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ABSTRACT Research Article

In this study, the effects of two-step tempering treatment on the

physical, chemical and physicochemical characteristics of bread Article History

wheat (Triticum aestivum L.) flour were investigated. Two wheat Received $11.02.2021
varieties (Adana-99 and Russian) with different variety properties Accepted :29.04.2021
were used in the research. Each wheat variety was subjected to four

different tempering treatments. These treatments were; a. no Keywords

tempering (control), b. single-step tempering for 24 h, c. single-step Bread wheat

tempering for 48 h and d. two-step tempering for 48 h. Following the Tempering process
treatment procedures, flour samples obtained from wheat samples Two-step tempering

fed to the mill were subjected to chemical and technological analyses Flour characteristics

two days after the flour samples were obtained. Results indicated Flour parity

that the tempering treatment had a limited improvement in the
physical (flour yield and color) and chemical properties of the flour. It
was found that, the tempering treatment reduced the ash and
protein contents of the flour samples, however it resulted in an
increase in the gluten quality. Tempering treatment for 48 h among
single-step tempering treatments resulted in more improved flour
quality. The findings conclude that, when water added to the wheat
in the tempering process in two steps results in an improved flour
quality. However, further studies are needed to elucidate the
mechanism.

Ekmeklik Bugdaylara (Th'ticum" aestivum L.) Tki Agsamali Uygulanan Tavlama Igleminin Unun
Fiziksel, Kimyasal ve Teknolojik Ozelliklerine Etkileri

OZET Aragtirma Makalesi

Bu calismada; ekmeklik bugdaya (7riticum aestivum L.) iki agsamali

uygulanan tavlama igleminin bugday ununun fiziksel, kimyasal ve Makale Tarihgesi
fizikokimyasal  ozellikleri  tzerine  etkileri  arastirilmastir. Gelig Tarihi  :11.02.2021

Arastirmada, cesit ozellikleri farklh iki bugday 6rnegi (Adana-99 ve Kabul Tarihi - 29.04.2021
Rus) kullanilmistir. Her bir bugday cesidi tavlama ile ilgili dért ayr .

muameleye tabi tutulmustur. Bu uygulamalar; a. tavsiz (kontrol), b. Anahtal.' Kehfneler

24 saat sureyle tek asamali tavlama, c. 48 saat sureyle tek asamal Ekmeklik bugda}y

tavlama ve d. 48 saat suireyle iki asamali tavlama. S6z konusu ’.I‘a.vlama prosesi
muameleler neticesinde degirmene beslenen bugday orneklerinden Lki ?jl'sam.ah tgvlama

elde edilen un numuneleri iki gin sonra kimyasal ve teknolojik Un ozel.hkl.erl

analizlere tabi tutulmustur. Bulgular su sekilde 6zetlenebilir: Un paritesi
Tavlama muamelesi unun fiziksel (un randimani ve renk) ve
kimyasal 6zelliklerinde sinirh iyilesme saglamistir. Yine, tavlama
muamelesi un oOrneklerinin kiil miktarinda daha belirgin olmak
uzere protein miktarinda azalmaya, ancak gluten kalitesinde ise
artigsa yol agmigtir. Tek asamali tavlanmig 6rnekler arasinda 48 saat
stireyle tavlama un niteliklerini daha fazla gelistirmistir. Bulgular,
tavlama prosesinde bugdaya verilen su miktarinin kademeli olarak
iki defada verilmesinin un niteliklerini gelistirme noktasinda daha
iyi sonug¢ sagladigini ortaya koymustur. Ancak, bu mekanizmay1
aydinlatmak i¢in daha fazla ¢alismaya ihtiya¢ vardir.
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INTRODUCTION

Cereals are the main food raw materials that people
have consumed since ancient times. Wheat is a major
raw material used in the production of many bakery
products, especially bread, and has a unique place in
cereals due to its unique characteristics, unlike other
cereal flours (Dunn et al., 2015). In Turkey, as in
many countries, wheat ranks first among cereals in
terms of both cultivation area and production
quantity (20.5 million tones according to 2020-year
data; [Anonim, 2021]). it is an important culture plant
due to its ease of cultivation, its adaptability of
conversion to wide variety of foods and its role in
nutrition.

Wheat grain is anatomically formed from outside to
inside bran (13-17%), germ (2-3%) and endosperm
layers (80-85%; [Delcour and Hoseney, 2010]). The
aim of wheat milling is to separate the endosperm
(flour or semolina) from the bran and germ layers.
The processing of wheat in flour and semolina in
milling can be grouped under three major groups: a)
Preparation processes (buying and storing of wheat,
cleaning, and separating it from foreign substances,
blending, washing [if necessaryl, and tempering), b)
Milling (grinding) operation (with the help of sieving
tools and semolina-bran purification devices with
crushing [breaking] and reducing rolls) and c¢) Flour
storage and blending operations. All these process
steps affect milling products’ qualitative and
quantitative properties (flour, semolina, starch, bran,
germ, bon quality) to be obtained (Kent, 1984; Delcour
and Hoseney, 2010). Additionally, the labor and the
rigor shown in the preparation processes help obtain
high-quality flour and semolina. Also, there is overall
reduction in energy consumption of the milling
factory and these results in roller-sieve systems to be
used efficiently and an increased life span. For these
reasons, preparation processes in milling are the
processes that need to be considered. In these
processes, tempering has a special and important
place in cereal industry.

