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Effect of pre-treatment on color quality and energy
consumption parameters of jerusalem artichoke dried by
microwave and convective methods
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ABSTRACT The shortest drying time was determined in the microwave dryer at 720 W power and ethyl oleate
pre-treated samples. The longest drying time was determined in the convective dryer at 50 °C. Control samples dried
in a convective dryer at 50 °C preserved the chroma color property of fresh. The drying data was best estimated by
the Midilli-Kiiciik model. It was determined that the effective diffusion coefficients values varied between 3.14-10~°
—2.35-10~7 m%/s. The highest specific moisture removal rate (0.0344 kg/kWh) value was determined in ethyl oleate
pre-treated samples dried at 720 W microwave power. The lowest specific energy consumption (29.07 kW/kg) value was
determined in the ethyl oleate pre-treated samples dried in a microwave dryer at 720 W power. The highest evaporation
energy (2.70 kWh) is in the convective dryer. The highest energy efficiency was calculated as 7.20 % in the same
drying process. It has been found that the drying process at 540 W power is more suitable in terms of both quality

characteristics, energy consumption and mass diffusion parameters of Jerusalem artichoke.
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1. Introduction

Helianthus tuberosus L. is also known as “Jerusalem arti-
choke”. Jerusalem artichoke is a low-calorie fruit because
it contains very little starch and oil (Baltacioglu and Esin,
2012). Besides being used as a fodder plant, industrial and
biomass source, yams are also grown as a source of inulin
in terms of health (Heiser, 2015; Marx et al., 1997; Bal-
tacioglu and Esin, 2012; Kaya-Mert, 2021). Jerusalem ar-
tichoke is insufficient in terms of 6-9 % crude protein and
mineral, phosphorus (P) content is insufficient in terms of
calcium (Ca), potassium (K) and magnesium (Mg) con-
tent (Seiler, 1988; Karsli and Bingol, 2009). In addition,
the plant, which is rich in vitamins A, B and C, grows in
temperate climate conditions (Kaya-Mert, 2021).

Due to the rich nutritional value of jerusalem arti-
choke, when it is stored for a long time, microbial and en-
zymatic activities result in deterioration in the structure of
the plant and its quality decreases (Doymaz, 2018; Kaya-
Mert, 2021). In developing countries, approximately 30-
40 % of the products go to waste after harvest due to the
lack of knowledge of appropriate storage methods and the
lack of infrastructure (Lewicki and Lenart, 2006; Bonazzi
and Dumoulin, 2011). Jerusalem artichoke, which has
a high nutritional value, needs to be preserved after the
harvest season in order to store it for a long time. Drying
is one of the most commonly preferred storage methods.

Drying is a heat-mass diffusion event in which the
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high moisture content of the products is reduced to the
critical humidity level where they can be kept intact under
controlled conditions, and changes occur in the biological,
physical and chemical properties of the product in this
process (Polatct and Tagova, 2020).

There are many methods of product drying. Open
drying method, which has been used since ancient times
and traditionally, is a convenient method in terms of en-
ergy and costs. However, this method necessitates dif-
ferent methods due to factors such as large areas, the
need for more manpower and the exposure of drying prod-
ucts to adverse environmental conditions (dust, exhaust
gas, emulsion and insect infestation, etc.) (Ozkan et al.,
2007; Arslan et al., 2019; Alibas et al., 2020; Yilmaz and
Alibas, 2021). In artificial hot air drying methods, the
undesirable conditions in open drying methods are elimi-
nated, but energy consumption and drying time properties
increase. The use of microwave dryers is becoming in-
creasingly common in order to obtain dried products in
a shorter time by consuming less energy (Polatci et al.,
2020). Microwave heating is based on the transformation
of alternating electromagnetic field energy into thermal en-
ergy by affecting the polar molecules of a material. Many
molecules in food (such as water and fat) are electric
dipoles, meaning that they have a positive charge at one
end and a negative charge at the other, and therefore, they
rotate as they try to align themselves with the alternating
electric field induced by the microwave rays. The rapid
movement of the bipolar molecules creates friction and
results in heat dissipation in the material exposed to the
microwave radiation. Microwave heating is most efficient
on water (liquid) and much less on fats and sugars which
have less molecular dipole moment (Sutar and Prasad,
2008). Karacabey et al. (2011) in their drying study, they
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sliced the jerusalem artichoke slices in 2 mm thickness
and cut them in the conventional convective dryer. They
were dried at 50, 70, 80 and 90 °C drying temperatures,
in a microwave dryer at 100, 200 and 300 W microwave
powers. They found that the microwave technique can
be used to dry the jerusalem artichoke slices and is an
alternative to the traditional convective dryer drying sys-
tem. Antal et al. (2017) investigated the drying properties
of jerusalem artichoke cubes using three different drying
methods (mid-infrared (MIR)), freeze-dried (FD) and mid-
infrared assisted freeze-drying (MIR-FD). As a result of
the study, they found that the MIR-FD method is more
advantageous in terms of drying time. Aydar et al. (2022)
applied ultrasound pretreatment for 5 and 10 minutes to
reduce drying times in the jerusalem artichoke drying
study. As a result of the study, it was determined that
the pre-treated samples dried in a shorter time and with
better quality. Ethyl oleate pretreatment affects the micro-
structure of the fruit, increasing the drying rate and thus
reducing the drying time. This situation provides positive
contributions to both energy consumption parameters and
quality characteristics (Polatci et al., 2020). In the liter-
ature review, no study was found in which the effect of
pre-treatments on the physico-chemical and energy con-
sumption parameters of the jerusalem artichoke drying
process was investigated. With this study, it is aimed both
to eliminate the important deficiency in the literature and
to reveal the effects of drying process combinations on
quality and energy consumption characteristics.

