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abstract

HASTURK SAHIN, F., T. AKTAS, H. ORAK and P. ULGER, 2011. Influence of pretreatments and 
different drying methods on color parameters and lycopene content of dried tomato. 
Bulg. J. Agric. Sci., 17: 867-881

The effects of drying methods namely hot air drying (at 65, 75 and 85ºC drying temperatures and 1.5 and 
2.5 m/s air velocity), vacuum drying, freeze drying and sun drying; and pretreatments namely dipping into 1% 
ascorbic acid + 1 % citric acid (EPSA) and dipping into 2 % sodium metabisulfite (EPSM) after 2% ethyl oleat + 
4% potassium carbonate solution application on lycopene retention and color properties of dried tomato samples 
were investigated. Lycopene content values were determined by HPLC method and color parameters (L*a*b* and 
yellowness index) were measured directly a Hunter Lab chromatometer. a * / b *, b * L * / a *ΔL *, Δa*, Δb*, ΔC 
*, ΔE * values were calculated by using measured color characteristics. Effects of drying methods, pretreatments 
and interactions of pretreatments and drying methods on the lycopene values and color parameters were found 
significant as statistically. Maximum lycopene content was determined in freeze dried tomatoes and sun dried 
tomatoes followed these samples. Especially EPSA pretreatment increased the lycopene amount of dry tomato at 
the high temperature drying applications. In respect of color parameters, EPSM pretreatments the better results 
of L*, a* and b* values. 
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Abbreviations: AD-Hot air drying; VD-Vacuum drying; FD-Freze drying; SD-Sun drying; NPT-Non-
pretreated; EPSA-2% ethyl oleat + 4% potassium carbonate + 1% ascorbic acid + 1% citric acid; 
EPSM-2% ethyl oleat + 4% potassium carbonate + 2% sodium metabisulfite; fw-fresh weight; dm-dry 
matter; fr-flow rate
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Introduction
Over the past few years, consumers have in-

creasingly demanded food products providing 

both good sensorial quality and specific nutritional 
properties; in this sense, a great effort has been 
made in food technology to adequately process 
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particular consumer requirements (Heredia et 
al., 2009). Color is perhaps the most important 
sensory or acceptability attribute of food products 
and many food producers utilize the psychological 
effect of color to enhance their products because 
abnormal colors, especially those associated with 
deterioration in eating quality or with spoilage, 
cause the product to be rejected by the consumer 
(Lopez et al,. 1997; Waliszewski et al., 1999). 
Therefore, color is regarded as a basis for the as-
sessment of quality both for its aesthetic role and 
for its nutrition (Cui et al., 2004). Some parameters 
including “a/b”, TCI (Transmittance Color Index), 
and Hue angle are used to evaluate the color quality 
(Yildiz and Baysal, 2007). 

Carotenoids are very common yellow to red 
pigments and contribute to fruit and vegetable 
colors and responsible for the final red color of the 
tomato (Zeb and Mehmood, 2004). The principal 
coloring matter responsible for the characteristic 
deep-red color of ripe tomato fruit and tomato 
products is lycopene, a C40 carotenoid polyene. 
Lycopene (C40H56), a red pigment of tomato, is a 
polyene hydrocarbon containing 11 conjugated and 
2 nonconjugated double bonds arranged in a linear 
array (Chawla et al., 2008). It is important not only 
because of the color it imparts but also because of 
the recognized health benefits associated with its 
presence (Micozzi et al., 1990; Franceschi et al., 
1994; Bramley, 2000; Southon, 2000; Takeoka et 
al., 2001). Tomato (Lycopersicon esculentum L. 
var) is a particularly good source of carotenoids/
phenols which have been shown to have protective 
effects against cardiovascular disease, diabetes 
and stroke (Heinonen et al., 1998; Scalbert and 
Williams 2000; Willcox et al., 2003). Recently, 
Giovannucci (1999) showed that people having 
a diet rich in tomatoes and those with high blood 
plasma lycopene contents have a decreased risk 
for prostate, lung, and stomach cancer. Tomato 
is an important fleshy vegetable in daily dietary 
and widely used throughout the world. It is a rich 
source of minerals, vitamins, organic acid and 
dietary fiber (Rajkumar et al., 2006). 

Tomato is available in fresh and in processed 
forms. One of the methods of tomato processes is 
drying. In last year’s,  the interest in dried tomato 
products is increasing since their use as ingredients 
for  pizza and various vegetable and spicy dishes 
became popular (Marfil et al., 2008). Fruits, veg-
etables, and their products in the dried form are 
good sources of energy, minerals, and vitamins. 
However, during the process of dehydration there 
are changes in quality parameters in dried prod-
ucts. One of the major quality parameters associ-
ated with dried food products are color (Krokida 
et al., 1998). The color retention influences its 
preference, prices, and ultimately acceptability 
(Cui et al., 2004).