The optimum amount of water is supplied to the grain
by means of the tempering process to make the
physical characteristics of the wheat grain suitable
for milling and to improve the milling quality. Than
the wheat stack is rested in the silos for a certain
time to equilibrate the moisture content and allow
evenly distribution, which will result in optimum
properties for milling (until the optimum moisture
distribution and milling properties are reached for
milling). The water supplied to the wheat by
tempering, enters the grain through diffusion and
spreads (Keskinoglu et al., 2001). In this way, bran
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(shell) having a very rigid structure is broken more
easily by achieving an elastic structure (the energy
consumption of the milling factory is reduced) and the
loosening of the bond between the bran and the
endosperm layers of the grain, which are tightly
bonded to each other, is easier to separate from the
flour (Cornell and Hoveling, 1998; Yoo et al., 2009;
MacRitchie, 2010). Tempering process; it should be
such that it balances flour extraction and bran ratio
(Hook et al., 1982; Kweon et al., 2009). Many factors
such as grain hardness, initial moisture of wheat,
time to be applied, lying time, amount and
temperature of water, quality and quantity of
intermediate product to be obtained are effective on
tempering (Cornell and Hoveling, 1998; MacRitchie,
2010).

As is known, the quality of the bread made from the
new milled flour is relatively low. These flours need to
be rested for a while to improve their bread making
performance. For the flour to mature under normal
conditions, the flour should be rested for 3-4 weeks
after the milling process. Flour maturing and
bleaching chemical agents (such as chlorine gas,
benzoyl  peroxide, potassium  bromate and
azodicarbonamide) may be carried out within a few
hours of desirable improvements. The flours treated
in this way are less resistant to long-time storage
than those not treated (Dizlek and Kurt, 2017).
Although these chemicals provide serious advantages
to the wheat milling factories according to the natural
bleaching of the flour; flour storage area and saving
time, they have the potential a risk / problem in terms
of human health and thus limit the use of these
substances today.

Tempering has a great effect, especially at the point
of lowering the ash content of flour. Flour export in
Turkey has an increasing momentum in recent years.
At present, whiter flours with higher parity are
preferred in flour exports to the Middle East from
Turkey. Therefore, the importation of flour by wheat
milling industry, which has started to make wheat
importation and which provides value added by
processing this wheat in particular flour and
sometimes semolina, is the color of white matter
which is emphasized by importers (Kurt and Dizlek,
2020). For this reason, in the study, an application
was used (wheat has been tempered by two-steps)
that can be important in terms of providing flour to
support flour export. Thus - in the pilot scale — it is
tried to produce high parity flour that has low color
and ash values. Briefly, in the study it is aimed to
bleach the flour with a natural method. The possible
good results of this application may be an alternative
to the use of chemicals which are frequently used in
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bleaching of flour color but which are risky. In
addition, improper tempering; increases the volume of
tempering silos, extends the tempering period,
increases the number of mechanization units;
increases investment, labor and maintenance costs
and increases the energy and cost spent for grinding.

The rate of moisture movement into the kernels,
tempering time, tempering water temperature and
different tempering methods (warm, hot, steam,
microwave, ultrasound etc.) have been emphasized in
the previous studies (Butcher and Stenvert, 1973;
Stenvert and Kingswood, 1976; Moss, 1977; Finney
and Bolte, 1985; Ertugay et al., 1995a; 1995b; 1995c¢;
Cornell and Hoveling, 1998; Ibanoglu, 2001;
Keskinoglu et al., 2002; Siinter, 2003; Kweon et al.,
2009; Warechowska et al., 2016). The amount of
water to be supplied to the wheat mass during
tempering is usually given at single-step. However, in
this study, two bread wheat (7riticum aestivum L.)
varieties with different degrees of hardness were
subjected to the two-step tempering process as well as
classical (single-step) tempering process. In this way,
the effect of the two-step tempering process applied to
the bread wheat on the physical, chemical and
technological properties of the flour was investigated.

MATERIAL and METHODS
Materials

Wheat: In the study, two different bread wheat
(Triticum aestivum L.) varieties namely a low-
protein, soft ‘Russian’ variety imported from Russia
and a domestic, medium hard ‘Adana-99° wheat
variety were used. Both wheat samples are 2017 crop
season; The Adana-99 variety was supplied from
Islamoglu Trade in Osmaniye (Turkey) and the
Russian variety was supplied from Sunar Ozlem
Flour Factory (Osmaniye, Turkey). Approximately
100 kg of each wheat variety was supplied. The
samples taken from the wheat masses in accordance
with the sampling method were stored in 50 kg jute
bags and stored in cold storage (+4 °C) until they were
analyzed and ready for milling.

Flour: After applying different tempering processes to
the two wheat varieties, the wheat varieties were
milled according to method (Kurt and Dizlek, 2020)
described in method section to obtain subsequent
flours.

Water: Potable water supplied within the campus of
University of Osmaniye Korkut Ata (Osmaniye,
Turkey) was used in tempering process of the wheat
samples.

Laboratory Type Mill: Wheat samples were milled
into flour by using; the first three pieces of crushing
(breaking), the last two reducing rolls, a total of five
rolls of ‘Chopin’ brand ‘CD1’ model tempered wheat
grinding mill (Chopin Technologies, Paris, France).
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Formation of Experimental Wheat Groups

The target moisture content of the Adana-99 wheat
used in the study was 17% and the Russian wheat
was 16.5%. The amount of tempering water for given
masses of wheat was calculated according to
American  Association of  Cereal Chemists
International (AACCI) Method 26-95.01 (AACCI,
2010). Wheat samples were tempered with cold tap
water. Within the scope of this research, the
experimental materials and the pattern were formed
by applying the following different tempering
treatments in each of the two bread wheat varieties
whose qualities are different:

a) no tempering (= control)

b) single-step tempering for 24 h (The amount of
water calculated according to the target moisture is
given to the wheat at one time and tempered for 24 h)
c) single-step tempering for 48 h (The amount of
water calculated according to the target moisture was
given to the wheat in one time and tempered for 48 h)
d) two-step tempering for 48 h (Adana-99 and
Russian wheat were initially treated with 15% and
15.5%, respectively, with the first tempering water
and resting for 24 h. At the end of the 24 h period,
second tempering water added to Adana-99 and
Russian wheat to a target moisture of 17% and 16.5%,
respectively (In summary, the wheat samples were
tempered two times and the final moisture content of
the wheat was adjusted to the percentage in b) and
o).

e) The flour obtained from wheat, (tempered
according to item d)), was rested in cool and dry room
conditions for 30 days (Wheat flour that has been
tempered two-step for 48 h and kept in room
conditions for 30 days).

