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ABSTRACT

This study was to evaluate alpha-amylase and
xylanase activities in flours of different wheat varie-
ties. Various physicochemical characteristics of
flours were studied. Thermal properties of pre-
pared doughs were measured from its freezing
curves. Alpha amylase and xylanase activities
were assessed for doughs during 70 days of fro-
zen storage at -18+2°C. Residual enzyme activities
of pan breads made from frozen doughs were de-
termined after 72 h of baking. Data revealed that,
the variations in the proximate chemical composi-
tion among tested wheat flours could be attributed
to the difference of wheat varieties and efficiency
of milling process. Damaged starch (DS, %) was
significantly (p<0.05) higher in Shandaweel 1 flour
(F1) and the mixture of F1 and F2 with 1:1 ratio
(w/w) (F4) than in Sakha 94 flour (F2) and the local
wheat flour (F3). Using of compressed yeast in
dough preparation results in a considerable decline
of freezing point which may be attributed to the
difference in the amount of free water. The end
freezing point ranged from -16°C to -9°C. Flours
were significantly (p<0.05) differed in their enzyme
activities where, F4 had the highest a-amylase
activity followed by F2, F3 and F1, respectively.
Whereas, xylanase activity was higher in F1 than
in other tested flours. Dough samples had higher
enzyme activity comparing to flour samples that
were made from. A significant (p<0.05) increase in
a-amylase activity was recorded by extending the
frozen storage period of dough up to 70 days at -
18+2°C; while it declined significantly (P<0.05)
after bread baking as a result of the inactivation
effect of baking temperature. Xylanase activity
significantly (p<0.05) increased during the first 14
days of dough frozen storage then decreased

gradually till the end of frozen storage period owing
to the increase of pH values. Also, xylanase activi-
ty has the same behavior as a-amylase for pan
bread. There was a strong relationship between
the storage time of dough and enzyme activities.
The longer the frozen storage time of dough at -
18°C, the higher the decrease of bread residual
enzyme activities. However, enzyme activities in
the doughs and pan breads strongly depended on
the flour and yeast types. Pan breads prepared
from doughs with a high alpha-amylase activity
had better specific volumes.

Key words: Wheat flour quality, Freezing curves,
Frozen dough, Amylase activity, Xylanase activity,
Specific volume.

INTRODUCTION

There are many varieties of wheat all over the
world which are used for bread making (Baratto et
al 2015). The quality of baked products is affected
by the phenotypes and genotypes of wheat
(Gholamin and Khayatnezhad, 2011).

Mature wheat grains contain several enzymes
such as amylases, proteases, lipases and oxidas-
es which vary in their activities due to the changes
in the environmental conditions during growing and
harvesting, and the genetic differences among
wheat varieties. Some of these enzymes are active
in different phases of wheat utilization in food
manufacturing (storage, milling, mixing, leavening,
kneading, shaping and baking). It is worth mention-
ing that the activity of endogenous enzymes in
flour strongly affects the quality and nutritional
properties of the end products and influences the
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behavior of raw materials during processing
(Hidalgo et al 2013). Also, these enzymes play
critical roles in cereal processability (Basinskiene
et al 2011). Rani et al (2001) reported that,
xylanase and amylase activities have a great im-
pact on the functional properties of the flour.

Alpha-amylase (EC 3.2.1.1) is one of the most
important endoenzymes that catalyzes the starch
degradation by randomly hydrolyzing the a, 1-4
bonds, resulting in the formation of linear and
branched oligosaccharides, maltotriose, maltose
and glucose but unable to cleave a, 1-6 bonds.
The a-amylase directly influences the water ab-
sorbance of flours, the viscosity of mixes, the fer-
mentation activity of dough and the quality of end
products. In fact, the higher the activity of a-
amylase, the lower the value of falling number and
the more the reduction in viscosity. Moreover, a-
amylase activity is often assessed to deduce the
manufacturing quality of flours (Hidalgo et al
2013). In addition, amylases can reduce the firm-
ing rate of bread crumb, have an anti-staling action
which has been ascribed to the modification of
retrogradation behavior for the hydrolyzed starch
(Miguel et al 2013).

