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1. Introduction
Controlled cereal germination has been used for centuries 
to increase nutrient content and availability (Jan et al., 
2017), to reduce the antinutritional effects, and to improve 
the activity of enzymes in grains (Pachari Vera et al., 2019; 
Wang et al., 2020). In bread-making industry, amylolytic 
activity, α-amylase enzyme in particular, is of great 
importance because it breaks down the starch into simple 
sugars and allows them to be fermented by yeast in the 
production of yeast-based bakery products (Kostyuchenko 
et al., 2021). Achieving an optimum fermentation 
increases the gas-forming ability of the dough, resulting 
in an increase in the quality characteristics of the final 
product such as volume, texture and color, and shelf life 
(Ait Kaki El-Hadef El-Okki et al., 2017; Movahedpour et 
al., 2021). Amylolytic enzyme activity that is too low or 
high  adversely affects  product quality. If the amylolytic 
activity of the flour is low, the sugar used by the yeast cells 
in the dough semifinished product will not be enough. 
The fermentation process will occur with low intensity, 
the product will turn out to be of poor quality, with an 
insufficiently porous, fluffy crumb (Simakova et al., 2018; 
Pekmez, 2019). When the enzyme activity is too high, 

starch breakdown occurs faster in bread and the pore 
structure in the bread is disrupted resulting in lower than 
desired bread volume and sticky bread crumb (Aljabi and 
Pawelzik, 2021). Enzyme activity is determined by falling 
number analysis and this method is also used to obtain 
the ideal mixture from flours with different amylase 
activity or to determine the addition level of enzyme (Koç, 
2015). The amylolytic enzyme activity, which catalyzes the 
degradation of starch polymers, is generally low in wheat 
grown in Turkey (Kara et al., 2020). Therefore, amylases are 
routinely added to wheat flours to optimize the amylolytic 
enzyme activity, as well as antistaling agents to retard 
crumb hardening caused by retrogradation in starch gels 
and changes in water distribution (Mäkinen and Arendt, 
2012). Enzyme active malt flour is natural and widely used 
in place of commercial α-amylase and assists to regulate 
the amylolytic activity, contributes to increase the quality 
of bread and enriches its aroma (Baranwal, 2017; Durmuş, 
2022).

The α-amylases are widely distributed in nature and 
can be obtained from various sources, such as bacteria 
(Bacillus), mold species (Aspergillus), and germinated 
cereal grains. The use of enzyme active malt flours obtained 
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from grains such as wheat, barley, and rye for the regulation 
of the amylolytic activity of bread flours has many advantages. 
Enzyme-active cereal malt flours can be more preferred than 
other enzyme sources due to their natural structures, suitable 
thermostability for bread-making processes, and lower 
production costs (Dura and Rosell, 2017; Tebben et al., 2018; 
Aladejana et al., 2020; Savkina et al., 2020).

In bread-making, enzyme-active malt flours are 
used as dough conditioners at very low levels (1%–3%) 
depending on flour quality (Abd-Elsattar, 2018; Belcar et 
al., 2022). Some studies reported that the use of malt flours 
(containing active enzymes) in controlled conditions 
improves loaf volume and crumb texture (Honcu et al., 
2015; Abd-Elsattar, 2018; Belcar et al., 2022; Tapsoba et al., 
2022). These positive effects were attributed to the natural 
enzymes formed during germination. It has been reported 
that the maximum level of amylase activity by germination 
is observed after 7days in barley (Farzaneh et al., 2017), 5 
days in wheat (Baranzelli et al., 2018), and 3 days in corn 
(Zhan et al., 2017). Üstün and Çelik (2011) reported that 
maximum phytase activity was obtained after 5-days of 
germination, and addition of 3% the malted flour to the 
bread dough significantly affected the bread hardness and 
the color. Tian et al. (2010) stated that a rapid increase 
in total amylase activity was observed after 24 h in the 
germination process of oat grains and the absolute activity 
of beta amylase was always higher than alpha amylase.

