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Abstract— This work was undertaken to evaluate
the impact of drying techniques (convective and mi-
crowave drying) on color and selected secondary me-
tabolites (ascorbic acid, total phenolic substances, and
antioxidant capacity) of squash slices. Convective
drying at 3 different temperatures (55, 65, and 75 C),
and microwave drying at 2 different power levels
(100W and 200W) were applied. Significant differ-
ences were found among fresh and dried-squash
slices. Convective-dried squash samples showed bet-
ter quality characteristics in comparison with the mi-
crowave-dried squash samples. The convective-dried
squash samples at 65 C exhibited the highest reten-
tion of bioactive components and best color among all
convective drying conditions. The microwave-dried
squash samples at lower power (100W) showed higher
quality characteristics compared to the dried squash
samples at 200W.
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I. INTRODUCTION

Fruits and vegetables are suitable for chemical and mi-
crobiological deterioration because of having a high
moisture content. Several preservation techniques such
as cold storage, freezing and drying are employed for the
improvement of shelf-life of these agricultural products
(Yildiz and Izli, 2020). Drying is one of the oldest meth-
ods that has been used for years to preserve the food prod-
ucts, i.e. fruits and vegetables. Purpose in drying process
is to remove the free water in the wet food materials, so
prevent the biochemical reactions and microbial growth
(izli and Yildiz, 2021). Drying of agricultural crops im-
proves the shelf-life, lessens losses at storage, and save
shipping and transporting expenses. While the drying
process was achieved traditionally by natural convection
drying of the products laid on the field previously, this
method gave its place to faster, more hygienic and homo-
geneous drying applications with technological develop-
ments over time (Yildiz, 2021a).

A squash is perishable because of its high moisture
content, causing it to deteriorate within a few weeks of
harvest. Preserving the crop with its nutritional, func-
tional, flavor and color characteristics is a difficult task;
drying with hot air is one of the more frequent techniques
used to achieve this (Yildiz and Izli, 2019a). The drying
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in microwave and hot-air oven of several fruits and veg-
etables has been searched by several researchers accord-
ing to the various conditions (Maskan, 2001; Wang and
Shi, 2005; Di Scala et al., 2011; Yildiz, 2021a,b). This
research has the primary aim of contributing to the works
on the use of microwave and convective drying on squash
quality. Specifically, the influence of the drying methods
and the development of color on dried squash slices in
regard to the reduction of the moisture content during
drying in microwave and convective dryers will be eval-
uated. The final features of the squash slices with respect
to the retain of selected bioactive compounds including
ascorbic acid, total phenolic content, antioxidant capacity
and their relationships with the drying techniques and cir-
cumstances will also be analyzed.

Il. METHODS

A. Sample Preparation

The squashes were obtained at a local market in Igdur,
Turkey. They were washed to remove the dust and at-
tached dirt, and hand-peeled. The squash samples were
sliced by dimensions of 10 mm L, 10 mm W and 10 mm
thickness by the assist of a food slicer (Nicer Dicer,
China). The beginning moisture content of the squash
samples was defined as 90.8 + 0.13 % on a wet basis
(w.b.) obtained by drying at 105 + 5 °C before reaching
the stable weight via laboratory oven (AOAC, 1999)
(Memmert UN55, Germany).

B. Drying Process

As mentioned previously, the squash samples were ex-
posed to 2 drying methods which were convective and
microwave drying. Microwave application was imple-
mented in a microwave oven (Altus ALMD 20, Istanbul,
Turkey) at 100 and 200 W power levels. Convective dry-
ing operation was implemented in a lab convective oven
(Arcelik KMF 833lI, Turkey) following the method pro-
posed by 1zli et al. (2021). The squash samples were lo-
cated in a thin layer. Air velocity was well-set at 1 m/s
along with the temperature of 55, 65 and 75 °C for the
drying process. In the rear of drying period, moisture
content of squash samples was achieved as 12 + 0.78%.
About 100 g sample were used for each drying experi-
ment. The analysis was conducted with 3 replications. A
short description of the treatments is displayed in Table
1.
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Table 1. Treatments used in the study
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Table 2. Color values in squash samples induced by convec-

Sample names Treatments tive and microwave dryings
FS Fresh sample, no treatment Treatments L* a* b*
MD1 Microwave-dried squash sam- Fresh sample | 76.13 +0.22 | 14.8+0.8¢ | 42.12+0.3?
ples at 100 W MD1 52.11+0.4° | 25.3 £0.6% | 25.21 +0.4¢
MD2 Microwave-dried squash sam- MD2 4934 +0.4¢ | 27.3+0.92 | 30.15 + 0.5¢
ples at 200 W CD5 65.42+0.2° | 17.6 +0.1¢ | 37.03 +0.9°
CD5 Convective-dried squash sam- CD6 60.83+0.2°| 195+ 0.5 | 33.08 +0.2¢
ples at 55°C CD7 55.89 +0.19] 19.9+0.4° | 33.14+0.1°
CD6 Convectlglﬁe-sd:tegssoqgash sam- @dThe same letters in each treatment show that treatment means
cD7 Convective-dried squash sam- are not significantly different (p<0.05).
ples at 75 °C F. Antioxidant Capacity (ATC)

