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ABSTRACT

This study aimed to optimize the foam properties for the foam mat drying (FMD) process and investigate
the effect of drying temperatures (60, 70, and 80 °C) on the cherry laurel juice's drying characteristics and
bioactive properties. Egg white protein (EWP), carboxymethyl cellulose (CMC), and mixing time (MT)
variables were optimized using the Taguchi method to achieve the juice foam with maximum foam capacity
and stability. The optimal conditions determined were 10% EWP, 0.3% CMC, and 12 min of MT. The
drying times and effective moisture diffusivities (D) for 60, 70, and 80 °C were recorded as 160, 120 and
90 min and 6.09X107, 7.74x10 and 11.33X10 m?/s, respectively. As the drying temperature increased,
the total phenolic and total monomeric anthocyanin contents, and antioxidant activity values increased, but
ascorbic acid content decreased. This research demonstrates that the FMD process can successfully be
applied to dry juices with pronounced bioactive properties.
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KARAYEMIS OZUTUNUN KOPUK MAT KURUTMA YONTEMIYLE
KURUTULMASI VE KURUTMA SICAKLIGININ KURUMA
KARAKTERISTIKLERI VE BIYOAKTIF BILESENLER UZERINE ETKISININ
ARASTIRILMASI

oz
Bu calismada, képtik mat kurutma (KMK) prosesi icin képiik 6zelliklerinin optimize edilmesi ve farklt

kurutma sicakliklarinin (60, 70 ve 80 °C) trunin kuruma karakteristikleri ve biyoaktif ézelliklerine
etkisinin arastirilmast amaglanmustir. Optimum koptk kapasitesi ve stabilitesine sahip karayemis

* Corresponding author/ Sorumlu yazar
><I:mehmetguldane@subu.edu.tr 78 (+90) 264 616 08 00

Mehmet Gildane; ORCID no: 0000-0001-7321-0496
Hamza Bozkir; ORCID no: 0000-0002-8868-697X


mailto:mehmetguldane@subu.edu.tr

Production of cherry laurel powder by foam mat drying

ozuti képugl elde etmek icin yumurta akt proteini (EWP), karboksimetil selilloz (CMC) ve miksleme
sturesi (MS) degiskenleri Taguchi yontemiyle optimize edilmistir. Optimal kosullar %10 EWP, %0.3
CMC ve 12 dk. MS olarak belitrlenmistir. KMK isleminde 60, 70 ve 80 °C i¢in kuruma sireleti ve
efektif nem yayilimlari sirastyla 160, 120 ve 90 dk ve 6.09%10-9, 7.74X10- ve 11.33X10- m2/s olarak
saptanmustir. Bununla birlikte, kurutma sicakliginin ytkseltilmesiyle toplam fenolik madde ve toplam
monomerik antosiyanin icerikleri ile antioksidan aktivite degerleri artmis askorbik asit icerigi ise
azalmistir. Bu calisma, KMK isleminin belirgin biyoaktif 6zelliklere sahip meyve sulatina basariyla

uygulanabilecegini géstermektedir.

Anahtar kelimeler: Askorbik asit, fenolik, képtik kapasitesi ve kararliligt, Taguchi optimizasyon

INTRODUCTION

Cherry laurel (Laurocerasus officinalis 1..) is the fruit
of a tree belonging to the Rosaceae family,
primarily consumed in the Eastern Black Sea
region in Turkiye, where it grows naturally
(Vahapoglu et al., 2018). Also known as "Taflan",
this fruit has a unique taste and its beneficial
health properties are an important factor in its
preference (Aktiirk Gumiisay and Yildirim Yalcin,
2019). In folk medicine, the fruits, leaves, and
seeds of cherry laurel are utilized for their health-
promoting properties. However, the bioactive
compound content and the composition of cherry
laurel fruits vary due to genetic, environmental
factors, and post-harvest processing conditions
(Kolaylt et al., 2003). For instance, the total
anthocyanin, phenolic, carotenoid, and ascorbic
acid contents, and DPPH radical scavenging
activities of 11 different cherry laurel varieties
collected from the Rize region varied between
123-205 mg C3G/100 g, 364-503 mg GAE/100
g, 207-278 mg/100 g, 3.7-6.8 mg/100 g and 21.2-
32.2 umol Trolox/g, respectively (Celik et al.,
2011). Cherry laurel fruit, usually consumed as
fresh fruit in June-July, is spoiled easily due to its
high  water content. Therefore, various
preservation methods are employed to extend
shelf life and enable consumption throughout the
year (Beyhan, 2010). Cherry laurels can be
processed into further processing products such
as jam, marmalade, molasses, and fruit juice. This
fruit, which is also processed into brine, is
generally preserved by traditional drying methods
(Beyhan, 2010; Liyana-Pathirana et al., 2000).