According to the Turkish food codex, it is forbidden 
to add additives except vitamin C and enzyme to whole 
wheat bread, bread with whole wheat flour, wholemeal 
bread, sour dough bread, and bread which are placed 
on the market without packaging. In general, bacterial 
and mold originated amylolytic enzymes are used in 
the manufacturing of yeast-based bakery products in 
industrial production. Since the production process is 
straightforward and at low cost, it will be advantageous 
to use malt flour obtained from germinated cereal grains 
as an enzyme source, if its natural structure is also taken 
into consideration. Therefore, wheat, barley, rye, triticale, 
millet, corn, rice, and oats were germinated under 
standard conditions and enzyme-active cereal malt flour 
was obtained by milling in this research. Later, using 
these malt flours, amylolytic enzyme activities of bread 
flours were adjusted to the desired level and their effects 
on bread quality were investigated. The novelty of this 
study is to obtain enzyme-active malt flour by using all of 
the currently used cereals, and to compare the effects of 
these malt flours on flour and bread properties by adding 
them to wheat bread flour at the same time. In the studies 
carried out so far, the changes that occur in grains with 
germination in general have been examined, and such a 
variety of malt flour has not been used as an enzymatic 
additive at the same time.

2. Materials and methods
2.1. Materials
In the study, wheat  (Doğu 88),  barley  (Olgun), 
rye  (Aslım-95), triticale  (Ümran Hanım), millet (white 
millet), corn  (Ada-313), paddy  (Osmancık-97),  and 
oat (Ankara-76) grains obtained from Bayburt, Erzurum, 
and Çorum region (Turkey) were used as material 
to produce malt flour.  Commercial enzyme derived 
from Bacillus subtilis was used as an enzymatic additive. 
Wheat flour (Birsan flour, Turkey) with low diastatic 
activity (Falling Number 539 s), fresh yeast (Pakmaya 
Yeast Co.) and salt were procured from the local markets 
of Erzurum, Turkey.
2.2. Malting procedure
 Malt flours were produced according to Boz and Karaoğlu 
(2013) with some modifications. The cleaned grains were 
washed and kept in water at 20 °C for 24 h, and after 
removing the excess water, they were allowed to germinate 
in the container at room temperature (20 °C), 70% relative 
humidity, and darkness conditions. Samples were hydrated 
every 8–10 h and scrambled to prevent them fomfrom 
getting lumpy. The germination process was continued 
until the sprouts of the grains reached 1 cm (i.e. 7 days 
in rice and oat grains, 4 days in corn grains, and 3 days 
in other grains). Germinated cereals were dried at room 
temperature down to 14% moisture content followed by 
cleaning the shoots and roots. Next, dried grains were 
milled in the combined mill (Yücebaş Machine Analytical 
Equipment Industry, İzmir) to obtain malt flour. The 
obtained enzyme-active malt flours were added to bread 
flour at levels that would ensure a falling number of 275 ± 
5 s to increase the enzyme activity of the flour. 
2.3. Flour analyses
Flour moisture content was determined using the air-oven 
method (AACC Approved Method 44-01.01) (AACC, 
2010). Falling number (FN) values were determined with 
a model 1800 Falling Number apparatus according to the 
AACC method 56-81.04 (AACC, 2010). Flour Zeleny 
and delayed retarded Zeleny sedimentation values were 
calculated using the AACC approved method 56-61.02 
(AACC, 2010). Wet and dry gluten values of the samples 
were determined according to Approved Method 38-12.02 
(AACC, 2010).

Color measurements were carried out using a 
calibrated colorimeter CR 200 (Konica Minolta Co. LTD, 
Osaka, Japan). L* (0 black and 100 white), a* (greenness 
and redness), and b* (blueness and yellowness) color 
values were determined as defined by CIE (International 
Commission on Illumination). Total color change (ΔE) 
was calculated as follows:

ΔE = [(L0-L1)
2 + (a0-a1)

2 + (b0-b1)
2]1/2,

where L0, a0, b0 are L*, a*, and b* color values of the 
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flour obtained from ungerminated grain, L1, a1, b1  are 
L*, a*, and b* color values of the flour obtained from 
germinated grains, respectively.

