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officinalis Roem.) puree in a freeze-dryer
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This study aims at the determination of the effect of thickness on the freeze drying behavior of cherry laurel
(Laurocerasus officinalis Roem.) puree, together with the determination of the physical, chemical, and powder
properties of the obtained powders and the calculation of the energy efficiency of the drying process. The samples were
dried at 3, 5, and 7 mm thicknesses. Among the twelve thin-layer drying models used, the Page (3 and 5 mm) and
Logarithmic models (7 mm) were found to satisfactorily describe the drying behavior. The drying times were 8, 10, and
11 h with increasing the moisture extraction rate (MER) and specific moisture extraction rate (SMER), and decreasing
specific energy consumption (SEC) values for the increasing thicknesses. The effective moisture diffusivity (De)
values were between 4.70-7.78E-08 m?/s. The average total phenolic compounds and the vitamin C content values were
710 mg GAE/100g (db) and 23 mg/100g (db)), respectively. The bulk density values were between 99.75 and 113.88
kg/m?, and the flowability and cohesiveness values were at fair-bad, and intermediate-high levels, respectively.

Keywords: Cherry laurel puree, Freeze drying, Thin layer modeling, Effective moisture diffusivity, Energy

consumption, Powder properties.
INTRODUCTION

Cherry laurel (Laurocerasus officinalis Roem.)
which belongs to the Rosaceae family is generally
grown in the Black Sea Region in Turkey [1].
Cherry laurel contains high amounts of minerals (K
(7938.7 ppm), Mg (1242.2 ppm), Ca (1158.9 ppm)
etc.), vitamin C (3.7-6.8 mg/100 g wb), phenolic
(3129.2 mg GAE/100 g db) and antioxidant
compounds (2575 pmol Trolox/g wb) [2-4].
Besides being consumed fresh and in dried form, it
is also used for making jams, molasses, marmalade,
fruit juice, and pickle.

The consumption of cherry laurel is quite
limited due to the short harvest time and the high
perishability of the fruits. Considering the high
nutritional properties of this fruit, freezing and
drying might be suitable techniques for prolonging
the consumption period, increasing the areas of
utilization and increasing the post-harvest stability.
Among these techniques drying constitutes an
alternative way to increase the shelf life and
consumption of cherry laurel. Freeze drying is a
method in which drying takes place at very low
temperatures and by this way a high quality product
is provided. The water in the product (in solid
phase) is removed by vacuum protecting the shape
and texture and the volume loss of the product is
prevented. In addition, the loss of minerals,
vitamins, flavor, and aroma compounds of food is
minimized [5].

Freeze drying has been used for several kinds of
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fruits such as strawberry [6], guava [7], pumpkin
[8], mango [9], kiwi [10], watermelon [11], etc.

The aim of this study covers the determination
of the effect of different thicknesses of cherry laurel
puree on the freeze drying behavior, the
determination of the physical, chemical, and
powder properties of the obtained products and the
calculation of the energy efficiency of the drying
process.

MATERIAL AND METHOD
Material

Fully matured fresh fruits were obtained from a
local supermarket in Kocaeli, Turkey. They were
washed and grinded with a home-type blender
(Tefal Smart, MB450141, Turkey) after the
removal of the stones.

Drying Experiments

The experiments were performed in a pilot scale
freeze dryer (Armfield, FT 33 vacuum freeze drier,
England) at three thicknesses of 3, 5, and 7 mm in a
vacuum (13.33 Pa absolute pressure), at a —48°C
condenser temperature. The temperature of the
heating plate was set to 10°C.

The weight of the samples was determined at 1 h
intervals by using a digital balance with 0.01
precision (Ohaus AR2140, USA) until the weight
of the sequent samples reached a constant value.
The dried material was grinded for one minute in a
home-type blender (Tefal Smart, MB450141,
Turkey), then, the powders were stored in
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aluminum-laminated
packaging materials.

polyethylene (ALPE)

Physical and Chemical Analyses

The moisture content of the samples was
determined according to AOAC [12]. The soluble
solid contents (TSS), water activity, pH and color
values of the samples were measured by using
ATAGO 1T (England), Testo-AG 400 (Germany),
Inolab WTW pH 720 (Germany), and Minolta CR-
400 Colorimeter (Japan), respectively.

Total color changes (AE) of the powders with
respect to cherry laurel puree were calculated by
using Eq. (1) [13]:

AE = VAL + Aa*2+Ab*? (1)

In addition, Chroma value was calculated by
using Eq. 2 [13]:

Chroma= (a*? + b*%)%/2 (2)

For the determination of the chemical properties
of the samples; extracts were obtained according to
the methods of Cemeroglu [14]. The obtained
extracts were stored at -24°C in the dark until
analysis.