Consumer demands have increased for pro-
cessed products that keep more of their sensory 
properties and their nutritional value, so that it has 
become necessary to optimize drying conditions 
in order to achieve certain characteristics related 
to color, texture, water content, etc. (Heredia et 
al., 2007). Drying conditions, including high tem-
perature, light, and oxygen exposure, may cause 
lycopene degradation and thereby affect the attrac-
tive color and nutritive value of the final products 
(Shi, 2000). A lot of research has been made to 
understand the nature of the color changes. The 
color degradation of carotenoids depends more 
on temperature and oxygen. Experimental stud-
ies have been conducted to reduce such losses 
by using pretreatments, selection of appropriate 
drying methods, use of novel methods of drying, 
and optimization of drying conditions (Sablani, 
2006). For example, Na-metabisulfite treatment 
was able to reduce oxidation of carotenoid in car-
rots (Mohamed and Hussein, 1994). Somewhat 
different results were obtained with carotenoids. 
The oxidation of carotenoids was retarded by Na-
metabisulfite. Zhao and Chang (1995) showed 
that a 2.5% sulfite concentration led to better 
retention.

The purpose of this study was to determine the 
influence of different drying process, (sun drying, 
hot air drying, vacuum drying and freeze drying), 
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drying conditions (temperature, air velocity) and 
2 different pretreatments namely dipping into dif-
ferent solutions  (dipping into 1% ascorbic acid + 
1% citric acid and  2% sodium metabisulfite) on 
the color parameters of tomato.

materials and methods

Raw Material and Drying Experiments
Fresh tomato (Lycopersicon esculentum) of 

8354 that is important variety for tomato paste 
production and dry tomato were purchased from 
producer directly throughout the experiments. The 
fruits were sorted visually according to their color 
and physical damage. Then they were rinsed using 
fresh water and finally they were cut into slices of 
15 mm thickness.

Pretreatments
Following methods was applied to tomatoes 

before drying;
Pretreatment 1 (ePsa): Firstly whole toma-

toes were dipped in  2% ethyl oleate + 4% potas-
sium carbonate solution for one minute and then 
1% ascorbic acid + 1% citric acid dipping solution 
was applied to sliced  tomato samples  for 2 min. 

Pretreatment 2 (ePsm): Firstly whole toma-
toes were dipped in  2% ethyl oleat + 4% potassium 
carbonate solution for one minute  and then 2% 
sodium metabisulfite  dipping solution was applied 
to sliced  tomato samples for 2 min.

control (nPt): Non-pretreated samples were 
used as control materials. 

Sun drying experiments (SD)
Perforated sample trays were used in sun dry-

ing experiments (Figure 1a). These trays were 
assembled to wooden frame in the size of 80x100 
cm on 80 cm stands to prevent from contamina-
tion.  During the drying of tomato slices, the 
ambient air temperature, relative humidity and 
wind speed values were determined between 28-
34.8°C, 32.20-40.50%, 0.4-2.9 m/s, respectively. 
Open sun drying experiments were done between 
09:30 and 18:30.

Hot air drying experiments (AD)
Air drying experiments was carried out in a hot 

air drier (Figure1b) designed and constructed in the 
Department of Agricultural Machinery, Faculty of 
Agriculture, Namik Kemal University, Tekirdag, 
Turkey. The system mainly consists of a circular 
channel type Vortice-CA 150 D centrifugal blower, 
having a max power of 82 W, airs heating chamber 
and drying chamber. 

The drying chamber was constructed from 
galvanized metal sheets. Two electrical heaters 
were inside chamber used to provide the hot air. 
ARM 396 analogue heat control unit with digital 
indicator was used to determinate of air tempera-
tures. The airflow rate was measured by Lutron-
AM 4202 anemometer in the measurement range 
of 0.4-30 m/s. Drying chamber and air heating 
chamber was isolated with 30 mm glass wool 
and aluminum foil to prevent heat loses. Hot air 
drying experiments were performed at three dry-
ing temperatures that were 65, 75, 85°C and air 
velocities were adjusted as 1.5 and 2.5 m/s in hot 
air drying experiments.

Vacuum drying experiments (VD)
The vacuum drying process was conducted in 

MMM Medcenter Vacucell 22 Blue Line Vacuum 
Dryer that have 22 liter capacity stainless steel 
chamber (Figure1c). 

Vacuum drier is connected with KNF Laboport 
N810 FTP Diaphragm Vacuum Pump. This pump 
can be reached the value of 75 mmHg ultimate 
vacuum.  Drying experiments were carried out at 
the drying temperatures of 65, 75°C and vacuum 
chamber pressure of 10 kPa.