Xylanase (endo-1,4-B-xylanase, EC 3.2.1.8)
catalyzes the endohydrolysis of 1,4-B-D-xylosidic
bonds in xylan and arabinoxylan (Courtin and
Delcour, 2002), consequently promoting the redis-
tribution of water in dough, thus modifying the
functionality of arabinoxylans (AXs) during baking
(Lebesi and Tzia, 2012). Moreover, Steffolani et
al (2010) reported that xylanase plays a significant
role in increasing the shelf-life of bread and have
an anti-staling action during the bread storage. The
effects of xylanase on dough properties and bread
quality depend on flour quality, recipe and proce-
dure of dough preparation as well as the bread
type (Kornbrust et al 2012).

The breadmaking process starts with the dough
formation throughout mixing of flour, water, yeast,
salt, sugar and oil. Flour particles are hydrated
during mixing, and dough develops once gluten
proteins form a continuous cohesive network in
which the starch granules are distributed. An opti-
mal gluten network gives dough machinability,
good gas retention, high volume of the bread and
fine structure of the crumb. The characteristics of
the final product are affected by physical and
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mechanical mixing, catalytic reactions of enzymes
and the thermal effects (baking time and tempera-
ture) (Miguel et al 2013).

Freezing is one of the acceptable methods
used for the preservation of dough. However,
freezing conditions affects the properties of the
dough and the baking quality of final bread. Re-
cently, the production of frozen dough has consid-
erably increased as a result of direct sales to cus-
tomers and the increasing of the number of in-
store bakeries (Salas-Mellado and Chang, 2003).
On the other hand, Selomulyo and Zhou, (2007)
mentioned that, the storage of frozen dough for a
long time cause a gradual loss of gluten matrix
strength, a reduction of gas retention, a loss in
yeast viability and a long time of proofing owing to
the ice recrystallization. Such effects negatively
influence the volume of loaf, the texture of crumb
and the sensory attributes of the bread. These
undesirable effects can be reduced by controlling
the formulation of the dough. The deterioration of
the quality of frozen dough could be ascribed to
the redistribution of water (Hamed et al 2015) and
the formation of ice crystals (Kim and Koh, 2002).
The present study aimed to study the physico-
chemical properties of flour from two Egyptian
wheat varieties and compare them with those of
local wheat flour sample which were used in pan
bread making. The activities of a-amylase and
xylanase of different prepared doughs and pan
breads during their storage were determined. a-
amylase activity was also used to predict the shelf-
life of frozen doughs.

MATERIALS AND METHODS

Materials

Two Egyptian wheat varieties (Triticum aes-
tivum L.), including Sakha 94 and Shandaweel 1,
were purchased from Field Crops Research Insti-
tute, Agricultural Research Center, Giza, Egypt
during season of 2016/2017 and 20 Kg's of wheat
flour (72% extraction) were obtained from Amoun
for Milling Company, Giza, Egypt. Instant active dry
yeast (Saccharomyces cerevisiae), crystal white
sugar, salt and sunflower oil were purchased from
the local market, Cairo, Egypt. Fresh compressed
baker's yeast was obtained from Al- Hawamdia
Co., Giza, Egypt. All chemicals used were of ana-
lytical grade.
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Dough Prepared From Flours of Different Wheat Varieties

Methods
Technological Methods
Preparation of wheat samples for milling

Milling of wheat samples was carried out in the
Egyptian Center for Milling Technology, Cairo,
Egypt. Initially, twenty Kg's of each wheat were
cleaned by Carter device (Carter-Day Company) to
remove dirt, impurities and other foreign grains.
After conditioning to 14% moisture and tempering
for 24 h, the wheat grains were milling in a Quad-
rumat Junior Mill (Wichita, Kansas, USA). Then,
the whole meal was sieved through a 60-mesh
sifter (Leavenworth, Kansas, USA) to obtain flour
with 72% extraction.