Dough  mixing properties and water absorption 
capacity of flour were determined according to AACC 
approved methods 54-21.02 (AACC, 2010) by using 
Farinograph with 300 g mixing bowl (Yücebaş Machine). 
2.4. Bread-making and technological evaluation of bread
In the preparation of bread samples, basic straight dough 
process was used  AACC 10-09.01 (AACC, 2010).  Basic 
dough recipe with 3% yeast, 1.5% salt based on 100 g flour 
weight and amount of water up to optimum consistency 
of 500 BU were used.  Enzyme-active malt flours and 
commercial amylolytic enzyme were added to bread flour 
at levels that would ensure an FN of 275 ± 5 s to increase 
the enzyme activity of the flour. Additional levels were 
determined as 0.880%, 0.570%, 1.067%, 0.5985, 1.455%, 
1.356%, 1.902%, 1.705%, 0.011% for wheat, barley, rye, 
triticale, millet, corn, oats, paddy malt and commercial 
enzyme (amylolytic), respectively. All ingredients were 
mixed in a mixer (Stephan-UM5, Stephan, Erlangen, 
Germany), at high speed for 2 min.  After mixing, the 
dough was divided into 160 g portions and molded. After 
60 min of fermentation at 30 °C and 80% relative humidity, 
the dough was sheeted and rolled, put into baking pans, 
proofed in a fermentation cabinet at 30 °C and 85% relative 
humidity for 40 min, followed by baking at 230 °C for 25 
min. Control bread was prepared exactly as described 
above, without malt flour and commercial enzyme. Bread 
samples were allowed to cool for a minimum of 60 min 
before packaging and further testing.

Breads were weighed within 1 h after baking, volumes 
of breads were determined with rapeseed displacement 
method according to official method (AACC 10-05.01, 
2010) and specific volumes were calculated by dividing the 
volume by the mass of the loaf.

Color values of L*, a*, and b* of bread samples were 
determined as stated in the flour samples by using the 
Minolta CR-200. Using these color values, the total color 
change (∆E) was calculated with the following equation. 
∆E = [(L0-L1)

2  +  (a0-a1)
2  +  (b0-b1)

2]1/2 where L0, a0, b0  are 
L*, a*, and b* color values of control bread sample; L1, a1, 
b1  are L*, a*, and b* color values of bread samples with 
malt flour and enzyme. 

The textural characteristics of the bread were measured 
with a Texture Analyzer TA.XT2i (Stable Microsystems, 
Godalming, U.K.) equipped with an aluminum 35  mm 
diameter cylindrical probe and 5 kg load cell.  Samples 
(cut by an electronic knife) of 2.5 mm thickness × 2.5 mm 
length × 2.5 mm wide obtained from the bread center part 
were assessed applying ‘texture profile analysis (TPA)’ 
double compression test. The settings used were a 40% 
strain, 10 g trigger force, test speed of 1 mm/s with 5 s 

delay between the 1st and 2nd compression and posttest 
speed 5 mm/s. Four primary TPA parameters (hardness, 
cohesiveness, springiness, adhesiveness) and one derived 
parameter (chewiness) were calculated. TPA of bread 
crumb was measured at days 1 and 3 to assess the potential 
shelf life of the breads. 
2.5. Statistical analysis
All the experiments were carried out in triplicate and in 
two different trials. SPSS 10.0 software for Windows (SPSS 
for Windows Release 10.01, Chicago, IL, USA, SPSS Inc.) 
was used to perform statistical analyses. Differences in 
properties of flour and bread because of addition of malt 
flour were tested for significance using analysis of variance 
(ANOVA) techniques. Duncan’s new multiple range test 
was used when the ANOVA indicated significant difference 
in mean values. A level of significance of p < 0.05 was used 
throughout the analysis.

3. Results
3.1. Flour Properties
L* color values of the germinated and ungerminated 
grain flour samples and color change (ΔE) values caused 
by germination in cereal flour are given in Figure 1. The 
germination process performed to increase the amylolytic 
enzyme activity in cereals also caused color change in 
the flour obtained from these cereals. The color values 
of the grains are naturally different from each other 
and these differences are subsequently reflected in the 
flours and breads. The important point here is that the 
germination process affected the colors of the grains 
differently. Although germination decreased the L* color 
values denoting the lightness of barley, rye, wheat, oats 
and triticale; it increased millet, corn, and paddy L* color 
values. In addition, the total color change (ΔE) calculated 
before and after germination using the brightness (L*), 
redness (a*), and yellowness (b*) color values were high 
in corn, paddy, and rye. However, low total color change 
in wheat and oat was observed. The change in L*, a*, and 
b* color values with the germination process was found 
similar to the results of the study conducted by Üstün and 
Çelik (2011).

