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ABSTRACT: The aim of this study was to find an optimal way of tomato drying in a tunnel type dryer,
in order to achieve the lowest possible losses in nutritive value of dried tomato products. Domestic
variety of tomato (SP-109) was used in this research. Drying was performed in three ways, applying
five temperature regimes, as follows: cocurrent system (variant 1 at 70-80 °C; variant 2 at 90-75 °C),
countercurrent system (variant 1 at 55-65 °C, variant 2 at 65-75 °C) and combined system (85-55 °C
and 55-65 °C). In these systems, the kinetic of changes in nutritive value of tomato fruits was
monitored by measuring the content of carbohydrates, lycopene and vitamin C. Different influences of
temperature regimes on nutritive value of dried tomato were observed at the level of statistical
difference (LSD 0.05; 0.01) in the researched systems. Cocurrent system was statistically significant
for differences in temperature modes (variant 1 and variant 2). Monitoring of the tomato drying kinetics
showed that, in all variants, period of constant drying rate lasted about 3.5 h and that the total drying
was the fastest in parallel cocurrent flow of non-saturated hot air and material. The content of total
carbohydrates in tomato was dependent on the temperature regime of the tested drying systems. The
carbohydrate content obtained in tomato samples dried at lower temperatures was higher compared to
the values observed in the samples dried at higher drying temperatures. Significant losses of vitamin
C were determined in all drying systems. The lycopene content under all experimental conditions
generally showed a tendency to decrease slightly. Comparing its content in dry and fresh tomato fruits,
the loss ranged from 4.94% to 19.98% but did not reach the significant level as the occurrence
remained below 95% of cases.
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INTRODUCTION

Limited lifetime and senescence of tomato
fruits is a main problem in tomato mar-
keting. In order to prolong time of tomato
consummation without significant loss of
product quality technological processing is
applied, drying among others. The de-
mand for tomato products is constantly in-
creasing in the world tomato market
(Verlent et al., 2006).

The most common tomato drying system
of a tunnel type are cocurrent and counter-
current hot air directing. Cocurrent system
means forced movement of the heated
agents in the direction of the movement of
products, while in countercurrent system
directions of hot agent and products are
opposite. However, due to high moisture
of its fruits with over 90% of water (Lavelli
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et al., 2013) tomato does not react well on
high temperatures. The reason for this is
good conduction of heat through the wa-
ter, which affects the delicate nutritional
matters in the product.

Drying is a process of transition of liquid to
gas (Fellows, 2009). Moisture removal
must be carried out by the procedure that
is the least harmful to the quality of the
product.

Drying as a method of processing keeps
the desired product qualities for a longer
period of time (Akanbi et al., 2006; Brooks
et al., 2008). Tomato drying is most com-
monly carried out to the level of moisture
of 25% (semi-dried) (Muratore et al.,
2008), or to the absolute dried product
(12-14% of moisture) (Sacilik et al., 2006,
2007), depending on the type of product
the dried tomato is being prepared for. In
order to better preserve the physico-che-
mical traits as well as the nutritive quality
of tomato during drying in a tunnel type
dryer with conveyor belt, the most ana-
lysed traits are the lycopene level, dehy-
dration index and total sugars (Mohseni
and Ghavidel, 2011).

Lycopene is a carotenoid typical for to-
mato and experience of researchers about
its lifetime after drying are different (Za-
noni et al., 2000). Therefore, many studies
were dedicated to the drying process and
changes that occur as a result of the dry-

ing.

Most of the experimental results showed
that lycopene was relatively thermo-stabile
during processing, unlike vitamin C which
is depredated during drying process. Toor
and Savage (2006) found that the level of
vitamin C in fresh tomato fruits was de-
creased after drying from 284 mg/100 g to
223 mg/100g. There is a standpoint that
dried tomato fruits have a lower level of
lycopene.

Nguyen and Schwartz (1998), Lavelli et al.
(2013) proved in their researches that the
lycopene level in fresh samples was from
63 mg/100g, while in dried fruits it was 54
mg/100 g. A group of authors found that
the total level of lycopene was increased
by drying as well as total antioxidative
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activity (Giovanelli et al., 2002; Eltoum and
Babiker, 2014). However, it would be
interesting to point out that heat had po-
sitive impact on increasing the bioavaila-
bility of lycopene.

