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(high moisture fruit product)  water activity  0.93 
 

   
-   aw   essential oil   

 (250-280 )  1*2*1 . 
 vacuum dry  70

C 5    34.02 %  ( rehydration ratio )  3  
     1:8(w/w) 

aw   80 C 10  
  

   
 1 : 8 ( w/w ) essential oil  4   

    essential oil   2 
 essential oil  2.0 µl / 100 

  essential oil  
 essential oil  2.0 µl / 100  

 ( p> 0.05 ) 
 80 C 10   80 C 15 

 
       

aw  pH    
 

   essential oil  2.0 µl / 100  
  450 /  25-27 C   4-5 C  3

   
  

 25-27 C
 1   4-5 C  3  
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## 4372217123  MAJOR : FOOD TECHNOLOGY
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KETINUN  KITTIPONGPITTAYA : DEVELOPMENT OF HIGH MOISTURE FRUIT PRODUCT BY
HURDLE TECHNOLOGY. THESIS ADVISOR : ASSOC.PROF. SUWANNA  SUBHIMAROS,Dr.Ing.,
106 pp. ISBN.974-17-2955-3

High moisture fruit products are the fresh like fruit products with high aw ( > 0.93 ), which is
favorable to the microorganisms. The objective of this research was to develop high moisture fruit product by
hurdle technology which is the technique that combines factors such as slight reduction of aw , pH , addition
of spice essential oil and low heat treatment to achieve the microbiological stability of product. Guavas of
similar maturity and weight (250-280 g) were diced approximately to 1cm* 2cm *1cm size. Appropriate
condition for drying diced guava was studied and found that vacuum drying at 70° C for 5 hours gave dried
guavas with 34.02 % moisture content and a rehydration ratio of 3. They were put into pineapple puree ,
papaya puree and passion fruit juice at ratio of dried guava and puree 1:8 (w/w) to get new product with
attractive flavor and to reduce  aw of puree, heated to 80° C for 10 min and stored under refrigeration
overnight. Sensory evaluation was performed and it was found that dried guava in pineapple puree and in
papaya puree were accepted. The ratio of dried guava and puree was then chosen by sensory test and
found to be 1:8 (w/w) . Essential oil of ginger, cinnamon, clove and nutmeg was added to the product and
the sensory test was carried out to  select the appropriate one. The product with ginger  oil at 2.0 µl/100 g
puree  had the highest score for color and flavor. The effect of combined treatment between mild heat
treatment was determined with adding ginger  oil of 2.0 µl/100 g puree . It was seen that the ginger  oil had
no effect on microbial growth significantly (p>0.05) and the temperature and time 80° C 10 min for dried
guava in pineapple puree and 80° C 15 minutes for dried guava in papaya puree was found sufficient to
inhibit microbial growth  with acceptable sensory value. The effect of lowering aw and pH, using fresh ginger
and mild heat treatment was studied and found that these hurdles except using fresh ginger had the effect
on stability of the product. Storage test of the product was conducted to investigate alterations in physical ,
sensory and microbilogical properties. This was done  byproducing the product under selected condition,
adding ginger oil of  2.0 µl/100 g puree , packing 450 g of product in the glass bottle and storing under
room temperature (25-27° C) and refrigeration (4-5° C) for three months . It was evident that firmness of
dried guava both in pineapple and papaya puree decreased as storage time increased. The yellowness of
pineapple puree trended to increase while the redness of papaya puree reduce during the storage time.
However, the product could be kept for at least 1 month at room temperature and at least 3 months in the
refrigerator . This high moisture fruit product should be another choice for consumers. It gives pleasant color,
flavor and texture of fruits especially when kept in the refrigerator as a dessert.

Department .  Food Technology   Student s signature .
Field of study ... Food Technology   Advisor s signature 
Academic year ... 2545
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. . 2543  17,114.8 

( ,2543) 
       

 ( , 2543) 
   

   ( freeze drying ) 
 ( spray drying )  ( aseptic canning ) 

IQF ( individual quick freezing )  
   ( Alzamora et al. ,1993) 

 
 (shelf-stable high moisture fruit products) 

  ( Cerrutti, Alzamora and Chirife, 1990 )  
 

   
  (Monsalve-Gonsalez, Barbosa-

Canovas and Cavalieri,1993)  
  aw , pH , preservatives  mild heat treatment  

 aw   osmotic dehydration 
 

 (Lopez-Malo et al.,1994 )  

 (Wenck, Baren and Dewan, 1980)

   aw  



2

   aw 
  

   
  

  essential oil 
   

 
 



 
 

 
 

 
 

 
 

 
 

 
 
 
 
 

 
 

 

SANTOL
KLUAI KHAI 
KLUAI NAMWA 
KLUAI HOM 
JACK FRUIT 
RAMBUTAN 
SUGAR APPLE 
GUAVA 
JUJUBE 
PINEAPPLE 
PASSION FRUIT 
TAMARIND 
LIME 
MARINE PLUM 
COCONUT 
MANGO 
PAPAYA 

 2 
 

 
 

2.1  
 
 2.1.1  
 
   

  
  

 2.1  
       

 
 2.1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

:   , 2543 

. . . . . . . . . . . . . . . . . . . . . . . . 
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 (bioactive)    (phyto chemical)   ( , 
2541 )  
 

2.1.2  
 
     

     
  

  
  

     
     (   , 2543 ) 

  (high moisture fruit product , HMFT) 
 water activity  0.93 (Alzamora et al. ,1993) 

 
   

 
2.2   
 
    

  
      

     (  , 2543 ) 
 50  

   (freeze drying)   
(spray drying)  (aseptic canning) IQF 
(individual quick freezing)    
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  (hurdle technology) 
  

 
2.3  
 

                 (hurdle technology , combined method ) 
 

  
(Gould and Jones,1989)  

 (heating),  (freezing) ,  (chilling),  (drying) , 
 (fermentation) ,  (smoking)    

(hurdle)   high temperature (F value) , low temperature (t value) , water 
activity (aw) , acidification (pH) , redox potential (Eh) , preservative  competitive flora 

  
 

 (Leistner,1999)  
 2.1  
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  2.1  
     : Leistner,1999 

 
 2.1  

 
 (Leistner, 2000) 

1. Homeostasis  
uniformity  stability  

  
 homeostasis  
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2. Metabolic Exhaustion 
 vegetative cell  

  
  

 homeostasis  
  

  autosterilization  
3. Stress Reactions 

Stress reactions    
 

  stress shock protein  
   

cell  stress shock protein   
  metabolic exhaustion  (Leistner ,1996)  
 stress shock protein  
4. Multitarget Preservation 

multitarget preservation   
cell   cell 

membrane , DNA , enzyme system   homeostasis 
   stress shock protein  

 
   

   ( Leistner and Rodel , 1978 ) ,  minimally processed 
vegetable (Reyes ,1996)  (Torreggiani et al. ,1987 ; Argaiz ,1988 ; 
Tapia de Daza et al. , 1993)  
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2.4  
 
 

         
 

  3 8    aw 
 0.94-0.98 pH  3.0 4.1    

( preservative )  1500 ppm   
(antibrowning agent) (Alzamora et al.,1995) 
 Alzamora   (1993)  minimally 
processed fruits 6         chicozapot 

 3   aw    
 

  4-8   
 Lopez-malo  (1994) 

    aw  pH 
 potassium sorbate  sodium bisulfite  5 

 25°C  
 sulfite potassium sorbate     

 ascorbic acid   ascorbic acid 
  

 ( p>0.05 )  5  
5°C  25° C  
 Akpomedaye  Ejechi (1998) 

 2   zingiber officinale  xyropia aetiopica  
Aspergillus flavus , A. niger  Rhizopus stolonifer  

Z. officinale  X. aetiopica  3 %(v/v ) 
   2% (v/v )

  100° C 2 
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 Ejechi , Souzey  Akpomedaye (1998 ) ( microbial 
stability)   2   

 ( Zingiber officinale)  ( Myristica fragrans ) 
 3   55° C  15 

 ( p≤ 0.05 ) 
  15% (v/v) 

 20 %( v/v ) 
 55° C  15  
 4 % (v/v ) 

 
 
2.5  
 

 
 

  
     

   pH  4.6  
      (Alzamora  

et al.,1995)  pH  2.2 
     lactic acid bacteria 

 pH  aw  2.3   
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2.2   pH  
 

Fruit pH Fruit pH 

apple 3.4-3.5 melon 5.5 

apricot 3.3-4.4 papaya 4.0-5.6 

banana 5.6 passion fruit 3.2 

guava 3.0-4.0 peach 3.4-4.2 

mango 3.2-4.2 pineapple 3.0-3.6 

 : Alzamora  et al. , 1995 
 

2.3   aw  pH  
 

Microorganism aw pH 
Clostridium butyricum 
 
Clostridium pasteurianum 
Bacillus coagulans 
Bacillus licheniformis 
Bacillus stearothermophilus 
Lactobacillus specirs 
Lactobacillus plantarum 
Leuconostoc mesenteroides 
Streptococcus feacalis 
Salmonella species 

>0.945-<0.965 (glucose) 
>0.935-<0.950 (glycerol) 
0.985 
0.94 ( glucose or sucrose) 
>0.89-<0.91(NaCl or sucrose) 
>0.97 (NaCl or sucrose) 
>0.94 ( glycerol) 
0.94 
0.94 (NaCl) 
0.94 (NaCl) 
0.95  

>4.8 
- 

3.5-4.5 
3.8-4.8 
4.2-4.4 

>5.0-<6.0 
3.8-4.4 

- 
- 

4.4-4.7 
3.7-4.5 

 : Alzamora et al. , 1995 
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  (chilling injury) 
 (Leistner, 1994)  

  2.4 
 

 2.4  ( high moisture fruit product ) 
      

Hurdles      Intensity 
 

1.  Heat treatment   Saturated steam for 1-3 min 
2.  Water activity   aw reduction to 0.98  0.93 
3. Acidification    pH adjustment to 4.1  3.0 
4. Preservative ( 1 )   1000 ppm sorbate  or benzoate 
5. Preservative ( 2 )    150 ppm sulfite or bisulfite 
 
  : Leistner,1999 
 

  
 

   
 

 
   

   
 

 
  

    
  ( ,2544) 

   2      
 3   
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 3 
 

 
 

 
 

1.   ( ) 
2.   ( ) 
3.   ( ) 
4.    ( ) 
5.     ( ) 
6.     ( ) 
   LDPE  500  

  
7. essential oil     (  ) 
8.   

