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4

 1 

0.5

(drying curve) 

(drying rate curve)

7 (wb)

4.1

 data logger 2

 51.73, 40.8 55.7

17.00 .

15.80, 23.8 

14.00
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4.1

1 (12-13 . . 50) 2 (14-15 . . 50)

3 (17-18 . . 50)

4.2

1 (1–2 . . 50) 2 (11–12 . . 50)
3 (22–23 . . 50)
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4.3

1 (6 . . 50) 2 (11 . . 50) 3 (16 . . 50)

4.2

 data logger 2

 27.10, 28.33 27.15

12.00-14.30  44.3, 31.62 

 43.19

4.3

1 12-13

2550  2  14-15 2550 3 17-18

2550  74.72 77.67 75.44

(wb) 16

 1-7 8
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6.54, 6.71 6.64

(wb) 4.4

4.4

4.4

1 1-2

2550  75.54  (wb) 

11  1-5

6

6.57  (wb)  2  11-12 

2550 77.00  (wb) 

11

6

8-16 6.48  (wb) 

3 22-23 2550  75.77 
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(wb) 11  1–5

8

6.52  (wb) 4.5

4.5

4.5

1 6

2550  2  11 2550 3 16 2550

 80.14, 83.26 79.20  (wb) 

7  1-3

4

6.38, 6.46 6.32  (wb) 
4.6
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4.6

 (exponential)

(prickly pear fruit) Lahsasni et al. (2004) 

(red and green chilies) Hossain and Bala (2006)

(diffusion)
(Lahsasni et al., 2004) 
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 2 
 2 

4.6

1

12-13 2550  74.72  (wb)

2 14-15 2550

77.67  (wb) 3 17-18

2550 75.45

 7  (wb) 1 6.54

 (wb) 2 6.71  (wb) 

3 6.64  (wb) 3

16 3 1

2 3  74.59 74.60 75.76  (wb)

7  (wb) 

1 6.51  (wb)  2 6.57

(wb) 3 6.49  (wb) 3

360

4.7

50
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4.7

4.7

1

1 1-2 . . 2550  75.54  (wb)

2 11-12 . . 2550
77.0  (wb) 3 22-23 . . 2550

75.77  (wb) 

 7  (wb) 1

6.69  (wb) 2 6.83  (wb) 

3 6.72  (wb) 3

11 3

 75.54 76.27 77.0  (wb)
7  (wb) 

1  2 3 6.53 6.67 6.51

 (wb) 3 345 5 45
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4.8

50

 4.8 

4.8

1

6-7 2550  80.14  (wb)

2 11-12 2550

83.26  (wb) 3 16-17 2550
80.20  (wb) 

 7  (wb) 1
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6.71  (wb) 2 6.66  (wb) 

3 6.69  (wb) 8

3

3  81.21 

82.42 83.64  (wb)
7  (wb) 1  2 

3 6.53 6.56 6.64  (wb) 3

315 5 15

4.9

50

 4.9 
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4.9

3

6.63, 6.52 4.99

 (wb)

3

7

(wb) .
3

6.680

 (wb)

6.57  (wb)

5.14  (wb) 3

3

7  (wb) .
3 -

6.69  (wb)

6.59  (wb)

4.37  (wb) 3

7  (wb)

.



72

4.1

 (wb) 

6.630±0.085b 6.363±0.015b 6.687±0.287b

6.523±0.416b 5.477±0.049b 6.593±0.416b

4.993±0.146a 5.137±0.015a 4.370±0.252a

:  ± 
p 0.05

4.10 (aw)

aw  aw

0.219  aw 0.123

 aw 0.197

3  aw 0.6

4.11 (aw)

aw  aw

0.331  aw 0.260

 aw 0.194

3  aw 0.6

4.2
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4.12 (aw)

aw  aw

0.441  aw

0.426  aw

0.349 3  aw 0.6

4.2

4.2 (aw)

(aw)

0.219±0.003b 0.331±0.009c 0.441±0.007b

0.213±0.001b 0.260±0.007b 0.426±0.006b

0.197±0.006a 0.194±0.005a 0.349±0.005a

:  ± 
p 0.05

4.13 (drying kinetics) 

 logarithmic model 

 (semi-theoretical drying equation) 
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 (Doymaz, 2004, Goyal et al, 2007 and Vega et al, 2007) 

Lewis equation : 
  (1) 

Page equation : 
  (2) 

Henderson and Pabis equation : 
  (3) 

M0, M, Me, MR (
)  ( ) t

a  n k

 (1) (2) (3)

sorption isotherms  

(Aviara et al., 2004)

 Page, Henderson & Pabis  Lewis 

 4.4 

 (non-linear regression)  SigmaPlot 8.0 for 

windows  coefficient of determination (R2), Standard Error of Estimate 

(SEE), Residual Summation Square (RSS)  Root Means Square Error (RMSE)