Drying, a common preservation method for
foods with high water content (>75%), reduces
storage, packaging, and transportation costs,
ensuring microbiological and chemical stability
(Bozkir, 2020). For this purpose, the hot air

drying method is widely utilized. However, the
waxy film layer formed on the upper surface of
the dried material in this method causes
prolonged drying time (Zielinska et al., 2018). As
a consequence, as it leads to a reduction in
bioactive =~ components, alternative  drying
techniques are required (Bozkir et al, 2021).
Altuntas et al. (2022) noted a drying time of 22.5
h at 50 °C in the hot air drying process for cherry
laurel. In a study conducted by Giileg¢ Ozdemir
(2017), the drying times for Taflan were
determined as 20 min for microwave drying, 90
min for infrared drying, and 30 h for conventional
(sun) drying. Turkmen et al. (2020) revealed that
freeze drying was better than both hot air drying
and ultrasound-assisted vacuum drying in terms
of preserving the bioactive components found in
cherry laurel fruit.

Foam mat drying (FMD) can also be preferred for
products rich in bioactive ingredients due to its
low investment cost and short drying time (Kanha
et al., 2022). The basic principle of FMD involves
converting fruit juice or puree into foam form by
whipping with the help of foaming agents. The
mixing process increases the surface area,
facilitating effective drying by entrapping air
within the product. Foaming agents play a crucial
role in maintaining a stable foam throughout the
drying process. The resulting foam is spread in a
thin layer on a mat and then subjected to drying
using methods such as hot air, freeze, and
microwave drying. During the drying process,
water vapors can easily escape to the external
environment through the microchannels formed
between the air cells, thus significantly reducing
the drying time (Aslan and Ertas, 2021; Azizpour
et al.,, 2017; Osama et al., 2022).
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Taguchi method is an optimization technique that
provides robust design solutions by reducing the
number of experiments. The most important
advantage of this approach is that experimental
studies are carried out at a lower cost, and
practical solutions are produced in a shorter time
compatred to one factor at a time technique. In
addition, process parameters that have
insignificant effects on the process can be
detected in this method (Giildane, 2023; Guldane
and Dogan, 2022). Ana Maria et al. (2019)
obtained instant cocoa powder enriched with
lavender extract by FMD method. The
researchers successfully optimized lavender
extraction conditions using the Taguchi method.
Similarly, using the Taguchi approach, Berktas et
al. (2023) optimized the drying process of quince
slices coated with CaCl, and pectin by hot air and
microwave methods. In another study, the drying
parameters for hot air drying for tomato slices
were optimized by the Taguchi technique
(Hussein et al., 2021). The purpose of this study
was to optimize the foam mat drying process of
cherry laurel juice using the Taguchi approach. In
addition, the effect of drying temperature on the
drying characteristics of the optimal foams and
the bioactive properties of the powder products
were also investigated.

MATERIALS AND METHODS

Materials

Cherry laurel fruits were harvested from the
Sakarya University campus in the first week of
August and stored at +4 °C. Foaming agents, such
as egg white protein (EWP) and carboxymethyl
cellulose (CMC) powders, were purchased from
Tito (Turkiye). All chemicals and reagents utilized
were of analytical purity and were obtained from
Merck (Germany).