Freeze drying experiments (FD)
Freeze Drying was carried out with a vacuum 

freeze dryer (Armfield; FT 33) (Figure1d). Before 
freeze drying, the samples were frozen by blast 
and fluid bed freezer (Armfield; FT 36) at -40°C 
(Figure1e).  After this process, frozen tomato slices 
were transferred to the drying chamber of freeze 
drier immediately. Drying of samples was carried 
out at 30°C.
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fig. 1. drying methods and performing of drying processes: (a: sun drying; b: hot air drying; 
c: vacuum drying; d: freezing of tomato samples for freeze drying; e: freeze drying)

analyses methods

Analyses of lycopene
Analyses of lycopene content of fresh and de-

hydrated tomatoes were performed by TUBITAK 
(The Scientific and Technological Research Coun-
cil of Turkey) research laboratory. It was analyzed 
using HPLC method according to Zakaria et al. 
(1979). In these analyses chromatographic condi-
tions were summarized as follows: 

Detector: UV-VIS detector 470 nm 
Column: Vydac 201 TP 54 Silica gel packet 

column C18
Mobile phase: 85 % Acetonitrile, 7 % methanol, 

8 % dichlorometane, 1g BHT 
Flow rate: 2 ml/min
Injection volume: 20 µL

Color determination
Color measurements of the samples that were 

dried under different drying conditions after pre-
treatment using different drying methods were per-

formed using Hunter-Lab tristimulus colorimeter 
(D25LT, Hunter Associates Laboratory, Reston, 
Virginia). CIE L*a*b* color parameters and yel-
lowness index (YI) of samples were measured 
from 10 points of every sample pile just after dry-
ing processes. In the CIE L*a* b* color system L* 
value represented the lightness of color (0= black, 
100= white), a* represented the red color and b* 
represented the yellow color. Total color difference 
(∆E*), Lightness difference (∆L*), Color chroma 
difference (∆C*) and Metric hue value (H*) were 
calculated according to the equations as seen below 
(Anonymous, 2006). There is no color standard 
for dry tomato therefore color properties of fresh 
tomato samples were accepted as reference values 
(Aktas et al., 2008).

222 **** baLE ∆+∆+∆=∆

dartssample LLL tan*** −=∆

22 *** baC +=     
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dartssample CCC tan*** −=∆

*
*arctan*

a
bH =

,
Where L*standard was selected as the L* values 

of fresh tomato because of absence of the color 
standard about dried tomato. When color results 
were evaluated, following details were taken into 
care. Dried sample is brighter than before drying 
process, when ∆L* has positive value. But if ∆L* 
has negative value, it means that dried sample is 
more matt than before drying process. When ∆a* 
has positive value, sample is more red than before 
drying. If ∆a* has negative value, sample is greener 
than before drying also. Similarly when ∆b* has 
positive value, dried sample is more yellow than 
before drying. But if ∆b* has negative value, dried 
sample is more blue than before drying at that time. 
ΔH* index is a chromatic aberration model which 
contains whole color parameters. ΔH* is a value 
which define color change direction (for example 
from red hue to yellow hue). On the other hand 
ΔE* and ΔC* indexes, which is given for compar-
ing with other indexes, are not a good indicator 
to define color differences. For example different 
colors can have same chroma value (Soysal et al., 
2005). Also if there is significant total color differ-
ence, total color differential index is not sufficient 
to define which color parameters (L*, a* and/or 
b*) caused this (Anonymous, 1996).

results and discussion

Influence of Drying Methods and 
Pretreatments on Lycopene Content
Lycopene content results and drying time to 

reach final moisture content namely 10% (w.b.) 
of sliced tomatoes using different drying meth-
ods and were shown in Table 1. As seen in this 
table, lycopene content of fresh tomato was de-
termined as 7.41 mg/100 g fw (fresh weight) and 
it increased after all drying methods. Effects of 
drying methods, pretreatments and interactions 

of pretreatments and drying methods on the ly-
copene values were found significant as statisti-
cally (P<0.01). The highest lycopene content was 
determined in the freeze dried tomato slices and it 
changed between 51.12 mg/100 g (FD; EPSM) and 
59.84 mg.100 g-1 (FD; NPT). Retention amount of 
lycopene in dry matter was determined between 
35.12-45.51% in FD samples. Many researchers 
were stated about advantages of freeze drying 
method and they reported that products that were 
freeze dried and appropriate packed technically 
can be stored for a long time (Saldamli and Sal-
damli, 2004; Marques and Freire, 2005; Sablani 
et al., 2007).  On the other hand, lycopene content 
varied from 39.31-48.58 mg/100 g and retention 
amount changed between 29.85-36.32% for SD 
tomato slices. Similar results were determined by 
Roldan-Gutierrez and Luque de Castro (2007). 
They found that fresh tomato has 0.88-4.20 mg/100 
g while this value was determined as 46.50 mg/100 
g for sun dried tomato samples. 