Pan bread making

Bread samples were prepared with the flour of
Egyptian wheat varieties Shandaweel 1 (F1) and
Sakha 94 (F2), flour of Amoun Co. (F3) and a mix-
ture of F1 and F2 with 1:1 ratio (w/w) (F4). The
method of Bae et al (2014) was applied as follows:
the dough recipe consisted of 100% wheat flour
(14% moisture basis), 2% instant dry and/ or com-
pressed yeast, 6% sugar, 1.5% salt and 3% oil.
The optimum water absorption and dough devel-
opment time were determined from the Farino-
graph results. Eight bread formulas were prepared
using the same quantity of all ingredients, four of
them were prepared from F1, F2, F3 and F4 with
the instant active dry yeast (A, B, D and AB, re-
spectively) whereas, the other four were prepared
with the compressed yeast (AC, BC, DC and ABC,
respectively). For each formula, ingredients were
mixed in a spiral mixer (KRUS model KMB400S,
China) till the optimum dough consistency was
obtained. After resting for 15 min at room tempera-
ture (25+2°C), dough was divided into 150 g piec-
es, rounded, shaped by hand into 10 cm diameter
and 1 cm thickness then packaged in polyethylene
bags. Thereafter, dough pieces were frozen in a
no-frost freezer (Kiriazi, Cairo, Egypt) at -18+2°C
(to, slow freezing). After completely freezing, the
doughs were stored at -18+2°C for 70 days.

At regular intervals during frozen storage (eve-
ry 14 days), the frozen doughs were placed in an
incubator at 30°C and 70% relative humidity (RH)
till the temperature at the center of the dough piec-
es, measured by thermocouples, reached 2°C.
After thawing, a sample of each dough was taken
for measuring the pH and both of a-amylase and

xylanase activities. Other samples were punched
with a dough sheeter, hand-molded, panned in
metal bans and proofed in a fermentation incubator
at 30°C and 85% RH for 1 h. Then, doughs were
baked in an electric oven at 230°C for 20 min. After
1 h of baking, specific volumes of pan breads and
activities of a-amylase and xylanase were deter-
mined.

Analytical Methods
Physicochemical characteristics

Moisture, ash, protein (N x5.7), total lipids, glu-
ten content (wet, dry gluten and gluten index),
damage starch level, falling number, liquefaction
number (LN) of the wheat flour samples and pH
values of the doughs were determined according
to the methods of AACC, (2012).

Freezing curves and thermal properties

Time-temperature profiles (freezing curves)
were recorded in the core of the dough using K-
type thermocouples. Thermal properties for differ-
ent dough samples (freezing point, time of precool-
ing, super cooling temperature and end freezing
point) were obtained from the freezing curves. En-
thalpy and % freezable water were calculated from
Enthalpy — composition chart for dough.

Determination of the enzyme activity

Alpha-amylase activity

The method of Rosell et al (2002) was applied
to prepare the enzyme extract of a-amylase which
used for enzyme assay. The a-amylase activity
was determined according to the method of
Bernfeld, (1955) by monitoring the absorbance at
540 nm. Maltose was used as a standard and the
results were expressed as pmole of maltose liber-
ated / min at pH 5 and 37°C (Rani et al 2001).

Xylanase activity

Xylanase was extracted as described in the
method of Simsek et al (2010) and its activity was
determined according to the method described by
Miller, (1959) using beechwood xylan as a sub-
strate and 3,5-dinitrosalicylic acid (DNS) to meas-
ure the amount of the xylose produced by the xy-
lanase at 540 nm. One unit of xylanase activity
was defined as pmole of xylose liberated / min at
pH 4.5 and 40°C.
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Specific volume of pan bread

After 1 h of cooling at 25+2°C, each loaf was
weighted in grams and loaf volume (cm3) was
measured using rapeseed displacement method
according to the method of AACC, (2012). Specific
loaf volume was calculated as cm®g by dividing
the volume of the bread loaf by its weight.

Statistical analysis

The data were statistically analyzed using the
Statistical Analysis System software (SAS, 2004)
by one-way analysis of variance (ANOVA). Differ-
ence among mean values were compared using
Duncan’s Multiple range test at a significant level
of 95% (p<0.05). Linear regression analysis was
carried out using Microsoft Excel as follows:

y=a+b(x)

Where, (y), (o) and (b) are a-amylase (ug malt-
ose/ml/min) or xylanase (ug xylose/ml/min) activi-
ties, intercept and slope, respectively and x is the
frozen storage period of dough at -18°C (in days).

