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ARTICLE INFO ABSTRACT

The objective of this research was to assess the impact of drying temperature (50, 60, and 70 °C)
and dryer type (natural convective air dryer, forced convective air dryer, and vacuum dryer) on
moisture content, ash content, thousand-kernel weight, hectoliter weight, hydration capacity, and
the L*, a*, b* color values of different durum wheat varieties following parboiling and drying.
Significant variations (P<0.05) were noted among the unprocessed wheat varieties regarding
moisture content, ash content, thousand-kernel weight, hectoliter weight, hydration capacity and
a*, b* color values. The moisture content of the wheat varieties increased to elevated levels during
the parboiling (cooking) process due to moisture absorption. As the drying temperatures rose, the
final moisture contents of all wheat samples diminished during the drying process across the three
dryer types. The alterations in moisture contents of all wheat samples were found to be
significantly different based on both the temperatures and the dryers used (P<0.05). The most
substantial reductions in moisture contents, thousand-kernel weight, ash content and hectoliter
weight of all wheat samples after 8 hours of drying at all temperatures were achieved through
vacuum drying. The hydration capacity of all bulgur wheat varieties exhibited a significant
increase (P < 0.05) with rising drying temperatures, particularly when dried using the forced
convective air dryer and vacuum dryer. In terms of color analysis results for bulgur wheat, an
examination of the effects of wheat varieties, drying methods, and temperatures on color values
revealed a decrease in L* and a* values, alongside an increase in b* values with the elevation of
drying temperature. Vacuum drying was determined to be more effective than both the forced
convective air dryer and the natural convective air dryer.
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grits to produce a variety of palatable, interesting
and satisfying food. A variety of food products,
including bread, biscuits, cakes, pasta, fortified
cereals, pet foods, and other specialized items, are
derived from wheat. Although it grows in the winter,

INTRODUCTION

Due to its ease of storage and the fact that its flour
and fractions can be used to make a wide variety of
food products, wheat is one of the main staple foods

in the world. Wheat through the centuries has been
intimately associated with human food. It is a major
component of most diets of the world because of its
agronomical adaptability, ease of sustained
nutritional qualities in storage and the ability of its
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durum is spring wheat. Due to its distinct qualities
and final output, durum wheat is a crop of economic
importance despite its small acreage. (Elias, 1995).
Since it is traditionally and commercially a durum
wheat product, "bulgur” will refer to durum wheat
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bulgur (sometimes called "yellow bulgur™) unless
otherwise specified. Due to its amber hue and
hardness, durum wheat (Triticum durum Desf.) is
commonly used to make bulgur (Evlice & Ozkaya,
2019). Bulgur, which is one of the oldest and most
basic nutrients of Turkish cuisine, is a semi-ready-
made food obtained by thoroughly cleaning and
washing, then cooking (parboiling) and drying with
two or three times the amount of water, separating
the husk, breaking it and classifying it according to
its size (Yildirim et al., 2008a,b).

Parboiling of wheat involves a heat treatment during
preparation that effectively kills the germ, thereby
eliminating the potential for lipid hydrolysis due to
the inactivation of the responsible enzymes. The
parboiling treatment enhances the shelf life of
products while also providing the necessary
hardness. The process of parboiling causes a number
of physico-chemical changes in the grain. Middle
Eastern, North African, and Central Asian cuisines
all use bulgur, a traditional dried wheat product that
has been partially debranned (Miskelly, 2017).

Wheat grain is digested to produce bulgur, which
gives it a number of beneficial qualities. This
property is lost when wheat is processed; its
microflora is almost completely destroyed, its
enzymes become dormant, and it becomes more
resilient to mold growth, rodent damage, and insect
infestation. Furthermore, the raw wheat odor is
removed, and a unique bulgur flavor and scent are
released. The nutritional components of wheat bran
are preserved by bulgur, which produces a semi-
ready product that is inexpensive, quick to prepare,
low in fat, high in protein, radiation resistant, more
resilient than wheat in hot and humid environments,
long-lasting, and a good source of folic acid. During
the bulgur production process, proteins are
denatured, and starch undergoes physicochemical
changes including water absorption to become
gelatinized. The grain's glassy, incredibly hard
structure results from all of these changes, which
fuse protein and starch gel (Bayram et al., 2004;
Yilmaz & Koca, 2020; Yildirim & Atasoy, 2020).

Like cracked wheat, bulgur is a highly nutritious
product since it has been precooked to minimize the
loss of vital water-soluble nutrients by absorbing the
cook/soak water (Kadakal et al., 2007). The two
most important processes in the production of
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bulgur are cooking and drying. One of the main
factors affecting the quality of bulgur manufacturing
is the drying process. Bulgur is typically sun-dried,
but this can degrade the product's quality and lead to
infestation (Kadakal et al., 2007). According to
reports, the samples that were sun-dried and then
hot-air oven-dried at 80 °C showed the biggest
decreases in water-soluble vitamins. Hot air drying
is frequently utilized in contemporary bulgur plants
because of its enhanced capacity and advantages for
sanitation (Hayta, 2001; Kahyaoglu et al., 2012). To
support bulgur producers, however, more efficient
drying techniques with extra advantages (shorter
drying times, better product quality, etc.) need to be
researched. The effects of various drying techniques
(solar, sun, microwave, and tray drying) on the
quality attributes of bulgur were examined in a study
conducted by Hayta (2001). The lowest bulgur yield
was obtained by sun drying. It was noted that the
drying process had an impact on the water and oil
absorption values as well as the protein
extractability. It was discovered that the bulgur
samples had comparable flavors, mouthfeels, and
appearance. The physical characteristics of bulgur
samples made with microwave-assisted spouted bed
drying and spouted bed drying were compared by
Kahyaoglu et al. (2010).