 
 

 
1.   Citric acid   (Food  grade) 
2.   Plate count agar    
3.   Potato dextrose agar   
4.   Phenolphthalein  (Analytical grade) 
5.   Sodium chloride  (Analytical grade) 
6.   Sodium hydroxide  (Analytical grade) 
6.   Sodium  metabisulphite (Food grade) 
7.   Tartaric acid   (Analytical grade) 
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 1.   ( Kobishi, BZ-17H ) 
 2.   ( Hotpack) +  ( Jupiter ) +  ( Trivac ) 
 3.  water bath ( Heto, DT1 ) 

4.   16 oz (  475 cc) 
(screw - on)       

 
  
 1.   (Texture analyzer , TA-XT2l ) 
 2.   ( Minolta chroma meter , CR 300 series ) 
 3.   ( Sartorius , BA41003)  2  
  
  
 1.   ( Sartorius , BA41003)  2  
 2.   ( Sartorius , BA41003)  4  
 3.   500-700 °C ( Furnace carbolite , MML 11-2 ) 
 4.  ( WTB Binder, E-53 ) 
 5.   water activity ( Novasina , TH-500) 
 6.  -  ( Schott-Gerate, CG-840) 
 7.   (Wertheim, GL) 
 8.    (Digital thermometer refractometer)  
        (Atago, 1T) 
 9.   
  
  
 1.   ( ISSCO , BVT-123) 
 2.   ( WTB Binder,BD ) 
 3.  ( Sanyo , MLS 3020 ) 
 4.    
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 1.   
 2.   
 3.   
 4.   
 5.   
 
  
 1.   PC 
 2.   Statistical package for the social sciences (SPSS) 
 

 
 

.   (  . ) 
 1.  ( firmness)  
 2.  (L*, a*, b* )  
 3.  (rehydration ratio)  Ranganna ,1977 
 

.   (  . ) 
 1.  water activity  water activity 
 2. -  -  
 3.     
      
 4.   A.O.A.C. 1995  
 5.  ( % acidity )   A.O.A.C. 1995  
 6.  ( % ash) A.O.A.C. 1995  
 

.    (  . ) 
 1.   ICMSF (1982) 
 2.   ICMSF (1982) 
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.    (  . ) 
   20   4 

  16     
    

  .  
 1.   
 2.  
 3. 
      
            4.  essential oil  

5.  essential oil         
 

            6.  essential 
oil  

7.   
 

  
 

 
3.1      
 

A.O.A.C. 1995  1 
 

   -   water activity (a w) 
  -  -  (pH) 
  -   ( ° Brix )  
  -   ( %wet basis ) 
  -   ( % acidity )  
  -   ( % ash)  
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3.2      
 

      
 

↓ 
     

  1 . .  1*2*1 . 
↓ 

 0.5 % ( w/v)   10  
↓ 

   
-    2    ( tray dry )  

 ( vacuum dry ) 
-    3   50 °C , 60° C  70° C 
-    6   1 ,2 ,3 ,4 ,5  6  

 
 

-     
-    ( rehydration ratio )   
-     
-    ( firmness) 

  
 

 Asymmetrical Factorial Design  2*3*6  2  
 Duncan s New Multiple Range Test (Cohran and Cox, 1992) 

 
       

  ( scoring test )  20  
  .1 

 Randomized Complete Block Design ( RCBD)  2  
 Duncan s New Multiple Range Test (Cohran and Cox, 1992) 
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3.3      

 
  

 
   

  
   

  8    
       

 water bath   * 
   80 ° C 10  

 
   

  
                    

*     
 

 
   pH  aw 

    
     

            
( scoring test )  20   .2 

 Randomized Complete Block Design  2  
 Duncan s New Multiple Range Test (Cohran and Cox, 1992) 

 
3.4    
 

 3.3 
 1:4 , 1:6,  1:8  1:10 (w/w)   
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 20  ( Ranking Test )  
  ( scoring test ) 
  .3  Randomized 

Complete Block Design  2   Duncan s New Multiple 
Range Test (Cohran and Cox, 1992) 
 

3.5     essential oil  
 

   
 

                
 

                     3.4 
 
      essential oil       
   2.5 µl /100 g  
                   

 
                            essential oil  

 
                         

                                              
                           water bath   * 

                80° C 10  
     

                           
 
                    

                
*     
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   20  
( Ranking Test )   .4 

 Randomized Complete Block Design  2   
Duncan s New Multiple Range Test (Cohran and Cox, 1992) 

 
3.6     essential oil  

 
 3.5  essential oil  

 essential oil  5 ,3.3 ,2.5  0 µl /100 g  
       optimum 

location profile ( Beausire and Earle, 1985 )  20  
 .5  Randomized Complete Block Design 

 2   Duncan s New Multiple Range Test (Cohran and 
Cox, 1992) 
 
     3.7    essential oil  
 

 3.5  essential oil  
 3.6    60 , 70 , 80  90 ° C 

 10  15  
 

  20  
 .6   Randomized Complete 

Block Design  2   Duncan s New Multiple Range 
Test(Cohran and Cox, 1992) 

 
  37° C      

   2  8   
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3.8  
 
   

3.8.1  aw   
  

 3.3   aw  
  

 37 C    2   
8   

3.8.2  pH  aw  
 

  3.3  pH  aw 

   
 37 C    2   

8  
3.8.3   

 3.5  1 
 10 %   

essential oil   80 C 10  
 37 C 

   2   8  
3.8.4   

   
  1    30   

  pH aw  
   

  
   60 , 70 , 80  90 C  10  15 
  37 C 

   2   8  
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3.9     
 
  

 essential oil  2.0 µl/100g  
  450 /   2  

  25-27 C   4-5° C  
 2   3   

 
3.9.1    

  Completely Randomized Design (CRD)  2  
 Duncan s New Multiple Range Test (Cohran and Cox, 1992) 

 
3.9.2     

     
Quantitative Descriptive Analysis ( QDA )  20  

 .7  Randomized Complete Block Design ( RCBD ) 
 2   Duncan s New Multiple Range Test (Cohran and 

Cox, 1992) 
 

3.9.3    
  
 

  
 

 
 
 

 
 
 
 



 4 
 

  
 
4.1  

 
   

  pH  aw     
   4.1 

 
 4.1    pH  aw  

 
* +  

  
   

pH 3.87+0.15 3.61+0.09 4.25+0.23 2.87+0.17 
aw 0.98+0.01 0.98+0.01 0.98+0.03 0.91+0.01 

 (° Brix ) 
9.1+0.1 15.5+0.1 7.5+0.1 49.5+0.1 

 ( % ) 0.25+0.01 0.54+0.03 0.15+0.01 8.96+0.02 
 ( % wet basis ) 0.34+0.02 0.26+0.00 0.41+0.01 2.28+0.01 

 (%) 88.40+0.03 84.46+0.01 92.61+0.23 58.27+0.12 
*  3  
 

  4.1 
 pH   

 
  pH  

 49.5 Brix  2 
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  pH  aw  4.2 

 
 4.2    pH  aw   

 
 

* +  
  

 
 

pH 3.99+0.05 3.29+0.05 
aw 0.97+0.02 0.98+0.02 

 (° Brix ) 
20.5+0.1 18.0+0.1 

 ( % ) 0.28+0.01 0.54+0.01 

 ( % wet basis ) 0.44+0.01 0.68+0.02 

 (%) 86.23+0.02 81.14+0.05 

  *  3  
   

   (
,2545)  

 4.1      
0.34%  0.26% 0.41%  2.28%   4.2 

  0.44% 
   0.68%   Camara , Diez  Torija 

(1995) (home made)
 0.386%   2003  Rodrique , Cunha  Hubinger 
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 0.21% 
  

   
  
4.2  

 
 convective air dry  vacuum dry  

 50 °C 60 °C  70°C  1-6  
  ( rehydration ratio )  

4.3 4.4     
(L*) (a*)  (b*) (firmness )  

      
(scoring test)  .1  4.5 , 4.6 4.7 

 
 

 4.3   
 

%  +  
Tray dry Vacuum dry Time 

(hour) 50° C 60 °C 70° C 50°C 60°C 70°C 
1 89.45ab+0.13 87.84abc+0.36 87.04bc+0.31 89.57a+0.14 89.35ab+0.22 88.91ab+0.43 
2 86.54cd+0.07 85.76cd+0.22 83.04e+0.41 87.67abc+0.27 85.59cd+0.11 82.71e+0.25 
3 83.40e+0.11 82.74e+0.63 76.34fg+0.09 85.58cd+0.14 82.92e+0.13 77.63f+0.27 
4 82.55e+0.17 69.53h+0.03 53.14l+0.24 75.07g+0.11 67.63i+0.43 62.85j+0.15 
5 77.48f+0.12 63.95j+0.26 46.51m+0.03 67.31i+0.18 55.53k+0.21 34.02n+0.02 
6 71.30h+0.29 55.47k+0.13 28.23p+0.01 51.49l+0.21 31.49o+0.08 11.72q+0.11 

a, b, c    (p < 0.05) 
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 4.4   
 

 +  
Tray dry Vacuum dry 

Time(hour) 