Methods

Preparation of cherry lanrel juice

The fruits were washed after removing stems,
branches, rotten fruits, and other non-fruit
components by hand, and the fruit puree was then
obtained using a solid fruit juicer. The puree and
fruit pieces were transferred to a clean muslin
cloth and pressed using a standard cheese press
weighing 20 kg to extract the fruit juice. After the

Brix value of the resulting cherry laurel juice was
fixed at 10 °B, the juice was transferred into a
brown glass bottle and stored at +4 °C.

Preparation of foaming agents

To prepare the stock EWP (20% w/v) and CMC
(1% (w/v)) solutions, the powder samples were
dissolved and hydrated completely by stirring
with a magnetic stirrer at 200 rpm. The protein
solution was stirred for 2 hours and stored at +4
°C, while the foam stabilizer solution was stirred
continuously overnight at room conditions.

Cherry lanrel foam production

100 g of fruit juice and the required amount of
EWP (5, 10, 15%) and CMC (0.1, 0.3, 0.5%) were
added to a beaker and mixed in a magnetic stirrer
at 200 rpm for 15 min. Then, the foaming solution
was transferred to the mixer bowl (Kenwood
KMO070, UK) and whipped at 160 rpm for
different times (4, 8, and 12 min). Foam capacity
and foam stability analyses were performed on the
foam sample produced. Cherry laurel foam
production was carried out according to the
Taguchi Lo experimental design presented in
Table 2. The foam sample made under optimum
conditions was used in the FMD of cherry laurel
juices.

Foam mat drying of cherry lanrel foam

The 105 £ 0.01 g of cherry laurel juice produced
under optimal conditions was transferred to a
rectangular aluminum tray (130 mm X 60 mm X
5 mm). The foam surface was gently leveled with
a plastic spatula. The laying thickness of the foam
was measured as 0.80 = 0.01 cm. The drying tray
was then transferred to a hot-air dryer (Neodry
Drier Machine, Turkey). The cherry laurel foam
was dehydrated at different temperatures (60, 70,
and 80 °C) and a constant air velocity of 2 m/s.
The literature studies (Gildane, 2023a; lasnaia
Maria de Carvalho et al., 2017; Maria de Carvalho
Tavares et al, 2019) and laboratory pre-trial
results were taken into consideration to determine
these parameters. Throughout drying, the trays
were weighed every 10 min using an electronic
balance (Radwag PS 4500, Poland). The drying
process was maintained until the samples reached
5% (wet basis (w.b)) moisture level. Following
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drying, the pieces were removed from the dryer
and homogenized by a blender. The samples were
then stored in airtight packages at +4 °C.

Experimental design

The Taguchi optimization method optimized the
quality characteristics of cherry laurel juice foam,
such as foam capacity and foam stability. The
study was designed using Minitab 19.0 software.
The studies were conducted based on Taguchi Lo
experimental design consisting of three factors

and three levels (Table 2). In the optimization of
foam properties, EWP (5, 10, and 15 %), CMC
(0.1, 0.3, and 0.5 %), and MT (4, 8, and 12 min)
variables were considered as control parameters
(Table 1). Literature reviews (Asokapandian et al.,
2016; Gao et al., 2022; Nemati et al., 2022; Salahi
et al., 2015; Santos and Martins, 2022; Varhan et
al., 2019) and laboratory preliminary trial reports
were utilized to determine the process variables
and their levels.

Table 1. Process variables and levels for cherry laurel foam production

Variables Unit Symbol Level 1 Level 2 Level 3
Egg white protein (EWP) % A 5 10 15
Carboxymethyl cellulose (CMC) % B 0.1 0.3 0.5
Mixing time (MT) min C 4 8 12

Table 2. Taguchi Lo (3%) orthogonal design, experimental results, and S/N ratio values

Variables Responses
Run A B C Foam capacity S/N ratio Foam stability S/N ratio

(%) (dB) (min) (dB)
1 5 01 52.00 £ 1.63 34.32 75.67 £ 0.47 37.58
2 10 01 8 67.00 £ 1.41 36.52 92.33 £ 1.70 38.31
3 15 01 12 63.33 £ 0.94 36.03 85.67 £ 2.05 38.66
4 5 03 8 100.33 + 1.25 40.03 123.33 + 0.47 42.09
5 10 03 12 108.00 + 1.63 40.67 137.00 = 2.49 42.73
6 15 03 4 83.33 £ 0.47 38.42 103.00 + 2.16 40.26
7 5 05 12 102.33 + 2.05 40.20 124.67 = 1.41 41.98
8 10 05 4 87.00 £ 2.16 38.79 103.33 £ 0.47 40.28
9 15 05 8 88.33 £ 0.47 38.92 105.33 + 0.47 40.45

