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Abstract 
The chlorophyll and colour degradation of lettuce, spinach and rocket were estimated at 0, 
5, 10 and 20 oC. A first-order kinetics model was developed and tested to describe the 
chlorophyll and colour degradation of the three vegetables. The spinach and rocket 
exhibited similar chlorophyll degradation rate but different from lettuce. The energy of 
activation for the chlorophyll degradation was in the same order of magnitude for the rocket 
and spinach and 21% higher for the lettuce. The spinach exhibited increased sensitivity 
regarding colour degradation at 20 oC compared to rocket and lettuce. Analysis of the total 
chlorophyll with the hue angle generated three parallel linear plots, one for each vegetable, 
the apposition of which follows the same classification as that of the respiration rate of the 
three vegetables. 
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 1. ANOVA      Chlt     
   

 df F-ratio P-value 
          
A:   3 73.40 0.001* 
B:   6 79.87 0.001* 
C:  1 0.10 0.75 
D:   2 46.56 0.001* 
     Residual 1043   
     Total 1055   

*   P 0.05 

      Chlt/Chlto,  Chlto    
  .   Chlt/Chlto      

   Chlto.       Chlto   
50%        10  20 oC.   Chlt/Chlto  

 1  ,      . 2b    
 1a-c,  2

adjR >90%  SEE 0.09  RMSE<5.9% (  2).  

 2.    log(Chlt/Chlo) ( . 2b) 

 kr Ea (J mol-1) Tr (K) n 2
adjR  (%) SEE RMSE (%) 

 0.004 57,954 281.15 1.89 90.02 0.09 5.9 
 0.062 47,581 281.15 0.82 98.12 0.03 2.8 

 0.052 48,544 281.15 0.95 98.11 0.03 2.1 
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 0.018 62,122 281.15 0.67 95.55 0.01 1.5 

 0.021 65,575 281.15 0.65 95.14 0.01 1.1 
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IMPROVING THE RELIABILITY OF COLOUR ASSESSMENT EMPLOYING  
A NEW DIGITAL IMAGE ANALYSIS PROTOCOL 

 
E. Chatzis1, . Manolopoulou2, G. Lambrinos1, , G. Xanthopoulos1, E. Aravantinos-Karlatos1 

1School of Agricultural Production Infrastructure & Environment, Dep. of NRM & AE, A.U.A.,  
75 Iera Odos Str., Athens, Greece 11855,  refrigenergy@aua.gr 

2School of Agric. Technol. & Food Technol. and Nutr., TEI of Kalamata, Antikalamos, 24100 Kalamata 
 

Abstract 
Aim of this study is to investigate the functionality and efficacy of a new digital image analy-
sis protocol employing the tristimulus chromatic model CIE L*a*b*, against the classic chro-
mameter method. Statistical analysis of the Total Colour Change ( *) for the four tested 
products (lettuce, mushroom, tomato and minimal processed apple) by the digital image 
analysis and the chromameter revealed that the confidence limits (CL) of the * with stor-
age time is 6 to 28 times smaller regarding the new method. Similar differences between the 
two methods were identified regarding the standard error (SE) which is 2 to 10 times 
smaller. Since these two parameters (CL, SE) are basic statistical indicators of sensitivity and 
reliability of the estimated mean * this highlights the increased sensitivity and reliability of 
the new method. 
 
Keywords: colour measurement, image analysis, chromameter  
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FRENCH SALAD MASS LOSS PREDICTION DURING COLD STORAGE 
 

G. Lambrinos1, , E. Manolopoulou2, P. Drimilis1 
1Agricultural University of Athens, Department of Natural Resources Development & 
Agricultural Engineering, 75 Iera Odos Str., 118 55, Athens  refrigenergy@aua.gr 