In this study, to examine the effect of ethyl oleate
pretreatment and drying conditions on jerusalem arti-
choke slices, they were dried in convective and microwave
drying convective dryers and investigated in terms of
mathematical modeling, effective diffusion-activation en-
ergy, SMER, SEC, total energy consumption and thermo-
dynamic properties.

2. Methods

2.1 Trial material

The Jerusalem artichoke used in the study was purchased
from a public market in Tokat and stored at +4+0.5 °C
until the drying process was completed. Moisture deter-
mination and drying processes were carried out in Tokat
Gaziosmanpaga University Biosystem Engineering drying
laboratory.

2.2 Pre-treatment

After washing the Jerusalem artichokes, they were sliced
with a sharp knife for drying. For 3 % ethyl oleate solution,
it was prepared by adding 15 mL of ethyl oleate liquid and
485 mL of distilled water to a 500 mL glass beaker. Sliced
fruits were kept in ethyl oleate solution for 15 minutes.

2.3 Drying method

Jerusalem artichoke was stored at +40.5 °C until the dry-
ing process was completed. From the heap of Jerusalem
artichokes, those of homogeneous size and color were se-
lected and sliced in 1.7040.16 mm thickness. Then, ethyl
oleate was pre-treated and dried in a convective dryer at
50 and 60 °C and in the microwave at 540 and 720 W.
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Drying temperatures of 60, 70 and 80 °C for convective
drying (Doymaz, 2018), and 600, 900 W power values for
microwave drying (Baltacioglu and Esin, 2012) were se-
lected in the drying studies related to Jerusalem artichoke
in the literature. The samples in the dryers were taken
out at certain intervals and weighed with a scale with a
sensitivity of 1 g, and the moisture of the product was
dried up to 5-7 % according to the wet base.

2.4 Determination of moisture

An average of 40+0.15 g samples were used to calculate
the initial moisture value according to the wet basis before
the drying process of fresh yams. Moisture determination
drying air was dried in a convective dryer at 70 °C in 4 par-
allels until the weight changes were constant (Yagcioglu,
1999). Moisture content according to wet and dry basis
was calculated using Egs. 1 and 2.

Ny = (W; — W) /W; x 100 (1)
Nie = (W; — W) /W; x 100 2

where N,: Moisture on wet basis (%), Ni: Moisture on
dry basis (%), W;: Weight of wet sample, W,: Weight of
dry sample (g).

2.5 Determination of moisture

The color values of fresh and dried Jerusalem artichokes
were measured using a Minolta brand CR300 colorimeter.
Hue, chroma, browning index and total color change val-
ues were determined by using the measured values. While
the L value shows the brightness value of the samples
used, it takes values between 0 and 100. a value repre-
sents red-green and b value represents yellow-blue colors.
If the measured values are positive (+), a value indicates
red color and b value indicates yellow. If the measured
values are negative (-), it indicates that a is green and b is
blue (McGuire, 1992).