RESULTS AND DISCUSSION

Physicochemical characteristics of wheat

flours

The physicochemical parameters of different
wheat flours are presented in Table 1. Results
revealed that, the percentages of moisture, protein,
ash, lipids and total carbohydrates (calculated by
difference) for F1, F2, F3 and F4 ranged between
10.71-11.71%, 11.48-11.71%, 0.43-0.50%, 0.61-
1.10% and 75.27-76.59%, respectively. The mois-
ture content was significantly (p<0.05) lower in F3
than in other tested flours. The mixing of F1 and
F2 didn't affect significantly the moisture content.
Where, there was a non-significant difference
(p=20.05) among F1, F2 and F4 flour samples.
Moisture content is an essential estimation for
evaluating the flour quality because it affects the
enzyme activity and the mixing properties of
dough. On the other hand, the protein content was
significantly (p<0.05) higher in F1 and F4 than in
F3 and F2 samples. Non-significant difference
(p=0.05) was observed in ash content for all tested
flour samples. Also, F3 showed the lowest lipids
content and the highest level of total carbohydrates
compared with other tested samples. The varia-
tions in the proximate chemical composition of
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tested wheat flours could be attributed to the dif-
ferences of wheat varieties and the efficiency of
milling process (Stathopoulos et al 2008).

The wet gluten content for all tested flours was
more than 22%. These results are similar with
those of Paucean et al (2016) who mentioned that
the minimum value of wet gluten for the wheat flour
used in bread making shouldn't be less than 22%.
Moreover, the dry gluten contents were 8.97%,
10.17, 8.67 and 9.80% for F1, F2, F3 and F4, re-
spectively. Amjid et al (2013) and Ferrari et al
(2014) reported that, gluten quality and quantity
affects the functional properties of flour and the
quality of bakery products. Data also showed that,
F3 recorded the highest value of gluten index
(96.21%) followed by F4 (91.53%), F2 (88.79%)
and F1 (86.48%). The wheat flours with gluten
index in the range of 75-95% provides the optimal
bread making quality (Curic et al 2001). The ob-
tained results also indicated that, F2 had the high-
est specific sedimentation value (2.67) followed by
F4 (2.31), F3 (2.20) and F1 (2.05). The specific
sedimentation value gives an idea about the quali-
ty of the gluten and the bread loaf volume (Gomez
et al 2011).

The falling number (FN) is an important quality
characteristic of cereal products (Struyf et al
2016). Flours with a high FN (>350 s) have a re-
duced capability to form fermentable sugars
(Codina and Leahu, 2009), while flours with a low
FN (<250 s) yielded dough that is difficult to handle
and bread with a sticky crumb (Every and Ross,
1996). To avoid this quality loss Goesaert et al
(2009) reported that the FN of flour should be ad-
justed to 250-300 s. The FN of the tested flour
samples ranged between 365 sec for F3 and 451
sec for F1. These results were in the range meas-
ured by Rakita et al (2015). Damaged starch (DS,
%) was significantly (p<0.05) higher in F1 and F4
than in F2 and F3 samples. Mixing of F1 and F2
significantly (p<0.05) reduced the FN value as well
as increased the liquefaction number (LN) and DS
level. According to Kornbrust et al (2012), the
amount of DS is dependent on wheat hardness
and milling conditions.
Thermal parameters of different
doughs during freezing

prepared

Data in Table 2 shows thermal properties for
various prepared doughs. Regarding freezing point
(tr), data revealed that, the t; values of the doughs
contained instant dry yeast was in the range of -3
(A) and -5°C (AB). While it was in the range of -1
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Effect of Alpha-Amylase and Xylanase Activities on Properties of Frozen
Dough Prepared From Flours of Different Wheat Varieties

Table 1. Physicochemical properties of different wheat flours

Flour samples

Parameters F1 F2 F3 F4
Moisture (%) 11.71~ 11.534 10.718 11.334
Crude protein (%)* (Nx5.7) 11.71~ 11.48¢ 11.588 11.684
Ash (%)* 0.46% 0.43~ 0.50% 0.44A
Lipids (%)* 0.868 0.738¢C 0.61¢ 1.10A
Total carbohydrates (%)* 75.27¢ 75.848 76.594 75.44¢
Wet gluten content (%)** 26.708 29.47A 23.03¢ 26.838
Dry gluten content (%)** 8.978¢ 10.174 8.67¢ 9.80"8
Gluten index (%) 86.48° 88.79C 96.21A 91.538
Specific Sedimentation value** 2.05P 2.67A 2.20¢ 2.318
Falling Number (FN, sec.)** 4514 4488 365P 428°¢
Liquefaction Number (LN)** 14.95P 15.09¢ 19.05% 15.898
Damaged starch (DS, %) 6.40° 5.108 4,738 6.67°
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* On dry basis ** On 14% moisture basis.