The germination process significantly increases the 
diastatic enzyme activity in cereals. The most basic and 
simple method of measuring diastatic enzyme activity 
is the FN test. The optimal FN value for wheat flour is 
between 230 and 270 s. The α-amylase in flour breaks 
down starch to fermentable sugars and the amount of 
α-amylase present in the flour have a crucial effect on the 
bread quality to be produced. When the activity of alpha-
amylase is at the optimal level, the resulting bread will be 
firm harboring high volume and soft texture. However, 
excessive activity of alpha-amylase might result in a bread 
with low volume and sticky crumb. Moreover, very low 
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activity of alpha-amylase yields a bread with small volume 
and dry crumb (Pekmez, 2019; Iorga et al., 2002; Dahal, 
2012). FN values obtained in this study are shown in Table 
1. To determine the increase in diastatic activity occurring 
in grains by germination process, the FN values before and 
after germination were compared. However, a very high 
enzymatic activity in germinated grain flours prevented 
the determination of enzymatic activity in the FN test. 
Therefore, germinated cereal flours were added to their 
ungerminated form at 1% and the measurements were 
compared. FN is inversely related to the a-amylase activity 
of the flour. As seen in Table 1, the germination process 
decreased the FN values in all grains. This suggests that 
the germination process results in an increase in the alpha 
amylase activity as falling number is inversely correlated to 
the alpha amylase activity (Leghari et al., 2020). FN values 
decreased by 34%, 75%, 30%, 53%, 71%, 71%, 10%, and 
84% for wheat, barley, rye, triticale, millet, corn, oat, and 
paddy, respectively. If the addition of germinated grain 
flour is considered to be at a low level (i.e. 1%), it would be 
better recognized how drastic this increase is. 

Enzyme active malt flours obtained from different 
germinated grains (wheat, barley, rye, triticale, millet, 
maize, rice, oat) and commercial enzyme were added to 
wheat flour in a level that provide the same FN (274 s). 
Zeleny sedimentation, delayed Zeleny sedimentation, 
wet and dry gluten, gluten index values of wheat flour 
and containing different malt flour and enzyme are given 
in Table 2. The addition of enzyme and malt flour had a 
significant (p < 0.05) effect on the gluten index value 
of the flour  and a very significant (p < 0.01) effect on 
delayed Zeleny sedimentation value. However, Zeleny 

sedimentation and wet and dry gluten contents were not 
statistically influenced by malt and commercial enzyme 
addition. 

The principle of the Zeleny sedimentation test is based 
on swelling of gliadin and glutenin proteins within an 
ethanol-lactate-solution.  As seen in Table 2, although 
statistically insignificant, Zeleny sedimentation value was 
found higher in flour containing triticale, millet, and corn 
malt, compared to flour containing paddy and rye malt. 
The highest delayed Zeleny sedimentation value (46 cm3) 
was determined in flour containing commercial enzyme, 
while the lowest (36.5 cm3) was found in flour containing 
paddy malt, compared to control flour. The reason behind 
low delayed Zeleny sedimentation value of flour containing 
paddy malt might be due to the increase in protease activity 
with germination process (Likittrakulwong et al., 2021). 
However, there was no significant difference (p > 0.05) 
observed among delayed Zeleny sedimentation values 
of flours containing barley, rye, millet, and oat malt. The 
Zeleny and delayed Zeleny sedimentation tests are rapid 
means of estimating the baking quality of wheat flour. The 
test involves the rate of sedimentation of the solid phase 
following suspension of the flour in an aqueous lactic 
acid solution and relies on the relationship between flour 
baking strength and gluten hydration capacity, which is, in 
turn, a function of gluten quantity and quality (Abbasi et 
al., 2012). In wheat flour containing high gluten content 
and quality, the particles are more densely packed and less 
precipitated in the solution. Thus, Zeleny sedimentation 
values of high quality wheat flours were higher. Zeleny 
sedimentation value of <15 corresponds to very weak 
flour; that of between 16 and 24 is attributed to weak 