Milling Process

Optimally tempered wheat samples were separately
milled into flour using a laboratory mill. The milling
consisted of two parts: crushing and reduction.
Cleaned and tempered wheat was first broken by the
crushing system, and then semolina, coarse bran and
some crushed flour were separated from crushed
wheat. The semolina obtained as the main product
was reduced to the flour by milling in the reduction
system and divided into refined bran by-products. The
separated refined bran was passed through the
reduction system for a second time to obtain whole
flour (breaking flour + first reduction flour + second
reduction flour). These flour samples were used for
chemical and technological analyses. Flour samples
obtained from crushing and reduction systems were
weighed and the flour yields were calculated as % by
proportioning to the amount of milled wheat that was
to the initial cleaned and tempered wheat (Kurt and
Dizlek, 2020).
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Analysis of Wheat Samples

To determine the physical properties of wheat
samples; the percentage of sunn pest damaged grain
(Dizlek and Ozer, 2016a); hectoliter weight, thousand
kernel weights, kernel vitreousness analyses were
established according to procedure Uluoz (1965); in
addition, flour yield was calculated. The chemical
properties of wheat samples were also determined.
For this purpose; moisture, crude protein (AACCI
Method 39-25.01 [AACCI, 2010]) and starch contents
of the wheat samples were determined by using NIR
method (Near infrared reflection spectroscopy; NIR
Analysis System, Perten Diode Array 7250,
Stockholm, Swedish).

Analysis of Flour Samples

In this study, in order to determine some of the
chemical properties of the flour samples obtained
from five different tempering treatment methods; the
amounts of ash (AACCI Method 08-01.01 [AACCI,
2010]), crude protein and moisture (AACCI Method
39-11.01 [AACCI, 2010]) and damaged starch (by the
NIR method) were determined. Color values of flour
samples were also determined. For determination of
the physicochemical properties of flour samples;
which are important for bread-making, wet and dry
gluten amounts (with near-infrared spectroscopy
[Yildirim et al., 2018]), Zeleny sedimentation test
(AACCI Method 56-60.01 [AACCI, 2010]), delayed
Zeleny sedimentation test (Greenaway et al., 1965)
and falling number values (AACCI Method 56-81.03
[AACCI, 2010]) were determined. All analyses applied
to flour samples were determined two days after flour
milling. In the study, tempered flour from each
treatment group (single-step 24 h, single-step 48 h,

two-step 48 h, two-step 48 h and kept in room
conditions for 30 days) was compared with the flour of
non-tempered group (control).

Statistical Analysis

All experiments (different tempering treatments
applied to wheat samples and analyses) were carried
out in two replicates. In the experiments, variance of
analysis (ANOVA) was used to obtain conclusion on
measured characteristics of wheat and flour samples.
When a significant difference was found between the
treatments, Duncan’s multiple comparison tests was
used to determine the difference among treatment
means at P<0.05. Statistical analysis was performed
using the statistical package program developed by
the SAS statistical institute (The SAS System for
Windows v6.12; SAS Institute, 1982).

RESULTS and DISCUSSION
Basic Characteristics of Wheat Samples

The average values for the physical and chemical
properties of two different wheat samples used in the
study are presented in Table 1. It has been
determined that both wheat varieties are exposed to
about 2% sun pest damage ratios. The weight of
thousand kernels of both wheat samples was found to
be relatively high. Hectoliter weight values indicate
that both wheat samples according to Turkish
Standards Institution wheat standard (TS 2974; TSE,
2018) are included in the first quality bread wheat
class. The yield of Adana-99 wheat variety from
wheat samples passed through only two reducing rolls
was 52.3% and the flour yield of Russian wheat
variety was 61.3%.

Table 1. The average values for the physical and chemical properties of two different wheat samples used in the tudy.
Cizelge 1. Calismada kullanilan iki farkl bugday orneginin fiziksel ve kimyasal 6zelliklerine ait ortalama degerler.

L o N Q = <] Q Q Q ~
s 8 § . . 34 SRR 5 53
S =N gf S8 &5 HE T AN AP 5 3 - o
) X~ g = RS 9~ =2 — =i T R g B
2SS ema 85 S s&88® 8 BE I E2T3E »T oz B3 §§5§ 5 2% g
S SRS 22885 28 S g@ET B O g & g8 S £9% mE8L 8= g8 SE
EER® S55E% 25 S 2288 BES  ESRS £35S E3ES 2838 BEs =854Y
S0 48 Ex L. TS ES SgS ES(SES 50SS £8F #9&=

Adana-99 1.92+0.07 37.0£0.8  83.1+0.6 52.3£0.5 45+3 49+4 6+2 12.8+0.1 13.0+0.1 62+3
Russian 2.15£0.06  40.5£0.8  82.7+0.3 61.3+0.8 15+2 39+3 46+3 14.1+0.1 10.7+£0 63+4

1 Calculation based on dry matter basis.

2Tt was calculated by, milling with using 3 crushing and 2 reducing rolls in CD1 mill and sieving through the mill’s own sieve.