LN = 6000/ (Falling Number-50).

-Means followed by different capital letters in the same row are significantly different (p<0.05).

Table 2. Thermal properties of different prepared doughs during freezing at -18+2°C

Freezing parameters of dough

Dough Time of precooling ts (°C) te AH a
Samples | ti (°C) (min) ts1 ts2 tss | (°C) | (Kcal/Kg) | (%)
A -3 100 -8 -5 -6 -14 39 60

B -4 115 -6 -16 39 58

D -4 75 -5 -5 -14 36 50
AB -5 120 -6 -12 39 55
AC -1 140 -2 -9 34 50
BC -1 115 -3 -12 38 53
DC -1 90 -3 -4 -14 37.5 53
ABC -2 90 -5 -14 37 55

ti: freezing point, ts: super cooling temperature, te:

a: % freezable water.

for AC, BC and DC, and -2°C for ABC. Therefore,
the difference of yeast type affects the tr values
which can be explained by the difference of tissue
structure, cell juice concentration and heat ex-
change conditions (Kozlowicz and Kluza, 2001).
On the other hand, it could be noticed that, the
time of precooling was lower in D (75 min) followed
by DC and ABC (90 min), A (100 min), B and BC
(115 min), AB (120 min) and AC (140 min). Such
differences may be due to the variation in wheat
variety and the type of yeast. Also, some of the
dough samples clearly had more than one point of
super cooling (ts) i.e. A, D and DC.

For the end freezing point (te) that correlated
well with to, results showed that, it ranged from -
16°C for B to -9°C for AC. Using of F4 with active

end freezing point, AH: enthalpy and

dry yeast in dough preparation cause an increase
in te value compared with the value of te for doughs
made from F1 or F2. While, a decrease in te value
was recorded when F4 and compressed yeast
were used for dough preparation in comparison
with that prepared from F1 and F2. Such findings
probably attributed to the decrease in free water
amount in the first case (lower a value), and vice
versa in the second case (higher a value).
Concerning the proportion of freezable water
(a,%) and enthalpy (AH), results indicated that, the
fraction of un-freezable water almost varied from
0.4 g/g of dough (A) to 0.5 g/g of dough (D and
AC). These values are higher than those reported
by Matuda et al (2011). Such variations in un-
freezable water content are probably due to the
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differences in dough formula, cooling rate and
freezing procedure. Laaksonen and Roos, (2000)
noted a low value of the un-freezable water (0.35¢g
water/g solute) when the dough formulation con-
tained a large amount of maltose.

Alpha-amylase activity in tested wheat flours

a-amylase activity in different wheat flours is
given in Table 3. Results showed that, there were
significant (p<0.05) differences in a-amylase activi-
ty among flour samples. Where, F4 had the high-
est a-amylase activity followed by F2, F3 and F1,
respectively. a-amylase activity in F2 was approx-
imately more than two times comparing with the a-
amylase activity in F1. The mixing of F1 and F2
significantly (p<0.05) increased the activity of a-
amylase compared with F1 which had the lowest
value of a-amylase activity. The a-amylase activity
in F1 was less than the range estimated by Rani et
al (2001), but F2, F3 and F4 were in the range.
The variations in a-amylase activity which have a
strong influence on the quality of flour and end
products may be due to the impact of cropping
environment, the genetic differences among wheat
varieties (Mares and Marva, 2008) and the effect
of milling process on DS level (Struyf et al 2016).
These observations coincide with those of Hidalgo
et al (2013).

Table 3. Alpha-amylase activity in different wheat
flours

Flour a-amylase activity (umole
samples maltose/ml/min)
F1 0.144P
F2 0.3708
F3 0.276°¢
F4 0.450"

- Means followed by different capital letters in the column
are significantly different (p<0.05).