50 °C 60 °C 70 °C 50 °C 60 °C 70 °C 
1 1.2b+0.1 1.3c+0.1 1.3c+0.1 1.1a+0.1 1.1a+0.1 1.1a+0.0 
2 1.3c+0.2 1.3c+0.2 1.6f+0.1 1.1a+0.2 1.4d+0.2 1.2b+0.1 
3 1.4d+0.0 1.9i+0.3 2.3m+0.2 1.2b+0.2 1.8h+0.3 1.2b+0.0 
4 1.5e+0.3 1.7g+0.2 2.7o+0.3 1.3c+0.1 1.7g+0.2 2.1k+0.1 
5 1.6f+0.1 1.9i+0.1 3.0p+0.2 1.2b+0.2 2.2l+0.1 3.0p+0.1 
6 2.0j+0.1 2.5n+0.2 3.5q+0.2 1.3c+0.2 3.6p+0.4 4.3r+0.0 

a, b, c    (p < 0.05) 
 

 4.5    L* ,a* ,b*  
 
                                   L* value 
  Time 
  (hour)                          Tray dry                                                  Vacuum dry  
    50 °C ns               60 °C ns             70 °C          50 °C    60° C              70° C  
    1         75.40 +0.15    77.43+0.18      79.99a+0.12      79.89a+0.22     77.02a+0.06     81.36a+0.13 
    2        75.65 +0.23    74.69+0.15      77.64b+0.05      79.23a+0.13     75.24ab+0.13    80.79a+0.04 
    3       75.78+0.16     74.35+0.21      77.01b+0.22      78.61ab+0.07    73.90ab+0.12    79.32b+0.0 
    4       75.25+0.14     74.22+0.17      77.08b+0.03      77.67ab+0.15    75.52ab+0.04    78.19c+0.11 
    5        71.13+0.17     72.74+0.13      77.79b+0.11     75.97b+0.21     74.07ab+0.15    78.49bc+0.9 
    6         71.66+0.22     69.59+0.05      75.52c+0.08     76.31b+0.14     73.36b+0.22     78.63bc+0.16 
 
a, b, c     (p < 0.05) 
ns  (p>0.05) 
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 4.5 ( ) 
 

a* value 
Tray dry Vacuum dry 

Time 
(hour) 

50 °C 60°C 70°C 50°C 60°C 70°C 
1 
2 
3 
4 
5 
6 

-1.56bcde+0.01 
-1.48bcdefg+0.03 
-1.08hijklm+0.01 
-0.94klm+0.01 
-0.89lm+0.02 
-0.86m+0.01 

-1.48bcdefg+0.02 
-1.41defg+0.02 
-1.29defghi+0.02 
-1.18ghijklm+0.01 
-1.07hijklm+0.02 
-1.01ijklm+0.01 

-2.30a+0.02 
-2.06a+0.03 
-1.73bc+0.02 

-1.20ghijkl+0.01 
-1.51bcdefg+0.02 
-1.29defghi+0.03 

-1.43cdefg+0.04 
-1.41defgh+0.02 
-1.30defghi+0.03 
-1.29defghi+0.02 

-0.87m+0.01 
-0.96jklm+0.02 

-1.75bc+0.01 
-1.77b+0.03 

-1.59bcde+0.02 
-1.61bcd+0.01 

-1.52bcdefg+0.01 
-1.45bcdefg+0.02 

-1.35defgh+0.02 
-1.25fghijk+0.03 
-1.32defghi+0.04 
-1.36defgh+0.02 
-1.28defghij+0.02 
-1.23fghijk+0.01 

a, b, c    (p < 0.05) 
 
 

b* value 
Tray dry Vacuum dry 

Time 
  (hour) 

50 °C 60°C 70°C 50°C 60°C 70°C 
1 
2 
3 
4 
5 
6 

+8.73bcd+0.07 
+8.31bc+0.05 
+8.33bc+0.04 
+8.53bc+0.06 
+8.28bc+0.05 
+8.21b+0.12 

+9.65efg+0.03 
+9.05cde+0.04 
+8.95bcde+0.03 
+8.87bcd+0.11 
+10.30ghi+0.08 
 +15.62n+0.08 

+11.77lm+0.05 
+11.09jkl+0.12 
+10.85hijk+0.02 
+10.81hijk+0.08 
+11.53klm+0.03 
+11.97m+0.09 

+6.74a+0.07 
+8.26b+0.05 

+8.77bcd+0.10 
+8.55bc+0.07 
+8.32bc+0.06 

+8.98bcde+0.09 

 +9.42def+0.03 
+10.51hij+0.11 
+10.46hij+0.08 
+11.20jkl+0.09 
+10.83hijk+0.13 
+11.54klm+0.06 

+10.10fgh+0.14 
+10.93ijk+0.02 
+10.58hij+0.07 
+11.21jkl+0.04 
+11.06ijkl+0.10 
+12.08m+0.03 

a, b, c    (p < 0.05) 
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 4.6  
 

a, b, c    (p < 0.05) 
 

4.7  
 

 
 ( 30 )+  

Tray dry Vacuum dry Time 
(hour) 50°C 60°C 70°C 50°C 60°C 70°C 

1 25.73a+0.23 23.68a+0.54 21.58 a + 017 25.05 a +0.43 25.35 a +0.62 24.65 a +0.72 
2 22.80a+0.81 21.70 a +1.30 18.60 a +0.66 23.45 a +0.79 24.45 a +0.55 21.38 a +1.30 
3 20.43b+1.55 20.10 b +0.89 14.60 b +0.16 22.93 b +0.23 22.65 b +1.25 18.28 b +0.48 
4 20.08c+1.02 18.30 c +0.78 7.73 c + 1.14 23.13 c +1.33 21.03 c +0.89 14.35 c +2.10 
5 17.93d+0.98 13.70 d +1.01 6.95 d + 0.29 21.93 d +0.18 14.70 d +1.23 14.95 d +0.89 
6 19.25e+0.47 10.58 e +0.59 4.40 e + 0.16 21.88 e +1.15 10.53 e +0.66 10.75 e +0.74 

a, b, c    (p < 0.05) 
 
 
 
 
 
 
 

 ( N )+  
Tray dry Vacuum dry Time 

(hour) 
50 °C 60°C 70°C 50°C 60°C 70°C

1 
2 
3 
4 
5 
6 

2.74a+0.06 
3.45bc+0.11 
3.00ab+0.04 
3.56bcd+0.05 
3.53bc+0.14 
3.66cde+0.03 

3.64cde+0.05 
3.99cdef+0.04 
4.17efg+0.03 
4.97hi+0.07 
5.25ij+0.12 
5.66jkl+0.04 

5.32ij+0.13 
6.57n+0.02 
7.14o+0.21 
7.37op+0.15 
8.11qr+0.17 
8.78s+0.11 

4.04cdefg+0.06 
4.59gh+0.13 
4.88hi+0.20 
4.98hi+0.11 
5.38ijk+0.17 
6.10lmn+0.15 

3.04ab+0.07 
3.68cde+0.12 
3.94cdef+0.05 
4.14defg+0.23 
4.22efg+0.13 
4.32fg+0.08 

5.88klm+0.15 
6.29mn+0.21 
6.20lmn+0.11 
7.79pq+0.16 
8.44rs+0.16 
8.35rs+0.07 
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 4.7 ( ) 
 

a, b, c    (p < 0.05) 
 

a,b,c   (p<0.05) 
 

   
 (  .1)    

  4.3  4.4 
vacuum dry  

tray dry  
 Yousif  (2002)  oregano 

 vacuum  microwave dry 
 air dry  

 vacuum  microwave dry  

 ( 30)+  
Tray dry Vacuum dry Time 

(hour) 50°C 60°C 70°C 50°C 60°C 70 °C
1 21.70a+0.14 22.25 a+0.44 22.60 a+0.49 24.48 a+1.94 22.70 a+0.47 23.58 a+0.41 
2 21.13b+0.26 20.93 b+0.39 19.60 b+1.18 23.38 b+1.02 22.33 b+0.23 22.10 b+0.62 
3 19.78b+0.48 19.73 b+0.67 16.30 b+0.63 21.95 b+0.78 21.23 b+1.55 24.63 b+1.85 
4 18.45c+0.59 18.15 c+1.42 16.30 c+0.17 22.53 c+0.56 20.20 c+1.28 15.98 c+0.44 
5 17.28d+1.12 14.80 d+0.89 9.08 d+ 0.58 21.08 d+1.41 15.80 d+ 0.25 15.00 d+0.36 
6 18.00e+ 058 11.93 e+1.04 5.80 e+ 0.41 19.63 e+0.63 10.23 e+0.44 11.25 e+0.21 

 (  15 )+  
Tray dry Vacuum dry Time 

(hour) 50°C 60°C 70°C 50°C 60°C 70°C
1 10.38a+0.55 11.23a+0.29 9.40a+ 0.55 10.75a+0.47 10.45a+0.16 11.28a+0.31 
2 9.73b+ 0.43 9.83b+ 0.16 8.30b+ 0.12 9.73b+ 0.34 10.33b+0.53 10.23b+0.74 
3 9.43c+ 0.62 9.30c+ 0.17 7.05c+ 0.37 8.93c+ 0.52 9.23c+ 0.32 9.28c+ 0.53 
4 9.43d+ 0.62 8.10d+ 0.25 5.43d+ 0.41 9.38d+ 0.63 9.33d+ 0.17 6.78d+ 0.33 
5 8.03e+ 0.32 6.25e+ 0.13 4.85e+ 0.23 11.03e+0.51 6.20e+ 0.29 7.10e+ 0.46 
6 8.68f+ 0.24 4.90f+ 0.47 3.63f+ 0.19 8.53f+ 0.28 5.05f+ 0.34 5.60f+ 0.14 
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 air dry 4.5  