C. Color Measurement

The color differences of fresh and dried squash samples
were figured out with the help of a Konica Minolta (CR-
400, Osaka, Japan) which is assembled by an illuminant
D65 and 8 mm scaling region at the CIE L* a* b* color
range. Color attributes were specified ina 3D L*, a*, and
b* color zone, where L* expresses the lightness/darkness
of the specimen, a* presents the redness/greenness, and
finally b* indicates the yellowness/blueness (Yildiz and
Izli, 2019b). For each application, colors of ten squash
samples were evaluated, and the average L*, a*, and b*
values were recorded. Adjustment of the device was han-
dled with a basic white sheet in advance of each analysis.

D. Ascorbic Acid (Vitamin C, AA)

AA amount of the fresh and dried squash pieces was de-
termined by the help of titrimetric technique suggested
by AOAC Method 967.21 (Association of Official Ana-
Iytical Chemist International, 2007) based on the
quantative discoloration of 2,6-dichlorophenolic indo-
phenol (Sigma-Aldrich, St. Luis, MO). One gram of
standardized squash samples was taken and diluted by the
extraction liquid (2 g oxalic acid/100 g) to 100 mL and
extracted by 10 min. Following the vacuum filtration
phase, collected clear supernatants were titrated with a
2,6-diclorophenol indophenol (0.01 g/100 g). Develop-
ment of a recognizable pink color is the indicator of the
final point of titration process. Vit C findings were de-
fined as mg AA per 100 g on dry weight (d.w.). The pro-
cedure was repeated for three times.

E. Total Phenolic Content (TPC)

The procedure proposed in the research of Yildiz et al.
(2021) by a small change was followed to measure phe-
nolic substances of squash samples. The technique in-
cludes the Folin—Ciocalteau reagent degradation by phe-
nolic component. In a short way, the extract obtained
from the squash (around 0.25 mL) was blended with 1.25
mL of Folin—Ciacolteu indicator and 15 mL of distilled
water by vortexing. Subsequent to waiting in the dark
place approximately 8 min, 3.75 mL of 7.5% Na carbon
was included into the mixture and the volume was
brought up to 25 mL with distilled water. At that point,
the absorbance was obtained at 760 nm by using a spec-
trophotometer (Carry 60 UV-VIS spectrophotometer,
USA) succeeding 2 hr incubation at room temperature in
a dark place. The findings were demonstrated as mg Gal-
lic acid (GA)/100 g on d.w.

DPPH was employed for the measurement of ATC of
squash extracts by the procedure proposed previously in
the work of Yildiz (2021a, b). A 0.1 mL of squash extract
was mixed by a 3.9 mL DPPH methanol liquid (25 mM)
and shaken 30 seconds and incubated at 25 °C for 30 min.
Subsequent to duration period, the absorbances of the
blend were obtained under 515 nm by a spectrophotom-
eter (Carry 60 UV-VIS spectrophotometer) and ATC of
the squash samples was identified as pumol Trolox equiv-
alents (TE)/g on d.w.

I11. RESULTS

A. Color Measurement

The most and first quality attribute which is assessed by
consumers is the surface color of the food products. In
addition, this is very important in terms of acceptance of
food materials, even earlier the taste the food product.
The effect of several drying methods related to the color
values of the dried squash samples was tabulated in Table
2. The L" value of all dried squash samples decreased sig-
nificantly in comparison with the fresh squash samples (p
<0.05). At the same time, a significant increase in a” val-
ues for the convective and microwave-dried squash sam-
ples when compared with the fresh squash samples was
observed. In comparison with the microwave-dried
squash samples, the squash samples dried at 55, 65 and
75°C by convective drying were significantly (P <0.05)
lighter in color. Similar impacts in the case of microwave
drying were pointed out earlier by Sumnu et al. (2005).
Color differences in the squash samples by thermal treat-
ments might be related to the pigment degradation and
the occurrence of brown pigments by non-enzymatic
(Maillard reactions) and enzymatic reactions. In addition,
temperature with the microwave power increase signifi-
cantly enhanced the reduction in the L™ values which
might be caused by non-enzymatic browning. The b” val-
ues of dried squash samples was found out to be lower
value than that of fresh squash samples (Table 2). Among
the applied 2 drying treatments, the highest b value loss
was collected with the microwave drying method at 100
W (25.21). Color differences observed in squash samples
as a result of drying process could be connected with the
pigment degradation, specifically degradation of carote-
noids with the occurrence of brown pigments caused by
non-enzymatic (Maillard reaction) and enzymatic reac-
tions (Albanese et al., 2013).
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B. Ascorbic Acid, Total Phenolic Content and Anti-
oxidant Capacity

Figure 1 showed the ascorbic acid content of microwave-
and convective-dried squash samples. A significant de-
cline was observed in the ascorbic acid content of the
squash samples for all the drying conditions (Fig. 1).
While the highest ascorbic acid content was observed in
the fresh squash samples (83.12 mg/100 g dry weight
(d.w.)), the lowest AA value was reported in the micro-
wave-dried squash samples at 200W (36.38 mg/100 g
d.w.).