The Taguchi technique is an optimization method Analyzes

capable of providing robust design solutions with
few experiments. In this method, the response
variables "larger is better", nominal is better," and
"smaller is better" are optimized according to the
Signal (S)/Noise (N) data. In this study, the
"larger is bettet" option (Equation 1), which
corresponds to the maximum levels of S/N ratios
for each of the responses, was preferred since it is
aimed to maximize the foam capacity and foam
stability responses (Giildane, 2023).

1 1
S/y = —10log [; ?:1;}_2] M

Where yjis the i. result of the j. factor experiment
and n is the number of replicate tests of 1.

Foam properties of cherry lanrel foam

Foam capacity (FC)

Foam capacity, which represents foamability, was
determined by Equation 2 according to Guldane
and Dogan (2022).

FC (%) = M%:“Fxmo @)

where M|, ve Mrindicates the weight of pre-foam
solution and foam, respectively.

Foam stability (FS)

In this study, the FS of the samples was evaluated
using the drainage half-life values. The analysis
was carried out using a method proposed by
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Gildane (2023). Briefly, 40 g of cherry laurel foam
was transferred into a plastic container (280 cm?),
which contained a hole about 6 mm in diameter
at the bottom surface. The container was
positioned on a level surface at a 45° C angle. The
reduction in foam mass was measured every 5
min, and the time required to remove 20 g of

liquid from the foam structure was calculated as
the drainage half-life.

Determination of drying characteristics
Drying rate (DR)
The samples ' drying rate (DR) was calculated by
Equation 3 using the method proposed by Bozkir
et al. (2021).
Mi+ar—My

it €)
where M+q: is the moisture content at t+dt, and t
represents the time.

DR =

Moisture ratio (MR)

The moisture content of cherry laurel juice foams
was determined by Equation 4 (Dehghannya et
al., 2019).

M—M,

MR = e )

where M, is the moisture content at any time (t).
M; and M. are initial and equilibrium moisture
contents, respectively.

Effective moisture diffusivity (D)

Effective moisture diffusivity (Def) values for
drying cherry laurel juice foams were determined
by calculating the D.sr value employing Equation

5 in accordance with Fick's second law
(Watharkar et al., 2021).

= 1In(2) — (qp2 Reft
ln(MR) - 11’1( 1.[2) (T[ 412 t) (5)

where L. and t indicate the foam thickness and
drying time, respectively.

Determination of bioactive properties
Exctraction of bioactive components

The method proposed by  Michalska-
Ciechanowska et al. (2020) was partially modified
and employed for extracting bioactive
compounds from powdered samples. Briefly, 25
mL of methanol (80% (v/v)) was added to 1 g of

cherry laurel extract foam powder, which was
then mixed using a magnetic stirrer at 200 rpm for
15 min. Following this, the samples were filtered
with filter paper and centrifuged at 5000 rpm for
10 min with a centrifuge (K242R, Centurion
Scientific, UK). The resulting supernatant was
stored in a brown glass bottle at +4 °C until
further analysis.

Total phenolic matter (1PM) content

The total phenolic content of the samples was
determined by the Folin-Ciocalteu (FC)
colorimetric method proposed by Aktiirk
Gimiusay and Yidirim Yalcin (2019). For this
purpose, 200 uL. FC reagent and 2 mlL distilled
water were added to 100 uL extract in a test tube.
The tube was incubated for 3 min at room
conditions, then 1 mL of 20 (%) Na,COs was
added, vortexed, and kept in the dark for 1 hour.
Subsequently, the absorbance of the samples was
measured at 765 nm wusing a UV-VIS
spectrophotometer (Shimadzu UV-1240, Japan).
The TFM content of the samples was calculated
in mg gallic acid equivalent (GAE) per 100 g of
sample dry matter (dm) using a calibration curve
plotted against standard gallic acid solutions.