4.6   (L*)  (b*)    
    Robbers, Singh  Cunha (1997) 

 osmotic  convective dehydrofreezing 
  

 
 (  4.7) 

(scoring test) 
 11   6  

 vacuum dry  70° C 5  
    

 34.02 %   3   
vacuum dry  

 ( ,2543) 
 

 
 vacuum dry  

70° C 5   4.8 
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4.8    vacuum dry 
 70° C 5    

 
+  

  
(%) 

L* a* b* 
(N) 

 
 

88.40+0.03 79.87+0.13 -1.97+0.02 +8.96+0.12 5.07+0.47 

 36.14+0.23 77.79+0.11 -1.25+0.04 +11.23+0.02 9.11+0.23 

 
80.23+0.05 78.49+0.09 -1.28+0.02 +11.06+0.10 8.44+0.16 

  
 4.8 

 
  

(  , 2543)  (b*) 
   (vacuole) 

         
(      ,  2522) 
 
4.3  
 

     
  1  

  
 4.1   pH aw  

    
  4.9  4.10  
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 4.1   

 
4.9   

 
 

*+  
    

      
pH 

( Brix) 
aw 

 (%) 

3.61+0.09 
15.5+0.1 

0.98+0.01 
84.46+0.01 

3.68+0.08 
17.5+0.2 

0.96+0.01 
80.13+0.03 

3.99+0.05 
20.5+0.1 

0.97+0.02 
86.23+0.07 

3.87+0.02 
23.5+0.1 

0.95+0.01 
81.74+0.10 

3.29+0.05 
18.0+0.1 

0.98+0.02 
81.14+0.05 

3.27+0.04 
20.0+0.2 

0.97+0.02 
79.12+0.17 

*  3  
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4.10   
  

 
*+  

 
pH 

 ( Brix) 

 
(%) aw 

 
 
 

 

3.85+0.02 
3.87+0.03 
3.89+0.01 
3.86+0.01 

20.3+0.0 
19.5+0.5 
18.2+0.2 
19.1+0.0 

36.14+0.23 
79.77+0.14 
79.19+0.50 
74.51+0.26 

0.87+0.01 
0.91+0.01 
0.91+0.02 
0.88+0.00 

*  3  
 

 (  4.1  4.9 4.10 ) 
 2  1   

    aw 
   

  
  

 (Monsalve-Gonzalez, 1993) 
  3.3  

     
   (scoring test)  

.2  4.11 
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4.11  
   (  7 ) 

a , b   ( p ≤ 0.05 ) 
 

 (  .3) 
 

(p>0.05)    3  
 (p≤0.05) 
 

 
   ( p> 

0.05 ) ( p≤ 0.05 )  
 

  
 

4.4  
 

 1: 4 , 1: 6 , 1:8 
1: 10 (w/w)  aw  

    (ranking test)  
  (scoring test) 
  .3  4.12 4.17 

 
 
 

 +  
 

  
 
 

 

4.90 b + 1.26 
5.55 a + 1.04 
5.03 b + 1.03 

5.18 a     + 1.06 
5.08 ab + 1.29 
4.70 b    + 1.20 

5.18 a + 1.15 
5.03 a + 1.03 
4.25 b + 1.41 

5.25 a   + 1.08 
4.95 ab +1.40 
4.70 b   +1.22 

5.30 a + 1.02 
5.18 a + 1.17 
4.58 b + 1.30 
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 4.12  water activity  
  

 
( w/w ) Water activity ns+  

1: 4 
1: 6 
1: 8 
1: 10 

0.96+0.01 
0.97+0.01 
0.97+0.00 
0.98+0.02 

ns  ( p > 0.05 ) 
 

 4.13 
 

 
 

( w/w ) 
 

* +  
1: 4 
1: 6 
1: 8 
1: 10 

-0.99 c+ 0.03 
0.39 b + 0.12 
0.87 a + 0.19 
0.33 b + 0.04 

*    ranking test 
 .8 

a , b ,c    ( p ≤ 0.05 ) 
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4.14  
 (  9 ) 

 
 +  

 ( w/w )    

1: 4 
1: 6 
1: 8 

1: 10 

4.40c + 0.14 
6.13b + 0.32 
6.53b + 0.53 
7.10a + 0.57 

6.18b  + 0.04 
6.45ab + 0.07 
6.60a  + 0.35 
6.25ab + 0.14 

6.30b  + 0.07 
6.50ab + 0.28 
6.90a  + 0.07 
6.65ab + 0.07 

a , b ,c    ( p ≤ 0.05 ) 
 

 4.15  water activity  
  

 
( w/w ) 

Water activity ns +  

1: 4 
1: 6 
1: 8 
1: 10 

0.95+0.00 
0.96+0.01 
0.96+0.01 
0.97+0.00 

ns  ( p > 0.05 ) 
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4.16 
 

 
 
 
 
 
 
 
 
 
 
 

*    ranking test
 .8 

a , b ,c     ( p ≤ 0.05 ) 
 

4.17  
 (  9 ) 

  
 +  

  
( w/w ) 

   

1: 4 
1: 6 
1: 8 
1: 10 

4.68 c + 0.25 
5.15 c +  0.01 
6.30 b  + 0.07 
7.10 a + 0.42 

6.33 b + 0.11 
6.93 a + 0.11 
6.83 a + 0.25 

 6.68 ab + 0.11 

6.38 b +  0.11 
     6.80 ab+ 0.01 

7.18 a  +  0.18 
6.48 b + 0.04 

a , b , c    ( p ≤ 0.05 ) 
 

  aw  
Randomized Complete Block Design  Completely Randomized Design 

 
( w/w ) 

 
* +  

1: 4 
1: 6 
1: 8 

1: 10 

-0.88 d + 0.12 
0.20 b  + 0.10 
0.48 a  + 0.05 
-0.09 c  + 0.06 
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(  .4  .6)   2 
   (p≤ 0.05 ) 

(p>0.05 ) aw 
 1:8  (p≤ 0.05 ) 

 1:4  
 1:8  1 :10 

 (p≤ 0.05 ) 
 

 1:6 1:8  
(p≤ 0.05 )  aw 1:10  aw 

1:6 1:8     
 1 : 6  1:8  aw  

 1:8( w/w ) 
 
  

 
 

  4.18 
 

4.18 
 

 
+  

 
  

pH 
Total soluble solid( Brix) 
Moisture (%) 
aw 

3.74+0.01 
18.2+0.3 

80.74+0.41 
0.96+0.00 

3.68+0.04 
21.3+0.1 

81.23+0.18 
0.97+0.01 
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  4.18  aw  pH  
  aw  0.70 ( 

,2543) 
 

  
 
4.5  essential oil  
 

  essential oil
  essential oil  

 (antimicrobial)  (Smith-Palmer, Stewart and Fyfe, 1998) 
 4    (Zingiber officinale)  (Eugenia caryophyllus) 

 (Myristica fragrans)  (Cinnamomum verum) 
  peach pickles, candied fruit  (Woodroof, 1986) 

 essential oil  2.5 
µl /100 g   essential oil  

 3.5  ranking test 
  .4  4.19 

 4.20 
 

 4.19   
essential oil  

*    ranking test
 .8 

a , b ,c     ( p ≤ 0.05 ) 

 essential oil * +  
 

 
 

 

0.50 a + 0.01 
0.16 b + 0.02 
-0.69 c + 0.01 
0.04  b + 0.05 
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 4.20  
 essential oil  

 
 essential oil * +  

 
 

 
 

0.48 a + 0.04 
-0.10 b + 0.03 
-0.31 b + 0.01 
-0.10  b + 0.01 

*    ranking test
 .8 

a , b     ( p ≤ 0.05 ) 
 

 Randomized Complete Block Design (  .7
)  (p≤0.05)  2 

 essential oil  
  

 essential oil 
 

 
4.6  essential oil   
 

  
 essential oil  

 essential oil   
5 ,3.3 ,2.5 0.0 µl /100 g  

    optimum location profile (Beausire and Earle, 
1985)  .5  4.21  4.22 
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 4.21  
 essential oil  

 
 +   

essential oil  
(µl / 100 g ) 

   

0.0 
2. 5 
3.3 
5.0 

ideal* 

8.60 b   + 0.01 
8.44 b   + 0.19 
8.40 b   +  0.30 
8.57 b   + 0.37 
10.00 a + 0.00 

0.12  d + 0.07 
3.54 b + 0.07 
3.97 b + 0.06 
5.26 a  + 0.20 
2.66 c + 0.12 

8.20 b  + 0.01 
7.21 c + 0.14 
6.93  c + 0.01 
5.75  d + 0.07 
10.00 a + 0.00 

a , b , c    ( p ≤ 0.05 ) 
*   
 

 4.22  
 essential oil  

 
 +   

essential oil  
(µl / 100 g) 

   

0.0 
2. 5 
3.3 
5.0 

ideal* 

8.91 b  +  0.03 
8.41 c   + 0.01 
8.26 c   +  0.14 
8.27 c   + 0.02 
10.00 a + 0.00 

0.28  e + 0.01 
4.18  c + 0.02 
5.05 b + 0.21 
5.96 a  + 0.01 
2.63 d + 0.05 

8.11b  + 0.23 
7.51 c + 0.34 
7.61  c + 0.30 
5.48  d + 0.16 
10.00 a + 0.00 

a , b , c    ( p ≤ 0.05 ) 
*   
 

 Randomized 
Complete Block Design (  .8 .9)  essential oil 
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 (p≤0.05) essential oil 
(p≤0.05)  (ideal)  

 essential oil  
essential oil  1, 1.5  2.0 µl /100 g  

  
 4.23  4.24 

 
4.23   

 essential oil  
 

 +   essential 
oil  (µl / 100 g )   