The data of the kernel vitreousness analysis revealed
that the Adana-99 wheat variety had a relatively
hard grain structure whereas the Russian wheat
variety had a soft grain structure (Table 1). Data on
kernel vitreousness reveals that the characteristics of
the two wheat samples discussed in the experiment
are different from each other. This situation serves
the purpose of planning and implementation of the
study. From both wheat samples exposed to the same
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number of crushing and reducing rolls, as expected,
the flour yield of the Russian wheat variety was found
to be as high as 17% compared to the Adana-99,
which had a hard grain structure. This finding is
consistent with the literature findings and reports
(Kent, 1984; Delcour and Hoseney, 2010). Namely;
more energy is required to obtain a sufficient amount
of flour and semolina yield by milling hard wheat.
Yet, wheat samples were milled in the same
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laboratory mill (they were exposed to the same energy
consumption) and flour yield of Adana-99 wheat
variety was found low.

The weight of hectoliter used in transport and storage
of wheat varies depends on wheat type, variety,
shape, density, foreign matter content, size and with
the characteristics of the spring-winter. The weight of
a thousand kernels varies depending on the wheat
type and the climate, gives an idea of the size of
wheat grains and that they are weak or plump
(Uludz, 1965). In milling, it is desirable to have high
data for each of the two measurements. Because the
thousand kernel and hectoliter weights are positively
correlated with flour yield (Kinaci and Kinaci, 2004;
Dizlek and Ozer, 2016a). Although it is a hard and
soft feature of the grain depends on wheat variety, it
also shows great changes according to growing
conditions. Generally, the quality and quantity of
gluten in hard-grained wheat is high. The amount of
moisture is an important criterion for trade and
storage of wheat; depends on climate and storage
conditions where wheat grown. The amount of protein
in wheat depends on the type, variety, environmental
conditions (climate, soil, disease and pests) and
production conditions (fertilization quantity and type,
irrigation, machine farming) varies between 8-20%.

In wheat, the amount and composition of the ash vary
depending on the type and varieties, the amount of
mineral matter in the soil where the wheat grows, its
ability to be taken by the plant, the condition of
fertilization and the climate (Kent, 1984).

Moisture content of Adana-99 wheat is below 14%,
which can be stored safely (Kent, 1984). The moisture
content of Russian wheat is at the critical limit. The
initial moisture content of both wheat samples was
found to be relatively high. It was thought that it
might be effective for the wheat to absorb some
moisture from the environment during storage in the
cold storage. The amount of protein varying
depending on properties of wheat variety and genetic
factors, as expected, high in Adana-99% wheat variety
(13%), Russian wheat variety was found to be
relatively low (10.7%). In relation to the amount of
protein, the starch amount of Adana-99 wheat is
relatively lower than that of Russian wheat (Table 1).
By analyzing the data of Table 1 together; it is
concluded that the wheat sample of Adana-99 is
medium hard quality wheat, while Russian is
relatively soft bread wheat. Both types have superior
physical properties; in this sense, thousand kernel,
hectoliter weights and flour yields were found to have
high values.

Table 2. Some physical and chemical properties of wheat flours milled with different tempering treatments!.
Cizelge 2. Farkl tavlama muameleleriyle ogiitiilmiis bugday unlarinin bazi fiziksel ve kimyasal ozellikleril.

Wheat Tempering Moisture Ash Protein Damaged Color Properties Flour
Variety Treatment Content Content Content Starch (Renk Ozelliklerd Yield
(Bugday (Taviama Muamelesi) (Nem (Kiil (Protein  (Zedelenmis L a* b* (Un
Cesidi) Miktar)  Miktar) Miktar) Nisasta) Verimi)
(%) (%) (%) (%)2 (%)3

‘ggana' non-tempered (control) 130001 075002 11.5:40.3  8.1:0.1 90.381£0.2  0.36::0  8.46£0.5 52.3:£0.3
;lfile'smp tempered for ;o604 06194002 10940 5602 93.43:40.3  0.1490 7.65£0.5 53.6%0.3
zglile'smp tempered for ;o038 0634002 111901 520202 92.54b+0.2  0.2040  7.74+£0.6  55.7:0.7
two-step tempered for 24h  5.4:£0.3  0.63>+0.01 11.3%+0.2  4.45+0.1 91.49:£0.3  0.29%0 8.43+0.4 51.9:%0.5
twostep tempered for 48 h g 5 1 (3n002 109401 4.35:0.1 92.772b+£0.2  0.17¢£0  8.06+0.6
(rested for 30 days)

Russian non-tempered (control) 4.2v+0.2 0.592+0.01  8.8+0.2 4.54+0 93.04¢+0 0.122+0 7.93£0.5 61.3+0.3
;Tile'smp tempered for ;.01 05600 8.65+0 5.45+0.1 94.36:£0.3  0.08>+0  7.18+0.4 60.8:+0.5
zglile'smp tempered for ;.. 03 05420 8.80+0.2  6.0:0.1 94.14240.3  0.08%0 7.61£0.3 63.42£0.2
two-step tempered for 24h  5.5:0.5  0.520£0.01 9.0:40.2  4.80.1 93.195+0.1  0.13:0 8.15£0.5 62.85+0.1
twostep tempered for 48h g o 1 o501 8501 4.8:20.1 94.35:0.2  0.06£0  7.72:0.5

(rested for 30 days)

1 Mean values in the same column and same wheat varieties (Adana-99 or Russian) followed by different

significantly different (P<0.05).
2 It is given on the dry matter basis.