Total monomeric anthocyanin (IM.A) content

The TMA content of cherry laurel foam powder
samples was determined using the pH differential
method (Celik et al, 2011). To carry out this
analysis, the sample extracts were diluted with
both potassium chloride (pH=1) and sodium
acetate (pH=4.5) buffer solutions. Following the
dilution, the absorbance of the samples was
measured at 515 and 700 nm after incubating for
15 min at room temperature. The final
absorbance (Abs) for each sample was calculated
using Equation 6.

Abs = (As10nm — A700 nm)pH 1.0 —
(A510 nm A700 nm)pH 4.5 (6)

TMA contents of cherry laurel powder samples
were calculated according to Equation 7.

m Abs*M,,*DF*1000
TMA (_g) — AbsxMy*DF>1000

o )

where Mw is the molecular weight (445.2), DF is
the dilution factor value, and e is the molar

exl
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absorbtivity constant (26,900) for cyanidin-3-
glucoside (C3G).

Antioxidant activity assay

The antioxidant activities of the sample extracts
were determined by calculating DPPH (1.1-
diphenyl-2-picrylhydrazyl) radical scavenging
activity (Equation 8) according to the
methodology proposed by Aktirk Giimiisay and
Yildirim Yalgin (2019). This method involved
mixing 3 mL of DPPH methanolic solution (0.1
mM) with 200 pL of the sample. The absorbance
of the sample was then measured at 517 nm after
waiting for 30 min in a dark environment.

DPPH(%) — (Abscontrol_Asample) %100 (8)
Acontrol

Acontrol and Aample represent the absorbance value

for the DPPH solution and sample extract,

respectively.

Ascorbic acid content

The ascorbic acid content of the cherry laurel
extract powders was determined using a modified
method proposed by Hisil (2004). For this
purpose, 9 mL oxalic acid solution (4% (w/v))
was added to 1 g of the sample and mixed at 200
rpm using a magnetic stirrer for 15 min. The
mixture was then filtered through Whatman no:1
filter paper and stored in a brown glass bottle at
+4 °C. For analysis, 9 mL of dye solution (2,6-
dichlorophenolindophenol) was added to 1 mL of
the sample in a test tube and vortexed. For the
control sample, 1 mL of sample and 9 mL of
distilled water were transferred to another test
tube and mixed. The absorbance of the sample
was measured at 518 nm using a UV-VIS
spectrophotometer and adjusted to zero with the
control sample. The vitamin C content of the
sample was determined using a calibration curve
generated from standard ascorbic acid solutions
at different concentrations.

Statistical analysis

Analysis of variance (ANOVA) was performed
using Minitab (Version 19.0, Minitab Inc., State
College, PA, USA) software to determine the
effects of production variables on the
optimization of cherry laurel extract foam.
Moreover, the differences in the analyzed results

of the samples dried at different temperatures (60,
70, and 80 °C) were evaluated utilizing Duncan's
comparison test with a 95% confidence interval.

RESULTS AND DISCUSSIONS

Taguchi optimization of cherry laurel foams
The FC and FS results of cherry laurel juice foams
according to the Taguchi Lo experimental design
matrix and the average S/N ratios cortesponding
to each result are summarized in Table 2. The
results indicate that the FC and FS values of the
foam samples exhibited an improvement of
approximately 108% and 81%, respectively,
compared to the initial process parameters
(A1B1Cy). In addition, the mean values of S/N
ratios for FC and FS in cherry laurel foam
production ranged between 34.42-40.67 dB and
37.58-42.73 dB, respectively. The effect of the
process variables (EWP (%), CMC (%), and MT
(min)) on the observed results is depicted in the
S/N ratio average response graph, presented in
Figure 1 a-b. It can be seen from the figures that
the process variables have a similar impact on
both FC and FS values. Since the main objective
of the study was to maximize the FC and FS
values, the highest S/N ratio average value for
each process variable in the response graphs was
utilized to determine the optimum production
conditions. Based on the experimental results, a
sample with optimum foam properties could be
produced by whipping cherry laurel juice
containing 10% EWP and 0.3% CMC at room
temperature for 12 min (A2B>Cs).