The lowest retention rate of lycopene was found 
as 15.43 % in samples AD at 75°C that were EPSA 
pretreated (Table 1). Results in Table 1 showed 
that, increase in drying temperature had a nega-
tive effect on color and retention of lycopene rate 
decreased by increasing of temperature. In this 
research we determined that  maximum lycopene 
content was in  FD tomato samples and   other 
samples that were  SD, VD 65°C, AD (65°C; fr: 
1.5 m s-1),  VD 75°C EPSA and AD(65°C; fr: 2.5 
m/s)  were followed it. As seen in Table 1, lyco-
pene amount of sun dried tomatoes after EPSM 
treatment were found rather close   to those FD 
samples. This can be explained that sun dried 
samples weren’t exposed to high temperature and 
EPSM treatment save the color in dried samples. 
Results about EPSM treatment compliance to 
findings of Davoodi et al. (2007). On the other 
hand, minimum lycopene content was found in 
AD (75°C; fr: 1.5 m/s) tomatoes.  It was interesting 
that the AD 85°C samples had the higher lycopene 
contents than those of AD75°C tomatoes.  We can 
conclude from this result,  the lycopene degrada-
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table 1        
changing of lycopene content with the different drying processes and pretreatments  
        

Drying 
methods

Pre-
treatment

Drying time 
(Final moisture 
content: 10 % ), 

hours:min

Lycopene 
content, 

mg/100g.fw

Mean 
values of 
Lycopene 
Content

Dry 
matter, 

%

Lycopene 
content, 

mg/100g.dm

Retention of 
lycopene in 
dry matter, 

%
Fresh tomato   7.41   145.29  

AD (65°C; 
fr:1.5m/s)

NPT 13 39.76 g 
38.15 d

90.67 43.85 30.18
EPSA 12:30 38.04 h 90.04 42.24 29.07
EPSM 13:30 36.65 j 89.22 41.08 28.27

AD (65°C; 
fr:2.5m/s)

NPT 12 29.35 n
33.64 f

90.54 32.42 22.31
EPSA 13 33.23 l 90.66 36.65 25.22
EPSM 12.5 38.34 h 89.95 42.62 29.28

AD (75°C; 
fr:1.5m/s)

NPT 12 21.93 r
21.02 j

89.4 24.53 16.85
EPSA 9 20.27 t 90.25 22.45 15.43
EPSM 9 20.85 st 90.06 23.15 15.9

AD (75°C; 
fr:2.5m/s)

NPT 11 23.96 p
22.53 ı

89.8 26.68 18.33
EPSA 10 22.07 r 90.29 24.44 16.79
EPSM 8:30 21.57 rs 89.96 23.98 16.48

AD (85°C; 
fr:1.5m/s)

NPT 10 24.78 p
24.17 h

88.89 27.88 19.16
EPSA 9 26.02 o 90.84 28.64 19.68
EPSM 7 21.71 rs 91.17 23.81 16.36

AD (85°C; 
fr:2.5m/s)

NPT 8 23.04 q
30.13 g

89.73 25.68 17.62
EPSA 7 35.31 k 91.14 38.74 26.62
EPSM 8 32.06 m 90.51 35.41 24.33