Alpha-amylase activity in different prepared
doughs

The effect of frozen storage at -18+2°C on a-
amylase activity in different prepared doughs con-
tained instant dry or compressed yeast are shown
in Table 4. It could be noticed that, the dough
samples had higher enzyme activity comparing to
flour samples which were made from. Such find-
ings are coincide with Rani et al (2001) who men-
tioned that, amylases become active and affect the
functional properties of the dough as a result of
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adding water to flour. The initial activity of a-
amylase in the fresh doughs was significantly
(p<0.05) differed where, ABC recorded the highest
activity of a-amylase followed by BC, AB, B, both
of AC and DC, D and A, respectively.

On the other hand, results showed a significant
(p=0.05) increase in a-amylase activity by extend-
ing the frozen storage period of dough up to 70
days at -18+2°C. These results suggest that the
changes in pH values (Fig. 1) correlated well with
the enzyme activity. After 70 days of storage at -
18°C, the A sample had the lowest a-amylase ac-
tivity followed by D, AC, DC, both of B and AB, and
both of ABC and BC, respectively. In this context,
Struyf et al (2016) reported that a-amylase activity
is a limiting factor for the release of reduced sugars
in dough during mixing and fermentation.

Additionally, Table 5 illustrates the equations
that expect a-amylase activity in different prepared
doughs within any period of frozen storage at -
18+2°C. The regression analysis indicated that
there was a strong correlation between storage
time and a-amylase activity (R? were in the range
of 0.870 - 0.995). These equations could be valua-
ble in the identification of the optimal time of dough
frozen storage through associating the enzyme
activity with the quality characteristics of dough
(e.g. rheological parameters and fermentation ac-
tivity) and bread made from them (e.g. specific
volume, crumb texture, crust color, staling rate and
sensory properties). They also may be used as a
guide for determining the most suitable treatments
for bread making.

Alpha-amylase activity in different pan breads
made by frozen doughs

Data in Table 6 shows the a-amylase activity in
different pan breads made by frozen doughs after
1 h of baking and storage at 25+2°C. Generally,
data concluded that, the a-amylase activity of
breads was affected by the flour and yeast types,
as well as the storage time of frozen dough at -
18+2°C. Where, the pan breads made from F2
significantly (p<0.05) recorded higher a-amylase
activity than those prepared by F1 or F3 whether
yeast was used in fresh or instant dry form. When-
ever using the same type of flour, a-amylase activi-
ty was significantly (p<0.05) higher in pan breads
prepared using compressed yeast than those pre-
pared using active dry yeast. These values of
bread a-amylase activity were lower than those
reported by Hemalatha et al (2010). Such varia-
tions may be due to the differences of tested wheat
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Table 4. Alpha-amylase activity in different prepared doughs during 70 days of storage at -18+2°C

a-amylase activity (umole maltose/ml/min) during frozen storage period (days
Dough samples g ylgp 28 : 42 : 56 =5 7(0 )
0.218Ff 0.373F¢ 0.428Hd 0.677¢¢ 0.802Hb 0.927Fa
B 0.501¢ 0.541¢¢ 0.629> 0.920P¢ 1.065P° 1.21082
D 0.301F 0.412Fe 0.470¢d 0.729F¢ 0.859¢b 0.988E2
AB 0.5408f 0.6318¢ 0.718¢ 0.966¢¢ 1.091¢p 1.21582
AC 0.434°f 0.484P¢ 0.524Fd 0.828F¢ 0.955 1.081ba
BC 0.55568¢ 0.6994° 1.25342 1.25142 1.250%2 1.25042
DC 0.434°f 0.478P¢ 0.5768d 0.825F¢ 0.976F° 1.127¢a
ABC 0.6604f 0.693"¢ 0.8358¢ 1.0438¢ 1.1488° 1.25272

-Means followed by different capital letters in the same column are significantly different (p<0.05).
-Means followed by different small letters in the same row are significantly different (p<0.05).

Table 5. Prediction equations of alpha-amylase activity in different prepared doughs
during storage at -18+2°C

Dough samples Prediction equations of a-amylase activity R?
A y =2.619 (x) + 77.79 0.992
B y =2.808 (x) + 151.5 0.980
D y =2.604 (X) + 97.49 0.991
AB y =2.588 (x) + 178.1 0.995
AC y=2.582 (X) + 129.6 0.972
BC y = 6.459 (x) + 185.7 0.870
DC y = 2.696 (x) + 130.8 0.983
ABC y =2.345 (x) + 215.8 0.993

Table 6. Alpha amylase activity (umole maltose/ml/min) in pan breads made by frozen doughs after 1 h of
baking and storage at 25+2°C.

