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ABSTRACT: In this study, Cynara scolymus L. leaves aqueous extract powder was produced using
a novel spray drying approach by incorporation of ongoing ultrasonic atomization and vacuumed
drying chamber. A Response Surface Methodology (RSM)-based central composite face-centered
design was employed for optimization of the operating conditions of ultrasonic vacuum spray dryer.
The independent variables of the prepared mode include inlet temperature, the vacuum pressure
in drying chamber and concentration of extract solution. Drying experiments were carried out
with an inlet temperature range of 55-75 °C, a vacuum pressure range of 20—40kPa and extract solution
concentration of 2—-3%. The responses were Moisture Content (MC), Solubility Index (SI), the bulk
density of extract powder, Total Phenolic Content (TPC) and DPPH scavenging capacity. Optimum
operating conditions were found to be an inlet temperature of 70.58 °C, a vacuum pressure of 20kPa,
and an extract solution concentration of 3%. In this optimum condition, Moisture Content (MC),
Solubility Index (SI), bulk density of extract powder, Total Phenolic Content (TPC) and DPPH
scavenging activity were found to be 6.73%, 58.5%, 0.5838 g/cm?, 13.53 mg of GAE/g of spray
dying extract powder and 18.43%, respectively. The morphology of microstructures analyzed
with Scanning Electron Microscopy (SEM) also showed spherical and smooth particles in optimum condition.

KEYWORDS: Cynara scolymus; Spray drying; Response surface methodology; Extract powder;
Total phenol content; Antioxidant capacity.

Vol. 37, No. 6, 2018

INTRODUCTION

Cynara scolymus (Asteraceae) is a native plant of
the Mediterranean region (southern Europe and North Africa)
and is also seen in subtropical climates such as Brazil,
where it is known as artichoke. The C. scolymus is a plant

rich in nutritious and possesses numerous medicinal
properties. In other words, it is not only cultivated
all around the world because of being a healthy tasty;
rather, it is viewd also as an herbal drug [1,2]. Currently,
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the artichoke is cultivated in different countries such as
the United States (mainly in California), South America,
North Africa, Near East Turkey, Iran and China [1-4].
Artichoke is consumed as a fresh, frozen, or canned
vegetable [1, 5].

Atichoke Leaf Extracts (ALEs) are extensively used
alone or in association with other herbs to prepare herbal
teas [6]. Polyphenolic compositions, as an active
component of this plant exist significantly from its leaf
rather than its heads. Biological composition of an extract
of artichoke leaf shows a low fat content and a high
amount of minerals (phosphorus, sodium and potassium),
vitamin C, fibers, polyphenols, flavones, inulin and
caffeoylquinic acid derivatives [3, 7, 8]. Due to
anti-cancer properties of these compounds, they play
an important role in human nutrition. Hence researcher
suggest taking into account the‘‘functionalization’ of
foodstuffs by adding artichoke by-product extracts [9, 10].

Regarding the demands of modern therapeutic
operation, ease of standardization and handling,
and producing a homogenized products make herbal
dried extracts suitable for medicinal applications.
The dehydration of a concentrated solution extracted from
herbal materials (roots, leaf, seeds, whole plant,
inflorescence and fruits) results in a dried extract powder.
For this purpose, many drying techniques including
spray drying, freeze-drying and spouted bed drying
have been proposeed [11-13]. Whereas most of the dried
extracts and nutraceuticals are intended for oral utilization,
there are acceptable restricts of bacterial. Many
researchers investigated the microbial impurity of
spray-dried extracts of plants and the process effects
on product quality [14]. The results show a low microbial
contamination in spray-dried extracts. Several procedures
have been examined to provide rapid beverages from
artichoke. In this regard, spray-drying is an adequate
technique to provide microspheres comprising artichoke
extract [15].

Spray drying is mostly applied in dairy industry
where original properties can be preserved. Also
it is widely used for transforming an extensive range of liquid
nutrition products into the powder form. The main
assumption of spray drying is that the cell viability
at the end of the drying and/or storage stages will enhance
remarkably by reducing the oxidative and thermal
stresses during the drying process. The process includes
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spraying of atomized solutions into a chamber where hot
dry air rapidly vaporizes the solution leaving the spray
dried particles. Spray-dried powders can be stored
at room temperature for a long time without endangering
the powder stability [16]. According to the cheap
and easy transportation of powders and handling in plants
manufacturing, spray-dried powders are economical
to produce compared to other processes, such as freeze-
drying [17].

One of the newly developed spray drying techniques
is ultrasonic vacuum method, which enjoys the strengths
of spray drying by incorporation of ultrasonic atomizer
and vacuum chamber [18]. The ultrasonic vacuum spray
dryer is expected to be achieved by the short residual
time of the monotonic droplets generated by the
ultrasonic atomizer, and also through a low temperature
and vacuum atmosphere in the drying chamber [19, 20].

Generally, plant leaf extracts have higher contents of
sugars, carbohydrates, and organic acids [21, 22].
Therefore, the drying aids addition to the extractive
solution before drying can improve the product properties
and drying efficiency bacause to the significant presence
of reducing sugars is almost compulsory. Drying aids
with a wide usage in the dehydration process of herbal
extracts include: cassava, corn and rice starches, modified
starches, gum Arabic, cyclodextrins, maltodextrins,
colloidal silica and k-carrageenan. In order to prepare
micro-particles by a spray-drying technique, lactose
can be applied as carrier materials [15, 23, and 24].

The Response Surface Methodology (RSM) has been
proved as a strong tool for characterizing the effects of
each factor and the interactions among them since
it allows process optimization to be performed
effectively [25]. RSM includes a combination of
experimental strategy, mathematical methods and
statistical inference, making an efficient empirical
exploration of the system of interest [26].

The main benefit of the RSM s that it significantly
reduces the number of experiments required for
evaluation, analysis and optimization. Beside, it is a fast
and more cost-effective method for data collection of
compared to the classic one-variable or full-factor
experiments.

The effects of spray drying conditions on some
physicochemical properties of hydroalcoholic extract
powder of artichoke leaf have been studied by many
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researchers [15, 27]. However, to the best of our
knowledge, no study is available about optimization of
the ultrasonic vacuum spray drying conditions on extract
aqueous powder of artichoke leaf. The aim of this study is
to find the optimal parameters of ultrasonic vacuum
spray-drying process to create microencapsulated powder
of Cynara scolymus L. leave aqueous extract with the
lowest value of Moisture Content (MC) and the highest
values of Solubility Index (SI), bulk density of extract
powder, Total Phenolic Content (TPC) and Free Radical
Scavenging Capacity (FRSC) through applying RSM.
The inlet temperature, vacuum pressure inside the
chamber and concentration of solution were considered
as the independent variables of the process.

EXPERIMENTAL SECTION
Chemicals

Methanol and Folin Ciocalteau reagent were prepared
from Merck, Germany. Sodium carbonate, 2; 2-diphenyl
picryl hydrazyl (DPPH) and lactose monohydrate
were purchased from Sigma-Aldrich, Germany. Distilled water
was used as a solvent all over the experiments.

Extract preparation

Fresh leaves of artichoke were purchased from herb
garden in Hamedan, Iran. After washing with distilled
water, artichoke leaves were dried in shade and grounded
with a laboratory grinder (Artisan M.D 5000, Iran).
Powdered leaves of artichoke were extracted with
distilled water boiling through stirring in 900rpm for 3h.
The obtained decoction was centrifuged and filtered
through Whatman no.4 filter paper. This method
was performed in duplicate and the combined filtrates
were evaporated on a rotary evaporator (IKA-RV 10,
Germany) to dry under the vacuum pressure. Then
the solution of desired concentration was reached by adding
the distilled water to the extract. Extract concentration
was determined by a refractometer (Kruss Optronic DR
101-60, Germany) having a variability range of 0-60%
and resolution of 0.1%. Afterward, lactose monohydrate
as an excipient was mixed with Cynara scolymus leaf
extract at a specified volume ratio (1:2) and then stirred
to form an aqueous solution. Various concentrations of
solution were as per experimental design condition of
RSM. The mixture was spray-dried with ultrasonic
vacuum spray dryer (UVSD) developed in the post-
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harvest processing laboratory (of Bu-Ali Sina University,
Hamedan, Iran) and operated under vacuum conditions.