The total phenolic content (TPC) of the samples
was determined according to Franke et al. [15] and
the results were given as gallic acid equivalents per
100 grams of dry sample.

The total antioxidant activities of the samples
were determined using the method based on the
principle of the activity of DPPH radicals. The %
inhibition of samples was calculated by using Eq.
(3):

% inhibition = %* 100 (3)
DPPH

The total antioxidant activity was expressed as
umol Trolox equivalent per g sample (db) [14].
The vitamin C content of the samples was
determined according to Hisil [16] as mg vitamin
C/100 g sample (db).

Mathematical Modeling of Drying Data

The moisture ratio (MR) values of the samples
were calculated throughout the freeze drying
operation by using Eq. (4):
M¢—M,

My—M,

MR= (4)

where, Mo, M; and M. represent the initial, any
time and equilibrium moisture contents (kg
water/kg dry matter), respectively.

Twelve thin layer drying models (Lewis, Page,
Modified Page, Henderson and Pabis, Logarithmic,
Midilli, Two Term, Two Term Exponential,
Approximation of Diffusion, Wang and Singh,
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Verma, and Logistic), commonly used in drying
processes, were employed [17,18].

The coefficient of determination (R?), root mean
square error (RMSE) and the reduced chi-square
(x?) values were determined according to Ergun et
al. [10]. The higher values of the coefficient of
determination (R?) and the lower values of root
mean square error (RMSE), and reduced chi-square
(x?) were chosen for assessing the goodness of fit.

For the determination of the effective moisture
diffusivity (Defr) values of the cherry laurel, Fick’s
diffusion model as given in Eq. (5) was used:

8 1 . D
MR =~ expl — (2i —1)272 — ¢ | (5)
@i 1) p{ @-0 }

where, t is the time (s), Der is the effective
moisture diffusivity (m?s) and L (m) is the
thickness of sample. For long drying times
(MR<0.6) [19], a limiting case of Eq. (5) was
obtained, and expressed in logarithmic form as
given in Eq. (6):

2D,
InMR =In (%) — ( ff) t (6)
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The effective diffusivity is typically calculated
by plotting the experimental moisture ratio versus
the drying time. From Eg. (6), a plot of In MR
versus the drying time gives a straight line with the
slope given in Eq. (7):

_ ™ Desy
Slope ="z (7)
Determination of Energy Efficiency of Freeze
Drying Operation

The total energy consumption of the freeze-
drying process was measured by a power
measurement device (Makel M310.2218, Turkey).
In order to determine the effectiveness of freeze
drying, the moisture extraction rate (MER), specific
energy consumption (SEC), and specific moisture
extraction rate (SMER) values were calculated by
the following equations (Egs. 8-10) [20, 21]:

Amount of water removed during drying (k;
MER = emov g drying (kg) 8)
Drying time (h)
Total energy supplied in drying process (M
SEC = gy supp Y ‘gp a M]) (9)
Amount of water removed during drying (kg)
Amount of water removed during drying (k
SMER = sdving e (10)

Energy consumption (kWh)

Determination of the Powder Properties

The bulk and tapped density values, flowability
(Carr Index) and cohesiveness (Hausner Ratio), the
average wettability  times, dispersibility,
hygroscopicity (%) and caking degree of the
powders were determined by using the methods of
Chegini and Ghobadian [22], Jinapong et al. [23],
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Gong et al. [24], Pisecky [25], and Jaya and Das
[26], respectively.

Determination of the Morphological Properties
by Scanning Electron Microscopy (SEM)

The powder samples were placed on aluminum
stubs using a double-sided adhesive tape. The
samples were then coated with gold and were
examined with a scanning electron microscope
(Carl Zeiss 300 VP, Germany) operating at 3 kV
accelerating voltage.

Determination of the Glass Transition
temperature by Differential Scanning Calorimeter
(DSC)

The glass transition temperature of the powder
was determined by a differential scanning
calorimeter (TA DSC Q2000, New Castle, DE
USA) equipped with a thermal analysis station
between -30°C to 100°C at 10°C/min for formation
of glassy state in the powder and equilibrated for 10
min. DSC thermograms presenting the heat flow
(W/g) and temperature relationship were used to
analyze the thermal transitions in samples during
heating and cooling. TA Instruments Universal
analyses software was used to analyze the onset,
mid and end points of the glass transition. The glass
transition temperature (Tg) was calculated as the
average of the onset and end point values [27].

Statistical Analyses

The data were analyzed using statistical
software SPSS 16.0 (SPSS Inc., USA). The data

Table 1. Physical properties of the powders.

were also subjected to analysis of variance
(ANOVA) and Duncan’s multiple range test
(0=0.05) to determine the difference between
means. The drying experiments were replicated
twice and all the analyses were triplicated.