During technological processing of tomato
(sauce, ketchup etc.) lycopene was not
distroyed but increased (Stahl and Sies,
1992; Gartner et al., 1997). Tomato and its
products obtained with different techno-
logical processes are very important sour-
ces of carotenoid (lycopene) and vitamin C
(Vinson et al., 1998; Khachik et al., 2006).

The aim of this study was to find an op-
timal way of tomato drying in a tunnel type
of dryer by using different technological
drying systems which would provide mini-
mum losses of nutrients characteristic for
fresh tomato.

MATERIAL AND METHODS

Preparation of raw material

Elongated tomato variety SP-109, selected
at the Institute for Vegetable Crops has
been used in this study. Tomato has been
grown by applying standard technology in
the experimental field of the Institute.

The tomato was sown in March in a green
house for seedlings, and planted on May
10" in the open field. Standard cultivation
for this technology of tomato production
was used (Zdravkovi¢ et al. 2012).

The average mass of one fruit was 70-90
g. Fruits were washed with water and cut
in half, and then the halves were laid on
the shelf for drying. The capacity of one
shelf was about 23 kg of fresh fruits. Used
dryers were tunnel type (Progres, Cadak,
Serbia) with capacity of up to 300 kg of
fresh vegetables.

Drying variants

Tomato fruits were dried in a tunnel type
dryer with warm air flow rate of 1.2 m/s, at
different temperature regimes and different
air movement relative to shelf with material
(details shown in Table 1).

Dynamics in change of humidity in fruits
was recorded every 30 minutes. The sam-
ples were dried until 12-14% of moisture
was reached.
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Table 1.
Temperature regimes and drying duration
. Temperature Drying duration Tempfarature
Drying system mode (h:min) regimes
' (°C)
I _paralllel (concurrent) air Variant 1 8:30 70-80 °C
direction
Variant 2 8:00 90-75°C
Il countercurrent air Variant 1 9:30 55-65 °C
direction
Variant 2 9:00 65-75 °C
Il combination 9:30 86-55 °C
55-65 °C

Tomato moisture determination

Free moisture contents in a sample X was
calculated as:

X=(W-W)/W,

where W is total weight of the wet
material

W is the weight of the dry material.
Index of dehydration

Dehydration index is a measure of drying
efficiency and represents a ratio of mass
of fresh fruits before and mass after
drying.

Determination of vitamin C

Sample preparation: By pressing tomato,
100 cm?® of pale tomato juice was obtained.
The juice was homogenized and mixed
with equal quantity (100 cm?®) of mixture of
HPO; and glacial acetic acid CH;COOH.
Then, the mixture was filtrated through
filter paper. First 5-10 cm?® of filtrate was
thrown away, while from the rest, 10 cm®
of aliquot was taken for further study.
Where it was necessary, the researched
sample was diluted with boiled and cooled
distilled water, so the aliquot portion con-
tained about 2 mg of vitamin C.

Method for determining the vitamin C in
the sample: In 3 Erlenmeyer dishes, 10
cm?® of filtrate sample (containing 5 cm® of
juice and 5 cm® HPO; and glacial acetic
acid CH; COOH) was pipetted and titrated
with Tillman’s reagent (TR) to slightly pink
colouring, stable for about five seconds.
Along with the TR solution, a blind testing

was titrated to the pink colour of the same
intensity (Cvijovi¢ and A¢amovi¢, 2005).

The content of vitamin C was determined
according to the following formula:

00

Vi xT
Cvitamin (mg/cm?) = LS, x 1
g

where

V - cm® of TR solution used in titration of
trial

V; - cm?® of TR solution used for titration of
blind testing

T- titer TR solution (mg CsHgOg /1 cm® TR
solution)

g - juice volume in cm® in aliquot part of
sample.