R2 SEE RMSE R2

SEE RSS  RMSE  (4), (5 ), (6)  (7)
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                    (4) 

  (5) 

 (6) 

  (7) 

 MRexp,i

MRpred,i 

N
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 4.3 

Material Model
Model constants 

R2 SEE RSS RMSE
K (min-1) n a 

Page 0.0000136 1.2467 - 0.9956 0.0228 0.00571 0.00022 

Lewis 0.0001295 -
- - 0.9825 0.0436 0.02281 0.00088 

Henderson and Pabis 0.0001359 - 1.0517 0.9859 0.0409 0.01837 0.00071 

Page 0.000026 1.1791 - 0.9958 0.0218 0.00524 
0.00020 

Lewis 0.000135 - - 0.9884 0.0347 0.01446 0.00056 

Henderson and Pabis 0.000139 - 1.0321 0.9897 0.0341 0.01277 0.00049 

Page 0.0000103 1.3037 - 0.9984 0.0140 0.00197 0.00008 

Lewis 0.0001561 - - 0.9818 0.0457 0.02295 0.00096 

Henderson and Pabis 0.0001637 - 1.0540 0.9853 0.0431 0.01855 0.00077 
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 ( )
0 5000 10000 15000 20000 25000

0.0

.2

.4

.6

.8

1.0

1.2

 ( )
0 5000 10000 15000 20000 25000

0.0

.2

.4

.6

.8

1.0

1.2

 ( )
0 5000 10000 15000 20000

0.0

.2

.4

.6

.8

1.0

1.2

         
             a) Rosemary (MR = ae-0.00014t)            d) Lavender (MR = ae-0.000139t)         g) Rose (MR = ae-

0.000163t)  ( )
0 5000 10000 15000 20000 25000

0.0

.2

.4

.6

.8

1.0

1.2

 ( )
0 5000 10000 15000 20000 25000

0.0

.2

.4

.6

.8

1.0

1.2

 ( )
0 5000 10000 15000 20000

0.0

.2

.4

.6

.8

1.0

1.2

b) Rosemary (MR=e-0.00013t)            e) Lavender (MR=e-0.000135t)           h) Rose (MR=e-0.000156t)

        ( )
0 5000 10000 15000 20000 25000

0.0

.2

.4

.6

.8

1.0

1.2

 ( )
0 5000 10000 15000 20000 25000

0.0

.2

.4

.6

.8

1.0

1.2

    ( )
0 5000 10000 15000 20000

0.0

.2

.4

.6

.8

1.0

1.2

                  c)  Rosemary )                                   f) Lavender )            i) Rose )

4.10

Henderson and Pabis, Lewis Page
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 (non-linear regression)
SigmaPlot 8.0 for windows 3

4.4 Page Model coefficient of determination (R2)

0.9956, 0.9958 0.9984

2 Standard Error of Estimate (SEE)

0.0228, 0.0218 0.0140 Residual Summation Square (RSS)

0.00571, 0.00524 0.00197 Root Means Error 

(RMSE) 0.00022, 0.00020 0.00008  SEE, RSS

RMSE Page Model 2  Page

Model

4.14

 3 

Lightness (L* value), Chroma (C*)  Hue Angle (h) 

 lightness (L* value) 

L*  L*

 (p 0.05)

(p 0.05)  L*

 (p 0.05)

 (p 0.05)  L*

 (p 0.05)
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(p 0.05)

 (50 )

4.3  L*

 4.4  lightness (L*)

 3 

 lightness (L*) 

28.87±1.07b 35.97±0.57c 33.71±0.67b

34.15±1.41a 41.53±0.13b 28.04±0.55c

              34.58±1.11a 43.77±0.51a 38.85±1.79a

:  ± 
p 0.05

 Chroma (C*) 

;  C*

 (p 0.05)

;  C*

 (p 0.05)
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;  C*

 (p 0.05)

 4.5  Chroma (C*)

 3 

 Chroma (C* value) 

5.50±0.29b 7.23±0.71c 37.03±4.27b

6.60±1.18b 9.00±0.48b 37.59±1.79b

             13.88±2.38a 15.16±0.65a 45.63±1.14a

:  ± 
p 0.05

Hue Angle (h0)

;  h0

 (p 0.05)

;

 (p 0.05)

;

 (p 0.05)

 (Rocha,1992) 

 3 
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 50 -

 6  100 

 3 

 (Rocha,1992) 

 4.6 Hue Angle (h0) 3 lot 

3

 Hue Angle 

82.87±0.75c 89.65±0.27b 10.60±0.48b

92.70±4.92b 91.83±3.44b 9.42±0.87b

114.01±4.81a 102.43±1.15a 13.41±1.17a

:  ± 
p 0.05
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4.7

( ) ( ) ( ) ( ) ( ) ( )
6.627±0.103 a 53.574±0.015 a 50.430±0.059a 2.216±1.446a 0.158±0.003a 8.043±0.464a