RESULTS AND DISCUSSION

The experimental results showed that freeze-
drying technique was effectively used in the drying
of cherry laurel puree, as supported by the
acceptable values for the analyzed properties. The
efficiency of the process was calculated based on
the solid content of puree (98.44-98.68%) and only
slight losses due to handling were observed.

Some of the physical properties of cherry laurel
powders are given in Table 1. Moisture content is
the critical quality parameter for the powder
products. The total soluble solid content (TSS)
(°Bx) of cherry laurel puree was measured as
14.1°Bx, with a moisture content value of
81.15+0.28% (wb) which is similar to the value
presented by Kolayl et al. [2] (80.00+4.10% for
cherry laurel). The moisture content values must be
below 10% for the protection of the properties of
powder products [28, 29] and suitable values of
moisture content of the powders were obtained in
this study. The final moisture content of the
powders ranged between 7.05 and 9.42% (wb) and
they could be classified as microbiologically safe
for long-term storage. It was observed that the
moisture content of the dried powders was affected
by the drying thicknesses (P<0.05).

Cherry Laurel Powders Dried at Different Thicknesses

Properties
3mm 5mm 7 mm

Moisture Content (%whb) 7.70+0.86 2 7.05+0.192 9.42+0.17°
Water activity 0.248+0.0112 0.261+0.0082 0.270+0.0392
pH 4.527+0.02282 4.509+0.02282 4.499+0.0228

Color

L* 45.09+0.35°¢ 40.20+1.67° 37.95+0.652

a* 20.54+0.66° 23.14+0.96° 24.27+0.53°

b* 3.16+£0.652 3.95+0.862 3.88+0.782

AE 17.77£0.11° 14.71+£0.48 2 13.69+0.74 2
Chroma 20.79+0.75% 23.74+0.79° 24.58+0.43°

&< Differences in the statistical evaluation are shown with different letters in the same row (P<0.05)
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The water activity values of cherry laurel
powders reached the range of 0.248 to 0.270 at the
end of drying as in the acceptable limits for the safe
storage of the powders. The measured water
activity values were in the same range with freeze
dried kiwi, pumpkin, quince and persimmon puree
powders (between 0.225 and 0.273) [30, 31].
According to Table 1, it can be stated that the water
activity values of the powders increased with the
increasing drying thicknesses although no statistical
difference was observed (P>0.05).

The pH value of the cherry laurel puree was
measured as 4.424+0.001, similar to the pH values
of 4.500+0.500 reported by Kolayl et al. [2]. The
pH values of the reconstituted powders (4.499-
4.527) were found to be slightly higher compared to
the puree and at 3 mm thickness it was observed to
be the highest one. Considering the results in Table
1, the change in the drying thicknesses caused no
significant effect on pH values (P>0.05). The
increase in the pH values might be due to the loss
of some acidic compounds in the structure during
the drying process. In addition, since the powders
were diluted to the initial moisture content before
the measurements, the pH values might be affected
by differences in the moisture content of the
powders, hence, by the amount of water added.

The color values of the powders are given in
Table 1 and it can be seen that significant
differences were registered for L* and a* values
between the powders (P<0.05) dried at different
thicknesses. The color values (L*, a*, and b*) of
the cherry laurel puree were measured as
28.38+0.17, 14.63+0.23, and 2.44+0.08,
respectively. Kasim et al. [32] reported the color
values of cherry laurel as 21.14-24.21, 5.63-17.72,
and 0.22-3.97 for L*, a*, and b*, respectively, for
12 natural genotypes. These differences in the color
values can be due to differences in the maturation
degree and harvesting time. The color values were
affected by the freeze drying process and higher
values were observed for the powder products. The
lightness values of the powders decreased
depending on increasing drying thicknesses
(P<0.05), which can be explained with the long
drying times. The greenness/redness value of the
sample dried at 3 mm thickness was statistically
different from the other sample thicknesses
(P<0.05) and there was no statistical difference in
blueness/yellowness values of the powders
depending on the increase of the drying thicknesses
(P>0.05). The calculated values of AE for the
powders with respect to the cherry laurel puree
were significantly affected by the change of the
drying thicknesses (P<0.05). The Chroma value of
the cherry laurel puree was calculated as 14.83+
470

0.24. This value is similar to that reported by Kasim
et al. [32] and Halilova and Ercisli [33] (5.35-18.15
and 8.39-19.07, respectively). The Chroma values
of the powders significantly increased depending
on the increasing drying thicknesses (P<0.05).