Cereals              ΔE
Wheat    1.06 ± 0.001h

Barley    4.64 ± 0.007d

Rye        5.04 ± 0.004c

Triticale 3.76 ± 0.000f

Millet     3.90 ± 0.000e

Corn       6.39 ± 0.001a

Oat         2.31 ± 0.006g

Paddy    5.93 ± 0.001b
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Figure 1. L* color values of germinated and ungerminated cereal flours and total color change (ΔE) caused by germination 
in cereal flours (**p < 0.01) (mean ± standard error). 
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flour; that of 25–36 is considered good flour; >36 is 
considered very good (Elgün et al., 2011). The delayed 
Zeleny sedimentation test is based on the principle of 
reduction in the precipitate formed by the flour particles. 
This is achieved by hydrolysis of gluten proteins that are 
kept in a weak acid solution for a certain period of time. 
If the delayed Zeleny sedimentation value is lower than 
the normal Zeleny sedimentation value, it means that the 
protease activity in the flours is high enough to reduce the 
quality of the flour (Arslan, 2018). Therefore, the delayed 
sedimentation value is desired to be higher or similar to 
the normal sedimentation value (Özbay, 2014). Delayed 
sedimentation value was higher in flour containing malt 
flour and enzyme than in normal sedimentation. Although 
the main goal is to increase amylolytic enzyme activity, it is 
reported that the germination process to obtain malt flour 
increases amylase, phytase, and some protease activity 
(Bilgiçli and Türker, 2004). When the results in Table 2 are 

analyzed, it is seen that the protease activity in malt flour 
is not at a level to negatively affect the quality of the flour. 

Wet gluten content and gluten index are important for 
evaluating the processing quality of wheat, since they are 
measurements of both gluten quality and content (Zhang 
et al., 2016). The use of commercial enzyme and malt flour 
did not show a statistically significant effect on the wet 
and dry gluten values of flour samples (p > 0.05). Since the 
enzyme-active malt flour addition level was very low, there 
was no significant change in the wet gluten content of the 
flours. However, due to enzymes in malt flour, gluten 
index values were affected differently by added malt flours. 
The highest gluten index values were found in triticale 
malt-added flour, while the lowest values were determined 
in wheat-malt-added flour. The gluten index values were 
statistically the same in control flour (without enzyme) 
and flour samples containing commercial enzyme, barley 
malt, millet malt, and paddy malt. 

Table 1. Falling number values of ungerminated cereal flours and flours containing 1% of malt flours obtained by germination of these 
grains.

Cereal flours

Wheat Barley Rye Triticale Millet Corn Oat Paddy

FN (s)
Ungerminated 390 1489 285 366 2303 2095 310 3639
Added with 1% 

germinated 255 366 199 171 665 590 276 580

FN: Falling number

Table 2. Zeleny sedimentation, delayed Zeleny sedimentation, wet and dry gluten, gluten index values flour samples containing different 
malt flour and enzyme.

Flour samples
Zeleny 

sedimentation
(cm³)

Delayed Zeleny 
sedimentation
(cm³)

Wet gluten (%) Dry gluten (%) Gluten index (%)

Control (wheat) flour 33.50 ± 0.50a 37.50 ± 1.50cd 32.99 ± 0.17a 11.01 ± 0.23a 89.73 ± 2.11bc

Wheat 33.00 ± 0.00a 40.50 ± 0.50b 32.95 ± 0.35a 10.81 ± 0.08a 84.80 ± 0.89c

Barley 33.00 ± 0.00a 39.00 ± 0.00bcd 33.27 ± 0.69a 11.11 ± 0.02a 88.59 ± 0.78bc

Rye 32.50 ± 0.50a 38.50 ± 0.50bcd 32.58 ± 0.30a 10.62 ± 0.10a 90.76 ± 0.02ab

Triticale 34.25 ± 0.25a 40.00 ± 0.00bc 30.12 ± 2.63a 10.75 ± 0.15a 95.45 ± 2.42a

Millet 34.25 ± 0.75a 39.00 ± 0.00bcd 32.73 ± 0.24a 10.57 ± 0.08a 86.48 ± 0.26bc

Corn 34.00 ± 1.00a 39.50 ± 0.50bc 33.37 ± 0.04a 11.20 ± 0.04a 90.14 ± 3.02abc

Oat 33.50 ± 0.50a 38.75 ± 0.25bcd 33.31 ± 0.47a 11.17 ± 0.13a 91.11 ± 1.69ab

Paddy 32.75 ± 0.25a 36.50 ± 0.50d 33.83 ± 0.11a 11.12 ± 0.14a 87.08 ± 1.82bc

Enzyme (α-amylase) 33.00 ± 2.00a 46.00 ± 2.00a 34.35 ± 2.71a 10.80 ± 0.65a 86.35 ± 0.46bc