Experimental setup

In the current research, a new ultrasonic vacuum
spray dryer was developed. The main components of this
apparatus are the feeding system of the artichoke leaf
extract consisting of a peristaltic pump and a fluid
atomizer system with a specially designed ultrasonic
atomizer that can operate in a vacuum space, dispersing
the solution equal to the vacuum drying zone. UVSD
includes a vacuum cylindrical chamber (12 cm in diameter
and 80 cm in height) with electrical heaters controlling
the temperature of the drying chamber. Coil heater
(1300W) wrapped around the cylindrical chamber was used
to heat the vacuum chamber. The internal temperature of
the chamber was controlled via a temperature control unit
with type k sensor and the accuracy of +0.1°C (Lutron
TM-903, Taiwan). Vacuum condition was created
by a vacuum pump (DV-285N-250- PLATINUM, USA).
To regulate the absolute pressure during the experiments,
a pressure controller with an accuracy of 0.001 bars
(Sensys PSCH0001 BCIJ, Korea) was used (Fig. 1).
The atomized drops were directed into a vacuum chamber
by Silicone hoses from the ultrasonic atomizer. Finally,
a product control system (cyclone) and paper filter before
vacuum pump were employed. The heating of the falling
drops into the drying chamber occurred through heat
convection of the chamber wall towards the atomized
drops. The solution feeding was maintained
at 0.5-1 ml/min and the vacuum was adjusted from 20-40kPa
in the drying chamber. Internal temperature and vacuum
pressure in the drying chamber are the other experimental
design conditions of RSM. Several UVSD runs
were carried out to investigate the effects of the internal
temperature and vacuum pressure of the drying chamber
for various concentration of the solution (extract/excipient).
Further analyses were performed to determine
the Moisture Content (MC), Solubility Index (SI), the bulk
density of extract powder, Total Phenolic Content (TPC),
and DPPH scavenging capacity of the microencapsulated
powder.The SEM analyses were performed with
a maximum acceleration potential of the primary electrons
between 10 and 15 kV and few milligrams of the samples
were placed on a SEM aluminium holder, which
was supported on conductive carbon tape.
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Fig. 1: A schematic diagram of the ultrasonic vacuum spray dryer used in this study: (1) solution container, (2) peristaltic pump,
(3) vacuum chamber, (4) coil-heater-element, (5) ultrasonic atomizer, (6) thermometer, (7) temperature sensor,
(8) cyclone chamber, (9) pressure sensor, (10) paper filter, (11) pressure controller, and (12) vacuum pump.

Moisture content

The moisture content of artichoke extract powder
as a physical property was analyzed according to AOAC [28].
Samples treated with nano-particles with predetermined
masses were put in an oven (Memmert UNE-500,
Germany), heated up to 102°C, and weighed
on a digital balance (AND GF-600, Japan) until a constant
mass was reached. According to Eq. (1), dry basis
moisture content (M) is described by the percentage
equivalent of the ratio of the weight of water to the
weight of the dry matter (M).
M =Mx100 @)

d.b M

Map: Dry basis moisture content (%).
Mo: initial mass of the sample (g).
M:: the sample mass after drying in the oven (g).

Bulk density

For bulk density determination of powder, 0.6g of
the sample was poured into a graduated cylinder, then packed
bulk density was calculated according to the volume
occupied by the powder and the weight of powder
contained in the cylinder after being tapped 10 times
by hand on a bench from a height of 10 cm (Eqg. (2)) [29].

224

m
= 2
P=7 (2

p: bulk density (g/cm®)

m: the mass of powder (g)

v. the volume of graduated cylinder occopied
by the powder (cm3).

Solubility

The method of Eastman and Moore [30] modified
by Goncalves et al. [31] was used to measure the
solubilitypercentage. About 0.2 g of each sample
was suspended in 5 mL of water at room temperature
in a centrifuge tube. Before centrifuging at 9500 rpm
for 10 min, the suspension was stirred for 30 min.
The supernatant was completely drained into an evaporating
dish and dried to fixed weight at 105 °C. The solubility
index in water (%) was calculated from the weight
of the solids recovered after drying.The solubility
was calculated according to the following equation:

solubility = S x100 ®)
Mp
ms: the mass (g) obtained by drying of the
supernatant.
mp: the mass (g) of the powder taken into analysis.
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Total phenol content

The Total Phenolic Content (TPC) of spray-dried
Cynara scolymusL. Leaves aqueous extract was determined
based on the Folin-Ciocalteau procedure described by
Gamil et al. [32] with some modifications. The sample
solution was prepared by dissolving 10 mg
of spray-dried powder in 1 mL of distilled water and
centrifuging it for 10 min using a scientific centrifuge
(DAIHAN Promicro centrifuge Set, CF-10, Korea).
The reaction mixture was composed of 0.1 mL supernatant
of the solution, 7.9 mL distilled water, 0.5 mL Folin—
Ciocalteu reagent, and 1.5 mL sodium carbonate 20%.
The mixture was put in anhydrous turbid flasks, followed
by addingFolin-Ciocalteau reagent 2 min after. Next,
it was allowed to stand for 2 h. The optical density of
the blue-solution was measured at 765 nm. The total phenolic
content was characterized as Gallic Acid Equivalents
(GAE) and values were expressed as mg of Gallic
acid/per a gram of spray-dried Cynara scolymus.L extract
(in GAE).

DPPH radical scavenging capacity

DPPH is a free radical that interacts with compounds
and is capable of donating a hydrogen atom. Thus,
the hydrogen donating abilities of spray-dried Cynara
scolymus L. aqueous extract powder was determined
from the change in the absorbance at 517 nm [32].
The antioxidant capacity of the extract powder was measured
as described by Gebhard [33] using the 2, 2—diphenyl- 1-
picrylhydrazyl (DPPH?) free radical scavenging capacity.
A solution of samples was prepared by dissolving 10 mg
of spray-dried powder in 2 ml of methanol and
centrifuging for 10 min. The supernatant was added
to 3 mL of solution 0.004% DPPH in methanol. The change
in absorbance was read after 40 min at 30°C employing
a spectrometer (T80 UV/VIS double beam, USA).
The radical scavenging capacity of the samples
(antioxidant capacity) was defined as the percent
inhibition of DPPHP radical as follows:

Ay - A
1%inhibition = (Ao ~Aspe) x100 )
Ablank

Apiank:  the absorbance of the control reaction
(containing of the reagents except the test compound).
Asample: the absorbance of the test compound.
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Experimental uncertainty

Errors and uncertainties in experiments can arise from
instrument condition, selection, calibration, environment,
observation and reading, test planning, and reading [34].
In drying experiments in UVSD, inlet temperatures,
vacuum pressure inside the chamber, concentration of
solution were measured with appropriate instruments
clarified before, and uncertainties for all these parameters
were calculated using the method described by Akpinar [35],
and Chayjan et al. [34].

If a set of measurements is made and the uncertainty
in each measurement is expressed with the same odds,
these measurements can be applied to calculate
some desired result of the experiments (Table 1).
The uncertainty in the calculated result can be estimated
based on the uncertainties in the primary measurements.
The result R is a given function of the independent
variables X1, Xz, X3, ..., Xn. Thus,

R =R (X, X5, Xg.1:, X, )

If the uncertainties in the independent variables are
all given with the same odds, then the uncertainty in the
result having these odds is given as [34]:

2 2 2
0Xq 00X, oX,
where Wr is the uncertainty in the result and w,
Wa,...,Wy be the uncertainties in the independent variables.

N

Experimental design

The Design-Expert version 7.0.0 was applied
to recognize the optimum levels of the three variables of
inlet temperature (°C), the concentration of extract
solution (%) and vacuum pressure (kPa) using RSM.

Using the RSM methodology, the effect of three
independent variables on five response variables
was evaluated in order to find the benefits of the newly
developed process and the quality of the powder.
The inlet temperature to the drying chamber (x;, 55-75 °C),
the concentration of the solution (x2, 2-3 extraction
with lactose) and vacuum pressure in the drying chamber
(s, 20-40 kPa) were selected as independent variables.
The response variables to be considered were moisture
content (Y1), solubility (Y3), bulk density (Y3), total
phenolic content (Y4), and DPPH scavenging capacity (Ys)

225



Iran. J. Chem. Chem. Eng.

Sadeghzade Namavar S. et al.