Alpha-amylase activity in pan breads made by frozen doughs stored at -
Pan bread samples 18+2°C for

0 14 days 42 days 70 days

A 0.56162 0.4756b 0.386F¢ 0.273¢4
B 0.752¢2 0.639¢° 0.5068¢¢ 0.460%¢
D 0.583% 0.4907° 0.398P¢ 0.325
AB 0.733P2 0.633¢° 0.534ABCc 0.442bd
AC 0.661%2 0.590%° 0.44QCPEc 0.3468
BC 0.786852 0.6578% 0.549A8b 0.51580
DC 0.731Pa 0.611P° 0.4918¢be 0.097Hd
ABC 0.857/2 0.674° 0.6184° 0.555/¢

-Means followed by different capital letters in the same column are significantly different (p<0.05).
-Means followed by different small letters in the same row are significantly different (p<0.05).
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varieties, flour extraction rate and the bread type.
Moreover, Poutanen, (1997) mentioned that the
extent of a-amylolysis during baking depends on
the activity of the enzyme at the rather low water
content and on its stability at the elevated tempera-
ture of baking. Results also indicated that, the ini-
tial activity of a- amylase was significantly (p<0.05)
lower in A followed by D, AC, both of DC and AB,
B, BC and ABC, respectively. Additionally, the bak-
ing of pan bread caused a reduction in the activity
of a-amylase. Despite the reduction effect of bak-
ing temperature on the enzyme activity, an incre-
mental pattern in a-amylase activity was noticed
for all fresh pan breads comparing with the a-
amylase activity in dough that were made from
(Table 4). Such increase could be associated with
the substantial increase of enzyme activity during
the fermentation period prior to the bread baking.
Furthermore, by extending the frozen storage
time of doughs up to 70 days at -18+2°C, a signifi-
cant (p<0.05) reduction in a-amylase activity was
investigated for all pan bread samples after baking
and storage at 25+2°C. Where, the pan bread
made by doughs stored for 70 days at -18+2°C
recorded lower a-amylase activity comparing with
pan breads made by doughs stored for 42 and 14
days, respectively. These results suggested that
the ice recrystallization that occurs during the
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frozen storage of the dough cause some confor-
mational changes which led to a significant de-
crease in a-amylase activity of baked bread.

Results in Table 7 reveal the residual activity of
a-amylase in pan breads made by frozen doughs
after 72 h of storage at 25+2°C. It could be noticed
that, by increasing the storage time of pan bread
up to 72 h at 25+2°C, a clear reduction in a-
amylase activity for all tested pan breads was ob-
served. Such decrease was strongly depending on
the wheat variety and the type of yeast. Where, BC
recorded the highest residual activity of a-amylase
followed by ABC, AB, D, DC, B, A and AC, respec-
tively. A similar trend was detected by Hemalatha
et al (2014) who found that, the higher the residual
activity of a-amylase in bread, the increase in sol-
uble starch and soluble amylose which in turn
yielded soft textured bread.

On the other hand, there was a significant
(p<0.05) decrease in the residual activity of a-
amylase in pan breads made by frozen doughs by
increasing the frozen storage period of the dough
at -18+2°C up to 70 days. Where, ABC significantly
(p=0.05) recorded the highest residual activity of a-
amylase (2.77 %) followed by B (1.92 %), AB (1.84
%), BC (1.73 %), AC (0.93 %), DC (0.70 %), A
(0.36 %) and D (0.25%), respectively.