By ensuring that bulgur is produced in accordance
with today's technology and on an industrial scale,
it is necessary to obtain products with high
nutritional value and superior quality. With new
studies to be carried out, it is imperative to develop
better quality and cheaper production methods. For
this reason, in this study, it was aimed to determine
the effect of different wheat varieties, drying
methods and drying temperatures on bulgur quality
and thus to reveal the most proper production
method.

MATERIALS AND METHODS
Materials

Zenit, Svevo, Saricanak98, Giineyyildiz1 and
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Burgos durum wheat varieties were used as raw
materials in this study. They were obtained from the
Sanliurfa Commodity Exchange in Tiirkiye. Before
conducting experiments, the samples were manually
cleaned to remove foreign materials and broken
kernels.

Methods
Bulgur processing (Parboiling)

The precleaned wheat samples (Saricanak98, Zenit,
Svevo, Burgos and Giineyyildizi) were cleaned with
distilled water for 1 min to remove any adhesive
particles stuck to the surface of the kernels. Then,
they were combined with distilled water (in at a ratio
of 1:6 (weight basis) in to the volumetric flasks and
cooked in boiling water (by a heater of IKA Model
HP 30, Staufen, Germany)) at 98 °C for 45-60 min
until the entire grain starch was gelatinized (Fig. 1).

Drying processing

The drying process for each wheat variety was
carried out at 50, 60 and 70 °C for 8 h after
parboiling process. Parboiled wheat samples were

JCNAP: 5(1) (2025) pp. 12-26

laid on each pan of dryers (1600 g/m2). Natural
convective air dryer (NCAD) (Elektromag, M7040-
R, Turkiye), forced convective air dryer (FCAD)
(Elektromag, M7040-R, Turkiye) with air velocity
of 1.2 m/s and vacuum dryer (VD) (WiseVen,
WOV-70, Witeg, Germany) with the pressure of 10-
750 mmHg were used for drying of parboiled wheat
samples. Previously parboiled wheat samples were
uniformly spread in single layer over the drying
pans of dryers (Fig. 2). After drying the parboiled
sample, intact bulgur was obtained. The moisture
content (%, d.b.) of parboiled wheat samples after 8
h drying was figured out by lifting the drying pan
and quickly weighing the sample with an electronic
balance and calculated by Eq. 1 (Yildirim, 2017).

(M, + 1) =W,
M =[——
t w,

(o]

1| *100

ey

where W, and W; are the weights (g) of samples
initially and at any drying time (t), respectively. Mo
is the moisture content (%, d.b.) of samples initially
and M is the moisture content (%, d.b.) at any
drying time.

Figure 2. Illustration of drying process after parboiling of wheat samples for Bulgur production
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Experimental analysis

The moisture contents of unprocessed and parboiled
wheat samples were determined by the approved
AACCI method no.44-15.02 (AACCI, 2010) and
the results were expressed as precent dry solid (%,
d.b.).

Ash contents of the samples (%, d.b.) were
determined by AACC International approved
method no 08-01.01 at 900 oC (AACCI, 2010).

Hectoliter weight (HLW) was obtained with a
Shopper chondrometer equipped with a 250 mL
cylinder and the results were expressed in kg/hL
without reference to the moisture content (ISO
7971-2, 1995).

The surface color of sample kernels was measured
using Ultra Scan VIS Color Quest XE HunterLab
(Hunter Associates Laboratory Inc., Reston. VA.
USA) after being standardized using Hunter Lab
colour standards and ‘L* (lightness), a*(redness to
greenness) and b* (yellowness to blueness) values
were measured (Yildirim & Deger, 2021).

Thousand-kernel weight (TKW) in dry bases (d.b.)
was found according to the procedure of Williams
et al. (1983). The 20 g of cleaned unbroken kernels
of each sample weighed. counted the kernels. and
then converted to thousand kernels. The TKW (g.
d.b.) of each sample for each wheat variety was
calculated by Eq. 2.

TKW * (100 — M) ,
100 @

where, M is the moisture content (%) and TKW is
the thousand-kernel weight.

TKW (g) (d.b.) =

The AACC International approved method was
used to figure out moisture (44-15.02) and ash (08-
01.01) contents of samples (AACCI, 2010).

Water absorption capacity (WAC) of samples was
found by the method described by Hayta (2002).
Wheat samples (10 g) were poured into 30 mL of
water in the centrifugal tubes. They were kept in the
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water bath at 75 °C for 20 min and then centrifuged
(Sigma2-16 PK. Germany) at 4000xg for 10 min.
After draining the sample. water absorption capacity
was calculated by the Eq.3.

)

where, W> is the weight (g) of wheat sample after
centrifugation and W1 is the initial weight (g) of
wheat sample.

gwater\ W, —-W,;

Wy

WAC ( 3)

g sample

Statistical analysis

Statistical Package SPSS software (Version 22.0,
SPSS Inc., Chicago, IL, USA) was used for
statistical evaluation of data. Duncan multiple
comparison test with ANOVA was used for
comparisons at P<0.05. All experiments were
carried out in three replicates.