 2 . . . of Kalamata, Dept. of Crop Science, 24 100, Antikalamos, Kalamata 
 

Abstract 
The aim of this research is to study cold stored French salad in order to evaluate the mass 
losses due to, firstly, physiological and, secondly, physical phenomena. The data analysis 
showed that the total mass loss rate of the French salad varies exponentially with water-
vapour pressure deficit (0.875<R2<0.965). The difference between the values of the previous 
relationship and the mass loss rate of the lettuce stored in vapour saturated conditions 
(physiological losses) corresponds only to the physical mass losses, which are also expressed 
via an exponential relationship (R2=0.789). Finally, the total mass loss rate is expressed by 
the relationship MLRphysic =e 0.0032+ ( ), where A( ) is the coefficient of the physiological loss 
relationship. This expression allows us to predict the overall mass losses during the cold 
storage of French salad, when we already know the average temperature and relative 
humidity of the cold store based on frequent readings.  
 
Keywords: French salad, Cold storage, Mass loss prediction 
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THE EFFECT OF DRYING TECHNIQUES ON THE QUALITY  
CHARACTERISTICS OF FIG FRUITS (FICUS CARICA L. CULTIVAR “TSAPELA”) 

 
E. Manolopoulou , V. Demopoulos, E. Tsiavtari  

TEI of Peloponnese, School of Agricultural Technology and Food Technology and Nutrition,  
24 100 Antikalamos, Messinia, Greece,  arte_lampr@yahoo.gr 

 
Abstract 

Agricultural products can be dried through different techniques such as sun-drying, hot-air 
drying, or freeze-drying (lyophilisation). As fresh figs are perishable, the vast majority of 
global fig production is preserved as dried. In the present study, figs (Ficus carica L. cultivar 
“Tsapela”) were sun-dried, oven-dried (60°C, 20-22% R ), or dried in a vacuum freeze-drier 
(-55°C). As it was observed, the drying technique affected the fruit quality characteristics. In 
particular, freeze-drying and oven-drying resulted in faster reduction of fruit water activity, 
sun-drying better maintained the fruits’ brightness (L*) and presented the lowest overall 
colour change ( ), while oven-drying increased the fruits’ browning index (BI). Finally, 
freeze-drying showed the least change in fruit volume and the highest rehydration 
percentage. 
 
Key words: Dehydration, Fig, Colour 
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STUDY OF PEEL RESISTANCE TO MASS TRANSFER DURING DRYING  
OF APRICOT WITH HOT AIR 

 
D. Lentzou, G. Xanthopoulos , . Georgiadou, C. Templalexis, -P. Aleiferis 

Agricultural University of Athens, Department NRM & Ag.Eng., era Odos 75, 11855, Athens,  
xanthopoulos@aua.gr 

 
Abstract 

In this study the resistance of peel to mass transfer in whole apricots (peeled and unpeeled), 
during drying at 55 and 65 oC and 0.5, 1.0 and 3.0 m/s air velocity was investigated. An iso-
thermal computational model of drying was developed employing finite elements to simu-
late water vapour diffusion considering apricot shrinkage during drying. The reverse total 
mass transfer coefficient is the external or surface resistance to mass transfer (rtotal). Data 
from simulation compared with the corresponding experimental employing the relevant er-
ror for the evaluation of the proposed model. In all cases, the error was below 3.5%. The 
value of km for unpeeled apricots ranged between 1.33×10-7  4.58×10-7 m/s whereas for 
peeled between 4.78×10-7 to 1.44×10-6 m/s. Similarly, the external or surface resistance 
ranged for unpeeled apricots between 21.8×105 to 75.2×105 s/m and in the case of peeled 
between 6.9×105 to 20.9×105 s/m. 

 
Keywords: Drying apricots, Optimization, Peel resistance, Mass transfer 
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 .          
  .          

  AOAC (1997).         -
       "   -
"     (Xanthopoulos et al., 2007).   

         Hobo 
8H (Onset Computer Corp. Massachusetts, USA)      -

  Hobo Micro station (Onset Computer Corp. Massachusetts, USA)  -
   0.4 C  0.5% ,  ±0.7, ±3%    

   .       
KERN (PCB-440, Japan)   ±0.01 g.         