Vol. 37, No. 6, 2018

Table 1: Measurements uncertainty during ultrasonic vacuum spray drying of artichoke leaves aqueous extraction.

f Description Unit Value \
Uncertainty in the temperature measurement °C +1.005
Uncertainty in vacuum pressure measurement bar +0.001
Uncertainty in solution concentration measurement % +0.1
Uncertainty in spectrophotometer absorbance - +0.002
Uncertainty in the moisture quantity measurement g +0.00141
Total uncertainty for moisture content % +0.5
Total uncertainty for bulk density g/cm® +0.0705
Total uncertainty for solubility % +0.56
k Total uncertainty for antioxidant capacity % +0.32 j
Table 2: Independent variables and their values tested in the experimental design.
/ Factor Units Type Low actual High actual Low coded High coded Mean Std. De\m
Pressure kPa Numeric 20 40 -1 1 30 7.071
Temperature °C Numeric 55 75 -1 1 65 7.071
\ Concentration % Numeric 2 3 -1 1 2.5 0.354 /
of spray-dried extraction powder. In this work, X1, X2, and Xs: the independent variables of the model.

20 experimental runs were produced based on the
corresponding rotatable and orthogonal central composite
design (Table 2). It has to be noted that the experiments
had a randomized design.

Statistical analysis

The multiple regression analysis of data was applied
using the least-squares procedure. Second order polynomial
equation was used to express the each response surface as
a function of the independent variables. A quadratic
model was employed to illustrate the responses as
a function of independent variables, which is given by Eq. (7):

Yi =Bo + B Xy +B, X, +B3 X5 + Bllez + (7
Bszg + Bsng + PraXi X +PBr1aX X3 + B Xp X

Yi: the response value predicted by the model,

Bo: constant,

B1, P2, and Bs: the regression coefficients for the linear
effects,

B11, B22, and Pss: the regression coefficients for the
quadratic effects

B12, P13, and Pos: the regression coefficients included
in interaction effects.
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The significance of statistical test shows the total error
criteria, with a confidence level of 95%. The significant
phrases in the model were determined by analysis of
variance (ANOVA) for each response. The efficiency of
the model was investigated by calculating the coefficient of
determination (R? and adjusted-R? coefficient. The R?
indicates the appropriateness of variation in the response
attributed to the model rather than to random error. It has
been proposed that a good-fitting model should have R?
value no less than 80%. When R? tends to 1, the empirical
model is totally proper for fitting the actual data. A lower
value of R? indicates that the model is inappropriate
for explaining the relation among variables [26]. The numeral
and graphical optimization techniques of the Design-Expert
software were used simultaneously to optimize the multiple
responses at a time. The desired goals for each variable and
response were chosen. The analysis results show that
all independent variables are within the determined range,
while the responses are either maximized or minimized.

RESULTS AND DISCUSSION
Model fitting

The independent variables were tested at three levels
in CCD-type experimental design and, finally, 20 experiments
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Table 3: Matrix of the central composite design.

/ Run X1 X2 X3 Y1 Y2 Y3 Y, Ys \
1 30.00 65.00 2.50 75 0.63 50 12.79 18.52
2 30.00 65.00 2.50 7.6 0.64 47.63 12.56 18.29
3 20.00 75.00 2.00 6.4 0.54 63.66 12.96 18.22
4 40.00 75.00 3.00 7 0.64 51 12.35 17.85
5 40.00 75.00 2.00 7.3 0.63 54.68 12.13 18
6 30.00 65.00 2.50 7.4 0.63 52.46 12.93 18.37
7 20.00 55.00 2.00 75 0.64 50.72 14.33 19.08
8 30.00 65.00 2.50 7.3 0.62 51.7 13.38 18.33
9 30.00 55.00 2.50 8.2 0.72 44.73 14.13 19
10 30.00 65.00 3.00 7.8 0.67 47.28 13.66 18.54
11 20.00 55.00 3.00 7.6 0.67 48.56 14.78 19.17
12 30.00 65.00 2.00 7.2 0.63 52.49 12.69 18.32
13 30.00 75.00 2.50 6.8 0.6 59.2 12.28 18.11
14 40.00 65.00 2.50 8 0.7 46.27 12.58 18.32
15 30.00 65.00 2.50 74 0.63 49.27 13.45 18.46
16 30.00 65.00 2.50 7.7 0.66 47.35 12.89 18.55
17 40.00 55.00 3.00 9 0.78 40.52 13.83 18.9
18 20.00 65.00 2.50 7 0.62 56.34 13.97 18.65
19 40.00 55.00 2.00 8.6 0.75 42.38 13.46 18.76

k 20 20.00 75.00 3.00 6.6 0.56 61.5 13.24 18.37J

X1, X2 and xz are the independent variables including vacuum pressure (kPa), inlet temperature (°C) and concentration of the solution (%) respectively.
Y, to Ys are the response variables of moisture content (%), bulk density (g/cm®), solubility (%), total phenolic content ( mg/g GAE) and antioxidant

capacity (%), respectively.

including 6 replicates at the center point, were conducted
(Table 3). The experimental data were employed
to calculate the coefficients of the quadratic equation.
The ANOVA results for the significance and regression
coefficients of the models are summarized in Tables 4.
For any of the terms in the model, a large regression
coefficient and a great absolute F-value demonstrate
a more significant effect on the related response variables.
Based on ANOVA results, the R? of the resulting
quadratic models are 0.9615, 0.9564, 0.9637, 0.9045 and
0.9639 for the responses of MC, solubility, bulk density,
TPC and antioxidant capacity, respectively The results
indicated that R? value was greater than 90% for
all of the responses in this study, therefore the models are able
to identify the optimum operating conditions of spray
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drying of artichoke leave extract ANOVA also showed
that the lack of fit was not significant for any response
models at a 5% significance level and that model
adequacieswere appropriate[36].

Analysis of moisture content

According to Table 3, variables with the most
significant effect on the moisture content are a linear term
of inlet temperature (A) (p<0.0001), the linear term of
vacuum pressure (B) (P<0.0001), and the interaction term
of AxB (P< 0.05). However, the term of the
concentration of the solution (C) and the interaction
effects of AxC and BxC and quadratic terms of A, B,
and C, were found to be insignificant (P> 0.05). The R?
of the predicted models for moisture content was 0.9615
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Table 4: Analysis of variance using response surface quadratic model.

Vol.

37, No. 6, 2018

4 Source of variation df @ F-value N
Moisture content (%) Bu(:‘:]kr /c(i;gg)ity Solubility(%) Total( wge/rg;ogtxl:zo)ntent cﬁg;:;(:i(;/d(g/:;
Model 9 27.73** 29.51** 24.38** 10.53** 29.68**
Pressure (P) 1 79.22** 98.31** 71.31** 25.06** 32.29**
Temperature (T) 1 159.00** 154.91** 134.73** 59.09** 227.79*%*
Concentration (C) 1 3.44 7.52* 7.68* 5.41 2.37
PxT 1 6.19* 1.39 0.41 0.013 0.33
PxC 1 0.17 0.056 0.063 0.021 0.92
TxC 1 1.55 0.50 0.14 0.13 0.77
p? 1 1.954x1073 0.65 0.63 0.89 0.36
T? 1 1.954x1073 0.65 2.04 0.32 3.46
c? 1 1.954x1073 0.091 0.33 0.17 0.15
Residual 10
Lake of fit 5 1.68 1.37 0.36 0.61 0.52
Pure Error 5
\_ Correlation total 19 J

** Highly significant at 1% level, * Significant at 5% level, and ? Degrees of freedom.

S
Bt
c
o
[
o
o
e
=2
(%2} |
2 ' 20.00
2 55.00 0.0
60.00 25.00
65.00 30.00
70.00 3500  Pressure (kPa)

Temperature (°C) 75.00 40.00

Fig. 2: The intraction effect of inlet temperature and vacuum
pressure on moisture content.

indicating a good fit to the mathematical model in Eq. (8).