RESULTS AND DISCUSSION

Change in moisture content during parboiling
(cooking) and drying of wheat samples

The average moisture content of unprocessed,
parboiled and dried with natural convective air
dryer, forced convective air dryer and vacuum dryer
at 50, 60, 70 oC durum wheat varieties given in
Table 1. The moisture content of unprocessed
Burgos, Svevo, Giineyyildizi, Saricanak98 and
Zenit durum wheats were found to be 10.29, 10.07,
8.94, 9.04 and 9.34 (%, d.b.), respectively.
According to the Codex Alimentarius International
Food Standards CXS 178-1995, the maximum
moisture content of durum wheat, semolina and
wheat flour was 14.50 (%, w.b.) (CAIFS, 2019).
Durum wheat with 15 and 16% moisture content can
be stored for 12 weeks without any quality loss at 10
and 20 °C (Nithya et al., 2011). So, the moisture
content values of 5 types of unprocessed durum
wheat samples used in the present study were below
these values.
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Moisture contents of wheat varieties increased to
higher levels during the parboiling (cooking) due to
moisture absorption. The cooked wheat can be dried
in industrial hot air-drying towers or in sunlight to
decrease the moisture from 40-50% (w.b.) to
roughly, 10-12% (w.b); nevertheless, the second
approach presents clear quality concerns regarding
contamination (Bayram et al., 2018). As shown in
Table 1, the moisture contents of parboiled Burgos,
Svevo, Giineyyildizi, Saricanak98 and Zenit wheat
varieties increased to 127.40, 121.07, 129.37,
123.30 and 125.07 (%, d.b.), respectively. These
moisture contents are the first moisture contents of
wheat samples before drying processes. Moisture
contents after 8 h drying of parboiled Burgos,
Svevo, Giineyyildizi, Saricanak98 and Zenit wheat
samples at 50 °C drying by the natural convective
air dryer were found to be decreasing to 12.25,
11.62, 13.15, 11.87 and 1212 (%, d.b.),
respectively. Similarly, increasing of temperature to
60 °C decreased the final moisture contents to 11.75,
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10.85, 12.32, 11.04 and 11.31 (%, d.b.). Also,
drying at 70 °C temperature showed that the final
moisture contents were found to be 10.28, 9.47,
11.30, 9.85 and 10.05 (%, d.b.) that were in the
decreasing trend. As the drying temperatures
increased the final moisture contents of all wheat
samples decreased during drying with 3 dryers. As
can be seen from these values, the temperature
increases for the three dryers caused a decrease in
the final moisture values. These decreases were
found to be significant (P<0.05) (Table 1). The
change in moisture contents of all wheat samples
was found to be significantly different for both
temperatures and dryers (P<0.05). The highest and
lowest values of decrease in moisture contents of all
wheat samples after 8 h drying at all temperatures
were obtained by vacuum drying and natural
convective air dryer, respectively. That means that
the vacuum drying was more effective than the
forced convective air and natural convective air
dryers.

Table 1. Change in moisture content of durum wheat varieties during drying at different temperatures and

processing
Temp. Moisture content (%. d.b.)
Process (°C) Burgos Svevo Giineyyilldiz1  Saricanak98 Zenit
Unprocessed 10.29+0.03 10.07+0.04 8.94+0.02 9.04+0.01 9.34+0.05

Parboiled 127.40+0.11 121.07+0.25 129.37+0.12 123.30+0.08 125.07+0.10
50 12.25°4%+0.04 11.62°4%+0.03 13.15*%+0.04 11.8794%x0.02 12.12°4%+0.05

NCAD 60 11.75°8%+0.01 10.85°8%+0.02 12.32%8%+0.03 11.0498%+0.05 11.31°®%+0.04

70 10.28°°%+0.03  9.47°¢*+0.04  11.30°°*x0.01  9.85%°*+0.02  10.05°°*+0.05

50 11.73°AY+0.03  9.96°AY+0.01 12.23%AY+0.05 10.829AY+0.02 11.22°AY+0.04

Dried FCAD 60 10.47°8Y+0.02  9.14°8Y+0.0  10.89%®Yx0.03 9.93%Y+0.02  10.18°®Y+0.03
70 9.26"°¥+0.01  8.26°C¥+0.03 10.08%¢Y+0.04 8.55%Yx0.01  9.02°¢V+0.02

50 9.24°42+0.05  8.30°A%+0.03  9.83%%x0.02  8.859%4%+0.01  9.04°A%+0.04

VD 60 8.64°82+0.01  6.84°%2+0.02  8.89%%2#0.04  7.93%Z+0.05  8.16°®%+0.03

70 7.39°¢2+0.02  6.13°¢?+0.05  7.77°°%+0.04  6.839C?+0.03  7.12°¢%+0.04

NCAD: Natural convective air dryer, FCAD: Forced convective air dryer, VD: Vacuum dryer. Means followed by the different letters within
the rows (a-e, wheat variety effect), the columns for each application (A-C, temperature effect) (X-Z, dryer effect) are significantly different

at P < 0.05. Results expressed as mean value +SD (Standard deviation)
Ash content changes during drying

The ash level of various unprocessed durum wheat
cultivars exhibits a significant difference (P<0.05),
ranging from 1.32% (d.b.) for Zenit to 1.76% (d.b.)
for Svevo (Table 2). The variation in ash content
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may result from differences in variety, hardness,
climate, location, soil characteristics and
environmental factors. The analysis results of the
ash for the raw material indicated a reduction in ash
values after the parboiling and drying processes
(Table 2). Similar ash content results of unprocessed
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Durum and Einkorn wheat samples were found to be
1.81and 2.22 % (d.b.), respectively. The ash content
of several hard and soft wheat genotypes from
different locales is reported to range from 1.18% to
2.32% (dry basis) (Dizlek et al., 2013). The Codex
Alimentarius International Food Standards stipulate
that the maximum ash level of whole durum wheat
semolina should be 2.10% (d.b.) (CAIFS, 2019).
The ash content observed for the durum wheat
cultivars in this investigation conforms to
established standards and previous research. Ash
serves as a crucial chemical component for flour
quality and indicates the purity of the flour. Ash
content reflects the degree to which the endosperm
has been fully and effectively separated from the
kernel bran. The ash levels in the endosperm of
durum wheat varieties surpass those of other wheat
types (Morris, 2004).