   CLIMATHERM,   ±0.044 m/s   
 0.1 m/s. H   -       
          -

          -
 Comsol Multiphysics 4.3 (COMSOL, Inc.USA). 

 
3.1.   ,     

              
     .   -

     tMR=MC MC   MCt    
   (kgw/kgdm)      MC     -

    (kgw/kgdm).       -
 MR 0.1.          -

    (       )    
      ,     48  62% 

 48.5  65.6%        .  
     ,      

             -
 (Sabarez, 2012).        -

   , Rt=a+bt,  Rt      m, t   
  s  b      m/s       
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.          
2.15×10-8  12.7×10-8 m/s      6.34×10-8  31.7×10 -8 m/s. 

 
3.2.    

           -
     ,    ( )    

  ,         (no flux 
flow)         .    

  (  1)          
       (  )      

 (  )    .     -
     Comsol Multiphysics 4.3b   -
    ,        -

.    ,     Comsol 
Multiphysics 4.3b    i i ic t (D c ) 0 ,  Di    

 (m2/s), ci    (mol/m3)  t    (s), -
    .  

  , boundary conditions, (  1)   , 
Axial Symmetry (  1,2),          

, No flux (  3,4)     , Flux (mol/m2s)    
      ,   5  6  

  (  )      i c,j b,j i(D c ) k (c c )n  
 n         , kc,j   

  (m/s), cb,j       ( ) 
 (mol/m3), ci        (mol/m3).  ‘ -

  ’       ,   
       .   

  (  5,6)    ,     -
           -

 ,    -        ( -
 3,4).  
 

 
 

 1.    (1,2),  (3,4)   (5,6)   
           . 

51

2 6

3

4
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Moving Mesh (ALE)          -

  .         
  (free triangular finite elements)      -

 2,850 ,         (grid inde-
pendent solution).     ,    
Optimization            -

         (s)    -
            

 (km, Ea, a)     .     
   Levenberg-Marquardt     

.    Levenberg-Marquardt    -
 F x F   F      x    -

. H        
 : 1)     Deff (10-11-10-8) m2/s (Sabarez, 

2012), 2)           
 3)          -

          3.5%. 
 
3.3    

      (km)     
         (rtotal)   -

      (rpeel)       
       (rdbl). H      

    ( total peel dblr =r +r ),    Van der Sman (2003). 
        (rdbl)    -
 2R      6.0-7.0×102 s/m   55-65 oC  
           -

 (rpeel)            -
 ’      total peelr =r .     

       total peel mr =r =1 k  rpeel    
     (s/m)  km      

       (m/s). 

 
4.  

      ,      3.5%. 
    2         -

 .     Ea    66.0-72.0 
kJ/mol      82.5-86.5 kJ/mol    ,  

           
  Xanthopoulos et al. (2012)         

     (2015),     Ea   -
         -

      .     km  a  
    4.78×10-7  1.44×10-6 m/s   0.65  1.0 kg/kg   

    1.33×10-7  4.58×10-7 m/s   1.53  1.63 kg/kg   
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   ( effD )   3.95×10-9  6.94×10-9 m2/s   
    9.08×10-9  1.90×10-8 m2/s   .   
           -
            -

.     effD        -
   (10-11-10-8 m2/s).    Ea  a    km -
          (    , -

    )      ( ,  
    ,    )     -
             -

             in 
silico          .  

 

 
 2.    (pr)    (MF)  

  (XF)   55 C    1.0 (m/s). 
 

      (km)  ,  
  (   )   (   ) 

 (rsurf  rpeel )   .     km  
    rpeel  rsurf    1. 