VD 65°C
NPT 51 35.74 k

42.51 c
89.94 39.73 27.30

EPSA 49 47.29 d 89.54 52.81 32.49
EPSM 49 44.52 f 87.56 50.84 30.59

VD 75°C
NPT 47:30 37.56 hı

37.49 e
89.28 42.06 25.81

EPSA 38 37.13 ıj 87.18 42.59 29.26
EPSM 45 37.79 hı 89.42 42.26 29.04

FD
NPT 23 59.84 a

54.24 a
90.34 66.24 45.51

EPSA 21:30 51.76 b 89.45 57.86 39.75
EPSM 22:30 51.12 b 91.77 55.70 35.12

SD
NPT 57 39.31 g

44.50 b
90.47 43.45 29.85

EPSA 55 45.61 e 91.32 49.94 34.31
EPSM 52 48.58 c 91.93 52.84 36.32

LSD0.05 0.8867908 0.5119889     
 NPT  33.53 c     
 EPSA  35.67 a     
 EPSM  35.32 b     
Different letters show that means are significant statistically (P<0.05)    
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tion was not only depending on temperature and 
availability of oxygen amount  in drying environ-
ment but also affecting time of these factors were 
important. In this study, FD tomatoes samples that 
were dried under minimum temperature and oxy-
gen-free conditions gave best results. At the same 
temperature (65, 75°C) lycopene content values 
of VD samples were found higher than those of 
AD tomato samples. This may mean that presence 
of oxygen in drying environment and increasing 
drying temperature can lead to higher loss rates. 
But higher lycopene content of AD85°C samples 
than those of AD75°C samples may be explained 
with shorter drying time compared with drying 
time of AD75°C samples (Table 1). It can be said 
that the drying processes that are performed higher 
temperature  above  65°C may cause the higher 
retention loss in lycopene content, but we can also 
say that the if  exposure duration to drying process  
is longer, the rate of degradation of color is higher. 
It is known that the carotenoids highly sensitive to 
presence of oxygen and lycopene is an also heat 
sensitive pigment. Akanbi and Oludemi (2004) 
reported that the tomato pulp prior to heating had 
a bright red color that changed to dark red after 
heat processing. This change in color intensity may 
be due to the isomerization of lycopene from the 
usually all trans form to cis-isomers (Yildiz and 
Baysal, 2007).

Hossain et al. (2008) explained that the high-
est amounts of lycopene were obtained for 8 g/L 
sodium metabisulfite–pretreated samples. They 
determined there was no difference between ly-
copene content of citric acid and ascorbic acid 
applied solar dried tomato samples.  

Sodium metabisulfite and ascorbic-citric acid 
pretreatments before drying were affected on ly-
copene content of tomatoes differently.  According 
to results of mean values of pretreated samples, 
the highest lycopene content were found in EPSA 
treated samples and EPSM treated samples fol-
lowed them. The lowest lycopene content was 
determined in non-pretreated tomato samples. In 
75, 85°C AD and 65 VD experiments, the lycopene 

content of EPSM pretreated samples was found 
lower than EPSA and this is similar to those of VD 
samples at 75°C.  It was found that effect of EPSA 
and EPSM pretreatments on the lycopene content 
was not significant in FD samples. On the other 
hand, after SD, lycopene content of EPSM applied 
samples was found higher than those of EPSA 
applied samples. This can be explained that if the 
temperature was higher, sodium metabisulfite pre-
treatment effect was lower.  This result may be the 
result of the occurred fast vaporization of sodium 
metabisulfite at high temperature. Therefore the 
lycopene content of SD samples was found high 
in EPSM applied samples at low temperature. So, 
the lycopene content of SD samples that EPSM ap-
plied was found highest level among all treatments 
after FD experiments. This results supported with 
a* value by Hunter color parameters.

Influence of Drying Methods and 
Pretreatments on Color Parameters
The results of the L *, a *, b * values for fresh 

and dried tomato were given in Figures 2, 3 and 4.  
According to Figure 2, maximum color brightness 
value (L*) was found for samples that were freeze 
dried. In other drying processes, tomato samples 
that were dried under conditions of 75 drying 
temperature and  2.5 m/s drying air velocity after 
EPSM pretreatment has the highest L* value. If 
applications were checked it can be seen that L* 
values for all drying experiments after EPSM ap-
plication except vacuum drying were measured 
as the highest values. Therefore it can be said that 
pretreatments are the most effective parameter 
on L* value of dried tomato samples. For hot air 
drying, increasing of drying temperature decreased 
a* value namely redness either for EPSA or for 
EPSM applications (Figure 3).  Decreasing of 
the L* values in these applications supported the 
decreasing of a* values namely occurring of slight 
browning.

The highest L*, a* and b* values for vacuum 
drying applications were seen during drying that 
was performed  at 75° C with EPSA pretreatments 
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fig. 2. effect of drying methods on l* values 
of tomato samples (l* for fresh tomato: 47.92)
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fig. 3. effect of drying methods on a* values 
of tomato samples (a* for fresh tomato: 32.83)
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fig. 4. effect of drying methods on b* values 
of tomato samples (b* for fresh tomato: 39.44)

Figures 2, 3, 4). Obtaining of higher brightness and 
redness color for EPSA compared with nontreated 
and EPSM pretreated samples can be explained 
that drying period of EPSA pretreated samples was 
shorter than the others (Table 1). Shorter drying 
time decreased color darkening in EPSA pretreated 
samples. Whole color values of vacuum dried 
samples were found lower compared with the other 
samples that were dried by using other methods 
(hot air drying, freeze drying and sun drying). This 
can be explained with the longer drying period for 
vacuum drying. 

