70%, 2.56%    

 5.07-7.62%   

10.39%    4.2.17  

 6.85-10.93%  

 15.5%   

 6      

 20   

 100% 

 

   

  (  , 2549) 

 

.  

  

   (pectinesterase) 

 (polygalacturonase) (  , 2549)  

 

 (

 , 2550)    4.2.18  

  12    230 

  10   3  

 CONTROL 3 kgs  CONTROL 5 kgs 
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4.2.2  

 

.  

 (total soluble solid;TSS) 

     

   

  

 (    , 2549) 

 3   invertase 

 (  , 2549) 

 

 

 (    , 2548)

 4.2.18  TSS    

 TSS   1 

  12 - 21.8 %  TSS 16-22  % 

 TSS  17-21.2 %  

 12    28   

 17.10-18.70 % (  , 2548) 

 

.  

 

  (Wills et al., 1981) 

 

 

     

  

 (    , 2550)   4.2.20 
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 0.1 - 0.3%   3-10 



113 

 

 S10%  

 S10% 

   SW7.5% 

  

     

.  

 

  

     

  

    

 acetaldehyde  ethanol   (  

, 2549)   

 0.01-0.06 %   4.2.21   

 SW7.5%  

    

4.1-3   

 0.01-0.16 %  

 CONTROL 3kgs  CONTROL 5kgs  

   

  

 

 
 

 

 

 

 

 

 

 

 

 

  



114 
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.  

  2  

   non-climacteric 

   

  

  climacteric (  , 2550) 

   

 12    4.2.22  

  

   

 103-352 / -  

 12  

 6 

 271.85  180.07 / -    (  , 2548)

 3  

   

    

S10%, S10%+G0.5%, S10%+G1%   

  

 CONTROL  

  4  SW7.5% 

  

   3.21 x103 - 6.89 x103  / -

  

 

.  
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   methionine  

methionine  s-adenosyl methionine (SAM)  1-

aminocyclopropane-1-carboxylic acid  ACC synthase  

  ACC oxidase     

  

 12   4.2.23    

  4.28x10-4 - 9.98 x10-4    

2  3   S10%+G0.5%  SW7.5%   

  

 

 

   climacteric  

 (Du, Gemma and Iwahori, 1997)    

 4.2.24   

  

  17-22 /

   5  CONTROL 3kgs, CONTROL 5kgs 
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  17 /    

SW7.5%   

    

 acetaldehyde  ethanol  (  

, 2549)  

 SW7.5%  4.2.21  

   CONTROL 3kgs 



119 

 CONTROL 5kgs  
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