In the production of cherry laurel juice foam, an
increase in the EWP concentration from 5% to
10% significantly affected foam properties.
However, higher protein concentrations (15%)
did not lead to a substantial improvement in both
FC and FS responses. Similar observations could
be made regarding the CMC variable as a foam
stabilizer. On the other hand, an increase in
mixing time had a positive contribution to foam
properties. Furthermore, the model ANOVA
data, with a high coefficient of determination (R?
> 0.99), indicated that the influence of the process
parameters on both responses was statistically
significant (P < 0.05). EWP showed the most
significant effect on cherry laurel foam
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production, with a higher contribution rate

(80.13% for FC and 68.09% for ES), followed by
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MT (15.36% for FC and 22.90% for FS) and CMC
(4.42% for FC and 8.68% for FS) (Table 3).
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Figure 1. S/N response graphs for foam capacity (a) and foam stability (b)

Table 3. ANOVA results for foam capacity and foam stability responses

Foam capacity (FC) Foam stability (F'S)
Source DF  Sum of F- p-  Contribution Sum of E- p-  Contribution
squares  Value Value ratio (%) squares  Value Value ratio (%)

A 2 2359.80  752.54 0.001* 80.13 2141.51  203.12 0.005* 68.09

B 2 129.95  41.44 0.024* 441 27291 25.89 0.037* 8.68

C 2 45225  144.22 0.007* 15.36 720.32 68.32 0.014* 22.90
Error 2 3.14 0.10 10.54 0.33
Total 8 2945.14 3145.28

R2 99.89 99.66

* significant (P <0.05).

In the literature, there are conflicting results on
the effect of process variables on foam properties
in models designed for FMD. For instance,
Watharkar et al. (2021) reported that an increase
in skim milk powder concentration in the
production of ripe banana puree foam resulted in
a decrease in foam density without influencing FS.
Similatly, Macedo et al. (2021) reported that the
concentration of foaming agent (Emustab) and
mixing time did not significantly affect FS but
improved the foaming property in FMD of white
and red dragon fruit. On the other hand, Thuy et
al. (2022) observed a significant improvement (P
<0.05) in both FC and FS responses with an
increase in albumin content and mixing time
during the production of Magenta leaf extract

foam. Salahi et al. (2015) noted that an increase in
EWP concentration from 1% to 3% and an
increase in MT from 120 s to 10 min led to
reduced foam density and liquid drainage from
the foam structure.

Opverall, these varying observations highlight that
the impact of process variables and their levels on
foam properties in FMD models is product-
specific and might yield different observations
depending on the particular characteristics of the
material being processed.

Drying characteristics

Drying time, drying rate (DR), moisture content
(MC), and effective moisture diffusivity (De)
were determined from the FMD process of cherry
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laurel juice foam produced under optimum
conditions. The moisture variation of the fruit
juice foam during drying is given in Figure 2a. The
figure shows that the drying time of foam samples
decreased with the increasing temperature, as
expected. In the drying study, the drying times of
the samples dried at 60, 70, and 80 °C were 160,
120, and 90 min, respectively (Figure 2a). The
drying time decreased by 43.75% when the
temperature increased from 60 to 80 °C. This
situation can be attributed to the decrease in the
internal resistance of water diffusion in the
product due to the increased drying temperature

S o
o o

e
'

Moisture ratio

0 20 40 60 80 100 120 140 160

Drying time (min)

ale
(=]

-
<

Drying 1
o 4

(Macedo et al., 2021; Salahi et al, 2015). In
addition, the decrease in the relative humidity of
the drying air with increasing temperature is also
a practical factor contributing to the reduction in
drying time (Kili¢ and Tabanligil Calam, 2020).
Turkmen et al. (2020) reported the drying time of
cherry laurels decreased by about 63.11% when
the drying temperature increased from 60 to 70
°C. These results indicate that the FMD process
significantly increases the moisture diffusion rate
depending on the product characteristics.
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Figure 2. The effect of drying temperature on moisture ratio (a) and drying rate (b)

The variation in DR based on temperature for
cherry laurel juice foam dried at different
temperatures is shown in Figure 2b. When the
figure is analyzed, it can be seen that the drying
rate for cherry laurel foam is notably high in the
initial stage of the drying process. This situation
can be attributed to the easy evaporation of water
from surfaces with higher moisture content.
However, in the later stages of drying, the drying
rate decreases, primarily attributed to internal
resistance in removing moisture from the inner
regions (Salahi et al., 2015).