The results obtained from the chemical analysis
of the powders are given in Table 2. According to
Table 2 the total phenolic content values of cherry
laurel puree and its powders were determined as
1083.11 and between 697.27 and 719.81 mg
GAE/100g (db), respectively. The values of
phenolic content of cherry laurel reported in the
literature [4, 33, 34] ranged between 2436 and 7527
mg GAE/100 g (db) showing a large variation
between the samples. No significant differences
were observed in the phenolic content values of the
powders for the change of the drying thicknesses
(P>0.05). Dirim and Caliskan [8] reported a
decrease of 3% (db) in total phenolic content of
pumpkin puree in freeze drying. In another study,
Chinese ginger was dried by five different drying
methods (hot air, freeze, infrared, microwave, and
intermittent microwave-convective drying). The
phenolic content of fresh and dried Chinese ginger
was found as 11.97, 9.69, 13.83, 11.35, 8.41, and
11.28 mg GAE/g (db), respectively. According to
these values, the freeze drying method better
preserved the phenolic content than the other
methods [35].

The antioxidant activity of the cherry laurel
puree and its powders was determined as 186.20
and 46.54-83.68 umol Trolox/g (db), respectively.
According to results, the antioxidant activity of the
powders was affected by the change in drying
thickness (P<0.05). The phenolic content affects the
amount of antioxidant substances in foods, but
color pigments are also a major parameter for the
amount of antioxidant in foods. The values of the
antioxidant activity of cherry laurel reported in the
literature [36, 37] ranged between 21.20 and 35.9
umol Trolox/g (wb). The degree of maturation,
genotypes, and conditions of the growth area can be
the reason for the different chemical properties of
cherry laurel. In a study by Valadez-Carmona et al.
[38], cacao pod husk was dried by convective,
microwave, and freeze drying methods and the
antioxidant activity of powders was found to be
35.8, 59.3, and 70.8 pumol Trolox/g (db),
respectively, indicating better antioxidant activity
preservation with freeze drying.

The vitamin C content of the cherry laurel puree
was determined as 177.44 mg/100 g (db) and values
ranging between 2.96 and 204.00 mg/100g (wb) for
cherry laurel were reported in the literature [2, 37].
According to the results, the vitamin C values of
the freeze dried cherry laurel powders decreased
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depending on increasing drying thickness (P<0.05).
The vitamin C losses can be due not only to the
freeze drying process, but to the operations before
freeze drying such as handling, storage conditions,
and mashing of cherry laurel. In general, vitamin C
loss in freeze drying is lower when compared to
other drying methods, since the process is
performed at low temperatures with application of
vacuum [39]. In their studies, Dirim and Caliskan
[8] and Marques et al. [40] reported losses of
vitamin C as 18% (db) for pumpkin and 13.0-
69.3% (db) for acerola, respectively. However, in
our study a considerable loss was observed.

The drying characteristics of the samples during
the freeze drying process were determined from the
mass loss in the samples of the known initial
moisture content (81.15+0.28%, wb). The drying
process was carried out by following the weight of
the samples at one-hour intervals until constant
weight. Most of the moisture in the samples was
removed at the beginning of the drying process and
at a slower rate until the end of the drying process.
Moisture ratio with respect to drying time was

Table 2. Chemical properties of the powders.

calculated by using the moisture content data and
fitted into the thin layer drying models. As a result
of calculation of model parameters, five of the most
suitable model equations and the statistical
evaluations are given in Tables 3-5 for 3, 5 and 7
mm thicknesses, respectively.

The R? values of the different thin layer model
equations were found to be above 0.9 for the three
drying thicknesses (Tables 3-5). The experimental
data and the model equations for the three most
suitable drying curves of drying cherry laurel puree
are given in Fig. 1.

The highest R? values were obtained for Page,
Midilli and Two-Term Exponential model; Page,
Midilli and Logistic model; and Logarithmic,
Midilli, and Approximation of Diffusion model for
3, 5, and 7 mm, respectively. According to Tables
3-5, when RMSE and y? values were examined,
Page (3 and 5 mm thicknesses) and Logarithmic (7
mm thickness) models were chosen as the most
suitable models for determining freeze drying
characteristics of the samples.

Properties 3mm

Cherry Laurel Powders Dried at Different Thicknesses

5mm mm

Total Phenolic Content
(mg GAE/ 100g db)

Antioxidant Activity
(umol Trolox/g db)

Vitamin C (mg /100 g db)

715.30+14.242

63.31£1.00°

28.26+1.240

697.27+£19.372 719.81+£8.722

83.68+1.25°¢ 46.54+0.802

22.84+1.45¢% 20.01+1.552

a¢Differences in the statistical evaluation are shown with different letters in the same row (P< 0.05).