Figure 1 presents the results of drying on total phe-
nolics of squash samples. Total phenolic content of fresh
squash samples was found as 31.67 mg GA/100 g d.w.
The drying treatments greatly influenced the total phe-
nolic content. The phenolics in the fresh squash samples
was significantly higher than that in the microwave and
convective dried squash samples. Increasing microwave
power from 100 to 200W reduced the phenolic content.
An increase on the drying temperature from 65°C to 75°C
declined the total phenols significantly. As a result of an
increase on drying temperatures, the reduction in the total
phenols has also been announced in several works by re-
searchers in pears (Santos et al., 2014) and apple samples
(Vega-Galvez et al., 2012). The reduction on total phe-
nolic value during drying period could be related to the
organization of polyphenolics with other compounds
(i.e., protein) and/or the differences in the physiochemi-
cal occurrence of polyphenols. The effects of drying
methods on the phenolic substances of foods were stud-
ied previously. In some studies, it was reported that ther-
mal process is very suitable to increase the phenolic con-
tent in several food materials including dry raisin (Car-
ranza-Concha et al., 2012), and apricot fruits (Sultana et
al., 2012. In addition, some findings demonstrated a mi-
crowave process increased the phenolic content signifi-
cantly in various food materials such as barley samples
(Gallegos-Infante et al., 2010). On the other hand, while
some studies (Zheng et al., 2006; Sultana et al., 2012;
Mrad et al., 2012) showed that total phenolic substances
decreased during heat application, some other studies
(Dewanto et al., 2002) pointed out that no notable differ-
ences. So, the influence of drying methods on the phe-
nolic substances from different food products might not
produce the same and/or similar results. By taking into
account of the findings, we can say that drying applica-
tion has changeable impacts on the phenolic substances.
The highest total phenolic content observed in the dried
squash samples could be related to more cell degradation
and rupture, so those can lead to more phenolic sub-
stances to be released.

The differences in the antioxidant capacity of squash
samples by different drying methods is demonstrated in
Fig. 1. The antioxidant capacity in the fresh squash sam-
ples was determined as 6.13 pmol Trolox/g d.w. A sig-
nificant decrease was reported in the antioxidant capacity
of squash samples in all drying methods (Fig. 1). Several
researchers observed a decrease in antioxidant capacity
after drying application (Wojdylo et al., 2014; Sultana et
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Fig. 1. The differences in secondary metabolites of convective-

and microwave-dried squash slices.

al., 2012; Santos et al., 2014) including sour cherries
(Wojdylo et al., 2014), pineapples (Di Scala et al., 2011)
and apple pieces (Sultana et al., 2012). The decomposi-
tion of antioxidant compounds at drying process is the
reason of observed reduction. The lowest antioxidant ac-
tivity value was found for the microwave-dried squash
pieces at 200W (2.95 pmol Trolox/ g d.w.). Compared to
the microwave-dried squash slices, convective-dried
squash samples showed higher antioxidant capacity (Fig.
1). The findings demonstrated that drying applications
achieved at lower temperature in convective drying,
which results in longer drying periods, may be the reason
of more decline in the antioxidant activity. In addition,
no statistically significant (p<0.05) changes was ob-
served among the antioxidant activity of the microwave
(100 and 200 W) dried samples (3.25 and 2.95 umol
Trolox/g d.w., subsequently). There might be a synergis-
tic or antagonistic effect between the antioxidant compo-
nents and other substances (Di Scala et al., 2011). The
decrease in antioxidant capacity may be associated with
the reduced amount of phenolics complexes. While the
dried squash samples demonstrated both lower total phe-
nolic and antioxidant capacity values, the fresh squash
samples showed the highest total phenolics and antioxi-
dant capacity. These results show that phenolic sub-
stances can contribute to the antioxidant capacity on
dried squash samples.

V. CONCLUSIONS
In the current work, the impacts of microwave and con-
vective drying methodologies on the color and bioactive
compounds including ascorbic acid, TPC and ATC of
squash samples were examined. The findings from the
analysis demonstrated that convective dried squash sam-
ples showed better quality characteristics compared to
the squash samples dried with a microwave drying. The
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squash slices dried at 65 C with convective drying exhib-
ited the highest retention of bioactive components and
best color among all convective drying conditions. The
microwave-dried squash slices at lower power (100W)
showed a higher quality characteristic compared to the
dried-squash samples at 200W. The results from this
study are significant for the processing of dried squash
samples by optimizing the conditions to obtain a high-
quality product.
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