1.0 
1. 5 
2.0 

ideal* 

0.56  c + 0.06 
1.25 b + 0.25 
2.48 a + 0.12 
2.70 a  + 0.00 

7.93 c   + 0.43 
8.25 bc + 0.17 
8.52  b+ 0.04 

10.00  a + 0.00 
   a , b , c   ( p ≤ 0.05 ) 

   *   
 

4.24  
 essential oil  

 
 +    essential 

oil  (µl / 100 g)   
1.0 
1. 5 
2.0 

ideal* 

0.53  c + 0.15 
      1.28 b + 0.11 

2.90 a + 0.39 
2.60 a  + 0.00 

8.11 c   + 0.05 
8.19 bc + 0247 

     8.29 b  + 0.13 
     10.00a + 0.00 

a , b , c   ( p ≤ 0.05 ) 
*   
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 Randomized Complete Block Design 
 essential oil  (p≤ 

0.05)  2.0 µl /100 g  
 (p>0.05)  

 
 

4.7  essential oil  
 

 
 3.5  essential oil   2.0 µl /100 g  

 4.6 essential oil  
 60 ,70 ,80  90°C  10  15  

   
  .6  4.25 4.26 

 37°C  
  2   8   4.27  4.30  
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 4.25 
 essential oil   

 
%  

     
no heat treatment 

60 C 10  
60 C 15  
70 C 10  
70 C 15  
80 C 10  
80 C 15  
90 C 10  
90 C 15  

100.00a+0.00 
97.50 a +3.54 
92.50 a +3.54 
95.00 a +7.07 
97.50 a +3.54 
95.00 a +7.07 
92.50 a +3.54 

   70.00b+7.07 
65.00 b +0.00 

97.50 a +3.54 
95.00 a +7.07 
100.00 a +0.00 
95.00 a +0.00 
97.50 a +3.54 
92.50 a +3.54 
90.00 a +0.00 
77.50 b +3.54 
62.50 c+3.54 

100.00 a +0.00 
95.00 a +0.00 
97.50 a +3.54 

100.00 a +0.00 
92.50 a +3.54 
95.00 a +7.07 
92.50 a +3.54 
62.50 b +3.54 
65.00 b +0.00 

100.00 a +0.00 
100.00 a +0.00 
97.50 a +3.54 
95.00 a +0.00 
92.50 a +3.54 
90.00 a +0.00 
95.00 a +7.07 
77.50 b +3.54 
62.50c +3.54 

a , b , c    ( p ≤ 0.05 ) 
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 4.26 
 essential oil   

 
%  

     
no heat treatment 

60 C 10  
60 C 15  
70 C 10  
70 C 15  
80 C 10  
80 C 15  
90 C 10  
90 C 15  

   97.50a+3.54 
92.50 a +3.54 
95.00 a +0.00 
97.50 a +3.54 
95.00 a +7.07 
92.50 a +3.54 
95.00 a +7.07 

   77.50b+3.54 
70.00 b +7.07 

100.00 a +0.00 
95.00 a +0.00 
97.50 a +3.54 
92.50 a +3.54 
90.00 a +0.00 
92.50 a +3.54 
95.00 a +7.07 
77.50 b +3.54 
62.50 c+3.54 

97.50 a +3.54 
95.00 a +7.07 
95.00 a +0.00 
95.00 a +0.00 
97.50 a +3.54 
92.50 a +3.54 
92.50 a +3.54 
62.50 b +3.54 
65.00 b +0.00 

97.50 a +3.54 
95.00 a +7.07 
92.50 a +3.54 
90.00 a +0.00 
95.00 a +7.07 

100.00 a +0.00 
95.00 a +0.00 
70.00 b +7.07 
65.00 b +0.00 

a , b , c    ( p ≤ 0.05 ) 
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4.27  
     essential oil   

 
log cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60 C 10  
60 C 15  
70 C 10  
70 C 15  
80 C 10  
80 C 15  
90 C 10  
90 C 15  

3.75 
2.00 
0.70 

- 
- 
- 
- 
- 
- 

x 
2.80 
2.00 
0.25 
0.15 

- 
- 
- 
- 

x 
8.40 
3.50 
0.90 
0.30 

- 
- 
- 
- 

x 
x 

4.20 
1.90 
0.50 

- 
- 
- 
- 

x 
x 
x 

2.10 
1.90 

- 
- 
- 
- 

1.37 
- 
- 
- 
- 
- 
- 
- 
- 

x 
2.40 
4.08 
3.12 
2.78 

- 
- 
- 
- 

x 
3.60 
4.45 
3.62 
3.03 

- 
- 
- 
- 

x 
x 

5.30 
4.12 
3.85 

- 
- 
- 
- 

x 
x 
x 

4.48 
4.11 

- 
- 
- 
- 

    , x   
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4.28  
     essential oil   

 
log  cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60  C 10  
60  C 15  
70  C 10  
70  C 15  
80  C 10  
80  C 15  
90  C 10  
90  C 15  

4.56 
- 
- 
- 
- 
- 
- 
- 
- 

x 
x 
x 

0.44 
0.31 

- 
- 
- 
- 

x 
x 
x 

0.53 
0.38 

- 
- 
- 
- 

x 
x 
x 

0.66 
0.52 

- 
- 
- 
- 

x 
x 
x 
x 

0.98 
- 
- 
- 
- 

1.48 
1.82 
0.15 
1.54 
2.73 

- 
- 
- 
- 

x 
x 
x 

1.63 
2.88 

- 
- 
- 
- 

x 
x 
x 

2.23 
2.95 

- 
- 
- 
- 

x 
x 
x 

2.87 
3.13 

- 
- 
- 
- 

x 
x 
x 
x 

3.44 
- 
- 
- 
- 

     , ×   
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4.29  
     essential oil   

 
log cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60  C 10  
60  C 15  
70  C 10  
70  C 15  
80  C 10  
80  C 15  
90  C 10  
90  C 15  

4.48 
2.14 
2.20 

- 
- 
- 
- 
- 
- 

x 
2.89 
2.66 
0.19 
0.23 

- 
- 
- 
- 

x 
x 

3.02 
0.77 
0.89 

- 
- 
- 
- 

x 
x 
x 

1.23 
1.14 
0.33 

- 
- 
- 

x 
x 
x 

2.63 
1.89 
0.81 

- 
- 
- 

1.85 
1.23 
1.05 
0.89 
1.14 

- 
- 
- 
- 

x 
2.14 
1.53 
1.02 
1.56 
0.48 

- 
- 
- 

x 
x 

2.23 
1.23 
1.93 
0.77 

- 
- 
- 

x 
x 
x 

1.55 
2.02 
0.98 

- 
- 
- 

x 
x 
x 

2.14 
2.23 
1.12 

- 
- 
- 

     , ×   
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4.30  
 essential oil   

 
log cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60  C 10  
60  C 15  
70  C 10  
70  C 15  
80  C 10  
80  C 15  
90  C 10  
90  C 15  

4.40 
- 
- 
- 
- 
- 
- 
- 
- 

x 
- 
- 
- 
- 
- 
- 
- 
- 

x 
x 

0.45 
0.42 
0.35 
0.12 

- 
- 
- 

x 
x 

0.79 
0.48 
0.66 
0.15 

- 
- 
- 

x 
x 
x 

0.58 
1.12 
0.33 

- 
- 
- 

1.37 
2.00 
2.00 

- 
- 
- 
- 
- 
- 

x 
2.16 
2.32 
1.82 
2.00 
0.15 

- 
- 
- 

x 
x 

2.48 
2.03 
2.14 
0.33 

- 
- 
- 

x 
x 

3.45 
2.14 
2.36 
0.51 

- 
- 
- 

x 
x 
x 

2.85 
2.43 
0.98 

- 
- 
- 

    , ×   
 
  Randomized Complete Block Design(  

.10  .11) 
 ( p>0.05 ) 

 4.25  4.26 
 80° C  90° C 

 
  

 
 (     , 2522) 

  4.27  4.30  essential 
oil  2.0 µl / 100  (2*10-6 %v/w 

) (p>0.05) 
Friedman, Henika Mandrell  (2002)  essential oil  
0.003-0.009%(v/v)  Campylobacter jejuni  50% 
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  80 C10  
  80°C15  

 
  
4.8  
 

4.8.1  aw  
 
  aw  vacuum dry  70 C 5 

  
 80 C 10   aw    

aw   4.31 
     37 C 

    2   8   4.32 
 

 4.31  water activity 
 

 
  water activity 

 
             

0.97+0.00 
0.99+0.01 
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 4.32 
        

 
log  cfu/g * 

   
0  2  4  6  8  0  2  4  6  8  

 
- - - - - - - - - - 

 
- - x x x - 0.7 x x x 

    , x   
*  dilution 10-1 

 

 4.31  aw 
  aw

  4.32 aw 
  80 C 10 

  
  

  aw   
  

 
4.8.2  pH  aw  
 

   pH  aw 
   

 80 C 15   pH  aw 
   4.33 

  37 C 
   2   8   4.34 

 
 



 52

 4.33 pH  water activity 
 

 
 pH water activity 

 4.04+0.03 
4.25+0.01 

0.97+0.01 
0.98+0.00 

 
4.34 

 
 

log cfu/g * 
   

0 
 

2 
 

4 
 

6 
 

8 
 

0 
 

2 
 

4 
 

6 
 

8 
 

 - - - - - - - - - - 

 - - 0.27 x x - - 0.13 x x 

    , x   
*  dilution 10-1 
 

 pH  
(Alzamora et al.,1995)   4.33  pH  aw 

  4.34      
80 C 15              

 pH aw   
 

 
4.8.3   
 

 
  10%  
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 60, 70, 80  90 C       10  15  
 37 C 