The ash content of bulgur wheat was analyzed,
revealing variations dependent on drying techniques
(Natural convective air drying, Forced convective
air drying and Vacuum drying) and temperature (50,
60 and 70 oC) differences. Ozkaya et al. (1993)
reported that the amount of ash in bulgur made from
five different durum wheat under traditional and
laboratory conditions decreased slightly while the
wheat was processed into bulgur in both methods.
The ash contents of the produced bulgur samples
from different durum wheat varieties are shown in
Table 2. The results revealed significant differences
in the effects of cooking and drying methods on the
ash contents of the bulgur samples. Parboiled
followed by drying at different temperatures and
different dryers resulted in lower ash contents in the
produced bulgur compared to the raw materials
(Table 2). This decrease in ash content likely
occurred due to leaching of water-soluble
components into the soaking and boiling water.
These findings are consistent with those reported by
Ukachukwu & Obioha (2000) and Obasi & Wogu
(2008). Both boiled and autoclaved bulgur samples
exhibited a significant decrease in ash content
compared to the raw cereal grains (Marie & Gebreil,
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2024). This decrease can be attributed to leaching,
where water-soluble minerals are lost during the
cooking process (Khan et al., 2013). Koca & Anil
(1996b) investigated the effects of different cooking
methods and drying temperatures on bulgur quality
and the effects of 50 °C and 70 °C drying
temperatures on some physical and chemical quality
properties of bulgur with traditional and two
different levels of autoclave cooking methods. The
ash content was found to be higher in bulgur cooked
with the traditional method. Similar results of ash
contents (1.04 and 1.81%) were found in the study
of Ertas (2017).

Hydration capacity change during drying

The cooking properties of parboiled durum wheat
are characterized by the amount of water it takes in
during the cooking process. The assessment of water
absorption reflects the weight gain of the kernels
after cooking and acts as an indicator of the grains'
tendency to clump together and absorb broth and
seasoning (Migliorini et al., 2016).

The water absorption capacities recorded for
unprocessed  Burgos, Svevo,  Giineyyildizi,
Sariganak98 and Zenit wheats were 2.44, 2.42, 2.39,
2.47, and 2.31 (g water/g sample), respectively
(Table 3). The hydration capacity of Sariganak
variety was found to the highest while that of Zenit
was the lowest value (Table 3).

When the results of the hydration capacity of bulgur
wheat (Parboiled and dried) samples were
examined, the hydration capacity of all bulgur wheat
varieties increased significantly (P < 0.05) with the
increase in drying temperature (from 50 °C to 60 °C
and 70 °C), drying with forced convective air dryer
and vacuum dryer.

Compared to the hydration capacity of the
unprocessed wheat samples, the hydration capacity
of parboiled plus dried wheat (intact bulgur)
samples were found to be higher. The highest
hydration capacity in bulgur wheat is in the drying
performed in a vacuum dryer (50 °C; 4.28, 60 °C;
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4.47, 70 °C; 4.83 g water/g sample) has been found
in the Giineyyildizi wheat variety. The effect of
vacuum drying on the hydration capacities was the
highest with vacuum drying and lowest with natural
convective air drying of wheat samples (Table 3).
As illustrated in Table 3, the hydration capacity of
unprocessed and dried by different dryers after
parboiling process of different durum wheat
samples at different drying temperatures exhibited a
significant variation (P<0.05). This variation may be
attributed to factors such as the size, hardness,
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variety, drying temperature and dryer type used in
drying of the wheat samples. The hydration
capacities of bulgur, a product derived from durum
wheat, were observed to vary between 1.96 and 2.39
(g water/g bulgur) under different drying conditions
(dryer type, 50, 70, 90 °C) (Kahyaoglu et al., 2010).
Hayta (2002) also discovered that the hydration
capacity of pilaf bulgur, which is produced from
durum wheat, varied under different drying
conditions, ranging from 2.33 to 2.56 g water/g
bulgur.

Table 2. Change in ash content of durum wheat varieties during drying at different temperatures and

processing
Ash content (%, d.b.)
Temp. Wheat varieties
Process o - -

(°C) Burgos Svevo Giineyyilldizi  Saricanak98 Zenit
Unprocessed 1.60°+0.03 1.76%+0.02 1.499+0.04 1.73+0.01 1.32°4£0.08
50 1.109€Y+0.01  1.04%¢Y+0.01 1.47%%+0.03 1.14°®7+0.01 1.25°Z+0.01
NCAD 60 1.32¢8%+0.02  1.36%8Y+0.02 1.40°®Y+0.01 1.47%%+0.01 1.43"2%+0.02
70 1.38“4%+0.01 1.50°%+0.03 1.219Y+0.01 1.10°¢Y+0.00 1.58**+0.01
50 1.06%¢2£0.01 1.43"%+0.03  1.28°8Y+0.00 1.179°V+0.01 1.64**+0.02
Dried | FCAD 60 1.14%8Y+0.01 1.34%¢Y+0.02  1.25°°2+0.01 1.23%82+0.01 1.27°CY+0.01
70 1.23°AY+0.02 1.39%8Y+0.02 1.33°~*+0.01 1.27%4*+0.00 1.36°2Y+0.02
50 1.404%£0.02 1.44°2%+0.02  1.25°8Z+0.00 1.38%4%+0.01 1.53*AY+0.03
VD 60 1.11%¢2+0.01 1.56#%+0.02 1.43"X+0.01 1.34°¥+0.01 1.28%Y+0.02
70 1.17°8Z+0,01 1.13°°2+0.01 1.079°Z+0.01 1.02°¢?+0.00 1.21%°Z+0.01

NCAD: Natural convective air dryer, FCAD: Forced convective air dryer, VD: Vacuum dryer. Means followed by the different
letters within the rows (a-e, wheat variety effect), the columns for each application (A-C, temperature effect) (X-Z, dryer
effect) are significantly different at P < 0.05. Results expressed as mean value +SD

Table 3. Change in hydration capacity values of durum wheat varieties during drying at different

temperatures and processing

Hydration capacity (HC) (g water/g sample)