Table 3. Model equations and statistical results for the samples of 3 mm thickness (R?, RMSE, and %?).

Models Equations R? RMSE v
Page MR= ~-0471t%333 0.997  0.0183 0.0004
Midilli MR= 0.999¢~0470t™**° 1 0 001t 0.997 0.0183  0.0006
Two-Term Exponential MR= 1.908e70876t 4 (1 — 1.908)e~1208(0876)t 0.997  0.0197 0.0004
Approximation of MR= 29.885¢ 0371t 4 (1 —29.885)e~03710984t 0992 00289  0.0125
Diffusion

Logistic MR= 1.542/(1 + 0.543¢1000t) 0.997 06064  0.5516

Table 4. Model equations and statistical results for the samples of 5 mm thickness (R?, RMSE, and ¥?).

Models Equations R? RMSE 1
Page MR= ¢~0-308%% 0.987 0.0390  0.0019
Midilli MR= 0.989¢-0304t*?7° _ (. 002t 0.987 0.0374 0.0022
£pproximation of 2/'53:1; S e Tt 0.985 00399  0.0022
Verma MR= 26.767e0240t 4 (1 — 26.767)e~0-235¢ 0.985 0.4054  0.2260
Logistic MR= 1.516/(1 + 0.537¢%701t) 0.987 05882  0.4758
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Table 5. Model equations and statistical results for the samples of 7 mm thickness (R2, RMSE, and y?).

Models

RZ 2

Equations RMSE X
Logarithmic MR= 1.066e~%%%3 — 0.071 0.986 0.0368 0.0018
Midilli MR= 0.986¢~9291t""* _ 0,004t 0.986 0.0374 0.0021
Approximation of MR= —56.567¢~%536t + (1 +
Diffusion 56.567)e0-536(0-991)¢ 0.985 0.0406  0.0022
Verma MR= 0.141e~17605t 4 (1 — 0.141)e 0423t 0.984 0.3433 0.1620
Logistic MR= 1.934/(1 + 0.984¢%485¢) 0.984 1.1675 1.8170
1 Page
z N
so84 N\  eee-- Midilli
; \ Two T
S 06 - — = =Two Term
E \ Exponential
Q04 - \ ¢ Experimental
2o Ne.
20, N
o Y \(
= ~—~—
0 T T T r.\#*-"—'_‘
0 1 2 3 4 5 6 7 8
Time (h)
(a)
1«  eee-. Page
= N ’
S08+4 N o Midilli
o )
'4;-; 0,6 - \ -- —Appro?(imation of
(-4 ; Diffusion
204 - N ¢ Experimental
&
2 N
20,2 - ~
o 0, -
E 0 T T T T %—H
0 1 2 3 4 5 6 7 8 9 10
Time (h)
(b)
14
. N =eeee Logarithmic
S 08 - \;\ ----- Midiili
2 06 - . — = = Approximation of
T X Diffusion
-4 ~ ¢ Experimental
€04 - AN
3 N 'S
- NN
2 S
Eo 0,2 - ~ ::s.‘\\
S ~€ s
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o 1 2 3 4 5 6 7 8 9 10 11
Time (h)
(c)

Fig. 1. Experimental data and computed moisture ratio values obtained by the selected models for different drying

thicknesses: (a) 3 mm, (b) 5 mm, and (c) 7 mm.

Oztekin et al. [41] studied the drying of cherry
laurel (250 g) using microwave and hot air and
mathematical modeling of the drying behavior and
found that Midilli and Verma models are the best
models in describing the microwave (180-900W)
and hot air (60-70°C) drying, respectively.
472

Although there is no study in the literature about
freeze drying of cherry laurel puree, there are lots
of mathematical modeling studies for freeze drying
of foods, e.g., Ergun et al. [10], Souza et al. [42],
and Caliskan et al. [43] who reported the drying
models as Two-term Exponential model for Kiwi
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(Actinidia deliciosa) slices, Page model for avocado
(Persea americana Mill.) pulp, and Logarithmic
model for kiwi (Actinidia deliciosa) puree as the
best representative model, respectively. The
moisture transfer during drying was modeled by
using the Fick’s law of diffusion model. Plots of
natural logarithm of MR (InMR) against drying
time (s) for different drying thicknesses (3, 5, and 7
mm) vyielded straight lines with relatively high
correlation coefficients (0.983, 0.985, and 0.988,
respectively) indicating goodness of fit (data and
plots are not given here). The effective moisture
diffusivity (Des) of the cherry laurel was calculated
by using the equations 6 and 7 by taking into
consideration that the MR values are lower than 0.6
for 80% of the total drying operation. The
calculated values were 7.06E-08, 7.78E-08, and
4.70E-08 m?/s, respectively for 3, 5, and 7 mm
thicknesses. Kaya and Aydin [44] reported the
effective diffusivity values of hot air-dried cherry
laurel (35, 45, 55, and 65°C, 0.2-20.0 m/s air
velocity and 10-95% relative humidity) as varying
between 1.896E-10 and 3.252E-10 m?/s indicating
both higher Des results for freeze drying and
difference in the genotypes. Caliskan and Dirim
[31] reported the effective diffusivity value of
persimmon puree as 7.302E—-10m?%s at freeze
drying. Erbay and Icier [17] observed that the
efficiency of moisture diffusivity in the drying of
food materials was in the range of 10E-12 to 10E-
06 m?/s according to the literature. Also, 75% of the
diffusivity values accumulated in the range of
10E—10 to 10E—08 m?/s and the results of our study
are in a good agreement with this fact.