31t was calculated by, milling with using 3 crushing and 2 reducing rolls in CD1 mill and sieving through the

Effects of Different Tempering Treatments
Physical and Chemical Properties of Flour

on

Some physical and chemical properties of wheat flour
milled with different tempering treatments are given
in Table 2. Applying tempering process to both wheat
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superscript letters are

mill’s own sieve.

samples and followed milling, moisture content of
flour was found higher than non-tempered control
sample. In the case of relatively high (15% to 15.7%)
moisture values of flour samples; the fact that the
flour was not rested and the moisture analysis was
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carried out on the second day following the milling
were effective. It was determined that the moisture
content of the wheats was reduced to a reasonable
rate (13.5%-13.6%) after the flour of the two-step
tempered wheats were rested for 30 days.

As expected, the amount of ash obtained from wheat
samples decreased with the application of tempering
(Table 2). In the Adana-99 wheat, different number (1
and 2) and time (24 and 48 h) the tempering process
did not cause a change in the amount of ash in itself,
whereas in Russian wheat sample the amount of ash
samples decreased in parallel with the increase in the
number and duration of the tempering (P<0.05). The
finding obtained from the study of the tempering
process which is easier to break the wheat by
loosening the rigid bond between the shell and the
endosperm layers of wheat and to obtain the high
yield flour with low-ash color values is consistent with
the literature finding (Ibanoglu, 2001). It was
determined that the data of the ash analysis were
consistent with the findings of the physical analysis of
the samples. Accordingly, the ash content of Adana-99
wheat flour, which has a hard grain structure and low
flour yield, is significantly higher than Russian wheat
flour.

As expected in the Adana-99 sample, the amount of
protein of non-tempered wheat samples was higher
than that of tempered wheat samples. This indicates
that the bran contamination of the non-tempered
wheat is more. Different time and number of
tempering treatments resulted in easier separation of
the endosperm from the crust and thus decreased
protein content of the flour samples. As a matter of
fact, the shell (bran) layer of wheat contains higher
rates of protein than the endosperm (flour) layer
(Kent, 1984; Delcour and Hoseney, 2010). There was
no meaningful relationship between protein values of
flour of Russian wheat samples. More limited
variation was observed between the protein amounts
of the tempering treatments of the Russian variety
according to the Adana-99 sample (Table 2).

In both wheat samples, it was determined that the
tempering treatment increased the amount of
damaged starch compared to the control sample. It
has been found that once made tempering has
increased starch damage in both Adana-99 and
Russian wheat more than the tempering process
performed twice.

As expected, the tempering process was found to
cause bleaching of flour color (Table 2). In both wheat
flour samples, it was determined that the control
sample had a darker color than the tempered
samples. It was found that there was a significant
relation between L* values and ash amount of flour
samples. Flour samples that were rested for 30 days
were found to be lighter color compared to untreated
flour samples. In this situation, it is thought that
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resting with oxidation event is effective in natural
bleaching of flour. The negative correlation was found
between the amount of ash obtained from the study
and the L* value, and a positive correlation was found
with a* value. It was observed that the data were
consistent with the findings of Alfin and Cakmakh
(1999). Reduction in redness of flour samples was
observed with the treatment of tempering. It has been
found that this situation is consistent with the
amount of ash as explained above. However, the
redness value of the flours of wheat samples, two-step
tempered for 48 h, increased. This increase led to the
same red value as the control sample of the Russian
wheat variety obtained by the said treatment. In both
wheat flour samples; a meaningful relationship was
not found between b* color values and tempering
treatments. However, in general, the control samples
were observed to have a more yellowish color than the
other three samples except sample with two-step
tempered for 48 h. By examining the effect of
different tempering treatments on the amount of flour
obtained from wheat samples, it was determined that
the samples which were tempered once for 48 h in
both varieties had the highest flour yield. The
tempering process did not affect flour yield in Adana-
99 variety but increased the total flour yield by 1.5%
in Russian variety. Investigation of flour yield
findings together: the tempering process increases the
flour yield of the wheat samples as can be expected,
the two-step tempering process does not show the
expected benefit at the point of increasing efficiency,
once the tempering process is better, but it is more
effective for 48 h - both wheat varieties. Hook et al.
(1982); who study on the subject, reported that an
increase in the amount of tempering water in wheat
grain reduced the yield of flour. Therefore, the
researchers stated that the tempering process should
be balanced in such a way that the flour yield and the
ratio of bran in the flour are acceptable. The data
obtained from this study were partially conducted by
Hook et al. (1982). This situation is thought to be
caused by the different types of wheat used in the
studies and the amount of water given in tempering
process.

Effects of Different Tempering Treatments on the
Technological Properties of Flour Physicochemical
properties of flour samples are presented in Table 3.
In Adana-99 sample, the wet gluten amount of non-
tempered wheat flour was found to be higher than the
tempered treatments. This situation is thought to be
caused by easier treatment of crust-endosperm
decomposition and easier obtaining of pure
endosperm flour. The amount of the gluten proteins
increases from the center outward in the endosperm
(Delcour and Hoseney, 2010). For this purpose, a
relatively high concentration of aleurone layer and
endosperm outer layer flours were found to be
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relatively high in non-tempered wheat flour samples.
It has been found that the wet gluten of wheat flour
sample with two-step tempered for 48 h is relatively
higher than the other tempered treatments. However,
it was found that there was no significant difference
(P>0.05) between the tempering treatments in terms
of wet gluten content. In the Russian sample, it was
observed that there was no statistical difference in
wet gluten amount between five different treatments.
Generally, dry gluten values were found to be
compatible with wet gluten values and it was

determined that there was a limited variation in dry
gluten content between tempering treatments. The
quantity and quality of the gluten; is one of the most
important quality criteria for wheat and it is one of
the most important factors affecting the dough:
kneading, processing properties, gas holding capacity
and final product quality (Park et al., 2006; Delcour
and Hoseney, 2010; Dizlek and Ozer, 2016b; 2017;
Girard et al., 2019). It is desirable for a bread flour to
have high gluten quantity and quality (Dizlek and
Ozer, 2016 a; b).