The hue value represents a color radiant calculated using
the redness and yellowness values measured from the
Materials. Hue value was calculated using Eq. 3.

h° = tan™! <b> 3)
a

The chroma value indicates the saturation of the color.
Materials in vibrant colors receive high values. Materials
in pale colors have low values. The chroma value was
calculated using the equation number 4.

C=(@+p?)" @)
Total color change value (AE): It calculates how much
the color values of the jerusalem artichoke have changed
after being freshly measured and dried. The total color
change value was calculated with equation 8 using the
results obtained from Eqgs. 5, 6 and 7 (Celen et al., 2015).

AL = Lo, —L ®)
Aa = Afresh — A (6)
Ab = bfresh -b (7
AE =V AL? + Ad? + Ab? (®)
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Browning index value (BI): It calculates the browning
value of the jerusalem artichoke after the drying process.
The browning index was calculated by Eq. 10 (Palou et al.,
1999).

B a+(1.75x L)

X= [(5.645 x L) + (a— (3.012 x b))] ©)
~100(x—0.31)

BI = o1 (10)

Whiteness index (W1): Whiteness indices (W) are com-
monly measured to derive numbers that closely correlate
with consumers’ preference for white color. It mathe-
matically combines lightness and yellow-blue into one
term. W1 represents the overall whiteness of food prod-
ucts, which can indicate the degree of discoloration during
the drying process (Hsu et al., 2003; Pathare et al., 2013).
Eq. 11 was used to calculate the whiteness index (Rhim
et al., 1999).

le\/(100—L)2+a2+b2 (11)
Yellowness Index (Y1): Yellowness is associated with ex-
posure to light, chemicals, and extreme heat and process-
ing, contamination, and general product spoilage. Yellow-
ness indices are mainly used to measure such deteriora-
tion with a single value. They can be used to measure
clear, colorless liquids or solids in transmission and nearly
white, opaque solids in reflection (Pathare et al., 2013).
Eq. 12 was used to calculate the jaundice index (Rhim
et al., 1999).

14286 xb
B L

YI (12)

2.6 Drying rate and humidity

Equation 13 was used to determine the drying rate values
of jerusalem artichoke.

M; — M(t+dt)

DR =
dt

13)
where: M;; Moisture content at time ¢ (g water/g drying
substance), dt; minutes, DR; drying rate (g water/g dry
matter min).

Equation 14 was used to determine the time-dependent
drying rates of the samples.

 M-M,

MR= ——
My—M,

(14)
where: MR: Separable humidity, M: Instant moisture con-
tent of the product (g moisture/g dry matter), M,: Equi-
librium moisture content of the product (g moisture/g dry
matter), My: The initial moisture content of the product
(g moisture/g dry matter).

2.7 Mathematical modeling

In order to determine the most suitable thin layer drying
model for Jerusalem artichoke slices, the mathematical
equations commonly used in the literature were chosen.
Modeling data were made using SigmaPlot 10.0 package
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program (Midilli et al., 2002; Wang and Singh, 1978;
Lewis, 1921).

Midilli-Kiigiik: MR = /- exp (— j- (tk>> Y (m-) (15)

Wang-Singh: MR = 1+k-t+h -1
Lewis: MR =exp(—k-t)

(16)
A7)

2.8 Effective diffusion

The removal of moisture from the product during drying
is explained by the second issue of Fick’s law. This law
shows the amount of moisture emitted from the product to
the area per unit time, depending on the time. When calcu-
lating the effective diffusion, it is assumed that the tissue
structure of the product is preserved and the moisture is
removed from the environment only by diffusion. The
effective diffusion value was calculated using equation
number 18-19 (Crank, 1979; Tiirker and Isleroglui, 2017)

M—-M,
MR=—"¢
My—M, (18)
8 & 2 Dosst
:—Z ————exp [(Zn—l—l)zn e’;f
.20 (2n+1) 4 L
8 2 Dopst
In(MR) = In (n2> - % z’;f (19)

In the equation used; D, ss: represents the effective
diffusion value (m?/s); L: represents half of the slice
thickness (m) of the product and ¢: indicates the drying
time of the product.

2.9 Energy analysis

The specific moisture removal rate (SMER), specific en-
ergy consumption (SEC), and energy efficiency of the
drying processes were calculated (Surendhar et al., 2019).