The MER, SEC, and SMER values were used to
determine the efficiency of the dryers and the
results are given in Fig. 2 for different drying
thicknesses.

As can be seen from Fig. 2 the MER and SMER
values of the samples increased and SEC values of
the samples decreased depending on increasing
drying thickness related with amount. Oztekin et al.
[41] reported that the energy consumption for
drying of laurel berry samples was 0.92-1.44
kWh/kg sample for microwave dryer (0.2-1.1 h)
and 6.12-9.26 kWh/kg sample for hot air dryer
(12.0-28.0 h). In our study, the total energy
consumptions of the equipment for drying were
measured as 351.18- 457.67 kWh/kg sample for
different dying thicknesses and these values were
found to be higher than the values given by Oztekin
et al. [47] due to the long operation time of freeze
drying. Baysal et al. [45] studied the drying of
apple slices (2 mm) at tray, heat pump and
microwave freeze drying. In freeze drying, the
researchers found lower SMER and MER, and

higher SEC values than other drying methods.
SMER, MER, and SEC values in freeze drying of
apple slices were measured as 0.01 kg/kwh, 0.02
kg/h, and 259.2 MJ/Kkg, respectively. In cherry
laurel puree drying, MER and SEC values were
lower and SMER were higher than those given by
Baysal et al. [45]. The energy consumption for
drying foods depends on the used type of drying
equipment, raw material, initial moisture content
and thickness of the product.

0,012 +
0,01 -
0,008 -
0,006 -

MER (kg/ h)

0,004 -
0,002 -

0 .
Drying Thicknesses

@)

SEC (MJ/kg)

Drying Thicknesses
(b)

0,02 - I
0,016 -

0,012 -

H3mm

0,008 - M 5mm

H7mm

SMER (kg/ kWh)

0,004 -

Drying Thicknesses
(©)

Fig. 2. Calculated values of MER (a), SEC (b), and
SMER (c) for the different drying thicknesses.

The powder properties are very important for the
storage, transportation and for industrial
applications as dosing for powders. Some of the
determined powder properties are given in Table 6.
The bulk density is an important criterion for the
transport and packaging of powdered foods which
is influenced by the moisture content of the
product, particle shape and particle size [46]. The
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bulk and tapped density values of the powders
ranged between 99.75-113.88 kg/m?® and, 136.20-
182.40 kg/m?3, respectively, as given in Table 6. The
change in the drying thickness caused significant
effect on the bulk and tapped density values

The flowability and cohesiveness of the powders
in terms of the Carr Index and Hausner ratio were
evaluated. The classification of the powder
flowability and cohesiveness based on the Carr
index (CI) and Hausner ratio (HR) are very good
(<15), good (15-20), fair (20-35), bad (35-45), and
very bad (>45), and low (<1.2), intermediate (1.2—
1.4), and high (>1.4), respectively [23]. The Cl and
HR values of the powders ranged between 26.75-
39.24, and 1.37-1.65, respectively. Drying
thickness was found to affect the Cl and HR values
of the powders (P<0.05). It may be due to high
moisture content value of the powders. Depending
on these results it can be stated that the powders
showed fair and bad flowability and intermediate
and high cohesiveness. As indicated by Koc et al.
[48], flowability problems may occur in powder
products which have high cohesiveness values.

Wettability is the ability for absorption of water
on the surface of the powder particles which is
affected by several properties of the products, as
surface area, density, size, and surface activities of
particle and hygroscopic material content of
product [49]. The average wettability times of the
powders are given in Table 6 as ranging between
2.37-3.25 s. The results showed that average
wettability times of the powders significantly
affected from the drying thicknesses (P<0.05).
Freuding et al. [50] reported that low tapped density
products have high wettability values. Dirim et al.
[30], reported the wettability time and tapped
density of freeze dried samples (pumpkin, quince
and kiwi) as 77.33, 107.50, and 186.0s, and 250,
340 and 420 kg/m?, respectively. However, in our
study the wettability time values showed an inverse
relationship with tapped density of the powder
products.