The D of cherry laurel foam in the FMD
process was calculated using Equation 5, and the
values at 60, 70, and 80 °C were determined as

6.09x109, 7.74x10° and 11.33X10-9 m?2/s,
respectively. Deg, which defines mass transfer
properties within foods concerning observed
internal moisture mobility, generally vary between
1012 m2/s and 108 m2/s (Whatarkar et al. 2021).
In addition, it has been reported that the Deg
value changed between 108 m2/s and 1010 in
various foam mat-dried products, and the
temperature variable was identified as the most
crucial factor influencing moisture transfer in
FMD (Dehghannya et al.,, 2019; Khodifad and
Kumar, 2020; Salahi et al., 2015; Thuy et al,
2022). The results of the present study were found
to be consistent with the literature data.
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Bioactive properties

The TFM, TMA, ascorbic acit contents, and
DPPH (%) radical scavenging activity results of
both the control sample and cherry laurel juice
foam powders, dried at different temperatures
(60, 70, and 80 °C), are presented in Table 4. The
results demonstrated statistically significant
differences in the bioactive contents of the cherry
laurel juice containing foaming agents and the
samples subjected to the drying process (P <0.05).
Furthermore, it was observed that the TFM and
TMA contents as well as DPPH (%) values of the
samples increased, and ascorbic acid content
decreased due to the increase in drying
temperature in the FMD process.

Polyphenols are secondary metabolites in plants
and possess various biological effects, including
antioxidant,  antibacterial, and  anticancer
properties. In our study, the TFM contents of
cherry laurel powders ranged between 124.46 *
4.46 and 299.24 * 0.37 mg GAE/100 g. The
values obtained were lower than the TFM content
of the control sample (444.43 = 0.18). The
previous research conducted by Gumisay and
Yalcin (2019) determined the TFM content of
cherry laurel fruit dried by freeze drying as
1552.74 £ 44.02 mg GAE/ 100 g, considerably
higher than our results. This condition may be
related to product variations (Beyhan, 2010) and
the incorporation of maltodextrin and foaming
agents into the formulation, which may dilute and
reduce the phenolic content, leading to lower
TFM (Fauziyah et al., 2022). However, Celik et al.
(2011) reported different cherry laurel genotypes
with TFM contents between 364-503 mg
GAE/100 g on a wet weight basis. In the FMD
process, the TEM content of the samples tended
to increase as the drying temperature increased.
This phenomenon could be attributed to the
reduction in drying time due to elevated drying
temperature, thereby limiting the degradation of
phenolic compounds by minimizing the time the
product is placed in the dryer (Brar et al., 2020).
In our study, the TFM content improved by
approximately 140% due to increasing the
temperature from 60 °C to 80 °C. Similatly,
Turkmen et al. (2020) reported an 86% increase
in TFM content due to increasing the drying

temperature from 60 to 70 °C in hot air drying of
cherry laurel fruit. Also, a similar enrichment in
phenolic substances was observed in the FMD of
peaches due to increased drying temperatures
(Brar et al., 2020).