   2   8   4.35 
 
 4.35 
          

 
log  cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60 C 10  
60 C 15  
70 C 10  
70 C 15  
80 C 10  
80 C 15  
90 C 10  
90 C 15  

4.23 
3.17 
2.98 

- 
- 
- 
- 
- 
- 

x 
3.64 
3.01 
0.47 

- 
- 
- 
- 
- 

x 
x 
x 

1.90 
0.27 
0.21 

- 
- 
- 

x 
x 
x 

2.24 
0.54 
0.48 

- 
- 
- 

x 
x 
x 
x 

1.81 
1.44 
0.17 

- 
- 

1.14 
1.02 
0.53 

- 
- 
- 
- 
- 
- 

x 
1.17 
1.83 
0.12 

- 
- 
- 
- 
- 

x 
x 
x 

0.88 
0.16 
0.05 

- 
- 
- 

x 
x 
x 

1.86 
0.78 
0.17 

- 
- 
- 

x 
x 
x 
x 

1.04 
0.31 
0.10 

- 
- 

    , x   
 

 ( 4.35) 
 ( 4.25) 

  90 C  10      
 

essential oil  (1-2% )  (  , 
2534)  
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4.8.4   
 

  3.8.4  
  4.36  

 
4.36  

 
* +   

  
pH 3.90+0.03 4.13+0.02 
aw 0.98+0.02 0.98+0.01 

 (° Brix ) 
15.1+0.0 19.0+0.1 

( % ) 0.23+0.02 0.18+0.01 

 ( %wet basis ) 0.35+0.01 0.38+0.00 

 ( % ) 89.24+0.02 86.74+0.08 

*  3  
 

       
  

  92.61% 
   

   
   84.46% 

  
   

   
4.37 
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 4.37 

 
 

 +   
  

pH 3.82+0.01 3.98+0.02 
aw 0.98+0.02 0.97+0.01 

 (° Brix ) 
15.5+0.0 20.5+0.1 

( % ) 0.31+0.02 0.25+0.01 

 ( % ) 0.34+0.00 0.40+0.02 
 ( % ) 86.52+0.08 86.17+0.05 

*  3  
 
  3.3 

 60,70,80  90 C  10  15  
  4.38 

 37 C    2  
 8   4.39  4.40 
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 4.38  
 

 
* +  

 

  
pH 3.80+0.02 3.97+0.01 
aw 0.97+0.02 0.97+0.01 

 (° Brix ) 
21.2+0.1 23.0+0.1 

( % ) 0.32+0.01 0.28+0.01 

 ( % ) 0.41+0.01 0.53+0.02 

 ( % ) 83.77+0.22 85.93+0.12 

*  3  
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4.39  
  

 
log  cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60 C 10  
60 C 15  
70 C 10  
70 C 15  
80 C 10  
80 C 15  
90 C 10  
90 C 15  

4.01 
3.15 
3.50 

- 
- 
- 
- 
- 
- 

x 
3.80 
3.88 
0.25 
0.27 

- 
- 
- 
- 

x 
x 
x 

0.90 
0.31 

- 
- 
- 
- 

x 
x 
x 

1.90 
0.54 
1.32 

- 
- 
- 

x 
x 
x 

2.10 
1.93 
2.44 

- 
- 
- 

0.94 
0.88 
0.67 

- 
- 
- 
- 
- 
- 

x 
1.97 
2.01 
0.17 
0.21 

- 
- 
- 
- 

x 
x 
x 

0.95 
0.23 

- 
- 
- 
- 

x 
x 
x 

1.84 
0.85 
0.13 

- 
- 
- 

x 
x 
x 

1.87 
1.11 
0.37 

- 
- 
- 

    , x   
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 4.40  
  

 
log  cfu/g  

   
0  2  4  6  8  0  2  4  6  8  

no heat treatment 
60 C 10  
60 C 15  
70 C 10  
70 C 15  
80 C 10  
80 C 15  
90 C 10  
90 C 15  

4.01 
3.15 
3.50 

- 
- 
- 
- 
- 
- 

x 
3.80 
3.88 
0.25 
0.27 

- 
- 
- 
- 

x 
x 
x 

0.90 
0.31 

- 
- 
- 
- 

x 
x 
x 

1.90 
0.54 
1.32 

- 
- 
- 

x 
x 
x 

2.10 
1.93 
2.44 

- 
- 
- 

0.94 
0.88 
0.67 

- 
- 
- 
- 
- 
- 

x 
1.97 
2.01 
0.17 
0.21 

- 
- 
- 
- 

x 
x 
x 

0.95 
0.23 

- 
- 
- 
- 

x 
x 
x 

1.84 
0.85 
0.13 

- 
- 
- 

x 
x 
x 

1.87 
1.11 
0.37 

- 
- 
- 

    , x   
 

 
  

 (Woodroof,1986)  
  

   4.39  4.40 
 

 80 C  15  
 

(  4.27 4.29)   10 
  

    
  

  
 scraped-surface heat exchanger  94 C  2  
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  (aseptic package)  (hot 
filling)    (Arthey 
and  Ashurst,1996) 

 
4.9  
 
  

 3.5   essential oil   
2.0 µl/100 g   4.6 

   
(  , 2534 )  water bath 

 80 C  15   450 /  
 2     25-

27 C     4-5 C    2  
 3     
  Quantitative descriptive analysis (QDA) 

 .7  4.41 4.42          
 4.43 

 4.44      
4.45  4.46 
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 4.41  
  3  

 
* 

 
( )     

 
25-27 C 

2 
4 
6 
8 

10 
12 

8.23a+1.12 
 8.11 ab+0.83
7.75 b+1.06 

- 
- 
- 

7.72 a+1.02 
7.24 b+1.20 
7.17 b+1.12 

- 
- 
- 

8.31 a+1.10 
7.40 b+1.18 
6.50 c+0.95 

- 
- 
- 

8.26 a+1.01 
7.51 b+0.95 
6.85 c+0.96 

- 
- 
- 

  
4-5 C 

2 
4 
6 
8 

10 
12 

7.93a+0.93 

8.07 a+1.04 
7.98 a+0.83 
7.80 ab+0.76 

7.58 b+0.61 
7.41 b+0.50 

8.30a+0.90 
8.07 a+1.05 
8.10 a+0.86 
7.53 ab+0.50 
7.27 b+0.62 
7.06 b+0.48 

8.61a+1.10 

7.97 b+0.80 
7.69 c+0.79 
7.55 cd+0.60 
7.39 d+0.52 
7.04 e+0.42 

8.68a+0.83 
8.21 ab+0.77 

8.13 b+0.78 
7.70 c+0.62 
7.39 d+0.68 
7.06 e+0.48 

*  10   
 

a , b , c   (p≤ 0.05) 
-  
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 4.42   
  3  

 

*  10   
 

ns  (p>0.05) 
a , b , c   (p ≤ 0.05) 
-  
 
 
 
 
 
 
 
 

* 
 

( )    

 
25-27 C 

2 
4 
6 
8 

10 
12 

7.43ns+1.23 
7.05 ns +1.59 

- 
- 
- 
- 

7.55 ns +1.09
7.00 ns +1.47

- 
- 
- 
- 

7.18 ns +1.32 
6.75 ns +1.61 

- 
- 
- 
- 

7.66 ns +1.25
6.99 ns +1.26

- 
- 
- 
- 

  
4-5 C 

2 
4 
6 
8 

10 
12 

8.76a+0.91 

8.00 bc+0.99 
8.06 b+0.94 
7.85 bc+0.83 

7.66 c+0.86 
7.28 d+1.00 

8.25a+0.97 
7.94 ab+1.11 
8.06 ab+0.92 
7.66 bc+0.92 
7.68 bc+0.85 
7.45 c+0.81 

8.22a+1.01 

7.73b+1.22 
7.89ab+0.95 
7.72b+0.84 
7.76b+0.68 
7.21c+0.73 

8.00a+1.04 
8.09a+0.89 
7.84 ab+0.98 
7.71ab+1.01 
7.79ab+0.76 
7.45b+0.68 
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 4.43 
  3  

 
 +  

 ( ) 
 ( N ) 

+  L* value a* value b* value 

 
25-27 C 

0 
2 
4 
6 
8 

10 
12 

11.85a+0.53 
9.74 b +0.10 
7.57 c +0.18 
6.18 d +0.31 

- 
- 
- 

47.55 ns +1.44 
47.54 ns +0.08 
46.69 ns +1.48 
47.52 ns +0.18 

- 
- 
- 

-3.36ns+1.44 
-3.07ns+1.44 
-2.79ns+1.44 
-3.27ns+1.44 

- 
- 
- 

+8.28 ns+0.81 
+8.67 ns+0.45 
+9.19 ns+1.15 
+9.15 ns+0.35 

- 
- 
- 

 
 4-5 C 

0 
2 
4 
6 
8 

10 
12 

      11.85 a +0.53 
11.56 ab +0.86 

      8.13 c +1.40 
      8.70 c +1.80 
      9.67 abc +0.34 
      9.18 bc +0.91 
      7.83 c +0.53 

47.55 bcd+1.44 
44.96 e  +1.13 
50.26a  +0.62 
46.04 de+0.33 
46.73 cde+1.65 
49.53 ab +0.53 
49.20abc+0.61 

-3.36 ab +1.44 
-3.23 a +1.44 
-3.88 c +1.44 
-3.69 bc +1.44 
-3.68 bc +0.08 
-3.78 c +0.02 
-3.72 bc+0.15 