   --    **    --    --     *

Different letters in the same column are significantly different (*p < 0.05; **p < 0.01) (mean ± standard error). 
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3.2. Bread properties
In calculation of total color changes, the control bread 
was taken as reference and the color change caused by the 
addition of different malt flours and commercial enzymes 
to bread was calculated. According to the values given in 
Figure 2, it is seen that the highest color change occurred 
in bread with corn malt, while the lowest change occurred 
in rye malt. It is desirable that the addition of malt flour 
to bread flour increases the amylolytic enzyme activity 
and should not affect the color. Therefore, given the total 
color change values, the best results were obtained by 
rye, barley malt, commercial enzyme, wheat and triticale 
malt, respectively, while breads containing corn, paddy, 
millet, and oat malt had more color change compared 
to control bread. Breads produced with flour containing 
enzyme-active malt flour showed a significantly (p < 0.01) 
lower value of the L* color parameter compared to the 
control samples. The addition of enzyme active malt flour 
darkened the bread crumb. This could be attributed to the 
fact that malt flours are darker in color than bread wheat 
flour (Belcar et al., 2022). The decrease in L color value of 
bread crumb was especially greater in breads containing 
millet, maize, oat, and paddy malt flour. As seen in Figure 
2, the total color change values in breads containing millet, 
corn, oat, and paddy malt flours were higher than the 
other breads.

Specific volume is one of the most important quality 
parameters of bread (Mudgil et al., 2016). The highest 
specific volume of 4.784 cm3/g was obtained in bread with 
paddy malt. However, the lowest specific volume of 4.174 
cm3/g was obtained in bread with wheat malt (Figure 3). 
Wheat, barley and millet malt containing bread samples 
were found statistically similar to the control sample with 

regards to specific volume. The specific volume values of 
the breads produced from flours containing commercial 
enzyme, corn and rye malt did not differ statistically and 
these values   were higher than the control group breads. 
Mäkinen and Arendt evaluated the effect of addition of 
0.5%, 1.0%, 2.5% and 5.0% oats, barley and wheat malt to 
bread flour on bread and dough properties (Mäkinen and 
Arendt, 2012). They reported that specific volume of bread 
increased with the increase of addition rate of malt, and 
the addition of 2.5% wheat and barley malt increased the 
specific volume from 3.04 cm3/g to 3.36 and 3.44 cm3/g, 
respectively. As seen from Figure 3, bread with paddy malt 
had higher specific volume compared to others. Veluppillai 
et al. (2010) reported that the paddy malt obtained by 
germinating for 3 days was effective in increasing the 
bread volume.

Textural properties are an important quality criterion 
in bakery products with a soft internal structure such 
as bread. Bread crumb firmness is defined as the 
maximum force measured during the first compression 
in the TPA test. The low maximum force indicates soft 
bread crumb texture, which is desired by consumers. As 
shown in Figure 4, the highest bread firmness value was 
determined in the control group bread, while the lowest 
value was found in commercial-enzyme-added bread. 
A decrease in the firmness value was observed in all the 
bread containing malt flour and enzyme, compared to the 
control bread without malt flour and enzyme. In terms of 
hardness values   on the first day, no statistically significant 
difference was observed among the hardness values of the 
breads containing wheat, triticale, and millet malt. Bread 
firmness increases with storage mainly due to structural 
changes (such as retrogradation) in starch and the 

Figure 2. Influence of malt flour and enzyme on L* color value and total color change (ΔE) of bread crumb (**p < 0.01) 
(mean ± standard error).

Enzyme 
Sources ΔE
Control        --
Wheat         3.43 ± 0.003f

Barley         2.87 ± 0.000h

Rye 2.37 ± 0.000i

Triticale      3.58 ± 0.000e

Millet          5.50 ± 0.001c

Corn           5.82 ± 0.002a

Oat             4.76 ± 0.005d

Paddy         5.71 ± 0.000b

Enzyme      3.08 ± 0.010g
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formation of cross-links between partially dissolved starch 
and gluten proteins. All undesirable changes that occur 
upon storage are called staling (Tamani et al., 2013). As 
starch retrogradation occurring during storage caused the 
increased rigidity in the crumb matrix (Arslan, 2018), the 
increase in storage time caused a significant increase in the 
bread firmness values. With the increase of storage time, 
the highest increase (110%) in firmness was observed in 
oat malt-added bread, while the lowest increase (21%) was 
seen in rye-malt-added bread. The freshness of bakery 
products, especially for bread, is generally demanded by 
consumers. The most important parameter determining 
the perception of freshness is the softness of the bakery 
product and it is generally considered that the softer the 