Brightness and yellowness values were found 
quite high for freeze dried samples compared with 
others (Figures 2 and 4). Especially highness in 
brightness (L*) value was remarkable. Applying 
of pretreatments increased the brightness further. 
Increasing of yellowness in freeze dried samples 

was also remarkable.  
For SD samples, the highest redness value was 

found in EPSM pretreated samples. Redness val-
ues of nontreated samples came after these. Also 
samples that were dried by hot air drying method 
under the conditions of 65°C drying temperature 
and 1.5 m/s air velocity was in the same group 
according to statistical analyses. According to the 
Figure 3, it can be concluded that redness value 
decreased by increasing of drying temperature. 

Results of variance analyses for L*, a* and 
b* values in respect of drying applications were 
given in Tables 2, 3 and 4. As a result of statistical 
analyses it was determined that drying methods, 
pretreatments and interaction of these two factors 
have significant effect on L*, a*, and b* values in 
P<0.01 significance level (Tables 2, 3 and 4).

LSD test results for average of L*, a* and b* 
values in respect of drying methods were deter-
mined as in Table 5. LSD test results for average 
of L*, a* and b* values   in respect of pretreat-
ments were shown in Table 6. According to these 
results, it can be said that effect of drying methods 
and pretreatments on the L*, a*, b* values were 
found significant (P<0.05). Best results of L*, a* 
and b* values were obtained from samples which 
dried by EPSM application. Samples which were 
applied EPSA are in the same group with EPSM 
for a* value. Latapi and Barret (2006) used differ-
ent concentrations of salt and sodium metabisulfite 
solutions for dipping tomatoes, which will dried 
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table 2      
Variance analyses results for l* values in respect of drying methods
      

Variance sources Degree of 
freedom 

Sum of 
squares

Mean of 
squares F-value P-value

Repetition 1 13.77 13.766 24.91** .000
Drying methods 9 8536.38 948.487 1716.46** .000
Pretreatments 2 218.42 109.209 197.63** .000
Drying methods*Pretreatments 18 193.98 10.777 19.50** .000
Error 29 16.02 0.553   
** : Significant at  P<0.01 level     

table 3      
Variance analyses results for a*  values in respect of drying methods
      

Variance sources Degree of 
freedom 

Sum of 
squares

Mean of 
squares F-value P-value

Repetition 1 7.91 7.906 10.26** .003
Drying methods 9 1187.45 131.939 171.18** .000
Pretreatments 2 21.04 10.519 13.65** .000
Drying methods*Pretreatments 18 197.86 10.992 14.26** .000
Error 29 22.35 0.771   
** : Significant at  P<0.01 level     

table 4      
Variance analyses results for b*  values in respect of drying methods
      

Variance sources Degree of 
freedom 

Sum of 
squares

Mean of 
squares F-value P-value

Repetition 1 2.93 2.930 2.73is .109
Drying methods 9 3371.11 374.567 348.87** .000
Pretreatments 2 306.32 153.162 142.65** .000
Drying methods*Pretreatments 18 172.26 9.570 8.91** .000
Error 29 31.14 1.074   
is : insignificant      
** : Significant at  P<0.01 level     

with sun, at their study. Results showed that there 
is no deterioration at dried tomatoes and reduced 
yeast formation by using sodium metabisulfite 
application. Lapati and Barret (2003) determined 
that pretreatment of sodium metabisluphite with 

higher concentration caused to obtain better color 
results.

Calculated values of a * / b *, b * L * / a *and YI 
(yellowness index), C and H were given in Table 
7. Rather high correlation (R2 = 0.9078) between 
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table 5       
lsd test results for mean color values according to drying methods  
       

Drying methods
Mean 
values 
(L*)

LSD 
Groups 

(L*)

Mean 
values 
(a*)

LSD 
Groups 

(a*)

Mean 
values 
(b*)

LSD 
Groups 

(b*)

AD 65°C-1.5m/s 41.17 d 30.19 ab 34.03 d
AD 65°C-2.5m/s 41.77 cd 29.27 bc 34.43 d
AD 75°C-1.5m/s 43.35 b 29.44 abc 36.04 b
AD 75°C-2.5m/s 43.84 b 28.62 c 35.69 bc
AD 85°C-1.5m/s 41.32 cd 27.01 d 34.61 cd
AD 85°C-2.5m/s 42.16 c 26.31 d 35.71 bc
VD 65°C 25.59 f 18.55 f 20.37 e
VD 75°C 25.50 f 18.01 f 19.13 f
FD 70.75 a 22.68 e 41.48 a
SD 34.35 e 30.42 a 21.25 e

 LSD0.05 0.8781004 LSD0.05 1.036833 LSD0.05 1.223725

Different letters show that means are significant statistically (P<0.05)

table 6       
lsd test results for mean color values for different pretreatments
       