 
 1.    (km)     (rsurf  rpeel)  

     

   ME   
 

(oC) 
 

 (m/s) km (m/s) rsurf×105

(s/m) km (m/s) rpeel×105 

(s/m) MFpeel surf XF
r | r |

55 1.0 4.78×10-7 20.9 1.33×10-7 75.2 3.60 
55 3.0 5.38×10-7 18.6 2.58×10-7 38.8 2.09 
65 1.0 1.29×10-6 7.8 3.24×10-7 30.8 3.97 
65 3.0 1.44×10-6 6.9 4.58×10-7 21.8 3.14 

 
            

        ,    -
      Pham et al., 2009     

(  - )   ‘Jonica’       -
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            O2 
 CO2.           ,  

    km         
 Pham et al. (2009)   5.0-20.0×10-7 m/s      

 4.78-14.4×10-7 m/s.        -
       21.8×105-75.2×105 s/m   -

        ,  ,  
     6.9-20.9×105 s/m.     ,  

          ,  -
 rpeel|MF/rsurf|XF      3      -

   55  65 oC     .  
        10% (    -

      3.6     
  4- )    1.0 m/s   50%   

 3.0 m/s (          -
 2-      3- ).     -

              
           -

 <65 oC            -
  >65 oC         -

.            
           

         . 
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

50 55 60 65 70

  (oC)

rs
ki

n
| M

F /
r s

ki
n

| XF

u=1.0 m/s u=3.0 m/s

 
 3.           

  . 
 

5.  
           

            
       3.5%.     -

   9.08×10-9-1.90×10-8 (m2/s)      
3.95×10-9-6.94×10-9 m2/s     .     
rpeel|MF/rsurf|XF     55  65 oC     -

.        10%    1.0 m/s  
 50%    3.0 m/s.        
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          <65 oC  

            
>65 oC    . 
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           -
 “   (cv. Medusa)    (0 C, 10 C  20 oC) 

    .       -
         -

  .          
      ,    -

  .         -
  ,         

        -
    . 

 
 :  , ,  ,  
 

 
 

 
 

THE BEHAVIOUR OF FRENCH SALAD AT VARIOUS  
COLD STORAGE CONDITIONS 

 
P. Drimilis1, H. Manolopoulou2, G. Lamprinos1, , E. Aravantinos-Karlatos1 

1Agricultural University of Athens, Department of Natural Resources Development & Agricultural En-
gineering, 75 Iera Odos Str., 118 55, Athens, Greece,  refrigenergy@aua.gr 

 2Technological Educational Institute of Peloponnissos, Antikalamos, 24 100 Kalamata, 
 

Abstract 
The aim of this paper is the study of the physiological behaviour of French salad (cv. Me-
dusa) stored in three different temperatures (0 °C, 10 °C and 20 °C) and three different rela-
tive humidities. The results indicate that storage temperature and relative humidity signifi-
cantly affect the respiratory activity of French salad. It was observed that under the same 
temperature, low humidity levels can lead to a stress-induced increase in respiratory activity, 
as well as mass loss. The considerable statistical differences between the results of the two 
experimental series suggest that we need to take into consideration the postharvest behav-
iour of sensitive off-season or different-harvest fruits and vegetables.  
 

Key words: French salad, Cold storage, Respiration, Mass loss 
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1.  
          .  

        ,  -
    (  )       

      (Lutz and Hardenburg, 1968 ; Woods, 1990). 
           

   .        
   . 

      ,   ,    -
    ,      ,  -

          (Saltveit, 1997). 
    ,      -

 ,         
 .           

    ,       -
       .        

           (Ryall 1979 ; Kays, 
1991). 

           “ -
 ” (  Medusa)       0 C, 10 C  

20oC     .     , 
      ,    . 
 
 

2.    
    ,  “  ”,  Me-

dusa,       (    -
).             
           (0 C, 10 C  

20 C )     ( , , ).      
    ,    ,   -

         -
  (  MgCl2, , NaOH  NaCl). 

            -
 Hobo 8H (Onset Computer Corp. Massachusetts, USA)     -

  .      ±0.35oC    
   ± 2%      .  

         
 RICLOS (  & , 2004;  & , 2006) -

 CO2   0-5,000 ppm CO2,    25 ppm   ± 
0,5%.         AND  ±0.01 g. 