Temp. Wheat varieties
Process (°C) Burgos Svevo Giineyyildiz1  Sariganak98 Zenit
Unprocessed 244+002 2420001 23994001 2474002  2.31°40.01
50 39072001  4.03%7:002  4.08CZ001  4.12°C240.02  4.33%2%0.03
NSA 60 30524002  4.17%82+001  4.23B2+003  4.25%BZ40.03  4.45%2+002
70 413°A%+004 442424003  A5624002 448524001 45192002
50 40672001 41202002 422972002 42872001  4.41°720.01
Dried FEA 60  415BY+003  426BY+003  4.54%Y+003  4.44%Y:002  4.49%8Y+0 02
70 421°AY4002  446°AY+003  4.62°AY+001  4.53°AY+001  4.619AY+0.01
50 41105001 424002  4.20°%2003 445752002  4.47°C%0.02
VD | 60 42384001  435©X:001 467004 4589001  4.54%8X+002
70 ATAA002  455A001  4.83A%002  4.65%%:003 470001

NCAD: Natural convective air dryer, FCAD: Forced convective air dryer, VD: Vacuum dryer, HC: Hydration capacity, Means
followed by the different letters within the rows (a-e, wheat variety effect), the columns for each application (A-C, temperature
effect) (X-Z, dryer effect) are significantly different at P < 0.05. Results expressed as mean value =S
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Damaged starch granules show an enhanced
hydration capacity and an increased susceptibility to
degradation by amylolytic enzymes when compared
to their undamaged equivalents. Naturally, granular
products derived from hard wheat possess a higher
percentage of damaged granules than those obtained
from soft wheat. Damaged starch is capable of
rapidly absorbing water and expanding, showcasing
a significant hydration capacity (Khan & Shewry,
2009). The hydration capacity of durum wheat and
its flours play a crucial role in various processes
related to bulgur, couscous, pasta, and noodles,
which encompass dough formation, cooking,
shaping, and drying. It was noted that the water
absorption capacities of spouted bed dried wheat
samples at lower air temperatures were significantly
higher than those of microwave-assisted spouted
bed dried samples. Additionally, dried parboiled
wheat subjected to microwave-assisted spouted bed
drying retained some hull portions attached to the
cracked wheat following the dehulling process. This
may result in a considerably lower water absorption
capacity in microwave-assisted spouted bed drying
in comparison to spouted bed drying (Kahyaoglu et
al., 2010).

Hectoliter weight change during drying

One of the factors that affects the quality
classification of wheat is the hectoliter weight; a
greater weight is associated with a larger quantity of
dry matter and, as a result, a higher flour yield
(Manley et al., 2009) and bulgur yield. This weight
is influenced by various factors including grain size,
shape, hardness or softness, and density. Hectoliter
weight may vary due to genetic makeup,
environmental conditions, and farming practices
(Protic et al., 2007).

The ANOVA results of the hectoliter weight
analysis of 5 types of unprocessed, cooked and dried
durum wheat samples at different dryers and
temperatures used in the study are given in Table 4.

19
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The hectoliter weights of unprocessed durum wheat
samples were found to be statistically different
(P<0.05) in all wheat varieties. When unprocessed
durum wheat varieties were compared in terms of
hectoliter weight, the highest hectoliter weight was
found for Zenit (86 kg/hL) variety and the least one
was found for Svevo variety (81.75 kg/hL). The
hectoliter weight of Zenit (86 kg/hL) was found to
be significantly (P<0.05) greater than that of the
other four wheat varieties. Following Saricanak98,
Burgos, Giineyyildizi, and Svevo recorded a
hectoliter weight of 84.05 kg/hL, 83.30 kg/hL, 83.10
kag/hL, and 81.75 kg/hL, respectively. The hectoliter
values obtained in this study align with the findings
of previous research conducted by Szumilo et al.
(2010), Kilic et al. (2012), Migliorini et al. (2016),
and Oztiirk et al. (2017). Given these results, it can
be inferred that all the wheat varieties, characterized
by their relatively high hectoliter weights, possess
the potential to yield good semolina, bulgur, and
couscous during milling. Furthermore, the hectoliter
weights of durum wheat surpass those of other
wheat varieties, as noted by Morris (2004). Wheat
cultivars with a hectoliter weight of more than 82
kg/hL are classified as very good cultivar
(Diepenbrock et al., 2005). Accordingly, except for
the Svevo variety, other varieties were found to be
above this value. According to Turkish wheat
standards, wheat varieties with a hectoliter weight
of more than 79 kg/hL are classified as the first-class
wheats (Anonymous, 2001). In terms of hectoliter
weight, all 5 wheat varieties exhibited good values
according to Turkish wheat standards. When the
hectoliter weight analysis of bulgur wheat samples
was examined, a decrease in hectoliter weight
values was observed in each of the 5 durum wheat
cultivars with the increase in drying temperature and
with the dryer types used (Table 4). This decrease in
hectoliter weight values was due to the temperatures
applied in drying, temperature differences and
drying methods. When the hectoliter weights of
samples were compared according to the drying
methods used, the highest decrease in hectoliter
weight value was observed in vacuum drying and
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the least decrease in hectoliters was found during
drying with natural convective air dryer. While the
hectoliter weight was observed in the Zenit variety
with the highest value of 77.75 kg/hL in drying at
50 °C with forced convective air dryer, the highest
decrease with the temperature increase was found in
the Svevo, Giineyyildiz1 and Burgos varieties, while
the lowest value was observed in the Sariganak98
variety. The highest decrease in hectoliter weight in
drying at 50 °C with a vacuum dryer was observed
in the Burgos variety with a value of 62.28 kg/hL,
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while the highest decrease with the temperature
increase was observed in the Burgos and Zenit
varieties. On the other hand, when drying at 50 °C
with a natural convective air dryer, the highest
hectoliter weight value was observed for Burgos
variety, also the highest decrease in hectoliter
weight was observed for Burgos variety with the
temperature increase. Similar results were reported
by Koca & Anil (1996b) in which it was determined
that the hectoliter weight of unprocessed wheat was
higher than the bulgur dried at 50 °C.