Determination of lycopene

20g of tomato was extracted in 100 cm® of
96% C,HsOH. After 24h extractions
(maceration), the sample was filtrated. The
extract was evaporated till dry. Dry extract
was dissolved in 10 cm® of mixture of
acetone-hexane (ratio 4: 6) and filtrated
through Whatman No.4 filter paper.
Obtained extract was diluted ten times and
the absorption (A) at wavelengths of 453,
505, 645 and 663 nm was measured.
Spectrophotometric  measurements  of
samples were performed by using a UV-
VIS spectrophotometer MA9523-SPEKOL
211 (Iskra, Horjul, Slovenia). The level of
lycopene (mg lycopene/ 100 mL extract)
was calculated by applying equation of
Nagata and Yamashita (1992):
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LyCOpene (mg/1 00 mL) =-0.0458 x A663 + 0.204 x A645 +0.372 x A505 - 0.0806 x A453

Determination of carbohydrates

This method determinates all carbohy-
drates with free semi-acetylene groups,
that reproduce metal ions (Cu?** do Cu*
from reagents Bertrand | - CuSO4x5H,0).
The quantity of copper (I)-oxide was equi-
valent to sugar quantity. Solution of Ber-
trand Il (Fex(S0O4);) copper (l)-oxide pre-
cipitate was dissolved, wherein the re-
transferred to the copper (llI) and iron (lII)
is reduced to iron (Il). In an acidic environ-
ment, iron (Il) ions oxidized with an equi-
valent amount of KMnO, in iron (lll), and
manganese (VIl) turns to the manganese
(1. According to the quantity of spent
KMnQO, the appropriate amount of sugar
was read from the table (Cvijovic &
Aéamovic, 2005).

Data analysis

Data of average losses of monitored bio-
active compounds compared to fresh to-
mato were analysed with one-way analysis
of variance (ANOVA) in three replications.
The mean comparison was done with LSD
(the lowest significant difference) test. The
significance of difference was defined as P
< 0.05 (Hoshmand, 1998). Software used
to analyze data was standard Microsoft
Office Excel 2007.

RESULTS AND DISCUSSION
Drying kinetics

The results shown in Fig. 1 were obtained
in cocurrent flow of material and air for
drying at different temperatures. The dif-
ferrence in temperatures of air during dry-
ing was not significant in two experiments
so the drying kinetic was practically iden-
tical. In both cases, period of constant rate
of drying (period of removal of surface
moisture) lasted about 3.5 hours. In the
period between 3.5 and 6 hours, the ma-
terial was dried in falling rate regime. The
samples were dried for 6 hours.

In case of countercurrent drying of mate-
rial (Figure 2), there was a slight difference
in drying intensity at different air tempe-
ratures. It is interesting that during the
period of constant drying rate at lower air
temperature, the material dried faster. Af-
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ter the period of constant drying rate (for
about 3.5 h), in falling rate period, the
drying kinetics with air of different tem-
perature was practically the same and the
material was completely dried after 7
hours of drying.

Figure 3 shows drying curves for all three
drying ways investigated in this study. Be-
sides cocurrent and countercurrent flow,
the figure shows the results obtained by
combined tomato drying.

Combined drying was performed as drying
in cocurrent flow (first 3 hours) at 86-55
°C and then continued in countercurrent
flow at temperature 55-65 °C.

Combined and cocurrent flow showed the
same drying kinetics, while the counter-
current flow, according to drying curves,
proved to be less effective.

The effectiveness of drying process in cur-
rent flow was lower (required longer time)
comparing to paralel system, which was
indirectly related to energy consumption
during drying.

However, from the aspect of nutrient pre-
servation, this drying method exerted the
best results regarding the preservation of
carbohydrates and vitamin C at significant
level (Tab 3), which can be attributed to lo-
wer temperature that do not cause nutrient
degradation.

Drying process lasted for 6 hours. The va-
lues of dehydration index ranged from
18.08 for combined drying system to 23.02
for countercurrent (variant 2) system, at
temperatures 65-75 °C (Tab 3). Our re-
sults harmonized with Owureku-Asare et
al. (2014), where the dehydration coeffi-
cient was 19.4 at 55 °C.