             -
,    . 

     ,      -
 STATGRAPHICS Centurion XVI    P 0.05.  
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3.    
 
3.1.  

         -
           

    1  2. 
 

 1.    1       
      

RR CO2 (ml/100g/h) °C R  % 
RR max RRmin RR mean 

1.8 73 2.51 0.3 0.86 
1.3 81 2.46 0.44 0.833 
2.1 92 0.795 0.425 0.473 

10.3 61 1.345 0.9 1.12 
10.4 85 1.156 0.924 1.048 
10.4 91 1.252 0.835 1.1 
21.2 44 2.221 2.066 2.146 
21 84.2 4.038 1.962 3.179 

20.4 95.1 2.192 1.412 1.711 
 

 2.    2       
      

RR CO2 (ml/100g/h) °C R  % 
RR max RRmin RR mean 

1.3 71 1.748 0.93 1.1 
1.7 78.2 4.6 1.09 1.013 
2 95.02 1.748 0.89 1.009 

10.2 73.3 2.576 0.625 1.475 
10.4 82.2 2.5 1.08 1.255 
10.5 96.4 2.58 0.93 1.128 
20.9 54 3.581 3.02 3.226 
20.6 75.25 2.699 2.161 2.44 
20.6 96.6 3.534 2.61 3.102 

 
         -

,        .    
      (91.0%<RH<96,6%),   

    ,      
   ,  (1), (2), : 

RRCO2(mg*kg-1*day-1) = 188.82 e 0,0952  (R2=0.999)                     (1) 

RRCO2(mg*kg-1*day-1) = 389.92 e 0,0605  (R2=0.915)                     (2) 

   (  1)    ( =0 C),   
   . 

Μετασυλλεκτική - Μετασυγκομιστική τεχνολογία 679



0
200
400
600
800

1000
1200
1400
1600

0 10 20 30

  (°C)

R
R

 C
O

2(
 m

g/
kg

/d
ay

)

 (S1)  (S2)

 
 1.          -

  (S1=1   S2= 2   ). 
 

0
1
2
3
4
5

0 1 2 3 4 5 6

t (days)

RR
 (m

l/1
00

g/
 h

)

RR(Air 20ºC) RR (H2O 20ºC) RR (Sol 20ºC)

 
 2.           

  20oC (1   ). 
 

             -
      .       

        (  2). 
 
3.1.   

   ML (%) ’    (  3)    -
     t (days)      (0,879 <

R2 < 0,999).           -
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          -
   3. 

 

ML( 56%) = 2,493t
   ML( 75%) = 0,482t 

ML( 98%) = 0,253t 

0

4

8

12

16

20

0 2 4 6 8

t (days)

M
L 

(%
)

 (RH 56% )  (RH 75% )  (RH 98% )

 
 3.       (2  )   

 20oC     . 
 
 

 3.       1   2    
         

 1  2 
°C R  %  R2 °C R  %  R2 

1.8 73 2.146 0.9587 1.3 71 1.256 0.9588 
1.3 81 0.916 0.9144 1.7 78.2 0.978 0.9327 
2.1 92 0.774 0.9523 2 95.02 0.373 0.9539 

10.3 61 2.586 0.9552 10.2 73.3 1.344 0.9548 
10.4 85 1.228. 0.8788 10.4 82.2 1.264 0.9658 
10.4 91 0.856 0.9599 10.5 96.4 0.446 0.9398 
21.2 44 5.043 0.9766 20.9 54 2.494 0.9963 
21 84.2 1.99 0.9294 20.6 75.25 0.482 0.9993 

20.4 95.1 0.999 0.9449 20.6 96.6 0.253 0.9985 

 
           R2 

  ML=A t    .       -
         ( )  ( -

 4)     . 
    (ANOVA)        

          ,   
,          .  