Anthocyanins are natural pigments responsible
for the diverse colors in plants ranging from red
to blue. It was found that cherry laurel juice was
enriched with monomeric anthocyanins due to
drying with the FMD process, especially with
increasing temperatures. The TMA content in
cherry laurel powders showed a substantial
decrease (~54%) when the drying temperature
was decreased from 80 to 60 °C (Table 4). This
result may be attributed to the prolonged
exposure of anthocyanin compounds to oxygen
during relatively low-temperature drying and their
subsequent degradation facilitated by polyphenol
oxidase enzymes. In a similar study, the TMA
contents decteased from 76.22 + 2.67 to 39.93 £
2.17 in mg C3G/ 100 g dm as a result of reducing
the drying temperature from 70 to 50 °C during
the hot air drying of cherry laurel fruit (Turkmen
et al., 2020). These comparable results could be
attributed to the diluting effects of the foaming
agents (EWP, CMC, and MT) used in the FMD
process. In addition, it was reported that the
anthocyanin content of cranberry dried in a
convective dryer at 70 °C was higher than 50 °C
(Tontul et al., 2018). Similar trends were observed
by Kanha et al. (2022) in FMD of black rice bran
extract. These studies emphasize the importance
of considering the degradation of complex

anthocyanins into their monomeric forms,
especially  under  high-temperature  drying
conditions.

Oxygen, an essential element for human life,
triggers oxidative stress by causing the formation
of reactive oxygen species within cells.
Antioxidant substances serve as a defense
mechanism against the effects of this stress,
making the consumption of antioxidant-rich food
products crucial for maintaining health (Aktirk
Gumisay and Yiddirim Yalgin, 2019). The DPPH
radical scavenging assay is widely used to evaluate
the ability of antioxidants to scavenge free
radicals. The binding potential of antioxidants
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with free radicals determines the scavenging
activity of a sample (Liyana-Pathirana et al., 2000).
The DPPH (%) values of foam mat dried cherry
laurel powders ranged between 27.09 = 0.14%
and 53.81 * 0.17%. Although the antioxidant
activity of the powder samples was lower than the
control (78.50 £ 0.11%), the antioxidant activity
of the samples increased significantly (P <0.05)
due to the increase in drying temperature in the
production of cherry laurel juice powder.

The vitamin C content in cherry laurel powders,
obtained through the FMD method, varied
between 1.0 £ 0.07 and 3.72 * 0.02 in mg
C3G/100 g sample dm. It was observed that the
ascorbic acid content in these samples decreased
significantly (P <0.05) with increasing drying
temperature. This decline may be attributed to the
higher degradation of ascorbic acid at higher
temperatures. Comparable results were noted in
the FMD of papaya pulp (Abd El-Salam et al.,
2021) and tomato (Kadam et al., 2012).

Table 4. Bioactive properties of foam mat dried cherry laurel foam powders

Drying temperature (°C)

Property Control* 60 70 80
TFM (mg GAE/100 gdm)  444.43 £0.18* 124.46 + 4464  237.41 £ 3.57¢ 299.24 + 0.37>
TMA (mg C3G/100 gdm)  128.75 £ 1.02¢ 4559 £ 0.174 ~ 87.81 £ 0.46c  98.90 £ 0.88>
DPPH (%) 78.50 £ 0.11=  27.09 £0.14¢  50.67 £0.27¢  53.81 £ 0.17°
Ascorbic acid (mg/100 gdm)  4.38 £ 0.13# 3.72 £ 0.02> 1.97 £ 0.00¢ 1.0 £0.074

Results are given as mean % standard deviation. Different letters in the same row indicate significant differences (P
<0.05). *Control sample refers to the optimal pre-foam solution.

CONCLUSION

In this study, cherry laurel juice, which has
prominent bioactive properties, was dried using
the foam mat drying method. The optimal foam,
obtained by whipping cherry laurel juice
containing 10% egg white protein and 0.3%
carboxymethyl cellulose for 12 min, was spread in
an aluminum tray and dried at 60, 70, and 80 °C
at an air velocity of 2 m/s. The effect of drying
temperature on drying characteristics and
bioactive components was investigated. The
results revealed an improvement in drying factors
such as drying rate and effective moisture
diffusion with increasing temperature during the
foam mat drying process. In addition, it was
observed that the total phenolic content, total
monomeric anthocyanin, and DPPH (%) radical
scavenging  activity values increased by
approximately  140%, 117%, and  99%,
respectively. On the other hand, the vitamin C
content decreased by about 73% when the drying
temperature increased from 60 to 80 °C. The
results demonstrated that the foam mat drying
technique can be successfully applied in
producing fruit powders with high bioactive
content.
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