The difference can refer to material, i.e.
the variety used in drying process and it
actually depends on dry matter content in
fresh fruits before beginning of the drying
process. Similar range of dehydration in-
dex was found by Mohseni & Ghavidel
(2011), when drying slices of tomato at
temperatures of 65 °C, a dehydration in-
dex of 17.7 was determined.
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Figure 1. Variation of free moisture with drying time in tunnel dryer with cocurrent flow
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Figure 2. Variation of free moisture with drying time in tunnel dryer with countercurrent flow

Changes in nutrients during drying

There was a significant difference (p<0.01)
in vitamin C losses among all investigated
drying systems, comparing to its total con-
tent in fresh tomato fruits.

The vitamin C content was influenced by
different methods of drying. The cocurrent

system (variant 1 and 2) showed statistical
difference (3.17 mg/100g for variant 1),
whereas the losses were higher for variant
2 (2.76 mg/100g).
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Figure 3. Variation of free moisture with drying time in tunnel dryer for different drying systems

Table 2.
The efficiency of tomato drying in different temperature regimes
Drying system Drying Te[np.re- Tomato Dehydration
. gimes Fresh Dry .
duration Start-end iaht iaht (k index
(h:min) ao-en weig weight (kg)
Temp. mode (°C) (kg)
| Cocurrent
Variant 1 8:30 70-80 23.2 1.2 19.33
Variant 2 8:00 90-75 23.5 1.1 21.36
Il Countercurrent
Variant 1 9:30 55-65 22.0 1.0 22.00
Variant 2 9:00 65-75 23.2 1.0 23.20
Il Combined 85-55
9:30 55.65 23.5 1.3 18.08
Table 3.
Changes in biochemical parameters in dried tomato fruits
Temp. c
. arbo- . .
Material regimes hydrates Vitamin C Loss Lycopene Loss
Start-end o (mg/100g) (%) (mg/100g) (%)
cc) (%)
Fresh tomato 3.89 6.804 6.27
| Cocurrent
Variant 1 70-80 5.06 317 53.41 5.88 6.22
Variant 2 90-75 4.01 2.76 59.43 5.66 9.73
Il Countercurrent
Variant 1 55-65 8.01** 4.36™* 48.79 6.02 3.99
Variant 2 65-75 6.22* 3.27 51.94 5.96 4.94
Il Combined 86-55 5.06 3.48 48.85 5.72 8.77
55-65
LSDo.o05 1.602 0.251 0.932
LSDo.01 2.427 0.380 1.412
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Similar scenario was observed for counter-
current drying system: variants 1 and 2
were statistically different. Lower loss was
observed for tomato dried according to
variant 1 (48.79%) at lower temperatures.
Combined way of drying proved that the
loss of vitamin C was at the level of variant
2, but it was significantly different from the
cocurrent drying system, at the 95% con-
fidence interval (Table 3).

For lycopene losses no statistical signi-
ficance was observed indicating that lyco-
pen was thermostable during the drying
process. The obtained results were in ac-
cordance with researches of Zanoni et al.
(2000), who found significant decrease in
vitamin C comparing to fresh tomato, as
well as lycopene but not at statistically
significant level, during drying process in a
shelf type dryers at temperatures 80 °C
and 110 °C. During tomato drying at lower
temperatures (45, 50 and 60 °C), the best
drying conditions were at the temperature
of 60 °C since it minimised degradation of
lycopene (2.9%), vitamin C (17.3%) (San-
tos-Sanchez et al., 2012). Results of this
research showed that the lowest loss of
lycopene — 3.99% was achieved with
counter-current air flow at temperatures
55-65 °C (variant 1). The calculated value
of loss of lycopene during drying in this
experiment, generally showed a slightly
decreasing tendency (Tab. 3).

Our results were in accordance with Shi et
al. (1999) who gave an explanation of the
loss of the lycopene during air drying,
which is based on the isomerization and
oxidation (autoxidation) as two strong fac-
tors that influence the distribution of trans-
and cisisomers and thereby its the biolo-
gical potential.