Table 4. Change in hectoliter weights of durum wheat varieties during drying at different temperatures and

processing
Hectoliter weight (HLW) (kg/hL)
Wheat varieties
Temp. i .

Process (°C) Burgos Svevo Giineyyildiz1  Saricanak98 Zenit
Unprocessed 83.30°+0.03 81.75°+0.04 83.10%0.01 84.05°+0.02 86.00+0.01
50 70.09°4Y+0.01 73.57°%+0.02 72.919AY+0.01 73.08°~%+0.01 73.90*AY+0.03
NCAD 60 69.61°8%+0.02 73.19°BY+0.01 72.86%8%+0.02 73.01°®%+0.01 73.27%8Y+0.01
70 65.78°°%+0.03  70.85°CY+0.02 70.429C%+0.01 70.67°°*+0.02 70.932*+0.01
. 50 70.19%4%+0.01 72.52°BY+0.02 74.91°2%+0.02 71.64%Y+0.03 77.75¥*+0.02
Dried FCAD 60 66.9698Y+0.02 73.67°2%+0.03 69.63°®Y+0.01 63.69°8Y+0.02 75.56%8%+0.01
70 64.509CY+0.03 71.80°°*+0.01 66.43°°¥+0.02 63.14°¢Y+0.01 69.77°C"+0.02
50 62.28°A%+0.02 68.28%%+0.01 67.33°“%+0.03 67.69°%+0.02 65.749%%+0.01
VD 60 56.09°82+0.01 60.09°22+0.01 60.51*8%+0.02 59.39%¥2+0.01 57.86%%2+0.02
70 54.76°°?+0.01 57.81°¢2+0.02 58.71%°%+0.03 56.11°°?+0.02 55.549C2+0.03

NCAD: Natural convective air dryer, FCAD: Forced convective air dryer, VD: Vacuum dryer, HLW: Hectoliter weight, Means
followed by the different letters within the rows (a-e, wheat variety effect), the columns for each application (A-C, temperature
effect) (X-Z, dryer effect) are significantly different at P < 0.05. Results expressed as mean value £SD

Change in thousand kernel weight (TKW) during
drying

The thousand kernel weight of durum wheat is
crucial for understanding grain weight, fullness,
slenderness, kernel size, grain yield, as well as the
production of bulgur, couscous, and pasta. The fact
that the grain is larger and harder in durum wheat
was important in the thousand grain weight analysis
results. The weight of a thousand grains fluctuates
based on the growing conditions, climate, species,
and varieties. For similar types, such as bread or
durum wheat, the weight of a thousand grains is
typically inversely related to the protein content,
alongside the starch content. Hard wheat generally
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exhibits a higher thousand grain weight compared to
soft wheat (Unal, 2003).

Thousand kernel weights of unprocessed and
parboiled then dried at different temperatures (50,
60 and 70 °C) in different dryers (natural convective
air, forced convective air and vacuum dryers) were
given in Table 5. In this research, the TKW values
of unprocessed wheat samples showed a notable
difference (P<0.05) among various durum wheat
varieties, with values ranging from 47.16 ¢
(Giineyyildiz1) to 53.69 g (Burgos). Burgos variety
yielded a high thousand-kernel weight value.
Thousand kernel weight was found as highest in
Burgos wheat while was lowest that of Giineyyildizi
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wheat variety. Thousand kernel weights of durum
wheat verities are higher than other wheat varieties
(Morris, 2004). The variations noted in TKW
among different unprocessed wheat varieties and
genotypes may stem from the genetic composition
of these varieties. The findings align with previous
research conducted by Szumilo et al. (2010),
Sayaslan et al. (2012), and Oztiirk et al. (2017), who
documented the TKW ranges of 25.90-51.40 g,
28.90-40.80 g, 42.30-56.20 ¢, and 31.40-47.10 g,
respectively, across various unprocessed wheat
varieties. The TKW values for durum wheat
varieties are typically greater than those of other
wheat varieties such as bread and soft wheat
samples (Sissons, 2004).
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When the thousand grain weight analysis results of
bulgur wheat during drying were examined, a
decrease in TKW of samples was observed in each
of the 5 types of wheat samples with the increase in
drying temperature. According to the drying
methods used, the highest decrease in TKW was
observed in the vacuum-dried durum wheat samples
and the least decrease was observed in the natural
convective air-dried ones. The effect of vacuum
drying on the TKW was the highest and the effect of
natural convective air drying was the least once. The
TKW results of the raw material and the results of
bulgur wheat after drying were found to be lower in
all varieties and dryers. The difference in drying
temperatures and drying methods was effective in
this decrease in TKW analysis values

Table 5. Change in thousand-kernel weights of durum wheat varieties during drying at different

temperatures and processing

Thousand-kernel weight (TKW) (g)

Temp. Wheat varieties

Process (°C) Burgos Svevo Giineyyildizi  Saricanak98 Zenit
| Unprocessed 53.692+0.02 48.01°40.03  47.16°+0.01  47.25%+0.03  48.21°+0.02
50 53.53"4%+0.03 47.81%%+0.04 45.63%%+0.02 46.77°%*+0.02 43.56°4%+0.01
NCAD 60 49.02°8%+0.02 47.71%8%+0.03 45.1998X+0.01 45.66°®%+0.01 42.43°8%+0.02
70 48.62°C%+0.03 47.59°°%+0.02 44.79°°*+0.02 44.20°°%+0.02 42.219°*+0.01
Dried 50 53.23%AY+0.04 46.88°AY+0.02 44.55°AY+0.02 46.279AY+0.03 42.86°AY+0.02
FCAD 60 48.28°8¥+0.03 46.578Y+0.02 43.78°8Y+0.04 45.099Y+0.02 41.37°EY+0.01
70 46.93°CV+0.01 45.89°°Y+0.03 42.279°Y+0.02 44.76°Y+0.03 40.89°C¥+0.02
50 49.70°4%+0.02  45.74*A2+0.01 43.3394%+0.04 44.37°A%+0.02 41.17°A%+0.03
VD 60 48.10°872+0.01 44.18%®7+0.02 41.61%82+0.03 43.25°%%7+0.02 40.14°%Z+0.04
70 46.82"°2+0.02  43.64°°?+0.01 40.56%°?+0.03 40.96°°?+0.04 37.58°¢Z+0.05