The specific moisture removal rate is calculated as
kilograms of moisture removed per kilowatt-hour energy
delivered to the dryer. Specific energy consumption (SMER)
is defined as the amount of energy required to dry one
kilogram of sample. The SMER value was calculated
using Eq. 20.

moisture removed during drying kg

SMER =
Total energy supplied to the dryer kWh

(20)

The amount of energy consumed to remove one kilo-
gram of moisture in drying processes was calculated using
Eq. 21 (Motevali et al., 2012).

ey

where: SEC: specific energy consumption (kWh/kg wa-
ter), E;: total consumed energy (kWh), m,,: amount of
water removed (kg).
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2.10 Evaporation energy

Equation 22 was used to calculate the latent heat of evap-
oration (Beigi, 2016).

Oy = hfg X My,
hfe =2.503-10° —2.386-10% - (T, —273.16)

hpe =1/7.33-1012 - 1.60- 107 - 77
338.72 < Ty (K) < 533.16

where Q,,: evaporation energy (kWh), h,: latent energy
of evaporation (kJ/kg), m,,: the amount of evaporated
moisture (kg), Ty: drying temperature (K).

2.11 Energy efficiency

According to the equation used in the literature, the tem-
perature values of the drying processes are a necessary
parameter for calculating the evaporation energy. For
this reason, energy efficiency was calculated only for the
convective drying process. Equation 23 was used to cal-
culate the energy efficiency (EE) in drying the jerusalem
artichoke (Beigi, 2016).

o

=L (23)

ne
2.12 Uncertainty analysis

Equation 24 was used to calculate the total uncertainty
value arising from the standard deviation values occur-

ring during the drying process and measurement stages
(Moffat, 1988).

W= /02 0+ (0 () @

X1, X5, X3, ... X, show the sensitivity values of measuring
instruments.

2.13 Statistical analysis
Multiple comparison test was performed with SPSS22.

program to evaluate the findings. Reliability values were
calculated according to P < 0.05.

3. Results

The Jerusalem artichoke samples were dried at 50 and
60 °C drying temperatures in a convective dryer and at
540 and 720 W power in the microwave. The samples
were dried to 5-7 % (w.b.) lower moisture level with and
without pretreatment (ethyl oleate). The initial moisture
content of the jerusalem artichoke samples was deter-
mined as 79.58+0.82 %. Antal et al. (2017) determined
the moisture content as 78.70 % in the jerusalem artichoke
drying study conducted by applying three different drying
methods (Infrared-Freeze-Hybrid). Resti-Puyanda et al.
(2020) determined the moisture content as 75.46 % in
the jerusalem artichoke drying process with two different
types of dryers. Jahromi et al. (2022) found the initial
moisture content of 76.09 % in the drying trial of the
jerusalem artichoke samples in the dryer with solar energy
cabinet. The moisture value obtained within the scope of
the study was found close to the literature.
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3.1 Color values

The measured and calculated color values of fresh and
dried jerusalem artichoke samples are given in Table 1.

When the color values given in Table 1 were exam-
ined, it was determined that statistically (P < 0.05) similar
results were obtained in the color values measured in L,
a and b. Considering the L values, the convective dryer
50 °C control and microwave 540 W control samples gave
statistically (P < 0.05) similar results compared to the
fresh samples. This is thought to be due to the fact that
the pure gloss value of the ethyl olet solution is higher
than the gloss value of the fruit. A finding similar to the
result we obtained in the literature was found in samples
that were pre-treated with ethyl oleate at a drying temper-
ature of 50 °C in a convective dryer. It was determined
that both of the pre-treated and untreated samples in the
convective dryer at 60 °C in the red/green color value
were statistically (P < 0.05) similar compared to the fresh
ones. This suggests that the red/green color pigments of
jerusalem artichoke are better preserved at 60 °C. In terms
of yellow/blue and chroma color values, the closest to
fresh (P < 0.05) was determined in the samples that were
pretreated with ethyl oleate at 50 °C drying temperature
in a convective dryer.

In this case, the yellow/blue color pigment of jerusalem
artichoke is thought to be sensitive to a temperature of
50 °C. However, ethyl oleate pretreatment is thought to
reduce the color pigment degradation of jerusalem ar-
tichoke with heat. When compared to the fresh dried
jerusalem artichoke fruits, it was found that the convective
dryer (50 °C) and microwave (720 W) drying processes
were statistically more appropriate. When dried samples
were compared in terms of yellowness index, it was seen
that there were ethyl oleate-convective dryer (50 °C) and
control-convective dryer (60 °C) treatments. This situa-
tion is thought to be related to the effect of the yellow
color pigment. When the hue color angle value was exam-
ined, statistically (P < 0.05), the closest convective dryer
to fresh was detected in the control samples at 60 °C dry-
ing temperature. While the most color change was seen in
the pre-treated samples, which were dried in the convec-
tive dryer, the least color change was determined in the
control samples made at 540 W power in the microwave.
In this case, the color values were preserved more be-
cause the product was exposed to heat for a shorter time
in microwave drying processes. However, since the tem-
perature value created by the 720 W power is higher than
the 540 W power, it is thought that the color values are
further removed than the fresh one.