Dispersibility is defined as the ability for the
powder products to getting wet and dispersing
without formation of dry lumps in water [49]. The
average dispersibility values of the freeze dried
powders were found to be 82.82, 75.71, and
62.52% for 3, 5, and 7mm, respectively (Table 6)
and according to these results it can be stated that
the average dispersibility values of the samples
decreases depending on increasing drying
thicknesses (P<0.05). The porous structure of the
powder particles can affect the dispersibility
property positively and the decrease of the pores
with the increase in drying thicknesses supports this
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(P<0.05), mainly due to the differences in the
moisture content values. Since bulk density, flow
behavior, wettability and other properties are
referred to as powder properties; they are
influenced by moisture content of the powders [47].
fact. Erguney et al. [51] reported the dispersibility
values of freeze dried cherry laurel powder (without
carrier agent) as 81% and Jaya and Das [52]
reported the dispersibility values of foods (instant
coffee, tomato soup powder, mango powder etc.)
are in the range of 68.19 to 99.98%. The results of
our study are consistent with the reported values.

Hygroscopicity depends on the composition
(low molecular weight sugar, organic acid, and
moisture content, etc.) of the product [53]. As given
in Table 6, the hygroscopicity values of the
powders were affected by the change of drying
thicknesses (P<0.05). The results are similar to the
values reported in the literature as 7.68% for grugru
palm [54], 7.20% for mango powder [52] and
between 4.21-6.64% for tomato soup powder [52].
Erguney et al. [51] determined the hygroscopicity
value of cherry laurel powder as 9.2% which can be
explained by the lower moisture content (2.43%) of
the powder product.

The values of caking degree for the powders are
given in Table 6 as ranging between 42.04-49.95%.
Depending on the changes in the drying
thicknesses, significant differences were observed
in the caking degree of the powders (P<0.05). The
caking degree values of the powders are affected by
the moisture content of the products and by
differences in composition and product structure.

The selected images from the SEM
microstructure analysis of the freeze-dried powders
are given in Fig. 3 for different drying thicknesses.

The SEM images show that the appearance of
the powder particles is in the form of a flake is
similar to the SEM images of freeze-dried powders
in the literature [45, 49]. Considering the SEM
images of the powders at 100x magnification
(pictures not given here) it was observed that
particle sizes of the powders dried at 3 mm are
higher than the others explaining the reason for
high bulk and tapped densities of the powders dried
at 5 and 7 mm thicknesses.

The results obtained from DSC analysis giving
the glass transition temperature of the samples of
the cherry laurel puree dried at the thickness of 5
mm are shown in Fig. 4.

According to the result of the DSC analysis,
there are two transitions in the thermal flow
thermogram. The glass transition temperature of the
powder was calculated using the onset, mid and end
points of the glass transition.
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Table 6. Powder properties of the powders.

Cherry Laurel Powders Dried at Different Thicknesses

Properties
3mm 5mm

7mm

Bulk Density (kg/m?) 99.75+ 0.79° 110.83+0.62°

Tapped Density (kg/m?®)

136.20+ 1.032 182.40+1.32°¢

Flowability

26.75+1.13% 39.244+0.57¢
(Fair) (Bad)
Cohesiveness 1.37+0.022 1.65+0.02°¢
(Intermediate) (High)
Wettability time (S) 3.25+0.25¢ 283:&013b
Dispersibility (%) 82.824+0.71¢ 75.5140.69°
Hygroscopicity (%) 7.18+0.06° 6.3620.522
Degree of Caking (%) 47140230 42.04+0.85°

113.88+1.53¢
166.35+0.97°

31.53+1.31°
(Fair)

1.46+0.03°

(Intermediate)

2.374£0.04 2
62.52+0.972
6.78+0.122
49.95+0.68°¢

&< Different letters in the same row indicate significant difference between the drying thickness at P<0.05.

s < F BN

() (b)

Fig. 3. Scanning electron micrographs of cherry laurel powders for the three drying thicknesses: (a) 3 mm, (b) 5mm,

and (c) 7mm at 5000x magnification.

05 35.31°C
26.18°C(l)

0.0

Heat Flow (W/g)

25.23°C
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Fig. 4. Thermal flow thermogram of freeze-dried cherry laurel puree at 5 mm drying thickness
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The first transition was measured as 28.18° and
the second transition was at 62.19°C. To our
knowledge, no study exists in the literature for the
glass transition temperature measurement of cherry
laurel powder. But Can-Karaca et al. [27] reported
the glass transition of spray-dried sour cherry
powders (a very similar fruit to cherry laurel) as
between 7.7 £1.0°C and 70.6+1.0°C with the
addition of different amounts of carrier agents,
carrier types and different inlet temperatures.
Considering the glass transition temperature of
28.18°C it should be advised that the powders
should be kept at temperatures lower than this
value.