Different ways of preparation for drying
(Anguelova and Warthesen, 2000; Giova-
nelli and Paradiso, 2002; Goula and Ada-
mopoulos, 2005), cutting into thin slices
(Santos-Sanchez et al., 2012) or cutting
into halves (Lavelli et al., 1999) can impact
the speed and the quality of drying and the
dried product. The way of preparation of
tomato fruits for drying in our research was
similar to that used in the work of Lavelli et
al., 1999). They found that drying process
resulted in a decrease of vitamin C level,

while the level of lycopene remained un-
changed, as it was confirmed in this re-
search.

Following the results of Kerkhofs et al.
(2005) after fruit drying at 42 °C (48
hours), three tomato varieties had signi-
ficantly decreased vitamin C and total anti-
oxidative activities and increased lyco-
pene level. This study was conducted in
order to identify tomato varieties with the
best colour and the level of nutrients after
drying. However, the general conclusion
was that during drying process vitamin C
was lost, while the lycopene was relatively
well preserved, regardless to ways of raw
material preparation or drying method
(dryer or sun drying). Optimal drying con-
ditions were 60 °C, shorter time and thin
slices of raw material (Correia et al.,
2015).

The level of carbohydrates changed with
the temperature increase for all inves-
tigated drying modes in tunnel type dryer.
As compared to fresh fruits, the highest le-
vel of carbohydrates was found for coun-
tercurrent drying (both variants). Signi-
ficantly higher level of carbohydrates was
found for countercurrent mode which was
depended on temperature. Since the tem-
perature was lower in this mode, the dif-
ference could be caused by loss of carbo-
hydrates at higher temperatures in parallel
and combined drying system (Table 3).
The loss of carbohydrates at higher tem-
peratures was in accordance with Purka-
yastha et al. (2013). They found in their
research that the carbohydrates level in-
creased (2.1 times) in the process of dry-
ing at 50 °C and 1.3 times at 70 °C. De-
pendence of carbohydrates in dried pro-
ducts and drying temperatures is in ac-
cordance with Zanoni et al. (2000). Sugar
level could be lower at some drying modes
comparing to fresh fruits (Bashir et al,,
2014). General conclusion was that for
drying process, optimal drying temperature
should be defined in order to get high
quality product and best cost-effectiveness
of the production process.

Lately, the method of partial drying of to-
mato has been used more frequently. After
this process the product was vacuumed
and packed in polyethylene bags. By par-
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tial drying, tomato kept 25% of initial water
content. During different length of treat-
ment in air-dryers at temperatures 40, 60
and 80 °C (Muratore et al., 2008) the level
of vitamin C, lycopene and beta-carotene
was studied in order to estimate losses.
Losses were lower in comparison to drying
up to 12-14% of moisture. For some fur-
ther researches, an option of partial fruit
drying should be included.

CONCLUSIONS

Nutrient losses during drying were dif-
ferent for different variations of hot air flow.
These losses were in function of tempe-
rature oscillations, so the vitamin C was
best preserved at drying temperatures be-
low 70 °C, whether the tomato was dried in
parallel or in cocurrent hot air flow.

Carbohydrates were significantly best pre-
served in cocurrent hot air flow compared
to parallel or combined hot air flow. Accor-
ding to this research, the preservation of
carbohydrates was in function of tempera-
ture, so the recommendation is to dry to-
mato at low air temperatures for longer in-
terval.

The content and change of lycopene as
thermo-stabile bioactive compound did not
show any differences after drying regard-
less to implemented drying systems or
temperature regimes.

From the aspect of preservation of bio-
active components in dried tomato pro-
duct, the most acceptable was cocurrent
hot air flow at temperatures below 70 °C.
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OYYBAHE BUTAMUHA L, JIMKONEHA U YITbEHUX XUAPATA Y
nnoaoOBUMA NAPAAAJ3A CYWWEHUM Y TYHEJICKOM TUNY CYLWLAPA

JacmumHa M. 3,EI,paBKOBMﬁ*1, Henapn B. I'IaBnosmh1, HeseHka M. Bouikosuh Bparonoawhz,
ophe XK. MopaneBMh3, Munax M. Lesuh'