MC =75 +0.48A-0.68B—-0.15AxB (8)

Fig. 2 is the response surface plot (three-dimensional)
showing the interaction effect of AxB on the moisture
content. The interaction term of AxB showed a negative
significant effect on the response (p< 0.05). The values of
this response varied from 6.4% to 9% (dry basis). Based on
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Fig. 2, the moisture content decreased with an increase
in temperature and a decrease in vacuum pressure,
indicating that higher temperatures accompanied with
lower vacuum pressures are favorable to obtain low
moisture content. However, higher levels of vacuum
pressure and temperature resulted in the reduction
in the moisture content as well probably due to the effect
of temperature on the extract powder. At a higher inlet
temperature and lower vacuum pressure, a greater
thermal and pressure gradient are created between
the atomized solution and inside the drying chamber,
which promotes a higher rate of simultaneous heat and
mass transfer and rate of water evaporation. Consequently,
low-water powders are produced in accordance with
the moisture content reduction under higher inlet temperature
and lower vacuum pressure conditions. Therefore, higher
inlet drying temperatures with lower vacuum pressures
should be chosen as the optimum operation condition
to achieve lower moisture content values. Fig. 2
demonstrated that the lowest moisture content (6.4%)
was observed for the vacuum pressure of 20kPa and
an air temperature of 75°C.These results are in good
agreement with the previous studies [29, 37-39].
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Analysis of solubility

Based on ANOVA analysis in Table 3, the
relationship between the solubility and independent
variables was quadratic, and had a good determination
coefficient (R?> =0.9564). Vacuum pressure and
concentration of the extract solution were found to have
a negative linear effect on the solubility (p< 0.0001) and
(p <0.05), respectively. However, the inlet drying
temperature had a positive linear effect on this response
(p< 0.0001).The association between solubility and
the independent variables of vacuum pressure (A), inlet
temperature (B) and concentration of the solution (C)
are shown in Eq. (9):

Solubility = 50.03 — 4.59A +6.31B —1.51C )

Fig. 3a, 3b and 3c are the one factor plots
demonstrating the effects of vacuum pressure, inlet
temperature and concentration of solution on the
solubility. The values of this response varied within
the range of 40.52 to 63.66% (Fig. 3). Solubility showed
an increase with rising inlet air temperature and a decrease
in the vacuum pressure. The higher inlet air temperature
and lower vacuum pressure may have resulted in the
larger particles and faster dissolution. Large particles may
immerge, whereas the small ones are dustier and
generally float on water, leading to uneven wetting [29, 38].
A decrease in the concentration of extract solution or in
the ratio extract/excipient is accompanied by a slight
decrease in solubility. The explanation for this
phenomenon is that due to the constant concentration of
the additive when the concentration is reduced, the ratio
of excipient to extraction and the solubilityboth have an
increase probably because ofthe high solubility of
excipient [38- 41].

Analysis of bulk density

The relationship  between bulk density and
independent variables was quadratic, with a coefficient of
determination of RZ =0.9637 (Table 3). The bulk density
was influenced positively by the vacuum pressure
(p< 0.0001) and negatively by the inlet temperature
(p<0.0001). In addition, the concentration of extract
solution had a positive linear effect on the response
(p<0.05). Eqg. (10) expresses the association between
solubility and the independent variables as follows:

Bulk density = 0.64 + 0.045A —0.059B +0.013C  (10)
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Fig. 3: One factor plots of solubility representing the
effects of: (a) vacuum pressure, (b) inlet temperature and
(c) concentration.
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Fig. 4a, b and c are the one factor plots describing
the effects of vacuum pressure, inlet temperature and
concentration of solution on the bulk density. The values
of this response vary from 0.54 to 0.78 gcm=(Fig. 4).
It was verified that the bulk density decreased with
increasing inlet temperature and decrease in the vacuum
pressure of the chamber. Under high temperature and
low vacuum pressure conditions, the evaporation rates are
faster, leading to a more porous structure in the dry
product. Therefore, the formation of more hollow
particles causes a decrease in the bulk density.
The obtained results are similar to those of the previous
studies [42-45]. However, at high concentrations of
solution, there was an increase in the bulk density of
the powder. In fact, an increase in the concentration of
the solution is accompanied by a decrease in the amount
of excipient in ratio extract/excipient. Thus a decrease
in excipient concentration may cause a reduction
in the volume of air trapped in the space between
particles and excipient as a skin-forming material.
Particles of skin-forming spray dried materials mostly
contain air bubbles, which can occur as a result
of desorption of air was initially present in the solution
feed or was absorbed during atomization [29]. Generally,
a decrease in the volume of the trapped air results in
an increase in the apparent density of the particles and
this increase primarily determines the powder bulk density [43].

Analysis of Total Phenol Content (TPC)

As shown in Table 3, like other responses mentioned
earlier, the relationship between the Total Phenol Content (TPC)
and independent variables is quadratic with a relatively
high coefficient of determination (R? =0.9045). The TPC
was influenced negatively both by the vacuum pressure
(p< 0.001) and the inlet temperature (p< 0.0001).
Nevertheless, the concentration of the solution was found
to have a positive linear effect on the response (p <0.05).
Eq. (11) expresses the association between TPC and the
independent variables as follows:

TPC =+13.04—-0.49A-0.76B+0.23C (11)

Figs.5a, 5b and 5c are the one-factor plots explaining
the effects of vacuum pressure, inlet temperature and
concentration of extract solution on the TPC,
respectively. It is obvious from the figures that with
increasing inlet temperature, the TPC of the powder
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Fig. 5: One factor plots of total phenol content representing
the effects of: (a) vacuum pressure, (b) inlet temperature and
(c) concentration.
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decreased as well. At high inlet temperature, more
cynarine and phenolic compounds are destroyed leading
to the degradation of TPC [27, 39]. With increasing
the concentration of the solution, the TPC of the powder
also increased. Therefore, under high concentration
of the solution, the amount of extract in ratio extract/excipient
increased, as well [15]. Another factor contributed
to the TPC reduction was the increase in the vacuum pressure
of drying chamber. It can be explained by the fact that
less oxygen exists in the drying chamber under low
pressure condition. As a result, less oxidation reaction
occurs, which is the main cause of the TPC increase of
the dried powders [46].

Analysis of DPPH scavenging capacity

Based on Table 3, a quadratic model with a high
coefficient of determination (R? = 0.9639) was given
to demonstrate the relationship between the free radical
scavenging capacity (DPPH) and independent variables.
It was found that inlet drying temperature (p <0.001) and
vacuum pressure (p< 0.0001) had a negative linear effect
on the DPPH scavenging capacity. Meanwhile, the term
concentration of the solution (C) was found to be
insignificant. Eq. (12) shows the association between
antioxidant capacity and independent variables as
follows:

Antioxidant capacity = +18.43-0.17A - 0.44B (12)

The effect of vacuum pressure and inlet drying
temperature on the DPPH scavenging activity is depicted
in Fig. 6a and b, respectively. According to these figures,
DPPH scavenging activity decreased with increase
in the inlet drying temperature. At higher inlet temperatures,
antioxidant capacity decreased, due to the degradation
and thermal decomposition of antioxidant compound [47-49].
On the other hand, when vacuum pressure decreased,
the antioxidant capacity increased due to the decreased
drying time and oxidation reaction [50].

Optimization of spray drying operating condition

The ultrasonic vacuum spray drying condition
can be optimized if the DPPH scavenging activity, TPC and SI
reached to their maximum values while moisture content
and bulk density reached their minimum values.
The values of all the responses at operating conditions
were transformed into a desirability function. The desirability
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Table 5: The combinations of variables that could give levels of responses with high desirability.

Number | Pressure | Temperature | Concentration Moisture Solubility | Bulk density TPC DDP.H Desirability
content capacity
L 1 20.00 70.58 3 6.80615 57.5691 0.584628 13.614 18.44705 0.668 J
19.2 19.2
(a) (b)
19.0444 19.0444
= = ’
S 18.8889 S 18.8889
S 187333 S 187333
< <
c [ ] c
= 185778 = 185778
2 : 2 ¥
S 184222 . : S 184222 2
8  18.2667 : 4 & 182667 :
x a '
% 181111 L 181111 ']
a a
17.9556 17.9556
17.8 17.8

20.00 2444 2889 3333 37.78

Pressure (kPa)

20.00 2444 2889 3333 37.78
Temperature (°C)

Fig. 6: One factor plots of DPPH scavenging activity representing the effects of: (a) vacuum pressure and (b) inlet temperature.

0.513333]
0.366667
0.22!