bakery product is, the fresher it is. However, in bakery 
products with a soft internal structure such as bread, it is 
desired that this softness should be maintained or firmness 
should not increase too much with storage (Karaoğlu and 
Kotancılar, 2005). In this study, when the hardness values 
of both the 1st and 3rd days were taken into consideration, 
it was seen that the use of barley, rye, corn, oat malt, and 
the commercial enzyme provide better results compared 
to the control group bread sample.

Cohesiveness, the ratio of the second positive area to 
the first positive area in the TPA graph (Uslu et al., 2010), 
is a measure of the degree of difficulty in breaking down 
the flesh internal structure (Yang et al., 2007). Breads 
with low cohesiveness are more susceptible to fracture 

Figure 3. Influence of malt flour and enzyme on specific volume of breadFigure 3: Influence of malt flour and enzyme on specific volume of bread
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and crumble. Therefore, breads with high cohesiveness 
value are more preferred (Demirkesen et al., 2014). Breads 
with high cohesiveness values allow a bolus to be formed 
during mastication instead of breaking up (Martínez et al., 
2013). In breads produced with the addition of malt flours 
obtained from different grains, the highest cohesiveness 
value was determined in rye-malt-supplemented recipe, 
while the lowest values were achieved when paddy malt 
and commercial enzyme were supplemented (Figure 
5). Apart from wheat, barley, rye, and oat malt, all other 
enzymatic additives were effective in decreasing the 
cohesiveness value, compared to the control bread. When 
storage time increased from day 1 to day 3, the cohesiveness 
value increased in triticale malt and commercial enzyme 
added-bread, while it decreased in other bread samples. 
The cohesiveness of bread is influenced by the gluten 
amount and quality of flour, as well as the gelatinization 
and hydrolysis properties of starch molecule (Hayıt and 
Gül, 2017). Gluten index is an indicator of gluten strength, 
as well as a parameter which simultaneously defines its 
quantity and quality. In general, bread samples obtained 
from flours with high gluten index (Table 2) exhibited high 
cohesiveness values.

While the highest springiness values   were determined 
in breads with rye, wheat, oat, triticale malt, and control 
bread, this value was lowest in bread made using 
commercial enzyme (Figure 6). An increase in the storage 
time caused a small increase in springiness of bread 
containing barley malt, while it had a decreasing effect 
on all other bread samples. In this study, α-amylase of 
bacterial origin (Bacillus subtilis) was used as commercial 

enzyme. The thermal stability of bacterial amylolytic 
enzymes is higher than those of cereal malt flour. These 
enzymes retain their activity better during the baking of 
the bread and after the bread is baked, it breaks down the 
gelatinized starch in the bread, which softens the bread 
crumb and reduces its elasticity (Elgün and Ertugay, 2002). 
Therefore, the springiness value of commercial enzyme 
added-bread was found to be quite low, compared to other 
enzyme sources. As seen in Figure 4, the fact that the 
crumb firmness values of breads containing commercial 
enzymes are quite low also supports this effect. Springiness 
is an important quality parameter of the bread which 
reflects the softness, and its ability to get back to its 
original condition when subjected to different handling 
conditions (Paul et al., 2019). From this point of view, it 
is important that the bread firmness should be evaluated 
together with elasticity, and the bread firmness value is low 
and the elasticity value is as high as possible. However, the 
factors that generally reduce the firmness of bread crumb, 
which makes the bread crumb too soft, also reduce the 
elasticity of the crumb. Therefore, it is more desirable to 
have a balance between crumb firmness and springiness. 
As in commercial enzyme-added bread, the low firmness 
and springiness values of the bread crumb show that the 
bread crumb has a more doughy structure since it is softer 
but not elastic.