+8.28d+0.81 
+9.57cd+0.26 
+12.83a+0.57 
+10.40c+0.24 
+10.99b+0.25 
+13.27a+0.32 
+12.21ab+0.55 

ns  ( p > 0.05 )  
a , b , c   (p≤ 0.05 ) 
-  
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 4.44 
  3  

 

ns  ( p > 0.05 )  
a , b , c   (p≤ 0.05 ) 
-  
 
 
 
 
 
 
 
 
 
 

 +  
 ( ) 

 ( N ) 
+  L* value a* value b* valuens 

 
25-27 C 

0 
2 
4 
6 
8 
10 
12 

12.02 a +0.31 
11.88 a +0.41 

        7.89 b +1.09 
- 
- 
- 
- 

36.21ns+0.30 
36.23ns+0.36 
35.58ns+0.62 

- 
- 
- 
- 

+5.78ns +0.68 
+5.03ns +0.23 
+5.29ns +0.06 

- 
- 
- 
- 

+7.89+0.44 
+6.85+0.37 
+7.38+0.25 

- 
- 
- 
- 

 
 4-5 C 

0 
2 
4 
6 
8 
10 
12 

12.02 a +0.31 
10.34 ab+0.01 
10.53 ab +0.98 
11.38 ab +1.51 

        11.93 a +1.29 
9.00 bc +1.43 

        7.00 c+1.20 

36.21a+0.32 
35.26b+0.06 
35.17b+0.08 
34.61c+0.18 
33.30d+0.11 
33.45e+0.58 
33.48e+0.38 

+5.78 a+0.68 
+5.09ab+0.48 
+4.93 b+0.11 
+4.92b+0.11 
+4.84b+0.08 
+4.81b +0.08 
+4.79b +0.07 

+7.89+0.44 
+7.94+0.10 
+8.05+0.53 
+7.78+0.08 
+7.68+0.01 
+7.77+0.04 
+7.94+0.15 
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4.45  
   3  

 
 ( /  )*   (  ) 

   

 25-27 C 

0 
2 
4 
6 
8 

10 
12 

- 
- 
- 
- 
x 
x 
x 

- 
- 
- 
- 
x 
x 
x 

  4-5 C 

2 
4 
6 
8 

10 
12 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

-    x   
*  dilution 10-1 
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 4.46   
  3  

 
 ( /  )*   (  ) 

   

 25-27 C 

0 
2 
4 
6 
8 

10 
12 

- 
- 
- 
x 
x 
x 
x 

- 
- 
- 
x 
x 
x 
x 

  4-5 C 

0 
2 
4 
6 
8 

10 
12 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

-    x   
*  dilution 10-1 

 
   (

 4.41)    
 4  

 10  
 

   (  4.43) 
 (L*)  (a*) (p>0.05) 3 
    (b*) 

  (browning reaction) 
  ascorbic acid 
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  oxidation  ascorbic acid  
ascorbic acid  

  (Arthey and Ashurst,2001) 
 ascorbic acid  17-20 /100  (

,2545) 
 ascorbic acid  40-50   

 (p≤0.05) 
  (     

, 2522) 
           

 ( 4.45) 
 6   

  
  water bath 

   (head 
space)    

   
   

 
  3  

 
   
( 4.42)  

(p≤ 0.05)  
(  4.44)  (L*)  (a*) 

( p≤ 0.05 ) 
  (Ahmed, Shivhare  Sandhu, 2002) 

 (p≤0.05)  
(  4.46)  

 4   
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 3   
 

  3-8   25 C 
   aw  0.94-0.98 pH  3.0-4.1 

  (preservative)  1500 ppm 
 (antibrowning agent) (Alzamora et al.,1995)  

   aw  0.97-
0.98 pH  3.80-3.97  80 C  
15   4-5 C  
3     

 
  
 



 5 
 

 
 

 (high moisture fruit product) 
  water activity  

  
     aw  

essential oil   
 

 

   
  

   
pH 3.87   aw0.98  9.1 Brix 

 0.25%  0.34%  88.40% 
  tray dry  

vacuum dry  50 C 60 C  70 C  1-6 
 vacuum dry  70  C 5  

  34.02%  3 
 

  
  3 

 
   

  
 1:4 1:6 1:8  1:10 (w/w)  

 1 : 8 ( w/w ) 
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 essential oil      
 essential oil 
   essential oil

  5.0 3.3 2.5 2.0 1.5 1.0 
essential oil   2.0 µl / 100 g 

  
 essential oil 2.0 µl / 

100 g   essential oil 
  80 °C  10 

 
 80 °C  15 

 
  

 80 C  15  
 

 

pH 3.80  a w 0.97  21.2 Brix 
 0.32%  0.41  63.77 %  

 pH 3.97  a w 0.97  
23.0 Brix  0.28%  0.53  
85.93 %  

  
   450 /   

essential oil  2.0 µl/100g  
 80 C  15    2 

 25-27 C  4-5 C 
 6   

 3  
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  25-27 C   

4-5 C   
4   

 3  
   

 2   
  

 
  

  
  3  

 
 

 
 

   
  

 
      

 
  

  (fruit salad) 
 

 
(thawing)  
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 (head space) 
  water bath 
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, .  2543.  
/ . 

, .  2545.  
  . : . 

 . 2543.    .   , 
 314-324.  : . 

 .  2534.   .   : . 
 .  2531.  .  : . 

.  2543.  14(305).   .  
2544.  

.  . 20  2544  
 . 

, .  2541.   108. : .  
, . 2543.  - .   

.  2544.  
.  

. 20  2544   . 
 .  2543.  .  , 

 164-172.  : . 
, . 2543.   

2542/2543.  ( . . .) 
, . 2544.   [ online ]  : 

http://www.doae.go.th/plant/fruit.htm [ 22 . . 2544 ] 
     .  2522.  .  : 

.   
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.1  

 
 Minlota Chroma Meter , CR 300 Series 
 

 
  3   1    3  

 L, a  b  
  L   
  a (+)   (- )  
  b (+)  (-)  
 
.2  

 
 Texture Analyzer  TA.XT2 
 2 mm cylinder probe (P/2 ) 
 

 
1.  PC Computer  
2.   2   
3. calibrate force  probe  
4.  
 Mode   : Measure Force in Compression 
 Option   : Return to Start 
 Force Unit  : N 
 Test Speed  : 1.5 mm/s 
 Distance  : 5 mm 
 Graph Type   : Force-time 
5.  1   peak   
       ( N)  3  
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.3  (  Ranganna ,1977 ) 
 

1.  Whatman No. 4 
2.   50 mL 
3. Buchner funnel 

 
 

1.  5   25 mL 
2.  1   
3.  Buchner funnel Whatman No. 4  

  (  1  ) 
4.  
5.  

 
 

  ( rehydration ratio ) =  ( )  
            (  ) 
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 . 
 
   
 
.1  water activity 

 
 

 -  water activity (Aw Sprint, Novasina TH-500 ) 
 0  50 °C (  25°C ) 

 -  ( sample bowl ) 
 

 
   
 1.  ( LiCl ) 
 2.  ( MgCl2 ) 
 3.  ( Mg (NO3) 2) 
 4.  ( NaCl ) 
 5.  ( BaCl2 ) 
 6.  ( K2Cr2O7) 
 

  ( calibration) 
 water activity  

 .1 
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1.  ( Calibration ) 
 1.1  standby mode  
water activity  ( Measuring chamber ) 
 1.2  4  

  
 
           #01: Stab.  Options 
       Submenu .. 
 
 1.3  2 ( 3 )  
 
   #02: Enable cal. 
         Yes           No 
  
 1.4  ( start key )  Set    
Start key   Yes  

 
            #02: Enable cal. 
              Yes  No 
 
 1.5 2   3  
 
            #03: Calibration 
        Submenu 
 
 1.6  Start key   Calibrate 

 Calibrate   
 
   #03: Calib.Xx ? 
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 ( Xx   water activity  Calibrate ) 
 1.7  Start key    calibrate  
 1.8  Calibrate   Done  
2.  water activity  
 2.1  ( sample bowl )  80 % 

    
 2.2   Start key   3  

 
 2.3  water activity   
( Equilibrium state )    water activity sensor  

   
 2.4  water activity   
 
.2 -  

 
 

 -  (pH meter) (Schott-Gerate, CG-840) 
 

 
  pH 4.00, 7.00  10.00 
 

 
 1.  ( Electrode)  

  
 2.  Calibrate  25 C  electrode 

 pH 4.00, 7.00  10.00   pH
 

 3.  pH  electrode  pH   
4.   
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.3  (  A.O.A.C. , 1995 ) 
 

 
  ( hot air oven ) 
 

 
1.  5   aluminium dish    (  

100° C  ( desiccator )  ) 
2.  100-105 ° C  24  

 
3.    
4.  

 
 

 
 (%) =  (  )   (  ) ×100 

 (  ) 
 

.4   ( titratable acidity ) ( A.O.A.C. ,1995 ) 
 

 
 1.   25 mL 
 2.   50 mL 
 3.   10 mL 
 4.   50 mL 
 

 
 1.  (phenolphthalein) 
 2.  ( sodium hydroxide) 0.1 N 
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 1.  10    2-3  

2.   50 mL  
3.  10 mL   50 mL 
4.  2  
5.  0.1 N  

  
    

 
 

 ( % ) = Normality of NaOH × vol. of NaOH × milliequivalent of citric acid ×100 ×50 
      ( ) × 10 
  milliequivalent of citric acid = 0.07 
 
.5   ( A.O.A.C. ,1995 ) 

 
 

1.  
2. crucible 
3. hot plate 

 
 

1.  crucible  550° C                
 

2.  5   crucible  hot 
plate  

3.  500-550° C  4  
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  ( % ) =  ( )  ×100 

     (  ) 
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 . 
 