0.733333,

Desirability (%)

20.00%,
24.44"
28.89" 72,78
3333 _~63.89
'~ 59.44
Pressure (kPa) 3778 o o
Fig. 7: Effect of vacuum pressure and inlet temperature
on desirability.

values of the minimum and maximum were configured
as 0 and 1, respectively. The optimum operating condition
is determined based on the obtained maximum desirability
function [51]. As illustrated in Table 5, several
combinations were found to optimize these responses
taking into consideration the desirability and feasibility of
the experiments. The optimal conditions for desired
moisture content, solubility, bulk density, TPC and DPPH
scavenging activity corresponded to vacuum pressure of
20 kPa, the concentration of solution 3% and inlet
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temperature of 70.58°C with the desirability of 66% (Fig. 7).
The experimental values of this optimum condition were
6.806%, 57.57%, 0.584 g/cm3, 13.614 mg of GAE/g of
spray dying extract powder and 18.47 % of inhibition for
five responses of moisture content, solubility, bulk
density, TPC and DPPH scavenging capacity,
respectively. Due to the high pressure and thermal
gradients between the atomized solution and inside
of the drying chamber under the vacuum pressure of 20 kPa
and temperature of 70.58°C, the evaporation rate was found
to be faster causes reduction in the moisture content and
bulk density and increase in the solubility, which agreed
with observations reported by Mishra et al. (2014),
who found that an increase in drying temperature significantly
affect the moisture content, bulk density and water
solubility index [39]. In the vacuum pressure of 20 kPa,
total phenol content and antioxidant capacity increased
due to the lack of oxygen inside the chamber and
oxidation reaction reduction of extract compounds.
In accordance with the present study, Vuong et al. (2015)
verified thatVitex agnus-castusleaves dried by freeze and
vacuum drying at 65°C had higher levels of bioactive
compounds as well as higher antioxidant capacity
in comparison with other drying conditions [46]. Morever,
in the concentration of 3%, the amount of extract in ratio
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Fig. 8: SEM image samples of extract powders in (a) proposed optimized and (b) undesirable conditions.

extract/excipient increased and resulted in a subsequent
increase in the total phenol content. According to the
extract powder characteristics in optimum condition,
Fig.8a offers the most optimal condition; however Fig. 8b
is a demonstration of an undesirable process condition.
According to Tonon et al. [52], at higher inlet
temperature and lower vacuum pressure, water diffusion
in the material is faster and allows the deformation
process in the particles to be less pronounced.
Accordingly, thegenerated larger particles are smoother
and more spherical.

CONCLUSIONS

Experiments have been carried out on ultrasonic
vacuum spray drying of C. scolymus L. leave aqueous
extract for several operating conditions including inlet
temperature (55-75°C) , vacuum pressure (20-40 kPa)
and concentration of extract solution (2 to 3%).
An experimental design was constructed as the response
surface methodology (RSM) central composite design
conditions to study the influence of the previously
mentioned parameters on moisture content, solubility,
bulk density, TPC and DPPH scavenging capacity.
To determine the optimum zone within the experimental
region, RSM and the conventional graphical and
desirability function procedures were employed as
effective tools. From the response surface quadratic
model, it was found that the ultrasonic vacuum spray
drying conditions were significantly affected by the inlet
temperature, vacuum pressure and concentration of
the solution. At optimum condition of vacuum spray drying:
moisture content, solubility, bulk density, total phenolic

Research Article

content and DPPH scavenging capacity were found to be
6.824%, 57.33%, 0.59 g/cm?®, 13.63 mg of GAE/g of
spray dying extract powder and 18.48 %, respectively.
As a result, smoother and larger particles were produced.
This study also revealed that C. scolymus L. leave
aqueous extract powder is a good source of antioxidants
and phenolic compounds.

Nomenclature

Symbols
Mab Dry basis moisture content, %
Mo Initial mass of the sample, g
M The sample mass after drying in the oven, g
ms The mass obtained by drying of the supernatant, g
mp The mass of the powder, g
R? Coefficient of determination
Y% The volume of graduated cylinder
occopied by the powder, cm?®
Wi The uncertainties in the independent variables
WR The uncertainty in the result
Xi, X The levels of the independent variables
Vi The i response

Greek Letters

Bo, Bi, Bii and Bij The constant; linear coefficient,

quadratic coefficient and cross-product
coefficients, respectively

P Bulk density, g/cm3

Abbreviations

ALEs Atichoke leaf extracts
CCD Central Composite Design
DPPH 2; 2-dipheny!l picryl hydrazyl
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GAE Gallic acid equivalent
MC Moisture content
RSM Responces surface methodology
SEM Scanning electron microscopy
Sl Solubility index
TPC Total phenol content
UvsD Ultrasonic vacuum spray drying

Received : May 5, 2017 ; Accepted : Nov. 20, 2017

REFERENCES
[1] Zakynthinos G., Varzakas T., Mikromani'S Artichoke

(Cynara Cardunculus Var. Scolymus) - A Mediterranean
Nutraceutical, Curr. Res. Nutr. Food Sci. 4(1): 16-18
(2016).

[2] Christaki E., Bonos E., Florou-Paneri P., Nutritional
and Functional Properties of Cynara Crops (Globe
Artichoke and Cardoon) and Their Potential
Applications, A Review. Int. J. Appl. Sci. Technol.
2(2): 64-70 (2012).

[3] Pandino G., Lombardo S., Mauromicale G.,
Williamson G., Profile of Polyphenols and Phenolic
Acids in Bracts and Receptacles of Globe Artichoke
(Cynara cardunculus var. scolymus) Germplasm,
J. Food Compos. Anal. 24: 148-153 (2011).

[4] lerna A., Mauromicale G., Genotypes as a Crop
for Energy Purposes in a Mediterranean Environment,
Biomass Bioenergy, 34: 754-760 (2010).

[5] Costabile A., Kolida S., Klinder A., Gietl E.,
Bauerlein M., Frohberg C., Landschutze V.,
Gibson G. R., A Double-Blind, PlaceboControlled,
Cross-Over Study to Establish the Bifidogenic
Effect of a Very-Long-Chain Inulin Extracted from
Globe Artichoke (Cynara scolymus) in Healthy Human
Subjects, Brit. J. Nutr., 104: 1007-1017 (2010).

[6] Ben Salem M., Affes H., Ksouda K., Dhouibi R.,
Sahnounl Z., Hammami S., Zeghal K.h.M.,
Pharmacological Studies of Artichoke Leaf Extract
and Their Health Benefits, Plant Foods Hum. Nutr.
70 (4): 441-453 (2015).

[7] Tsao R., Chemistry and Biochemistry of Dietary
Polyphenols, A Review. Nutrients, 2(12): 1231-1246
(2010).

[8] Boye J.I, "Nutraceutical and Functional Food
Processing Technology", John Wiley and Sons, Ltd.
Canada (2015).

234

Sadeghzade Namavar S. et al.

Vol. 37, No. 6, 2018

[91 Ghosh D., Das Sh., Bagchi D., Smarta R.B.,
"Innovation in Healthy and Functional Foods",
Taylor and Francis, CRC press, New York (2013).

[10] Ross W.R., Preedy V.R., Zibadi Sh., "Polypenols
in Human Health and Disease", Elsevier, London,
(2014).

[11] Woo M.W., Mujumdar A.S., Daud W.R.W., "Spray
Drying of Food and Herbal Products", ed. by
Oliveira W.P, Souza C.R.F, Kurozawa L.E, Park KL
Singapore, (2010).

[12] El Sohaimy S.A., The Effect of Cooking on the
Chemical Composition of Artichoke (Cynara scolymus L.),
Afr. J Food Sci. Technol., 4(8): 182-187 (2013).

[13] Bott R.F., Labuza T.P., Oliveira W.P., Stability Testing
of Spray- and Spouted Bed-Dried Extracts of Passiflora
Alata, Drying Technol., 28: 1255-1265 (2010).

[14] Anandharamakrishnan C., Padma Ishwarya S., "Spray
Drying Techniques for Food Ingredient Encapsulation",
John Wiley and Sons, Ltd. IFT Press, India, (2015).

[15] Gavini E., Alamanni M.C., Cossu M., Giunchedi P.,
Tabletted  Microspheres ~ Containing  Cynara
Scolymus (var. Spinoso sardo) Extract for the
Preparation of Controlled Release Nutraceutical
Matrices, J. Microencapsul, 22 (5): 487-99 (2005).

[16] Jayasundera M., Adhikari B., Adhikari R., Aldred P.,
The Effects of Proteins and Low Molecular Weight
Surfactants on Spray Drying of Model Sugar-Rich
Fods: Powder Production and Characterization,
J. Food Eng., 104: 259-271 (2011).