NCAD: Natural convective air dryer, FCAD: Forced convective air dryer, VD: Vacuum dryer, TKW: Thousand-kernel weight.
Means followed by the different letters within the rows (a-e, wheat variety effect), the columns for each application (A-C,
temperature effect) (X-Z, dryer effect) are significantly different at P < 0.05. Results expressed as mean value +SD

Color values (L*, a* and b*) change during drying

Wheat grains are generally white, light yellow,
yellow-red, amber and brown in color. The color of
wheat is very important for wheat products. The
yellowish color of durum wheat, bulgur and
semolina flour made from it is due to a carotenoid
pigment called lutein, which can be oxidized to a
colorless form by enzymes present in the grain. The
most important carotenoids found in wheat are
lutein and lutein-fatty acid esters from xanthophyl
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and [3-carotene from carotene. It has been reported
that the color changes in bulgur resulted from a
Maillard reaction between reducing sugars and
amino acids as well as the destruction of naturally
existing pigments (Marie & Gebreil, 2024). Color is
accepted as an important quality criterion in durum
wheats. In bulgur, which is desired to be bright
yellow (high in b*) in color, the color in question is
basically caused or affected by three factors (L*, a*
and b*).
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The color values (L*, a* and b*) of unprocessed,
parboiled and dried (at different temperatures and
by different dryers) durum wheat varieties were
shown in Table 6 and significant differences
(P<0.05) was obtained between wheat varieties for
all processing and drying temperatures. When the
color values of the wheat samples used as raw
material in bulgur production were examined, the
highest L* (brightness) was found in Giineyyildizi
variety with 51.50 value and the lowest value was
found in Svevo variety with 49.66 value. The
highest a* (redness) value was found in the Burgos
variety (8.64) and the lowest was found in the Zenit
variety (7.99). The b* (yellowness) value that one of
the most important quality characteristics for pasta,
bulgur and other wheat products was found to be the
highest in the Sariganak variety (22.12) and the
lowest was found in the Zenit variety (20.77).

The L*, a* and b* values of parboiled Burgos,
Svevo, Giineyyildizi, Saricanak98 and Zenit wheat
samples before drying process are given Table 6.
There are significant differences between parboiled
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wheat varieties in terms of L*, a* and b* values. The
L* and b* values of all wheat varieties increased
after parboiling process while the a* value
decreased. The increase in L* and b* values and the
decrease in a* value during parboiling is important
criterion for the bulgur quality which occurs
because of the gelatinization of the starch in wheat
during cooking.

According to the color analysis results of bulgur
wheat, when the effect of wheat varieties, drying
methods and temperature on color values was
examined, a decrease was observed in L* and a*
values and an increase in b* values with the increase
in drying temperature.

When compared according to the color analysis
values of the raw material, a decrease in L* and a*
values and an increase in b* value was observed in
the color results of bulgur wheat after drying. This
change in color values after drying shows the effect
of drying on color values of bulgur samples. With
drying, the moisture content decreases, and as a
result, darkening of the color occurs.

Table 6. Change in color (L*, a* and b*) values of durum wheat varieties during drying at different

temperatures and processing

Temp. Wheat varieties

Process (°C) Color Burgos Svevo Giineyylldiz1  Sariganak98 Zenit
L* 50.89° 49.66° 51.502 50.55°¢ 49.72¢

+0.02 +0.02 +0.03 +0.01 +0.01

a* 8.642 8.30° 8.36° 8.29¢ 7.99¢

Unprocessed +0.03 +0.01 +0.02 +0.03 +0.05
- 21.67° 20.87¢ 20.96°¢ 22.122 20.77¢

+0.01 +0.02 +0.01 +0.02 +0.03

L* 51.33¢ 51.53P 52.752 51.102 51.45°¢

+0.01 +0.03 +0.01 +0.02 +0.01

Parboiled - 6.94° 6.60¢ 7.262 6.70¢ 7.252
(Cooked) +0.02 +0.01 +0.02 +0.03 +0.01
- 24.90¢ 24.82¢ 27.752 25.10° 25.90°

+0.02 +0.01 +0.02 +0.03 +0.04
L* 47.25%¢Z 46.594¢Z 47.18°¢Z 44.13¢¢Z 46.95¢¢Z

+0.02 +0.03 +0.01 10.02 +0.01

50 - 8.20942 8.24¢¢Z 9.3824% 8.10°AY 8.51PAY

+0.01 +0.02 +0.03 +0.03 +0.01
Dried | NCAD - 23.224¢z 24138 24.07°¢7 20.10%¢Z 23.30¢¢z
+0.01 +0.02 +0.04 +0.03 +0.02
L* 46.15%82 473582 47.28BY 44.84¢°8Z 47.01982