Pre-treatment and convective drying method changed
the color values of the jerusalem artichoke more than
the other drying processes. The lowest BI (browning
index) value was calculated as 12.89+£1.95 in the ethyl
oleate pretreatment in a convective dryer at 60 °C. It was
determined that the closest values to fresh in terms of
all color values were the control samples in a convective
dryer at 60 °C. In terms of chroma values, ethyl-oleate
pre-treatment at 50 °C is recommended as an alternative.

Doymaz (2018), dried citric acid-treated and non-



54(1): 1-10 (2024)

LACIN AMERICAN APPLIED Ed=EARCH

66660 1000°0> 9v00'0-  €S1T°0 ¥866°0  SPI9T  SInSn-IIIPIA
¥886°0  1000°0> - - 0L10'0  T6LTO- Surg-Suepm aredfo [Ayig
66£6'0  1000°0> - - 9€6£0 SIMI] A OTL
96660 1000°0> 12000~ +€ST0 09660 L06V 1 SInSnS-IIPIA
8€66'0  1000°0> - §TZ0'0  8I0£0 Surg-Suepy  Juswneanid-upn
£096'0  1000°0> - - €60¥°0 SIMI] SATMOIOI
$666'0  1000°0> S000°0-  SS¥I°0 SE66'0  9€TS'T  NdNY-HIIPIA
9166'0  10000> - SIT00  8€1T0- SuIg-3uepm aredo [Ayig
00960 1000°0> - - £987°0 SIMI] A ObS
96660 1000°0> ST00°0  S891°0 8€00° T 789%'1  Mndn-NIIPIA
9686'0  1000°0> - 11100 LOITO- Surg-Suepy  Jusuneanid-up
0SL6'0  1000°0> - - €8870 SIMIT]
6L66'0  1000°0> 60000~ ZS00°0 81660  TITTT  Indm-HIIPIA
78660 1000°0> - 7€0000°0 81100~ SuIS-SuBM aredfo [Ayg
€596'0  1000°0> - - 79100 SIMI] 30 09
6866'0  1000°0>  1,0000°0-  0£00°0 8686'0  T6SCT  INdm-HIPIA °
98660 1000°0> - £€00000 91100~ Surg-Suepy  Juowneanid-up
¥¥L6'0  1000°0> - - ¥S10°0 SIMIT 1ok1(] 2ATOOATOD)
76660 1000°0> L0000~ 610070 86860 9991'T  ndny-NIIPIA
£666'0  1000°0> - 1¥00000°0  S¥00°0- SuIS-SuBM aredfo [Ayg
11960 1000°0> - - 79000 SIMI] 30 06
68660 1000°0> £000°0-  6000°0 TS86'0  POECT  SIMSN-HIIPIA ¢
9L66'0  1000°0> - 8£00000°0  1+00°0- Surg-Suepy  Juewneanid-up
70960 1000°0> - - LS000 SIS
A d w y bl S[OPOIN juounean-ald  suonipuod Surkiqg POUIOIN
“e1ep SuIfopow [eONBWAYIRIA (T 9[qBL
FTSFFTOT  QOFFLOES  8TSTFLYEE  pPS8TIFLSSSY  qe98 TF8F I8  S6TFLIOT  qI6TF66'ST  5S9°0F0FT  ST'EFEL'LY aredo [Ayig
PTYFBLEE 61 TFSE6Y  (STEFICVE  oqILELFTCEBOS el TFITIS  (SSTFSELL SV TFCILL  o5q€0'TF8YT  p06'1F08°€9  Iuouneanord-up M 0zt
GLUSTFVTEE 08 TFITOS  oqISTFIOLE  S6CTOFPLILL  oqtV'TFSO6L  qLOTFLOLT (98 TFVLIT  ¢86'0FSTE  HSTTFELYY aredo [Ayig SABMOIOIIN
OLSFOIUYY  pLL'TFISVY  oLUPF88 Y T CTIFLLOS6  p69EFOTEL  o80TFEE6T  oS6TFEO6T  oSHIFLLS  5p80°€F09°09 Iuduneanard-un M 0vs
SO TF68CL P I'9FETT9  9ETFTISST  optOPTTFCOLYS  6E TFPESL  SSOTFYSL b0 TF8EL  pOTOFIST  qeb6T9FLERY aresfo [Ayg
SILTFEULL  oq€V'TFLYOS  oFTEFIOIT  qOS'GOIFHEE06  oCI'EF86 18  opOSTFHL'S  oplSTFSY8  pOVOF6IT  o6LTFISSS  Iusuneanerd-un Do 09
REY N
JJTEFIVLL  wSOEFIFT9 ST EF09°61 FO6FOV LYY p06TFIVEL LY TF600T  pSEIF696 oIt 0FC8T  w8LTFS60L ages|o [Ayg oéooéom
pPLEF6Y'ST  HLETFIO0S  pLV €FPEST  oqlV'89F86'9T8  pSETFSIOSL ST TFSTI  HISTFSITL 508 0FHPI'E I8 TFOF19  Iusuneonard-un Do 05
- - oCOSFELTT  ogPI'SEIFOI608  o89VFSH T8 pl6 1FSE6  p86IFIT6  phSOFCL'T  oplb €FSO'T9 - - ysary
suorn
19 qv 1X M ny 0 q D 7 JuUSWILAN)-1d -Ipuod POy
Surkiqg