Pretreatments

L* a* b*

Mean values LSD Groups Mean values LSD Groups Mean 
values LSD Groups

Notreatment 38.45 c 25.22 b 28.23 c
EPSA 41.42 b 26.35 a 31.95 b
EPSM 43.06 a 26.58 a 33.64 a
 LSD0.05 0.480955 LSD0.05 0.567897 LSD0.05 0.6702616

Different letters show that means are significant statistically (P<0.05)  

lycopene retention (%) and (a*/b*) was found. 
Yildiz and Baysal (2007) also reported that since 
the lycopene is the main color pigment in tomato 
and tomato based products, a linear correlation (R2 
= 0.9997) existed between the lycopene content 
and (a/b). As seen in Table 7, highest a*/b* ratio 
was found for sun dried samples while the highest 
retention of lycopene (%) was found in freeze 
dried tomato samples. This can be explained that 

occurring big shrinkage in sun dried tomatoes 
compared with freeze dried samples (Figure 5). 
Therefore lycopene density in freeze dried samples 
namely ratio of unit lycopene amount (mg) to per 
unit volume (cm2) of tomato slice is lower than 
those of sun dried sample. This can explain the 
higher b* values in freeze dried tomato samples. 
These results confirm the rather highest b * L * / 
a* value in freeze dried samples and lowest b * L 
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table 7        
Important color parameters of the samples     
        
Hot air 
drying
temperature, 
°C

Air 
velocity, 

m/s

Fresh tomato 
applications

a*/b* b*l*/a* yI c h
0.83 57.57 73.42 51.32 50.22

     

65

1.5
NPT 1.09 33.04 67.19 41.38 42.43
EPSA 0.84 49.76 71.70 44.42 50.12
EPSM 0.79 58.19 75.76 51.02 51.81

2.5
NPT 0.90 43.66 69.00 41.39 48.04
EPSA 0.86 48.64 71.87 45.13 49.43
EPSM 0.80 55.14 74.63 49.09 61.16

75

1.5
NPT 0.89 42.49 71.08 42.34 48.19
EPSA 0.78 57.33 72.52 46.69 51.91
EPSM 0.79 59.93 74.52 50.64 51.85

2.5
NPT 0.86 49.63 69.63 43.65 49.36
EPSA 0.80 50.75 74.60 46.04 51.23
EPSM 0.75 64.09 71.79 47.60 53.08

85

1.5
NPT 0.86 45.23 70.15 41.36 49.33
EPSA 0.76 56.07 73.76 45.76 52.71
EPSM 0.73 58.02 73.53 44.65 53.83

2.5
NPT 0.74 54.46 69.63 40.01 53.41
EPSA 0.78 52.53 74.74 45.52 52.22
EPSM 0.70 65.11 74.90 47.57 55.15

Vacuum Drying       

65  
NPT 0.94 28.11 58.30 25.42 46.75
EPSA 0.88 30.03 65.38 28.96 46.75
EPSM 0.92 25.69 66.47 28.28 47.44

75  
NPT 0.87 26.65 58.26 22.65 48.94
EPSA 1.05 26.94 65.93 33.51 43.50
EPSM 0.86 28.92 56.88 22.75 49.26

Freeze 
Drying  

NPT 0.56 121.38 62.89 45.82 60.65
EPSA 0.53 135.05 62.39 47.65 62.03
EPSM 0.55 132.06 62.49 48.37 61.31

Sun Drying  
NPT 1.59 19.40 57.26 37.53 32.13
EPSA 1.39 25.49 51.81 32.78 35.75
EPSM 1.33 27.53 60.96 41.07 36.87

* / a value in sun dried samples. Higher values of 
yellowness index (YI) that is indicate of negative 

effect level of heat treatment  namely drying for 
this research were determined for hot air dried 
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table 8        
changing of product color quality with drying process    
        
Hot air drying 
temperature, °C Air velocity, m/s Applications ∆L* ∆a* ∆b* ∆C* ∆E*