1I/IHCTl/lTyT 3a noBpTtapcTtBo, Kapahophesa 71, CMmeaepeBcka NanaHka, Cpbuja
2yHI/IBep3VITeT y beorpagy, TexHonowko-meTanypuwku dakynteT, KapHervnjesa 4, beorpag, Cpbuja
3YHvuaepsvweT y beorpapy, MNorsonpuepeann dakyntet, HemawunHa 6, 11080 Beorpag-3emyH,
Cpbuija

Caxetak: Linre oBe ctyaumje 6mo je npoHanaxewe ONTUMAarnHor HavyvHa cyllewa napagajsa y
TYHENCKOM TuMy cywapa Kako Ou ce cmawumnu rybvum BpedHOCTM HyTpuUTUjeHaTa Ko CylueHor
npovsBoga napagajsa. Y OBOM ucTpaxuawy KopuwheHa je pomaha copta napapgajsa (CM-109).
VcTpaxunBame je n3BeaeHo y TYHENCKOM TUMy cyllapa Ha TpU HadmMHa y neT TemnepaTypHUX pexuma.
Cyuiere je n3seneHo y cuctemy napanenHor (sapujaHta 1 Ha 70-80 °C, BapujaHTa 2 Ha 90-75 °C),
CynpoTHOCMEPHOM (BapujaHTa 1 Ha 55-65 °C, BapujaHTa 2 Ha 65-75 °C) 1 kOMBUHOBaHOr cuctema
cTpyjara Basayxa (85-55 °C u 55- 65 °C). Y oBMM cuctemMmma cyluera npaheHa je KuHeTuka npoMeHa
HYTPUTUBHUX BPEAHOCTU Nnofda napajajsa: cagpxaj yriseHux xugpata (%), nMkoneHa un ackopbuHcke
kucenuHe (BuTamumH Ll). YTBphleHM cy pasnuuuTu yTuuaju TeMnepaTypHUX pexuma Ha HUBOY
ctatuctmdke pasnuke (LSD 0.05; 0.01) ncnMtuBaHmx cuctemMa 3a HYTPUTMBHY BPEAHOCT CYyLUEHOr
napagajsa. lNapanenHu cuctem je BMO CTaTUCTMYKM 3HAYajaH 3a pasnuke y BapujaHTy Temnepatype 1
n BapujaHTuh 2. MNpatehu KMHETUKY cyllerwa napagajsa yTepheHo je ga y cBMM BapujaHTama nepuog
KOHCTaHTHOI Cyllewa Tpaje oko 3,5 yaca M fa je 3a YKYMHO cyllewe Hajbpxu napanenHu npoTok

141



Jasmina M. Zdravkovi¢ et al., Preservation of vitamin C, lycopene and carbohydrate content in tomato dried in a tunnel type
dryer, Food and Feed Research, 44 (2), 133-142, 2017

Tonnor Basgyxa u maTtepuvjana. Cagpxaj yribeHux xvaparta y y3opumma napagajsa koju cy CylleHun Ha
HVXMM TemnepaTtypama 6uo je Behn y nopeferwy ca cagpxajeM yribeHux xugpara Koju je yrepheH y
y30opuMma OCYLIEHUM Ha BULIMM Temnepatypama cywewa. Ha HwkuM TemnepaTypama HMWXOB
cagpxaj je 6uo Behm Hero kog BuMWKMX TemnepaTypa cywewa. 3HadvajHu rybuum ButamuHa L
ogpeheHun cy y cBMM cuctemuma cylwena. BpegHocT nMkoneHa y CBUM ekcneprvMeHTanHMM ycrnosmma
cyllera rnokasyje TeHaeHumjy bnaror cMamwera. Nopenehn cagpxaj y CyBUM 1M CBEXMM MIO4OBUMA
napapgajsa, ryouTak je 6uo oa 4,94% po 19,98%, anv He Ha 3Ha4ajHOM HMBOY.

KrbyuHe peuw: rapanenHu cucmem, CyrnpOMHOCMEPHU CUCMeM, KUHemuka Cyuwera,
eumamun Li, nuxkoneH, memnepamypa

Received: 8 September 2017
Accepted: 7 December 2017

142