“aYOYOnIE WolesnIdf JO san[eA IO[0d PIe[No[ed pue paInsesy | 9[qeL

5

Dursun et al. (2024)


http://laar.plapiqui.edu.ar/OJS/index.php/laar

54(1): 1-10 (2024)

treated jerusalem artichoke samples in a cabin type dryer
at 60, 70 and 80 °C drying temperatures and reported L
values as between 73.26 - 78.42 for fresh samples and be-
tween 70.09 - 77.17 for dried samples. Aydar et al. (2022),
in the study in which they examined the effect on drying
kinetics and quality of jerusalem artichoke samples in the
drying process by applying ultrasound pretreatment, they
found the L brightness value of the samples subjected to
ultrasound pretreatment for 5 minutes at 60 °C drying
temperature as 72.7242.71. It was seen that the data ob-
tained in the study were compatible with the findings in
the literature.

3.2 Drying-moisture ratio

The drying rate and drying rate graph of dried jerusalem
artichoke samples are given in Fig. 1. According to Fig.
1 the effects of drying temperatures and microwave out-
put powers on drying speed values are significant. In the
convective dryer drying method, the drying speed values
of the drying process at 50 °C were found to vary be-
tween 0.0026-0.0201 g moisture/g dry matter minute and
at 60 °C 0.014-0.0407 g moisture/g dry matter minute. In
the microwave drying method, it was determined that this
value changed between 0.0307-0.4375 g moisture/g dry
matter.minute at 540 W output power, and 0.0640-1.0756
g moisture/g dry matter.minute at 720 W output power.
It has been observed that the drying rates of microwave
drying processes are higher than that of convective dry-
ing processes. It is thought that this situation causes the
moisture content to be higher than the product due to the
working principle of the microwave drying process.

It was determined that the drying time of the samples
decreased significantly during the drying process in mi-
crowave and convective dryer drying methods at 60 °C,
and then the drying rate slowed down. It was determined
that the ethyl oleate pretreatment applied to the jerusalem
artichoke samples shortened the drying time. It is thought
that ethyl oleate pretreatment enlarges the micro-channels
in the tissue structure of the fruit and causes an increase
in the moisture content. Torki-Harchegani et al. (2016),
in the study in which they dried mint leaves with mi-
crowave (200, 400, 600 and 800 W) and hot air at 50, 60
and 70 °C), the average drying rates were determined as
0.0116, They determined 0.0185 and 0.0299 g moisture/g
dry matter-minute.

3.3 Modeling data

Mathematical modeling values of dried Jerusalem arti-
choke samples are given in Table 2. According to Table 2,
among all drying models, the Midilli-Kii¢iik model pre-
dicted the best drying data in samples pre-treated with 720
W power (R%: 0.9999). Since the highest R* value and the
lowest reliability values were determined in this model,
it was determined as the best estimating mathematical
model.