Chewiness is the energy required to chew a solid food 
product to a state where it is ready for swallowing, and 
it is calculated as the product of hardness, cohesiveness, 
and springiness (Peng et al., 2017). Therefore, changes 
in crumb chewiness generally reflected the changes in 

Figure 5. Influence of malt flour and enzyme on cohesiveness of bread crumb. 
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firmness, cohesiveness, and springiness (Onyango et al., 
2010). As with the springiness and firmness values, the 
highest chewiness value was determined in control bread, 
though the lowest value was determined in commercial 
enzyme added-bread (Figure 7). The increase in storage 
time increased the chewiness values in all bread samples 
and this increase was higher in control samples, compared 
to others. In both first and third days of storage, adding of 
enzyme active malt flour and commercial enzyme to flour 
was effective in reducing the chewiness value of bread. 
Chewiness and firmness are negatively correlated with pan 
bread quality (Ning et al., 2017). Compared to the control, 
there was a significant decrease in the chewiness and 
firmness values of the breads with malt flour. Therefore, 
it is possible to say that the addition of enzyme-active 
malt flour has a positive effect on the quality of breads. We 
hypothesized that firmness and chewiness decreased with 
the addition of malt flour because amylolytic hydrolysis 
of gelatinized starch destroyed the three-dimensional 
polymer network in the crumb.

As seen in Figure 8, the adhesiveness value was quite 
high in commercial-enzyme-added bread, compared to 
others. While the increase in storage time was effective 
in decreasing the adhesiveness values of bread crumb 
containing wheat, triticale, corn, oat, and paddy malt 
additives, it was effective in increasing in other bread 
samples. Adhesiveness, work required to overcome the 
attractive forces between the surface of the food and the 
surface of the material responsible for the deformation, is 
an indicator of the degree of adhesion to the teeth during 
food chewing (Carocho et al., 2020). It was reported that 
the adhesiveness values of bread crumb decreases with 

increasing storage time (Demiray et al., 2015; Paciulli et 
al., 2016; Rinaldi et al., 2017; Barışık and Tavman, 2018) 
and increases with increasing amylolytic enzyme activity 
(Onyango et al., 2010). In the present study, the adhesiveness 
values (data not given) measured after 5 days of storage 
decreased in all bread samples, except for bread to which 
commercial enzyme was added. However, the adhesiveness 
values in bread samples made using commercial enzymes 
continued to increase after 5 days of storage, unlike other 
breads. Since the commercial enzyme (α-amylase) used 
in this study is of a spore forming bacterial origin, its 
thermostability is expected to be higher. Upon baking the 
bread, this perhaps results in showing residual activity 
during the storage period and increases the adhesiveness 
of the bread crumb. As expected, in agreement with the 
increase in crumb adhesiveness and softness of bread; the 
firmness, cohesiveness, springiness, and chewiness values 
were found to be lowest in commercial enzyme added-
breads.

4. Conclusion
The germination process to increase the enzyme activity 
in cereal grains caused color changes in the flour obtained 
from these grains, and those changes were also reflected 
in the color values   of bread crumb. The germination 
process significantly increased diastatic activity in all 
grains, especially in barley, millet, corn and paddy. Malt 
flours obtained from different grains were added to the 
bread flour to provide 274 seconds of FN (the ideal level of 
enzymatic activity in bread flours). Addition levels of malt 
flours varied between 0.57% (barley malt) and 1.90% (oat 
malt), were depended on the type of grain. The addition 
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of different malt flours and commercial enzyme did not 
have a significant effect on the wet gluten, dry gluten and 
Zeleny sedimentation values   of bread flour, while they 
exerted a significant effect on the gluten index and Zeleny 
sedimentation values. Considering the gluten index and 
the kept Zeleny sedimentation values, it is possible to say 
that the malt flour added to increase the diastatic activity 
of the flour does not adversely affect the protein quality 
of the flour. Addition of rye, triticale, corn, oats, paddy 
malt and commercial enzyme had a positive effect on 
the specific volume values of bread samples. In terms of 

firmness, which was an important quality parameter of 
bread, it was seen that the use of enzyme active malt flour 
and commercial enzymes gave better results compared to 
the control sample. However, it is possible to say that the 
commercial enzyme addition does not give better results, 
compared to malt flours, as it reduces the springiness value 
of the bread and increases the adhesiveness value too much. 
Considering all the bread quality characteristics, it was 
concluded that enzyme active rye, oats, corn, barley and 
paddy malts can be used to increase diastatic activity in 
bread flours without disturbing other quality parameters.
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Figure 8. Influence of malt flour and enzyme on adhesiveness of bread crumb.
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