65

1.5
NPT -11.75 -2.28 -11.53 -9.94 16.62
EPSA -6.35 -4.35 -5.35 -6.89 9.37
EPSM -2.15 -1.29 0.66 -0.30 2.59

2.5
NPT -8.67 -5.16 -8.66 -9.93 13.30
EPSA -6.26 -3.47 -5.16 -6.18 8.82
EPSM -3.51 -2.04 -1.21 -2.23 4.24

75

1.5
NPT -9.90 -4.60 -7.89 -8.98 13.47
EPSA -2.99 -4.03 -2.69 -4.63 5.69
EPSM -0.83 -1.54 0.38 -0.67 1.79

2.5
NPT -5.32 -4.40 -6.32 -7.67 9.36
EPSA -7.15 -4.00 -3.55 -5.28 8.93
EPSM 0.22 -4.24 -1.38 -3.71 4.46

85

1.5
NPT -9.06 -5.88 -8.07 -9.96 13.48
EPSA -5.23 -5.11 -3.03 -5.55 7.91
EPSM -5.51 -6.48 -3.39 -6.66 9.16

2.5
NPT -7.48 -8.98 -7.32 -1.31 13.79
EPSA -7.20 -4.94 -3.46 -5.79 9.39
EPSM -2.59 -5.65 -0.40 -3.75 6.23

Vacuum Drying       

65  
NPT -21.47 -15.41 -20.93 -25.90 33.71
EPSA -21.55 -13.72 -17.68 -22.36 31.07
EPSM -24.33 -13.70 -18.61 -23.03 33.56

75  
NPT -24.70 -17.95 -22.36 -28.66 37.85
EPSA -19.54 -8.53 -16.37 -17.81 26.88
EPSM -23.01 -17.98 -22.20 -28.56 36.68

Freeze Drying  
NPT 20.34 -10.37 0.50 -5.49 22.84
EPSA 23.81 -10.48 2.64 -3.67 26.15
EPSM 24.35 -9.61 2.99 -2.95 26.35

Sun Drying  
NPT -17.01 -1.04 -19.49 -13.78 25.89
EPSA -12.50 -6.22 -20.29 -18.53 24.63
EPSM -11.20 0.03 -14.80 -10.24 18.56

samples. On the other hand YI values for vacuum, 
freeze and sun dried samples were found lower 
than those of hot air dried samples. High Chroma 

values (C) of freeze dried samples and low chroma 
values of vacuum and sun dried samples support 
the high L*values of freeze dried samples and low 
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L* values of vacuum and sun dried samples. When 
we checked the metric hue angle (H) value given in 
Table 7, it can be concluded that this value tended 
to raise at all pretreated samples in the same way 
as in the (C) values. (H) values were found very 
low for sun dried samples compared to those of 
fresh tomatoes and other samples dried by other 
methods. But changes at hue value can not be seen 
easily, because of the reduction at color bright 
value (Soysal et al., 2005). 

Calculated values of ΔL *, Δa*, Δb*, ΔC *, ΔE 
* were given in Table 8 for all drying experiments. 
It was determined that minimum ΔL *, Δa*, Δb* 
values namely deviation in brightness, redness 
and yellowness of hot air dried samples were de-
termined in EPSM pretreated samples by taking 
into care of absolute values of them.  ΔE values 
support this result also. Absolute values of chroma 

differences (ΔC *) of vacuum dried and sun dried 
samples were found highly high compared with 
those of hot air dried and freeze dried samples.  

conclusions

The effect of drying methods and pretreatments 
on some quality parameters namely lycopene 
retention and color changes that are the most im-
portant quality parameters of dried tomato were 
investigated. The results showed that the lycopene 
retention and color quality characteristics of to-
mato samples differ according to the drying and 
pretreatment methods used. Maximum lycopene 
content was determined in freeze dried tomatoes 
and sundried tomatoes followed these samples. Es-
pecially EPSA pretreatment increased the lycopene 
amount of dry tomato at the high temperature dry-

   Freeze dried samples 

   Sun dried samples 
       NPT                  EPSA              EPSM 

fig. 5. shrinkage in freeze dried and sun dried tomato samples 
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ing applications due to occurring fats vaporization 
of sodium metabisulfite at high temperature. On 
the other hand drying of tomatoes at low tempera-
ture namely 65°C by VD or AD (at 1.5 m/s drying 
air velocity) methods gave the rather good results 
in respect of lycopene retention. Therefore hot air 
drying method (at 65°C   drying air temperature 
and 1.5 m/s drying air velocity) after EPSA pre-
treatment  can be proposed as a drying method for 
tomato due to high cost of freeze drying, occuring 
contamination during sun drying and longer drying 
time of vacuum drying method compared to hot air 
drying.  According to mean L*, a* and b* values, it 
can be concluded that all pretreatments which were 
applied in this research were found successful in 
maintaining the color. On the other hand, it was de-
termined that there is no difference between color 
parameters of tomato samples that were pretreated 
EPSA and EPSM in respect of a* values namely 
redness. Although the highest lycopene retention 
was found for freeze dried tomatoes, especially 
yellowness of these samples was found also very 
high due to no shrinkage. This yellowness can be 
effective on the product’s appeal. All color values 
for vacuum drying methods were found also worse 
compared with others in addition to long drying 
time. All these is taken into consideration, hot air 
drying method at 65°C drying air temperature and 
1.5 m/s drying air velocity after EPSA or EPSM 
pretreatments can be suggested as tomato drying 
method to preserve color properties and lycopene 
content. 
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