        . 
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MLR  = 77,337t-1,058

       MLR = 20,982t-1,1127

MLR = 11,758t-0,8259

0
20
40
60
80

100
120
140
160
180

0 1 2 3 4 5 6

t (days)

M
LR

 (g
/k

g/
da

y)

 (71%)  (88%)  (93,50%)

 
 4.        (1  )  

  0oC     . 

 
4.  

        -
.     ,        

 .     ,     -
    . 

             
.            -

 (     ).     -
           . 
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2  ,        ,  
  ,  24100,  

 
           

  ,        
    (     )   

   10  20 C. H      
              

        .   
  (10 C)         

 20 C    b*       
  . 

 
 : ,  , ,   

 
 
 
 
EFFECT OF THE SOIL CONSISTENCY IN THE COLD STORAGE OF WATERMELON 

 
S. Apostolidi1, D. Lentzou1, E. Manolopoulou2, G. Lamprinos1, , S. Fountas1, 

 G. Xanthopoulos1, E. Aravantinos-Karlatos1 
1Agricultural University of Athens, School of Agricultural Production Infrastructure & Environment, 

Dep. of NRM & AE, 75 Iera Odos Str., Athens, Greece 11855, tel. +30 210 5294031,  
fax. +30 210 5294032,  refrigenergy@aua.gr 

2Technological Educational Institute of Kalamata, School of Agricultural Technology & Food 
Technology and Nutrition, Dep. of Agricultural Technology, Antikalamos, 24100 Kalamata 

 
Aim of this study was to investigate the change in quality characteristics of watermelons, of 
Messinian origin, during two growing seasons in two adjacent soil fields (sandy clay loam and 
sandy loam) during cold storage at 10 and 20 °C. Analysis of the results showed that the flesh 
texture was significantly affected by the soil consistency while pericarp texture by the 
storage temperature. The low storage temperature (10 °C) maintain the colour of the flesh 
while at 20 °C the chromatic factor b * increased rapidly giving in watermelon flesh a red-
yellowish colour. 
 
Keywords: Watermelon, Soil consistency, Cold storage, Quality characteristics 
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1.  
          .   

       .      
         (Radulovi , et al 2005; 

Petrou et al., 2013).          
        (Showalter, 1960; 

Leupeschen, 1961; Dow et al., 1978; Chisholm and Picha, 1986; Hardenburg et al., 1986).  
            

(Risse et al., 1990).          
 (Perkins-Veazie and Collins 2003, 2006),      

  (Muramatsu et al, 1999)     (Gil et al, 2006; 
Artés-Hernández et al, 2010; Petrou et al., 2013).      

            
. 

 
 

2.    
  (Citrullus vulgaris, cv Crisby)   8-10 kg   

   2013   2014       
        (  1).   

          (SCL),  
   52%   22%     10 ECa    

          (SL),  
   70%   14%     20 ECa.    

            
        .     

          .     
     6,69 ,     6,59.     

    5,67  8,32 .  (Fountas et al., 2015;   
 ., 2015). 

 
 1.            . 
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  50     ,  , -
    /  & /     

-   . . .,          25 
      10 C  20 C.  
 5           

 ,      (      
),        .  

  (   )    CIE L*a*b*  -
 Minolta CR-300.           
     ( =92.6, x=0.3135, y=0.3193). 

           
    .       

(SR-400)   ±0.25 Brix.         
    (0% Brix). 

        TA-XT2i   Kramer 5 
 .       1 mm s-1.    

    :        ( ).  
             

,    11 mm    1 mm s-1.  
         Statgraphics.  

    LSD    5%. 
 

2.    
     (  1),     

      , (  ,  
 t,    ),        - 

 
 1.        

   
.   (°C)  .  .  

 . 
L* - + - - 
a* + + + - 
b* + + - - 

  
L* - - - - 
a* + + + - 
b* - + - - 

 
 ( ) - - + + 
 ( . ) - - + + 

 + + - + 
  . 

 . + + - - 
 - - - - 
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  ,          
  .  

   1         .   
2    (       )   

 (       )    
. 

 
 2.  (    )     

         
 2013  2014 . 