Table 3. Physicochemical properties of wheat flours milled with different tempering treatments?.
Cizelge 3. Farkli tavlama muameleleriyle ogtitiilmiis bugday unlarinin fizikokimyasal ozellikleri’.

Wheat Tempering Wet Dry Sedimentation  Delayed Falling
Variety Treatment Gluten Gluten Value Sedimentation Number
(Bugday  (Taviama Muamelesi) Content Content (Sedimantasyon Value Value
Cesidi) (Yas (Kuru Gluten Deger) (Gecikmeli (Diisme
Gluten Miktary) Sedimantasyon  Sayisi
Miktary) Degeri) Degeri)
(%) (ml) (ml) (s)
(%)

Adana-99 non-tempered (control) 28.52+0.4  9.22+0.1 381 310 337+21
single step tempered for 24 h  27.0b+0.2 8.9b+0 36ab+1 412£1 344+18
single step tempered for 48 h  27.3b+0.2 9.02b+0.1 38a+1 38a+2 344+21
two-step tempered for 24 h 27.985+0.3  9.1240.1 34b+1 39242 349+19
two-step tempered for 48 h 27.3b+0.2 8.8b+0.1 30°+1 34b+1 362+20
(rested for 30 days)

Russian  non-tempered (control) 21.6+0.4 6.7+0.1 321 20b+1 356+24
single step tempered for 24 h 21.5+0.5 6.82b+0 302+1 33a+2 351+19
single step tempered for 48 h 21.5+0.3 6.92+0.1 27°+0 342+2 363+19
two-step tempered for 24 h 22.0+0.4 7.02+0.1 31a+1 322+3 378+21
two-step tempered for 48 h 21.3+0.4 6.6+0.1 251 332+3 364+18

(rested for 30 days)

1 Mean values in the same column and same wheat varieties (Adana-99 or Russian) followed by different

are significantly different (P<0.05).

It is reported that there is correlation between
sedimentation values, which is one of the most
important criteria used in determining the quality of
wheat and vary depending on protein (gluten) quality,
and results of baking experiments (Faridi and
Faubion, 1990; Diraman, 2010). By examining the
findings of the sedimentation value which is a very
important quality criterion in flour milling and
showing the gluten quantity-quality simultaneously,
both wheat varieties had lower sedimentation value
compared to the control sample and there was some
decrease in gluten quantity and quality. Generally,
the findings obtained from sedimentation value were
found to be compatible with wet-dry gluten content
values. It was observed that the flour obtained by
milling the samples with tempered two-step for 48 h
and rest 30 days in both wheat varieties had the
lowest sedimentation value. According to the data of
delayed sedimentation analysis, the tempering
process results in improvement in gluten quantity
and quality of the samples as expected, there is no
significant difference (P>0.05) between the different
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superscript letters

tempering times and numbers in terms of these
improvements, but according to the control sample,
both tempering for 24-48 h and tempering for 1-2
times showed a significant effect (P<0.05) on the
gluten quality of the samples. This is due to the
triggering of protease activity by the 30 °C
temperature and 2 h time norms applied in the
delayed sedimentation analysis in the control sample
which has sunn pest damage but is not subjected to
any tempering treatment. With the tempering
process, gluten quality is improved (gluten structure
firming) and hence the delayed sedimentation values
of the flour of tempered samples are increased
(Ertugay et al., 1995c; Diraman et al., 2013; Dizlek
and Islamoglu, 2015).

By analyzing the falling number values that provide
information about the amylase activity of flour
samples (Table 3), it was determined that there was
no significant difference (P>0.05) between the
tempering treatments applied in both wheat samples.
This finding is consistent with the statement of
Stinter (2003); which investigated the effect of
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different tempering times and temperatures on wheat
quality. The data on falling number analysis shows
that it would be beneficial to add a certain (relatively
less) amount of a-amylase preparation and / or malt
flour to the dough formulation in the bread making
with of both wheat samples flour.

In literature, there is a little information about two-
step tempering. According to Buhler handbook
(Buhler 2016); general rules for tempering in two-
steps as follows: first tempering: 2/3 of total
tempering time (water addition to about 1-2% lower
than target moisture) and second tempering: 1/3 of
total tempering time (it should be 8 — maximum 12 h,
no longer leads to drying out of bran; water addition
1-2%). In this study, two-step tempering treatment
was partially effective on the physical, chemical and
technological properties of flour in bread wheat
(Triticum aestivum L.). However, further studies are
needed to elucidate on two-step tempering process.

CONCLUSIONS and RECOMMENDATIONS

In this study, the effects of two-step tempering
treatment on the physical, chemical and
physicochemical characteristics of two different bread
wheats were investigated. In this sense, the effects of
two different tempering times (24 and 48 h) and two
different tempering applications (once or twice) on the
raw material (wheat) and intermediate product (flour)
were investigated. In addition, the wheat flour with
two-step tempered, for the purpose of setting a
precedent for the market conditions, has been
evaluated as analytically by resting for 30 days. The
findings obtained from the study are summarized
below:

The tempering treatment resulted in a limited
improvement in the physical (flour yield and color),
chemical and technological properties of the flour. It
was found that, especially more evident in the ash
content, the tempering treatment reduced the ash
and protein contents of the flour samples, however it
resulted in an increment in the gluten quality (The
tempering treatment resulted in a significant
increase in the value of delayed sedimentation
according to the normal sedimentation value of flour
samples). Tempering treatment for 48 h among
single-step tempering treatments resulted in more
improved flour quality. As a result, the findings
include clues that, water when added to the wheat in
the tempering process in two-steps results in an
improved flour quality. However, further studies are
required on this subject to elucidate the mechanism.