6.483 ±0.040 b 46.004±0.013 b 47.802±0.088b 1.564±0.968b 0.152±0.010a 7.793±0.491a

5.817± 0.075 c 45.113±0.018 b 45.728±0.059c 1.176±1.458c 0.070±0.007b 4.057±0.257b

      

8.520±0.181a 52.559±0.027a 40.094±0.068a 7.326±0.053a 0.024±0.001a 1.173±0.061a

8.125±0.172b 46.015±0.023b 38.634±0.048a 6.602±0.121b 0.023±0.001a 1.133±0.035a

7.741±0.237c 45.152±0.020b 35.176±0.172b 6.147±0.116c 0.018±0.002b 0.960±0.044b

      

3.659±0.235 52.652±0.043a 44.657±0.097 10.170±0.164a 0.208±0.004a 10.803±0.219a

3.604±0.043 48.671±0.086b 43.479±0.033 9.998±0.119a 0.164±0.014b 9.023±0.219b

3.417±0.104 45.735±0.054c 44.483±0.048 8.950±0.431b 0.072±0.003c 4.640±0.026c

        
:  ± p 0.05
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4.15

4.15.1  (total ash) 

3  4.8 

 6.627 – 

3.417  ( .)  (total

ash)  4  8 
7.741-8.52

 p 0.05

 (p 0.05)

4.15.2  (water soluble ash ) 

 3  4.8  53.547-45.113 

 ( .)

45

(p 0.05)

4.15.3  (water non-soluble ash ) 

 3  4.8 

50.430-35.176

3  (p 0.05) -



84

3 (p 0.05)

4.15.4 ( )

 3 

 4.8  3 

10.170-1.176  ( .)

 (hot water extract) 32

 (p 0.05)

(p 0.05)

4.15.5 ( )

 3  4.8 

 0.208-0.018

 (p 0.05)

3

(p 0.05)

4.15.6  ( )

 3 
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 4.8  3 

 10.80-0.960 

(p 0.05)

3 (p 0.05)
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4.8  3 

(log cfu / 1g sample)  (log cfu / 1g sample) (MPN /1g sample) 
.

(MPN /1g sample) 

3.030±0.112 0.862±0.290 2.11 - 

2.830±0.167 0.807±0.208 <2.0 -

2.818±0.026 0.773±0.108 <2.0 -

    

2.938±0.268 0.982±0.108 2.24 +
2.881±0.180 1.235±0.209 <2.0 -

2.831±0.167 0.877±0.108 <2.0 -

    

2.6547±0.123 0.750±0.224 <2.0 -

2.8093±0.064 0.724±0.132 2.11 - 

2.6547±0.176 0.719±0.041 <2.0 -

: - ; Negative E.coli +; Possitive E.coli
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4.16  3 

4.16.1

,

2.6547-3.030 (log cfu / 1g sample) 

 (p>0.05)  4.9 

 ( .)  1×104

1

4.16.2

0.719-1.235

(log cfu / 1g sample)  (p>0.05) 
4.9

4.16.3 .

 (p>0.05) 

.

 3  4.23 
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4.17

50

4.10-4.12

4.9

3

5.70±0.67 5.80±0.62 5.85±0.64 

5.75±0.72 5.90±0.64 5.90±0.74 

5.90±0.78 6.10±0.79 6.0±0.73 

 3 

 (p>0.05)

4.10

3

5.50±0.51 5.40±0.60b 5.6±0.68

5.85±0.87 5.75±0.39ab 5.65±0.74

5.95±0.67 6.35±0.67a 6.10±0.64

 3 
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 (p>0.05)

(p>0.05)

4.11

3

5.75±0.44 5.85±0.58 5.80±0.52b

5.80±0.69 6.00±0.56 5.85±0.49b

6.10±0.64 6.15±0.37 6.95±0.39a

 3 

 (p>0.05)

(p>0.05)

2 (p>0.05)

4.18

 4.13 
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1.

1.1           16 

  1.2       0.05 kW 

  1.3               2.4649  (
)

1.4 600

2.

1.1    6

  1.2       1.98 kW/h 

  1.3    2.4649  (
)

1.4         200

 3.  

1.1    0.6                          

1.2       10.0584  kW/h

  1.3             2.4649  (
)

1.4 1000

.
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4.12 ( 1000 )

(kw*hr)
 ( )

16 11 8 0.8 0.55 0.5 6.92 7.54 6.16 

6 5.45 5.15 5.15 10.19 10.79 195.22 204.61 251.35 

0.6 0.67 0.367 6.04 6.74 3.69 14.88 16.61 9.09 

4.13  ( 1000 )


