3.4 Effective diffusion coefficients

The effects of drying temperatures, microwave output
power values and pretreatment (ethyl oleate) application
on effective diffusion coefficients are given in Table 3. Ac-
cording to Table 3, it was observed that the pre-treatment,
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Table 3: Effective diffusion coefficients.

2 Drying Effective
= condi-  Pre-treatment Diffusion  R?
s tions (m?/s)
. 1072
2 50 °C Un-pretreatment  3.14-10 0.9099
N Ethyl oleate 3.75-107°  0.8418
Z 0
[~ ~ 109
8 E 60°C Un-pretreatment  7.18-10 0.9744
Ethyl oleate 8.53-107°  0.9241
- 1072
0 SA0W Un-pretreatment  1.03-10 0.9901
g Ethyl oleate 1421077 0.9624
]
= _ 107
§ 120W Un-pretreatment  2.01-10 0.9740
Ethyl oleate 2.35-1077  0.9200

microwave power and drying temperature significantly
affected the effective diffusion coefficients. The effective
diffusion coefficients of dried yam samples varied be-
tween 3.14-107° = 2.35-10~7 m?/s. It was determined that
the highest effective diffusion value was in the samples
that were pre-treated with 720 W power in the microwave
dryer. This situation is thought to cause high values to
be calculated because the moisture diffusion process of
microwave dryers is carried out effectively from inside
the product to the outside. In addition, considering that
the ethyl-oleate pre-treatment has an osmotic effect on the
micro-channels of the product, the mass diffusion was cal-
culated to be higher. Poorfallah et al. (2010) found that the
effective diffusion coefficients were between 5.13-107° —
1.2:1078 m?/s in the study of dried yams in different thick-
nesses and that while the effective diffusion coefficients
increased with the increase in temperature, the effective
diffusion coefficients decreased with the increase in thick-
ness. Aydar et al. (2022) found that the effective diffusion
coefficients varied between 1.72 — 2.94-10~% m?/s in the
jerusalem artichoke drying study in which they applied
ultrasound pre-treatment.

3.5 Energy values

SMER, SEC and total energy consumption values of dried
yam samples are given in Table 4. When the energy values
are examined in Table 4, the highest SMER value was de-
termined as 0.03440 kg/kWh in the drying process of the
ethyl oleate samples belonging to the microwave drying
method at 720 W power. The lowest SMER value was
found as 0.00606 kg/kWh in the control samples at 60 °C
in the convective dryer. It is thought that this situation
causes the SMER values to be calculated higher since the
moisture content away from the product is higher at high
microwave power. In the convective dryer, on the other
hand, it is thought that the total amount of energy con-
sumed at high temperatures is much more effective than
the amount of moisture removed from the product. This
event is estimated to cause the SMER values to be under-
estimated. When the SEC values were examined, it was
determined that the ethyl oleate samples belonging to the
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Figure 1: Drying rate and moisture curves of the jerusalem artichoke sample a) drying ratio for convective, b) drying
ratio for microwave, ¢) moisture ratio for convective, d) moisture ratio for microwave.

lowest microwave drying method were 29.07 kWh/kg in
the drying process at 720 W power. This situation caused
the total amount of energy consumed to be measured less,
since the drying time is shorter at high microwave power
values. For this reason, it is estimated that it causes the
SEC values to be calculated lower. Since the drying time
of the ethyl oleate pre-treated samples was shorter than
the control group, the total energy consumed was also
measured more. This is thought to reduce the SEC values
of the pre-treated drying processes.

The total energy consumption was found to be 0.594
kWh at 60 °C for the samples dried in the convective
dryer. IThediwa et al. (2022), in their study, they dried ele-
phant grass and gamba grass in a hot air convective dryer,
microwave and in the open sun. As a result of the dry-
ing study, the specific energy consumption (SEC) values
were determined as 33.2 - 8§1.5 kWh/kg for gamba herb
in microwave drying method. In the hot air furnace, the
specific moisture absorption rate (SMER) was calculated
as 0.28-0.38 kg/kWh. It is thought that the reason for the
differences in the specific moisture absorption rate in the
literature is due to the variability of the initial moisture in
the product to be dried. The lowest total energy consump-
tion was determined as 0.105 kWh in the samples dried
at 720 W power of the ethyl oleate samples belonging

to the microwave drying method. While the total energy
consumption is 0.387 - 0.594 kWh in convective dryer
drying methods, it varies between 0.105 - 0.172 kWh in
microwave drying. In terms of energy parameters, it has
been determined that drying processes made in the mi-
crowave are more advantageous than other processes. The
3D distribution of the energy values changing during the
drying processes is given in Fig. 2.