It is recommended that in subsequent studies, the
kinetics of two-step tempering treatment applied to
wheat and its effect on product properties can be
examined more comprehensively. If this and similar
studies are carried out on more wheat varieties, more
inclusive analytical findings can be achieved. The
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study was carried out by applying the cold tempering
method. In the subsequent studies, the effect of two-
step tempering on wheat, flour, dough, and bread
quality can be investigated by use of warm and / or
hot tempering methods. It is predicted that these
practices will further improve the bread wheat
quality. In addition, this study can be continued with
a different research in terms of the energy spent in a
pilot flour mill.

ACKNOWLEDGEMENT

This study was funded by the Scientific Research
Projects Unit of Osmaniye Korkut Ata University
(grant number OKUBAP-2017-PT3-033) and it is
prepared from Mustafa KURT 's Master of Science
thesis.

Author’s Contributions

All authors contributed to the study conception and
design. Mustafa KURT has provided research
materials, milled the wheat groups and performed the
laboratory work. Halef DIZLEK performed the
statistical analysis, interpreted the results and
drafted the manuscript. The first draft of the
manuscript was written by Halef DIZLEK.
Tempering process of wheat samples and writing -
original draft preparation of the manuscript were
written by Mustafa KURT and Halef DIZLEK;
Writing - review and editing were performed by Halef
DIZLEK. All authors commented on previous versions
of the manuscript. Also all authors read and approved
the final manuscript. Halef DIZLEK is the Master of
Science supervisor of Mustafa KURT.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

REFERENCES

Alfin F, Cakmakli U 1999. Ticari Degirmen ve
Laboratuvar Tipi Bihler Degirmeninin Kimiilatif
Kiil ve Protein Egrileri Uzerine Bir Arastirma.
Unlu Mamuller 8(4): 42-48.

American  Association of Cereal  Chemists
International (AACCI). 2010. Approved Methods of
Analysis, 11t Ed. The Association (AACCI), St.
Paul, MN.

Anonim 2021. Tahillar ve Diger Bitkisel Uriinlerin
Alan ve Uretim Miktarlari.
https://data.tuik.gov.tr/Bulten/Index?p=Bitkisel-
Uretim-Istatistikleri-2020-33737

Buhler 2016. Wheat Conditioning Basic Guidelines.
BMIN Wheat Conditioning IAOM District Meeting
2016, Buhler handbook, 30 pg.

Butcher J, Stenvert NL 1973. Conditioning Studies on
Australian Wheats. III. The Role of the Rate of
Water Penetration into the Wheat Grain. J Sci
Food Agr 24(9): 1077-1084.



KSU Tarim ve Doga Derg 25 (1): 181-190, 2022
KSU J. Agric Nat 25 (1): 181-190, 2022

Aragtirma Makalesi
Research Article

Cornell HJ, Hoveling AW 1998. Wheat: Chemistry
and Utilization. Technomic Publishing Co., Inc.,
Lancaster, 422 pg.

Delcour JA, Hoseney RC 2010. Principles of Cereal
Science and Technology. AACCI, St. Paul, MN, 280
pg.

Diraman H, Boyacioglu MH, Boyacioglu D, Khan K
2013. Siine (Kurygaster spp) Hasarli Bugdaylarin
Baz1 Protein Fraksiyonlari ve Farinogram
Degerleri Uzerine Buharla Tavlamanim Etkileri.
Gida 38(6): 359-365.

Diraman H 2010. Effect of Microwaves on
Technological and Rheological Properties of Suni-
Bug (Eurygaster spp) Damaged and Undamaged
Wheat Flour. Food Sci Technol Res 16(4): 313-318.

Dizlek H, Islamoglu M 2015. Effects of Sunn Pest
(Burygaster maura L. Heteroptera; Scutelleridae)
Sucking Number on Physical and Physicochemical
Characteristics of Wheat Varieties. J Appl Bot
Food Qual 88: 10-15.

Dizlek H, Kurt M 2017. An Important Phenomenon in
the Production of Wheat Flour: Bleaching. In: D.
Kovacevic (ed.), VIII International Agriculture
Symposium ‘Agrosym 2017 05-08 October 2017,
Jahorina, Bosnia and Herzegovina.

Dizlek H, Ozer MS 2016a. Effects of Sunn Pest
(Eurygaster integriceps) Damage Ratio on
Physical, Chemical, and Technological
Characteristics of Wheat. Qual Assur Saf Crop
8(1): 145-156.

Dizlek H, Ozer MS 2016b. The Improvement of Bread
Characteristics of Sunn Pest (Eurygaster
integriceps) Damaged Bread Wheat by Blending
Application and Using Additives. Qual Assur Saf
Crop 8(3): 427-437.

Dizlek H, Ozer MS 2017. Improvement of Physical,
Physicochemical, and Rheological Characteristics
of Sunn Pest (Eurygaster integriceps) Damaged
Wheat by Blending. Qual Assur Saf Crop 9(1): 31-
39.Dunn KL, Yang L, Girard A, Bean S, Awika JM
2015. Interaction of Sorghum Tannins with Wheat
Proteins and Effect on In Vitro Starch and Protein
Digestibility in a Baked Product Matrix. J Agr
Food Chem 63(4): 1234-1241.

Ertugay Z, Celik I, Elgiin A, Ertugay MF 1995a. Siine
(Burygaster Spp.) Zarar1 Gérmiis Bugday ile
Gormemis Bugdaya Farkli Tavlama Metodlar:
Uygulamasmin I. Ogiitme Degeri ile Unun Baz
Kalitatif ~Ozellikleri Uzerine Etkisi. Unlu
Mamuller 4(2): 4-10.