[17] LiuL.L., Wang H., Ren G Y., Duan X., LiD., Yin G J.,
Effects of Freeze-Drying and Spray Drying Processes on
Functional Properties of Phosphorylation of Egg White
Protein, IntJ Agric & Biol Eng., 8(4): 116—123 (2015)

[18] Semyonov D., Ramon O., Shimoni E., Using Ultrasonic
Vacuum Spray Dryer to Produce Highly Viable Dry
Pobiotics, Food Sci. Technol., 44: 1844-1852 (2011).

[19] Kitamura Y., Yanase Y., "Development of Vacuum
Spray Drying System for Probiotics Powder", In:
Comeau, M.A. (Ed.), “New Topics in Food
Engineering”, pp. 171-231, Nova Science
Publishers, Inc, New York, (2011).

[20] Islam M.Z., Kitamura Y., Yamano Y., Kitamura M.,
Effect of Vacuum Spray Drying on the
Physicochemical Properties, Water Sorption and
Glass Transition Phenomenon of Orange Juice
Powder, J Food Eng., 169: 131-140 (2016).

Research Article


http://www.foodandnutritionjournal.org/volume4number1/mikromani%CA%BCs-artichoke-cynara-cardunculus-var-scolymus-a-mediterranean-nutraceutical/
http://www.foodandnutritionjournal.org/volume4number1/mikromani%CA%BCs-artichoke-cynara-cardunculus-var-scolymus-a-mediterranean-nutraceutical/
http://www.foodandnutritionjournal.org/volume4number1/mikromani%CA%BCs-artichoke-cynara-cardunculus-var-scolymus-a-mediterranean-nutraceutical/
http://www.ijastnet.com/journals/Vol_2_No_2_February_2012/7.pdf
http://www.ijastnet.com/journals/Vol_2_No_2_February_2012/7.pdf
http://www.ijastnet.com/journals/Vol_2_No_2_February_2012/7.pdf
http://www.ijastnet.com/journals/Vol_2_No_2_February_2012/7.pdf
http://www.sciencedirect.com/science/article/pii/S088915751000270X
http://www.sciencedirect.com/science/article/pii/S088915751000270X
http://www.sciencedirect.com/science/article/pii/S088915751000270X
http://www.sciencedirect.com/science/article/pii/S096195341000019X
http://www.sciencedirect.com/science/article/pii/S096195341000019X
https://www.ncbi.nlm.nih.gov/pubmed/20591206
https://www.ncbi.nlm.nih.gov/pubmed/20591206
https://www.ncbi.nlm.nih.gov/pubmed/20591206
https://www.ncbi.nlm.nih.gov/pubmed/20591206
https://www.ncbi.nlm.nih.gov/pubmed/20591206
https://www.ncbi.nlm.nih.gov/pubmed/26310198
https://www.ncbi.nlm.nih.gov/pubmed/26310198
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257627/
https://www.bookdepository.com/Nutraceutical-and-Functional-Food-Processing-Technology-Joyce-I-Boye/9781118504949?ref=bd_recs_1_1
https://www.bookdepository.com/Nutraceutical-and-Functional-Food-Processing-Technology-Joyce-I-Boye/9781118504949?ref=bd_recs_1_1
https://www.bookdepository.com/Nutraceutical-and-Functional-Food-Processing-Technology-Joyce-I-Boye/9781118504949?ref=bd_recs_1_1
https://www.crcpress.com/Innovation-in-Healthy-and-Functional-Foods/Ghosh-Das-Bagchi-Smarta/p/book/9781439862674
https://www.crcpress.com/Innovation-in-Healthy-and-Functional-Foods/Ghosh-Das-Bagchi-Smarta/p/book/9781439862674
https://www.elsevier.com/books/polyphenols-in-human-health-and-disease/watson/978-0-12-398456-2
https://www.elsevier.com/books/polyphenols-in-human-health-and-disease/watson/978-0-12-398456-2
https://www.elsevier.com/books/polyphenols-in-human-health-and-disease/watson/978-0-12-398456-2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjDl9z7yszWAhVCaFAKHRJRCrIQFggyMAE&url=http%3A%2F%2Fwww.arunmujumdar.com%2Ffile%2FPublications%2Fnewbooks%2Fspray%2520drying%2520book%2520details.pdf&usg=AOvVaw0VkJ-vfk6SaN2o3Z7_j7gW
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjDl9z7yszWAhVCaFAKHRJRCrIQFggyMAE&url=http%3A%2F%2Fwww.arunmujumdar.com%2Ffile%2FPublications%2Fnewbooks%2Fspray%2520drying%2520book%2520details.pdf&usg=AOvVaw0VkJ-vfk6SaN2o3Z7_j7gW
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjDl9z7yszWAhVCaFAKHRJRCrIQFggyMAE&url=http%3A%2F%2Fwww.arunmujumdar.com%2Ffile%2FPublications%2Fnewbooks%2Fspray%2520drying%2520book%2520details.pdf&usg=AOvVaw0VkJ-vfk6SaN2o3Z7_j7gW
http://www.interesjournals.org/ajfst/august-2013-vol-4-issue-8/the-effect-of-cooking-on-the-chemical-composition-of-artichoke-cynara-scolymus-l
http://www.interesjournals.org/ajfst/august-2013-vol-4-issue-8/the-effect-of-cooking-on-the-chemical-composition-of-artichoke-cynara-scolymus-l
http://www.tandfonline.com/doi/abs/10.1080/07373937.2010.482718
http://www.tandfonline.com/doi/abs/10.1080/07373937.2010.482718
http://www.tandfonline.com/doi/abs/10.1080/07373937.2010.482718
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118864190.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118864190.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118864190.html
https://www.ncbi.nlm.nih.gov/pubmed/16361192
https://www.ncbi.nlm.nih.gov/pubmed/16361192
https://www.ncbi.nlm.nih.gov/pubmed/16361192
https://www.ncbi.nlm.nih.gov/pubmed/16361192
http://www.sciencedirect.com/science/article/pii/S0260877410006096
http://www.sciencedirect.com/science/article/pii/S0260877410006096
http://www.sciencedirect.com/science/article/pii/S0260877410006096
http://www.sciencedirect.com/science/article/pii/S0260877410006096
https://search.proquest.com/openview/9c3826fef79c75f414bf4118a7dcdb24/1?pq-origsite=gscholar&cbl=2028921
https://search.proquest.com/openview/9c3826fef79c75f414bf4118a7dcdb24/1?pq-origsite=gscholar&cbl=2028921
https://search.proquest.com/openview/9c3826fef79c75f414bf4118a7dcdb24/1?pq-origsite=gscholar&cbl=2028921
http://www.sciencedirect.com/science/article/pii/S0023643811001083
http://www.sciencedirect.com/science/article/pii/S0023643811001083
http://www.sciencedirect.com/science/article/pii/S0023643811001083
https://www.novapublishers.com/catalog/product_info.php?products_id=24512
https://www.novapublishers.com/catalog/product_info.php?products_id=24512
https://www.novapublishers.com/catalog/product_info.php?products_id=24512
http://www.sciencedirect.com/science/article/pii/S0260877415003775
http://www.sciencedirect.com/science/article/pii/S0260877415003775
http://www.sciencedirect.com/science/article/pii/S0260877415003775
http://www.sciencedirect.com/science/article/pii/S0260877415003775

Iran. J. Chem. Chem. Eng.

[21] Farran A., Cai C., Sandoval M., Xu Y., Liu J., Hernaiz
M.J., Linhardt R.J., Green Solvents in Carbohydrate
Chemistry: From Raw Materials to Fine Chemicals,
Chem. Rev. 115 (14): 6811-6853(2015).

[22] Koo O.M.Y., "Pharmaceutical Excipients:
Properties, Functionality, and Applications in
Research and Industry", Hoboken, John Wiley &
Sons, Inc., New Jersey, (2017).

[23] Gallo L., Pifia J., Bucala V., Allemandi D., Ramirez-
Rigo V.M., Development of a Modified-Release
Hydrophilic Matrix System of a Plant Extract Based
on Co-Spray-Dried Powders, Powder Technol. 241:
252-262 (2013).

[24] Timmins P., Pygall S.R., Melia C.D., "Hydrophilic
Matrix Tablets for Oral Controlled Release",
Springer, Aaps Press. New York. (2014).

[25] Bas D., Boyaci I.H., Modelling and Optimization I:
Usability of Response Surface Methodology, J Food
Eng. 78 (3): 836845 (2007).