CONCLUSION

In this study, we observed that freeze drying can
satisfactorily be applied for drying of cherry laurel
puree to produce a powder and to provide
prolonged consumption period. The present work
describes the changes in some physicochemical and
powder properties of powders dried at different
thicknesses. Page and Logarithmic model which
had the highest R? and lowest y?and RMSE for all
drying experiments were found to satisfactorily
describe the drying behavior of cherry laurel puree.
The calculated values of Dex ranged between
4.700E-08 and 7.784E-08 m?s. The energy
consumption was measured and it was observed
that MER values and SMER of samples increased,
and SEC values of samples decreased with
increasing drying thickness. Moisture contents of
the powders were found between 7.05 and 9.42%
(wb). The measured water activity values of the
powders are in acceptable limits for the safe storage
of the products. The lightness value of cherry laurel
puree was affected by the freeze-drying process and
its value increased between 33.72% and 58.88%.
AE values of the powders changed between
17.77£0.11, 14.71£0.48, and 13.694+0.74 for drying
thickness of 3, 5, and 7 mm, respectively. The bulk
density and tapped density values of the powders
ranged between 99.75 and 113.88 kg/m3 and
136.20-182.40 kg/m?, respectively. Determination
of flowability and cohesiveness in terms of Carr
Index and Hausner ratio were evaluated as fair and
bad, and intermediate and high levels, respectively.
The determined average wettability times were less
than 10 s. Caking degree of powders ranged
between 42.04-49.95%. The results showed that
average bulk and tapped density, wettability times,
and caking degree of the powders significantly
were affected by the drying thicknesses (P<0.05).
Two transitions at 28.18°C and 62.19°C were
observed with DSC analysis. The changes in tapped
density, flowability, cohesiveness, hygroscopicity
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and caking degree followed the same tendency with
moisture content values.
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OIIPEJEJIIHE HA XAPAKTEPUCTUKUTE HA CYUIEHE HA ITIOPE OT JIJABPOBA
YEPEWIA (LAUROCERASUS OFFICINALIS ROEM.) B CYILIUJIHA-OPU3EP

M. Tanux*, C. H. {upum

Jenapmamenm no xpanumenno unscenepcmeo, Eze ynusepcumem, 35100 boprosa, Hzmup, Typyus

IToctenuna Ha 6 nekemBpu, 2017 r.;kopurupana Ha 18 suyapu, 2018 .
(Pe3tome)

B crarusita ce u3ciienBa BIMSHHETO Ha Je0eiMHATa Ha CJIOS BbPXY OTHACSHETO Ha IIOpPE OT JIaBpoBa uepelia
(Laurocerasus officinalis Roem.) mpu cymene upe3 3ampassiBaHe W ca ONpEAECHH (U3MYHUTE, XUMHYHHUTE H
MPaxoBHUTE CBOMCTBAa Ha IOJy4eHHTE MpaxoBe. V3uucieHa e eHepruiiHata e()eKTHMBHOCT Ha Mpolleca Ha CYIICHE.
IIpobure ca cyiieHu mpu aeOearnHn Ha 105 oT 3, 5 u 7 mm. Mexay ABaHalceTTe MOJEa Ha CYIIEHE HA ThHKHU CIIOEBE,
MmozensT Ha Page (3 u 5 mm) u norapurmudHusT Monen (7 MM) OMUCBAT 3aJ0BOJIUTEITHO OTHACSHETO NPU CYLICHE.
BpemeTo Ha cynieHe ¢ noBHIIaBaHe Ha crerneHTa Ha u3cymasane € 8, 10 u 11 4. CneunduuHUAT pa3xo] HA eHEprus
HaMalsiBa ¢ yBennuyaBaHe Ha aeOenunata. CroiiHOocTHTe Ha cneuuduyHata nudysuBHocT Ha Biarata (Defr) ca 4.70-
7.78E-08 m?/s. ChabpxkaHueTo Ha ToTanHu (GeHoHn cheauuenus u BurtamMun C ca choteeTHO 710 mg GAE/100g (db)
u 23 mg/100g (db)). O6emuara mrsTHOCT € Mexy 99.75 u 113.88 kg/m?, a TeunmBOCTTa U CLEMIIEHHUETO Ca CHOTBETHO
Ha HUBO CPEHO-JIOLIO U MEKIUHHO-BHCOKO.
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