Ertugay Z, Celik I, Elgiin A, Ertugay MF 1995b. Siine
(Burygaster Spp.) Zarar1 Goérmiis Bugday ile
Gormemis Bugdaya Farkli Tavlama Metodlar:
Uygulamasinin II. Hamurun Reolojik Ozellikleri
Uzerine Etkisi. Unlu Mamuller 4(3): 4-10.

Ertugay Z, Celik I, Elgiin A, Ertugay MF 1995¢. Siine
(Burygaster Spp.) Zarar1 Gérmiis Bugday ile
Gormemis Bugdaya Farkli Tavlama Metodlar:

189

Uygulamasimin III. Ekmek Ozellikleri Uzerine
Etkisi. Unlu Mamuller 4(4): 10-12, 14-16.

Faridi H, Faubion JM 1990. Dough Rheology and Baked
Product Texture. AVI book, Published by Van
Nostrand Reinhold, New York, 605 pg.

Finney KF, Bolte LC 1985. Experimental
Micromilling: Reduction of Tempering Time of
Wheat 18-24 Hours to 30 Minutes. Cereal Chem
62(6): 454-458.

Girard AL, Teferra T, Awika JM 2019. Effects of
Condensed vs Hydrolysable Tannins on Gluten
Film Strength and Stability. Food Hydrocoll 89:
36-43.

Greenaway WT, Neustadt MH, Zeleny L 1965. A Test
for Stink Bug Damage in Wheat. Cereal Chem
42(6): 577-579.

Hook SCW, Bone GT, Fearn T 1982. The Conditioning
of Wheat: The Influence of Varying Levels of
Water Addition to UK Wheats of Flour Extraction
Rate, Moisture and Color. J Sci Food Agr 33(7):
645-654.

Ibanoglu S 2001. Influence of Tempering with
Ozonated Water on the Selected Properties of
Wheat Flour. J Food Eng 48(4): 345-350.

Kent NL 1984. Technology of Cereals. Pergamon
Press, Oxford, 221 pg.

Keskinoglu R, Elgin A, Turker S 2001. Bir Un
Degirmeninde Uygulanan Farkli Ihk Tavlama
Islemlerinin Ogiitme Kalitesine Etkisi. Gida 26(6):
419-427.

Keskinoglu R, Elgin A, Tirker S 2002. Bir Un
Degirmeninde Uygulanan Farkli Ihk Tavlama

Islemlerinin "Ogiitme Kalitesine Etkisi, II.
Topyekiin Oglutme Kalitesi Kontroliinde
Kiumilatif Kil Kurvesinin Kullanilmasi. Gida

27(2): 137-142.

Kinaci E, Kinaci G 2004. Quality and Yield Losses
due to Sunn Pest (Hemiptera: Scutelleridae) in
Different Wheat Types in Turkey. Field Crop Res
89: 187-195.

Kurt M, Dizlek H 2020. Ekmeklik Bugdaylara
(Triticum aestivum L.) Tki Asamali Uygulanan
Tavlama Isleminin Unun Ekmeklik Ozelliklerine
Etkisi. EJOSAT 18: 445-453.

Kweon M, Martin R, Souza E 2009. Effect of
Tempering Conditions on Milling Performance and
Flour Functionality. Cereal Chem 86(1): 12-17.

MacRitchie F 2010. Concepts in Cereal Chemistry.
CRC Press, Boca Raton, FL, 198 pg.

Moss R 1977. The Influence of Endosperm Structure,
Protein Content and Grain Moisture on the Rate of
Water Penetration  into Wheat during
Conditioning. J Food Technol 12(3): 275-283.

Park SH, Bean SR, Chung OK, Seib PA 2006. Levels
of Protein and Protein Composition in Hard
Winter Wheat Flours and the Relationship to
Breadmaking. Cereal Chem 83(4): 418-423.

SAS Institute 1982. SAS User’s Guide to Statistical



KSU Tarim ve Doga Derg 25 (1): 181-190, 2022
KSU J. Agric Nat 25 (1): 181-190, 2022

Aragtirma Makalesi
Research Article

Analyses. SAS Institute, Raleigh.

Stenvert NL, Kingswood K 1976. An
Autoradiographic Demonstration of the
Penetration of Water into Wheat during

Tempering. Cereal Chem 53(2): 141-149.

Sunter K 2003. Bugdayin Farkli Sicaklik ve Strelerde
Tavlanmasinin Unun Bazi Ozellikleri Uzerine
Etkisi. Istanbul Teknik Universitesi Gida
Mihendisligi Ana Bilim Dali, Yiiksek Lisans Tezi,
64 sy.

TSE 2018. Wheat. Turkish Standards Institution, T'S
2974, Ankara.

Uluoz M 1965. Bugday, Un ve Analiz Metotlar1. Ege
Universitesi Ziraat Fakiltesi Ofset Tesisleri,
Izmir, 91 sy.

190

Warechowska M, Markowska A, Warechowski J, Mis
A, Nawrocka A 2016. Effect of Tempering Moisture
of Wheat on Grinding Energy, Middlings and
Flour Size Distribution, and Gluten and Dough
Mixing Properties. J Cereal Sci 69: 306-312.

Yildirim M, Barutcular C, Koc M, Dizlek H, Hossain
A, Islam MS, Toptas I, Basdemir F, Albayrak O,
Akinci C, Sabagh AE 2018. Assessment of the
Grain Quality of Wheat Genotypes Grown under
Multiple Environments Using GGE Biplot
Analysis. Fresen Environ Bull 27(7): 4830-4837.

Yoo J, Lamsal BP, Haque E, Faubion JM 2009. Effect
of Enzymatic Tempering of Wheat Kernels on
Milling and Baking Performance. Cereal Chem
86(2): 122-126.