[26] Myers H.R., Montgomery C.D., Anderson-Cook
M.Ch.,"Response Surface Methodology", (3rd ed.).
Wiley Series in Probability and Statistics, (2009).

[27] Nguyen V.T., Pham Q.T., Effect of Raw Material
and Processing Factors on the Production of
Effervescent Artichoke (Cynara scolymus L.) Tea
Tablets, Int. J. Food Eng. 7 (1). (2011).

[28] AOAC. “Official Method of Analysis”, 14th ed. DC:
Association of Official Analytical Chemists,
Washindton, (2000).

[29] Seth D., Mishra H.N., Deka S.Ch., Functional and
Reconstitution Properties of Spray Dried Sweetened
Yoghurt Powder as Influenced by Processing Conditions,
Int. J. Food Prop. 20 (7): 1603-1611 (2016).

[30] Eastman J.E., Moore C.O., Cold Water Soluble
Granular Starch for Gelled Food Compositions,
U.S. Patent 4465702 (1984).

[31] Gongalves P.M., Norefia C.P.Z., da Silveira N.P.,
Brandelli ~A., Characterization of  Starch
Nanoparticles Obtained from Araucaria Angustifolia
Seeds by Acid Hydrolysis and Ultrasound, Food Sci.
Technol., 58: 21-27 (2014).

[32] Ibrahim G.E., El-Raey, M.A., Eldahshan, O.A,,
Souleman, A.M.A., Effect of Extraction on Phenolic
Content, Silymarin and Antiradical Activities of
Artichoke Leaves and Roots, European Scientific
Journal, (E.S.J.) 9(6): 100-110 (2013).

Research Article

A Multi-Objective Optimization of Artichoke (Cynara Scolymus L.) ...

Vol. 37, No. 6, 2018

[33] Gebhard R., Anticholestatic Activity of Flavonoids
from Artichoke (Cynara scolymus L.) and Their
Metabolites, Med. Sci. Mon. 7: 316-320 (2001).

[34] Chayjan R.A., Dibagar N., Alaei B., Drying
Characteristics of Zucchini Slices under Periodic
Infrared-Microwave Vacuum conditions, Heat Mass
Transfer. DOI: 10.1007/s00231-017-2081-9 (2017).

[35] Kavak Akpinar E., Drying of Mint Leaves in a Solar
Dryer and under Open Sun: Modelling, Performance
Analyses, Energy Convers. Manage., 51: 2407-2418
(2010).

[36] Zakeri A., Pazouki M., Vossoughi M., Use of
Response  Surface Methodology Analysis for
Xanthan Biopolymer Production by Xanthomonas
campestris: Focus on Agitation Rate, Carbon
Source, and Temperature, Iran. J. Chem. Chem.
Eng. (1IJCCE), 36 (1): 173-183 (2017).

[37] Susantikarn P., Donlao N., Optimization of Green
Tea Extracts Spray Drying as Affected by
Temperature and Maltodextrin Content, Int Food
Res J. 23(3): 1327-1331 (2016).

[38] Nishad J., Selvan C.J., Ahmad Mir Sh., Don Bosco S.J.,
Effect of Spray Drying on Physical Properties of
Sugarcane Juice Powder (Saccharum officinarum L.),
J. Food Sci. Technol. 54 (3): 687-697 (2017).

[39] Mishraa P., Mishrab S., Mahantaa C.L., Effect of
Maltodextrin Concentration and Inlet Temperature
During Spray Drying on Physicochemical and
Antioxidant Properties of Amla (emblica officinalis)
Juice Powder, Food Bioprod. Process, 92: 252-258
(2014).

[40] Lazzare Brites M., Meister Meira S., Brandelli A.,
Zapata Norefia C., Characterization of Powder from
the Permeate of Yacon Extract by Ultrafiltration and
Dehydrated by Spray Drying, Ciénc. Agrotec. 40(5):
585-595 (2016).

[41] Khuenpet K., Charoenjarasrerk N., Jaijit S.,
Arayapoonpong S., Jittanit W., Investigation of
Suitable Spray Drying Conditions for Sugarcane
Juice Powder Production with an Energy Consumption
Study, Agr. Nat. Resour. 50: 139-145 (2016).

[42] Santhalakshmy S., Don Bosco S.J., Francis S.,
Sabeena M., Effect of inlet Temperature on
Physicochemical Properties of Spray-Dried Jamun
Fruit Juice Powder, Powder Technol. 274: 37-43
(2015).

235


http://pubs.acs.org/doi/abs/10.1021/cr500719h
http://pubs.acs.org/doi/abs/10.1021/cr500719h
https://books.google.com/books?hl=en&lr=&id=Q_VcCgAAQBAJ&oi=fnd&pg=PR7&dq=Pharmaceutical+Excipients:+Properties,+Functionality,+and+Applications+in+research+and+industry&ots=t3A3QzVbx9&sig=QzqbyQP5sHctvf98J-5Dr-qRsIo#v=onepage&q=Pharmaceutical%20Excipients%3A%20Properties%2C%20Functionality%2C%20and%20Applications%20in%20research%20and%20industry&f=false
https://books.google.com/books?hl=en&lr=&id=Q_VcCgAAQBAJ&oi=fnd&pg=PR7&dq=Pharmaceutical+Excipients:+Properties,+Functionality,+and+Applications+in+research+and+industry&ots=t3A3QzVbx9&sig=QzqbyQP5sHctvf98J-5Dr-qRsIo#v=onepage&q=Pharmaceutical%20Excipients%3A%20Properties%2C%20Functionality%2C%20and%20Applications%20in%20research%20and%20industry&f=false
https://books.google.com/books?hl=en&lr=&id=Q_VcCgAAQBAJ&oi=fnd&pg=PR7&dq=Pharmaceutical+Excipients:+Properties,+Functionality,+and+Applications+in+research+and+industry&ots=t3A3QzVbx9&sig=QzqbyQP5sHctvf98J-5Dr-qRsIo#v=onepage&q=Pharmaceutical%20Excipients%3A%20Properties%2C%20Functionality%2C%20and%20Applications%20in%20research%20and%20industry&f=false
https://books.google.com/books?hl=en&lr=&id=Q_VcCgAAQBAJ&oi=fnd&pg=PR7&dq=Pharmaceutical+Excipients:+Properties,+Functionality,+and+Applications+in+research+and+industry&ots=t3A3QzVbx9&sig=QzqbyQP5sHctvf98J-5Dr-qRsIo#v=onepage&q=Pharmaceutical%20Excipients%3A%20Properties%2C%20Functionality%2C%20and%20Applications%20in%20research%20and%20industry&f=false
http://www.sciencedirect.com/science/article/pii/S0032591013001769
http://www.sciencedirect.com/science/article/pii/S0032591013001769
http://www.sciencedirect.com/science/article/pii/S0032591013001769
https://link.springer.com/book/10.1007/978-1-4939-1519-4
https://link.springer.com/book/10.1007/978-1-4939-1519-4
https://link.springer.com/book/10.1007/978-1-4939-1519-4
http://www.sciencedirect.com/science/article/pii/S0260877405007843
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118916018.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118916018.html
https://www.researchgate.net/profile/Tang_Nguyen/publication/49250761_Effect_of_raw_material_and_processing_factors_on_the_production_of_effervescent_artichoke_Cynara_scolymus_L_tea_tablets/links/586d9dc008ae329d621395c4/Effect-of-raw-material-and-processing-factors-on-the-production-of-effervescent-artichoke-Cynara-scolymus-L-tea-tablets.pdf
https://www.researchgate.net/profile/Tang_Nguyen/publication/49250761_Effect_of_raw_material_and_processing_factors_on_the_production_of_effervescent_artichoke_Cynara_scolymus_L_tea_tablets/links/586d9dc008ae329d621395c4/Effect-of-raw-material-and-processing-factors-on-the-production-of-effervescent-artichoke-Cynara-scolymus-L-tea-tablets.pdf
https://www.researchgate.net/profile/Tang_Nguyen/publication/49250761_Effect_of_raw_material_and_processing_factors_on_the_production_of_effervescent_artichoke_Cynara_scolymus_L_tea_tablets/links/586d9dc008ae329d621395c4/Effect-of-raw-material-and-processing-factors-on-the-production-of-effervescent-artichoke-Cynara-scolymus-L-tea-tablets.pdf
https://www.researchgate.net/profile/Tang_Nguyen/publication/49250761_Effect_of_raw_material_and_processing_factors_on_the_production_of_effervescent_artichoke_Cynara_scolymus_L_tea_tablets/links/586d9dc008ae329d621395c4/Effect-of-raw-material-and-processing-factors-on-the-production-of-effervescent-artichoke-Cynara-scolymus-L-tea-tablets.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0ahUKEwia8uzTzszWAhVObVAKHcrZBtQQFgg7MAQ&url=http%3A%2F%2Fwebpages.icav.up.pt%2FPTDC%2FCVT-NUT%2F4294%2F2012%2FAOAC%25202000.pdf&usg=AOvVaw2cCezgCIMoP_pUwcJrAF6T
http://www.tandfonline.com/doi/abs/10.1080/10942912.2016.1214965
http://www.tandfonline.com/doi/abs/10.1080/10942912.2016.1214965
http://www.tandfonline.com/doi/abs/10.1080/10942912.2016.1214965
https://www.google.com/patents/US4465702
https://www.google.com/patents/US4465702
http://www.sciencedirect.com/science/article/pii/S0023643814001650
http://www.sciencedirect.com/science/article/pii/S0023643814001650
http://www.sciencedirect.com/science/article/pii/S0023643814001650
http://www.eujournal.org/index.php/esj/article/view/819
http://www.eujournal.org/index.php/esj/article/view/819
http://www.eujournal.org/index.php/esj/article/view/819
http://europepmc.org/abstract/med/12211745
http://europepmc.org/abstract/med/12211745
http://europepmc.org/abstract/med/12211745
https://link.springer.com/article/10.1007/s00231-017-2081-9
https://link.springer.com/article/10.1007/s00231-017-2081-9
https://link.springer.com/article/10.1007/s00231-017-2081-9
http://www.sciencedirect.com/science/article/pii/S0196890410001809
http://www.sciencedirect.com/science/article/pii/S0196890410001809
http://www.sciencedirect.com/science/article/pii/S0196890410001809
http://www.ijcce.ac.ir/article_25206.html
http://www.ijcce.ac.ir/article_25206.html
http://www.ijcce.ac.ir/article_25206.html
http://www.ijcce.ac.ir/article_25206.html
http://www.ijcce.ac.ir/article_25206.html
http://www.ifrj.upm.edu.my/23%20(03)%202016/(58).pdf
http://www.ifrj.upm.edu.my/23%20(03)%202016/(58).pdf
http://www.ifrj.upm.edu.my/23%20(03)%202016/(58).pdf
https://link.springer.com/article/10.1007/s13197-017-2507-x
https://link.springer.com/article/10.1007/s13197-017-2507-x
http://www.sciencedirect.com/science/article/pii/S0960308513000801
http://www.sciencedirect.com/science/article/pii/S0960308513000801
http://www.sciencedirect.com/science/article/pii/S0960308513000801
http://www.sciencedirect.com/science/article/pii/S0960308513000801
http://www.sciencedirect.com/science/article/pii/S0960308513000801
http://www.scielo.br/scielo.php?pid=S1413-70542016000500585&script=sci_arttext&tlng=en
http://www.scielo.br/scielo.php?pid=S1413-70542016000500585&script=sci_arttext&tlng=en
http://www.scielo.br/scielo.php?pid=S1413-70542016000500585&script=sci_arttext&tlng=en
http://www.sciencedirect.com/science/article/pii/S2452316X16300187
http://www.sciencedirect.com/science/article/pii/S2452316X16300187
http://www.sciencedirect.com/science/article/pii/S2452316X16300187
http://www.sciencedirect.com/science/article/pii/S2452316X16300187
http://www.sciencedirect.com/science/article/pii/S0032591015000303
http://www.sciencedirect.com/science/article/pii/S0032591015000303
http://www.sciencedirect.com/science/article/pii/S0032591015000303