60 +0.02 +0.02 +0.01 +0.02 +0.03

a* 8.17982 8.23¢82 9.36%8Y 8.06°62 8.36"BY
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+0.03 +0.01 £0.02 +0.01 +0.02
o 234192 245782 24 .3508Y 213362 23.47°82
+0.02 +0.02 +0.01 +0.02 +0.01
P A5.750°2  48.87°AY  47.379% 46552 47,952
+0.02 £0.03 £0.02 +0.02 +0.02
- 786CY  §.370AY 8.57:C2 8.034CY 8.14°CY
70 +0.01 +0.02 +0.01 +0.03 +0.01
o 236592 2526%AY  24.60bA2 22.73AY 2410
+0.02 +0.03 £0.02 +0.04 +0.03
P 47735 4846~ 475387 463207 47.43C
+0.02 +0.04 +0.05 +0.01 +0.01
50 - 8.520AX g 430AY 8.80°AY 7.02:62 8,64
+0.01 +0.01 £0.03 +0.04 +0.03
o 2547°AY 25 420AY 24 7108X 23.63BY 24350
+0.04 +0.02 £0.02 +0.03 +0.05
R 49478V 4814V 467997 46.73BY 48487
+0.03 +0.03 +0.02 +0.02 +0.02
8.28%8Y  g.320EX 8.37°C2 8.16AY 8.27°82
FCAD 60 a* +0.01 +0.01 +0.03 +0.02 +0.03
. 24358Y  2501:CY 23522 24149 24 50PAY
+0.02 +0.03 +0.04 +0.03 +0.02
R 4986 47.06°7  47.589Y 26,95 48.15%Y
+0.01 +0.02 +0.03 +0.05 +0.02
- 78452 7,699C2 8.59%Y 7.545C2 8.015¢
70 +0.00 +0.02 +0.01 +0.02 +0.05
o 2436BY 250082 24.870AY 22382 23.88%C2
+0.01 +0.01 +0.04 +0.02 +0.06
P 51.24°CX  5058CX  49.767°X 50.18CX 49,999
+0.03 +0.03 +0.01 +0.02 +0.02
50 - 8.38°CY 8 5QPEX 8.69°C7 8.43°CX 8.419c2
+0.02 +0.01 +0.02 +0.01 +0.01
o 25545X 26790 24.52¢CY 25357 25.28CX
+0.01 +0.02 +0.03 +0.03 +0.02
P 5451 543X 54,09 53.799X 57,88
+0.02 +0.02 +0.04 +0.02 +0.03
Vo - 9.010AX  g7ecy 9.53%X 8.7308x 8,850
60 +0.03 £0.01 £0.02 +0.04 +0.02
o 28.850AX  281108X 20 GEAX 27.97%X 28 5AcAX
+0.02 +0.02 +0.03 +0.01 +0.01
R 52.218X  5356'8X 53,04 53.35%®X 53,437
+0.01 +0.03 £0.02 +0.03 +0.02
- 8.7208X g 57IAX 9.32:8X 9.030A% 9.00%AX
70 +0.03 +£0.02 +£0.04 +0.01 +0.01
. 27.24°8X  28100AX g 4gwX 28.00%X  28.11°X
+0.02 +0.01 +0.02 +0.01 +0.03

NCAD: Natural convective air dryer, FCAD: Forced convective air dryer, VD: Vacuum dryer. Means followed by the different
letters within the rows (a-e, wheat variety effect), the columns for each application (A-C, temperature effect) (X-Z, dryer effect)
are significantly different at P < 0.05. Results expressed as mean value +SD (Standard deviation)

In the drying performed at 50 °C, the lowest L*
value was found in the Saricanak98 variety with a
value of 44.13 and the b* value was found in the
Saricanak98 variety with a value of 20.10 in the
natural convective air dryer. In the drying
performed at 60 °C and 70 °C, the L* value was

found to be the lowest by drying in the natural
convective air dryer. The highest L* and b* values
were found in vacuum drying at 70 °C. According
to these values, the color of bulgur wheat was
obtained darker in natural convective air drying
and lighter color in vacuum drying. Similar results
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of color values were reported by Marie & Gebreil
(2024) for cooked and dried bulgur samples
produces from different cereals and Ertas (2017)
for comparison of industrial and homemade bulgur
in TUrkiye. Browning reactions can be responsible
for color change in dried parboiled wheat. In
general, browning reactions largely depend on
moisture content, drying temperature and time.
Thus, drying at higher temperatures promoted the
formation of browning pigments. As a result of
this, dried parboiled wheat became darker in color
as temperature increased. Furthermore, J3-
carotenoid is the main pigment in durum wheat
which is responsible for the yellow color. High
temperature also enhances the pigment
degradation. Reduction in b* value (yellowness)
of dried parboiled wheat can be explained by
increased [ -carotenoid degradation due to high air
temperature drying

CONCLUSION

In this study, parboiled five different durum wheat
varieties (Svevo, Sariganak98, Zenit, Giineyyildiz
and Burgos) were dried by natural convective air,
forced convective air and vacuum drying
processes at drying temperatures of 50, 60 and 70
°C. Effect of dryer and drying temperature on
moisture content, ash content, thousand kernel
weight, hectoliter weight, hydration capacity, and
color parameters L*, a*, and b* were researched.
According to the results of the study, significant
differences (P<0.05) were observed among the
unprocessed wheat varieties regarding moisture
content, ash content, thousand kernel weight,
hectoliter weight, hydration capacity, and color
parameters L*, a*, and b*. The research findings
indicated that all quality characteristics examined
exhibited statistically  significant (P<0.05)
differences among the wheat varieties, drying
temperature and dryer type used. Furthermore, the
temperature and drying methods employed
resulted in notable variations in the drying rate of
bulgur wheat samples. The desired reductions in
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moisture content, ash content, hectoliter weight,
and thousand-kernel weight were achieved more
rapidly through vacuum drying, followed by
forced and natural convective air-drying methods.
The color of bulgur wheat was obtained darker in
natural convective air drying and lighter color in
vacuum drying system. The use of vacuum drying
methods in bulgur can be considered as a more
effective drying method in terms of preserving the
quality parameters of bulgur and will be important
for the bulgur industry.
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