3.6 Evaporation energy and energy efficiency

The evaporation energy and energy efficiency values cal-
culated after the jerusalem artichoke drying process are
given in Table 5.

When Table 5 is examined, the evaporation energy of
the jerusalem artichoke control samples dried in a con-
vective dryer at 50 and 60 °C was calculated as 2.40 and
2.38 kWh, respectively, while it was calculated as 2.79
and 2.38 kWh for the pre-treated samples, respectively. In
this case, it is thought that the total amount of moisture
(kg) removed in the drying process at 50 °C is higher
than the other drying process. When the energy efficiency
values were examined, it was calculated as 5.4 % in the
control samples at 50 °C, while it was calculated as 7.2 %
in the pre-treated samples. While it was calculated as
4 % in the control samples at 60 °C drying temperature,
it was calculated as 5.7 % in the samples treated with
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Table 4: Energy values of dried jerusalem artichoke samples.
Drying } SMER SEC Total Energy Con-
Method — onditions TN (kg/kWh) (kWhvkg) sumption (KWh)
50 °C Un-pretreatment  0.00806 124.13 0.447
Convective Ethyl oleate 0.01079  92.69 0.387
Dryer
60 °C Un-pretreatment  0.00606 165.12 0.594
Ethyl oleate 0.00856 116.81 0.42
S40W Un-pretreatment  0.02076  48.17 0.172
Microwave Ethyl oleate 0.02779  35.99 0.13
10 W Un-pretreatment  0.03149  31.75 0.114
Ethyl oleate 0.03440  29.07 0.105
Microwave
Convective dryer
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Figure 2: 3D distribution of energy values of jerusalem artichoke drying processes. a) energy distribution for convective,
b) energy distribution for microwave.

Table 5: Energy evaporation energy and energy efficiency
values of jerusalem artichoke samples.

Table 6: Sensitivity values.

Measuring instruments

Sensitivity values

Power analyzer

+0.02 kWh
Weighing device +0.00l g
Caliper + 0.2 mm
Colorimeter (for AE) + 0.6

Drvi Evapo- Energy
rymng ration  effi-
Method condi- Pre-treatment energy  ciency
tions (KWh) (%)
Convec- 50 °C Un-pretreatment 2.4 54
tive Ethyl oleate 2.79 7.2
Dryer _
60 °C Un-pretreatment  2.38 4
Ethyl oleate 2.38 5.7

ethyl oleate. This situation is thought to cause the en-
ergy efficiency ratio to be calculated higher due to the
low amount of energy consumed and the high evaporation
energy value of the drying process at 50 °C. As a result of
the study, it was determined that the pre-treated samples
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increased the energy efficiency values at both drying tem-
peratures. Torki-Harchegani et al. (2016) calculated the
highest energy efficiency as 5.47 % in their study.

3.7 Uncertainty analysis

The uncertainty analysis value due to the sensitivity values
of the measuring instruments and equipment used during
the drying processes was made. The sensitivity values
of the measuring instruments and equipment used in the
study are given in Table 6. The data were processed in
equation 23 and the uncontrollable uncertainty value in
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the drying process was calculated as 0.633 %. Tagova et al.
(2022), in their study, determined the uncertainty analysis
result as 2.32 %.

4. Conclusions

In this study, jerusalem artichoke slices were dried in
a convective dryer and microwave dryer as pre-treated
(ethyl oleate) and without pre-treatment (control). Method
and pre-treatment affected the drying time of jerusalem
artichoke. It has been determined that the applied pre-
treatment reduces the drying times. Pretreatment and
drying methods affected the color values of fresh yams.
It especially affected the chroma and color changes at a
significant level (P < 0.05). It has been observed that the
effective diffusion values increase the pre-treatment effect.
Microwave drying method and pretreatment improved
energy parameters compared to convective drying method.
It was observed that the pre-treatment evaporation energy
and energy efficiency values were significantly affected
(P < 0.05). It is recommended to use the pre-treatment
in order to preserve the quality characteristics, reduce
energy consumption values and improve energy efficiency
in jerusalem artichoke drying studies.

In this study, 540 W power value and drying kinetics
in terms of quality parameters and 720 W power value
in terms of energy parameters are recommended as the
optimum drying condition. However, ethyl oleate pre-
treatment was found to be suitable for jerusalem artichoke.
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