Iran. J. Chem. Chem. Eng. Sadeghzade Namavar S. et al. Vol. 37, No. 6, 2018

[43] Reddy R.S., Ramachandra C.T., Hiregoudar S.,
Nidoni U., Ram J Kammar M., Influence of
Processing  Conditions on  Functional and
Reconstitution Properties of Milk Powder made
from Osmanabadi Goat Milk by Spray Drying,
Small Rumin. Res. 119: 130-137 (2014).

[44] Vardin H., Yasar M., Optimisation of Pomegranate
(Punica granatum L.) Juice Spray-Drying as
Affected by Temperature and Maltodextrin Content,
Int. J Food Sci. Technol. 47: 167-76 (2012).

[45] Quispe-Condori S., Saldana M.D.A., Temelli F.,
Microencapsulation of Flax Oil with Zein Using
Spray and Freeze Drying, Food Sci. Technol. 44 (9):
1880-1887 (2011).

[46] Vuong Q.V., Zammit N., Munro B. R., Murchie S.H.,
Bowyer M.C., Scarlett C.H.J., Effect of Drying
Conditions on Physiochemical and Antioxidant
Properties of Vitex Agnus-Cactus Leaves, J. Food
Process Preserv. 39 (6): 2562-2571 (2015).

[47] Kha T.C., Nguyen M.H., Roach P.D., Effects of
Spray Drying Conditions on the Physicochemical
and Antioxidant Properties of the Gac (Momordica
cochinchinensis) Fruit Aril Powder, J. Food Eng.
98: 385-392 (2010).

[48] Saikia S., Mahnot N. K., Mahanta C. L., Effect of
Spray Drying of Four Fruit Juices on
Physicochemical, Phytochemical and Antioxidant
Properties, J. Food. Process. Preserv., 39 (6): 1656-
1664 (2014).

[49] Lee KH., Wu T.Y., Siow L.F., Spray Drying of Red
(Hylocereus polyrhizus) and White (Hylocereus
undatus) Dragon Fruit Juices: Physicochemical and
Antioxidant Properties of the Powder, Int J Food Sci
Technol., 48: 2391-2399 (2013).

[50] Wojdylo A., Figiel A., Lech K., Nowicka P.,
Oszmianski J., Effect of Convective and Vacuum—
Microwave Drying on the Bioactive Compounds,
Color, and Antioxidant Capacity of Sour Cherries,
Food Bioprocess Technol. 7 (3): 829-841 (2013).

[51] Krishnaiah D., Sarbatly R., Nithyanandam R.R.,
Optimization of Spray for Drying Morinda citrifolia L.
Fruit Extract, J. Appl. Sci.11 (13): 2276-2283 (2011).

[52] Tonon R.V., Brabet C., Hubinger M.D., Influence of
Process Conditions on the Physicochemical
Properties of Acai Euterpe oleraceae Mart.) Powder
Produced by Spray Drying, J. Food Eng. 88: 411-
418 (2008).

236 Research Article


http://www.sciencedirect.com/science/article/pii/S0921448814000571
http://www.sciencedirect.com/science/article/pii/S0921448814000571
http://www.sciencedirect.com/science/article/pii/S0921448814000571
http://www.sciencedirect.com/science/article/pii/S0921448814000571
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2011.02823.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2011.02823.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2011.02823.x/full
http://www.sciencedirect.com/science/article/pii/S0023643811000181
http://www.sciencedirect.com/science/article/pii/S0023643811000181
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12506/full
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12506/full
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12506/full
http://www.sciencedirect.com/science/article/pii/S0260877410000324
http://www.sciencedirect.com/science/article/pii/S0260877410000324
http://www.sciencedirect.com/science/article/pii/S0260877410000324
http://www.sciencedirect.com/science/article/pii/S0260877410000324
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12395/full
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12395/full
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12395/full
http://onlinelibrary.wiley.com/doi/10.1111/jfpp.12395/full
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12230/full
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12230/full
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12230/full
http://onlinelibrary.wiley.com/doi/10.1111/ijfs.12230/full
https://link.springer.com/article/10.1007/s11947-013-1130-8
https://link.springer.com/article/10.1007/s11947-013-1130-8
https://link.springer.com/article/10.1007/s11947-013-1130-8
http://docsdrive.com/pdfs/ansinet/jas/2011/2276-2283.pdf
http://docsdrive.com/pdfs/ansinet/jas/2011/2276-2283.pdf
http://www.sciencedirect.com/science/article/pii/S0260877408001179
http://www.sciencedirect.com/science/article/pii/S0260877408001179
http://www.sciencedirect.com/science/article/pii/S0260877408001179
http://www.sciencedirect.com/science/article/pii/S0260877408001179