 
(°C) /  

  .  .  .  .
 10 F max (N) 151.2 136.7 290.73 319.93 

   (N.mm) 711.82 513.04 537.99 921.23 
 20 F max (N) 151.2 137.15 290.73 347.33 
   (N.mm) 711.82 436.58 537.99 1431.34 
 10 F max (N) 141.36 148.23 394.08 354.12 

   (N.mm) 655.98 558.55 1757.14 1894.25 
 20 F max (N) 141.36 130.5 394.08 340.68 
   (N.mm) 655.98 440.1 1757.14 1493.75 

  Sd  Fmax   
 

3,265 & 24,597 6,44 & 82,77 

 
   2           

  2013  2014,     2     
  .          

       (2013). 
 

 3.  (    )     
     Kramer     

 2013  2014 . 
 

(°C) /  
  .  .  .  .

 10 F max (N) 137.9 137.7 195.7 168.8 
   (N.mm) 2918.4 2370.9 2759.1 2803.0 
 20 F max (N) 137.9 130.2 195.7 144.6 
   (N.mm) 2918.4 2408.9 2759.1 4305.7 
 10 F max (N) 119.6 142.8 186.8 173.2 

   (N.mm) 2753.4 1759.7 2874.5 2870.4 
 20 F max (N) 119.6 144.2 186.8 195.1 
   (N.mm) 2753.4 2398.4 2874.5 3391.4 

  Sd  Fmax   
 

3,02 & 148,7 1,86 & 167,87 

 
  3    (       

)             Kramer. 
             

 . 
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  4         (°brix) 
        .      

         20 C.   
  (2014)         10 C 

         (  1) 
    Radulovic et al., (2005)    

        20 C. 
 

 4.          
      

 2013  2014 . 
 

(°C)  
/      

 10  ( ) 9.5 8.8 9.85 9.38 
   .  6.5 5.8 6.98 7.43 
 20   9.5 8.3 9.85 8.5 
   .  6.5 5.1 6.98 6.25 

B 10   9.4 9.2 10.53 11.1 
   .  6.2 6.3 7.13 7.86 
 20   9.4 8.7 10.53 8.52 
   .  6.2 5.4 7.13 5.52 

  Sd     
  

0,066 & 0,087 0,072 & 0,092 

 

6

7

8

9

10

11

12

0 5 10 15 20 25

  t ( )

 
 

 
. %

A10 B10 A20 B20

 
 1.          

    2   . 
 

  5  6      (    
   )       L*  

*      (  )   . 
      L*  *    

   . ,    b*( )  
     2   ,   

     20 C (  2).         

Μετασυλλεκτική - Μετασυγκομιστική τεχνολογία 687



  Perkins-Veazie  Collins (2006)       
  13 C       ,  21 C 

  (10-30%)      (50-130%)   ( -
),       . 

 
 5.     L*  *     

 2013  2014 . 
 

(°C)  
     

 10 L* 43.39 42.81 44.451 44.954 
  * 0 4.156 0 4.145 
 20 L* 43.39 42.75 44.451 43.753 
  * 0 2.152 0 3.326 

B 10 L* 41.39 42.5 47.264 47.651 
  * 0 4.095 0 39.448 
 20 L* 41.39 45.06 47.264 43.616 
  * 0 5.106 0 35.25 

  Sd  L*  * 
 

0,743 & 0,45 0,66 &1,12 
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 6.     L*  *    
  

 2013  2014 . 
 

(°C)  
     

 10 L* 41.04 34.2 41.187 47.538 
  * 0 8.93 0 12.06 
 20 L* 41.04 33.09 41.187 45.939 
  * 0 14.39 0 3.264 

B 10 L* 44.75 34.85 41.195 47.651 
  * 0 11.34 0 7.265 
 20 L* 44.75 36.73 41.195 43.616 
  * 0 12.03 0 2.92 

  Sd  L*  * 
 

0,97 &1,19 0,79 & 0,76 
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