.1  (Total plate count)  ( ICMSF, 1982) 
 

 
- plate count agar (PCA) 
 

 PCA   
  autoclave  121° C (  15  )  15 
  45- 50° C  pH 6.8 + 0.2  

 
 

1.  10   10 % (w/w)  90  
2.  stomacher  dilution 10-1 
3.  1    2 plate 

45-50° C  15-20  
  

4.  35-37° C  24-48  
 30-300  

5.   
 

.2  ( ICMSF, 1982) 
 

 
- potato dextrose agar (PDA) 

 
 

-  10 % 
 PDA   autoclave  

121° C (  15 )  15   45-50° C  
pH   pH 5.6 
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 . 
.1  

 
 

 
 

 
 _____________________________  ________  ______  ___________ 

  
  

 
  

    
1.  

-  ( 1- 10 ) 
- 

 ( 11-20 ) 
-  ( 21-30) 

2.  
-   ( 1-10 ) 
-     
        ( 11-20 ) 
-  ( 21-30 ) 

4.  
-   ( 1-5 ) 
-   ( 6-10 ) 
-  ( 11-15 ) 

 

    

: 
_______________________________________________________________________________
_____________________________________________________________________________ 
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.2  
 

 
 

 _____________________________  ________  ______  ___________ 
 
  

     
  

 
 
    1       
   2     
   3     
   4     
   5     
   6     
   7     

  
 

  
 

 
 
 
 

     

 
 : 

_______________________________________________________________________________
_____________________________________________________________________________ 
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.3  
 

 
 

 _____________________________  ________  ______  ___________ 
  

  
 

 _____________   _____________   ____________   ______________ 
 
   

 

: 
______________________________________________________________________________ 

  
   

1.  
-  
-  
-  

2.  
-   

 
-  
-  

3.  
-  
-  
-  
-  
-  
-  
-  
-  
-  

 
9-7 
6-4 
3-1 

 
9-7 

 
6-4 
3-1 

 
9 
8 
7 
6 
5 
4 
3 
2 
1 
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.4  essential oil  
 

 
 

 _____________________________  ________  ______  ___________ 
 
  

  
 

 
_______________   ________________   ________________   __________________ 
 
 

 
  

 
 

_______________   ________________   ________________   __________________ 
  
 

 : 
_______________________________________________________________________________
_____________________________________________________________________________ 
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.5 essential oil 
 

 
 

 
 _____________________________  ________  ______  ___________ 

 
   

 615 554 712 729     
 

  ideal  I 
 

1.   
 
 
         

        
    

2.  
 

        
 
3.  

 
        

 
 

 : 
___________________________________________________________________________
___________________________________________________________________________ 
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.6  essential oil  
 

 
 

 _____________________________  ________  ______  ___________ 
 
  

  /  
 

 
     

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 

        

 
 

: 
_______________________________________________________________________________
_____________________________________________________________________________ 
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. 7  
 

 
 

 _____________________________  ________  ______  ___________ 
  
  

 
 
1.  

 
 

        
             

 
2.  
 
 

      
        

      
3.  
 

 
      

                   
 

4.  
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 . 
 

 
 .1     

( L* , a* , b* )  
 

MS SOV df 
 

 

L* value a* value b* 
value  

method (A) 
temperature (B)

time (C) 
AB 
AC 
BC 

ABC 
error 

1 
2 
5 
2 
5 

10 
10 
35 

392.747* 
1962.679* 
4028.319* 
16.885* 

229.559* 
266.561* 
16.036* 
1.113 

0.466* 

3.663* 
4.760* 
0.154* 
0.568* 
0.433* 
0.007* 
0.01 

91.777* 

103.826* 
28.507* 
12.040 
2.186 
2.894 
1.201 
6.216 

0.010 

0.683* 
0.505* 
0.878* 
0.138* 
0.003 
0.004* 
0.02 

0.009 

6.111* 
52.978* 
0.543* 
2.459* 
2.279* 
2.132* 
0.110 

1.606* 

71.215* 
6.784* 
9.166* 
0.003 
0.521* 
0.364* 
0.07 

*  ( p<0.05 ) 
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 .2 
  

 
MS SOV df 

   
method (A) 

temperature (B) 
time (C) 

block ( D ) 
error 

1 
2 
5 
19 

1412 

4107.378* 

6397.786* 
4947.031* 
184.829* 
88.916 

2819.601* 
2371.926* 

3616.522* 
257.423* 
50.213 

258.403* 
525.734* 
649.739* 
48.012* 
14.318 

*  ( p<0.05 ) 
 

 .3 
 

 
MS 

SOV df  
 

  
 

puree 
block 
error 

2 
19 
97 

4.758* 

4.271* 
0.651 

2.508 
4.349* 
0.848 

9.858* 
3.770* 
1.011 

3.033 
3.063* 
1.252 

6.008* 
2.875* 
1.083 

*  ( p<0.05 ) 
 

 .4 aw 

 
MS 

SOV df 
  

ratio 
error 

3 
4 

0.0001 ns 

0.000075 
0.0002 ns 
0.000025 

ns  (p>0.05) 
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 .5  
 

 
MS 

SOV df  
  

ratio 
block 
error 

3 
19 

136 

25.735* 
0.010* 
0.115* 

54.075* 
3.646* 
0.928 

1.490 
7.401* 
0.753 

2.558* 
4.988* 
0.880 

*  ( p<0.05 ) 
 

 .6  
 

 
MS 

SOV df  
  

ratio 
block 
error 

3 
19 
136 

18.426* 
0.002 
0.267 

48.373* 
4.112* 
1.449 

2.758 
6.257* 
1.141 

5.223* 
5.030 
0.894 

*  ( p<0.05 ) 
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 .7 
essential oil  

 
MS 

SOV df 
  

spice 
block 
error 

3 
19 
136 

10.096* 
0.002 
0.454 

4.589* 
0.004 
0.574 

*  ( p<0.05 ) 
 

 .8 
essential oil 

 
 

MS SOV df 
   

concentration 
block 
error 

4 
19 

175 

57.269* 
6.880* 
1.034 

36.391* 
17.161* 
1.492 

46.111* 
1.735* 
0.575 

*  ( p<0.05 ) 
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 .9 
essential oil  

 
 

MS SOV df 
   

concentration 
block 
error 

4 
19 

175 

122.153* 
6.886* 
1.306 

93.076* 
3.666* 
1.344 

104.457* 
3.568* 
1.259 

*  ( p<0.05 ) 
 

 .10 
 essential oil       

 
 

MS 
SOV df   

 
heat treatment 
block 
error 

8 
19 
331 

0.649* 
0.008 
0.008 

0.590* 
0.008 
0.008 

0.844* 
0.105 
0.008 

0.612* 
0.138* 
0.008 

*  ( p<0.05 ) 
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 .11 
 essential oil       

 
 

MS 
SOV df   

 
heat treatment 
block 
error 

8 
19 
331 

0.378* 
0.116 
0.008 

0.562* 
0.007 
0.009 

0.774* 
0.005 
0.009 

0.626* 
0.004 
0.009 

*  ( p<0.05 ) 
 

 .12 

 
 

MS 
SOV df    

 
storage time 
block 
error 

2 
19 
97 

2.476 
1.915* 
0.844 

3.517* 
2.386* 
1.021 

32.671* 
2.751* 
0.813 

122.034 
52.477 
48.141 

*  ( p<0.05 ) 
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 .13 

 
 

MS 
SOV df    

 
storage time 
block 
error 

5 
19 
214 

2.617* 
1.397* 
0.522 

10.161* 
2.672* 
0.390 

11.593* 
2.431* 
0.370 

13.873* 
1.138* 
0.441 

*  ( p<0.05 ) 
 

 .14  ( L*, a*, b* ) 
 

 
 

MS 
 SOV df 

 L* a* b* 
storage time 
error 

3 
4 

12.361* 
0.105 

3.894 
1.606 

1.375 
3.808 

0.375 
0.578 

*  ( p<0.05 ) 
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 .15  ( L*, a*, b* ) 
 

 
 

MS 
 SOV df 

 L a b 
storage time 
error 

6 
7 

5.078* 
1.059 

7.781* 
1.035 

0.110* 
0.002 

5.120* 
0.320 

*  ( p<0.05 ) 
 

 .16 

 
 

MS 
SOV df    

 
storage time 
block 
error 

1 
19 
58 

2.964 
2.431 
1.791 

5.995 
2.060 
1.562 

3.737 
2.836 
1.953 

9.045* 
2.031 
1.405 

*  ( p<0.05 ) 
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 .17 

 
 

MS 
SOV df    

 
storage time 
block 
error 

5 
19 
214 

9.708* 
2.799* 
0.670 

3.466* 
2.166* 
0.763 

4.324* 
1.219 
0.817 

2.038* 
1.277* 
0.774 

*  ( p<0.05 ) 
 

 .18  ( L*, a*, b* ) 
 

 
 

MS 
 SOV df 

 L* a* b* 
storage time 
error 

2 
3 

10.999* 
0.484 

0.275 
0.199 

0.293 
0.173 

0.514 
0.131 

*  ( p<0.05 ) 
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 .19  ( L*, a*, b* ) 
 

 
 

MS 
 SOV df 

 L* a* b* 
storage time 
error 

6 
7 

6.482* 
1.211 

3.540* 
0.141 

0.244 
0.105 

0.003 
0.007 

*  ( p<0.05 ) 
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 . 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 .1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 .2  
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 .3  vacuum dry 
 70 C 5  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   (1)        (2) 
 
 
 
 
 
 
 
 
 

(3) 
 .4  (1)  (2)  (3)  
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   .5  (1)  
         (2)  
         (3)  
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