Table 7. Residual activity of a-amylase in pan breads made by frozen doughs after 72 h

of storage at 25+2°C

Residual activity of a-amylase (%) in pan breads made by
Pan bread samples frozen doughs stored at -18+2°C for
0 14 days 42 days 70 days
A 37.77¢ 23.06EP 6.35¢¢ 0.36¢Pd
B 39.6882 30.25¢0 10.678¢¢ 1.92A8d
D 40.25B2 27.06PP 10.02¢¢ 0.250bd
AB 44.81A2 30.45¢b 11.56A8Cc 1.84ABd
AC 37.25% 30.89¢k 12.23A8Cc 0.938¢Dd
BC 46.11A2 38.07B2 17.04A8b 1.73ABCc
DC 39.7482 23.77b 11.04A8Cc 0.708¢cDd
ABC 45,5042 42,9870 17.667¢ 2,777

-Means followed by different capital letters in the same column are significantly different (p<0.05).
-Means followed by different small letters in the same row are significantly different (p<0.05).
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Dough Prepared From Flours of Different Wheat Varieties

Xylanase activity for tested wheat flours

Xylanase activity in various tested wheat flours
is presented in Table 8. Data demonstrated that,
the activity of xylanase was significantly (p<0.05)
higher in F1 than in other tested flours. Also, there
were non-significant (p=0.05) differences in xy-
lanase activity between F2 and F3 samples. Xy-
lanase activity of F2, F3 and F4 was lower than the
range estimated by Basinskiene et al (2011)
while, F1 was in the range. These differences in
xylanase activities among wheat flours may be due
to the variation in wheat variety and the extraction
rate of flour. Gys et al (2004) and Dornez et al
(2006) mentioned that there are two sources of
xylanase in wheat grains, endogenous endosperm
xylanase and external microbial xylanases (consti-
tute about 80% of total xylanase activity). It is
worth to mention that, xylanase activity affects the
water hydration properties of flour and provokes a
redistribution of water in the dough (Simsek et al
2010). Jiang et al (2005), also, observed that xy-
lanase activity influences the water absorption,
development time, and stability, thus affects the
dough strength. Xylanase activity also induces the
redistribution of water, consequently modify the
aggregation properties of gluten and changes the
viscoelastic properties of dough (Steffolani et al
2010).

Table 8. Xylanase activity in different wheat flours

Xylanase activity (umole

Flour samples
P xylose/ml/min)

F1 0.123~
F2 0.083¢
F3 0.083¢
F4 0.0958

- Means followed by different capital letters in the column
are significantly different (p<0.05)

Xylanase activity in different prepared doughs

Xylanase activity was assessed in various
freshly prepared doughs and was monitored
throughout 70 days of frozen storage at -18°C as
shown in Table 9. It could be noticed that, xy-
lanase activity was higher in all tested doughs
comparing with that of the flour that were made
from (Table 8). Meanwhile, xylanase activity was
significantly affected by the type of flour and yeast.
Xylanase activity in fresh tested doughs lies be-
tween 0.167 till 0.211 U/min. Where, it was signifi-
cantly (p<0.05) higher in AC, DC, AB and BC than
that of the other prepared doughs. In contrary, B

and ABC recorded the lowest xylanase activity.
Using of compressed yeast in dough preparation
caused a significant rise in xylanase activity com-
pared to using active dry yeast, despite using the
same type of flour except for the dough prepared
from F4. Such differences in xylanase activity can
be attributed to the variation of xylanase proportion
that could bind to its endogenous inhibitors during
enzyme extraction (Simsek et al 2010).

On the other hand, after 14 days of frozen stor-
age, a significant (p<0.05) increase in xylanase
activity was noticed in all tested doughs. Such in-
crease ranged from 0.006 U/ml in D till 0.05 U/ml in
ABC also it caused a decreasing in pH values (Fig.
1) which can be attributed to the production of
simple sugars from the hydrolysis of non-starch
polysaccharides. Subsequently, a significant
(p=0.05) decrease in xylanase activity was ob-
served by extending the frozen storage period of
doughs up to 70 days at -18+2°C. This decrease in
xylanase activity can be explained by the increase
of pH values throughout the frozen storage of
doughs. After 70 days of storage, the reduction in
xylanase activity ranged from 0.03 U/ml in B till
0.11 U/ml in AC and DC compared to its activity in
fresh doughs. Furthermore, the doughs prepared
with active dry yeast had higher xylanase activity
than that prepared with compressed yeast. Also, B
sample was significantly (p<0.05) higher in the
activity of xylanase than other tested doughs while,
AC, ABC and DC samples had the lowest xylanase
activity.

Table 10 demonstrates the equations that pre-
dict xylanase activity in various prepared doughs
within any period of frozen storage at -18+2°C. The
linear regression analysis indicated that there was
a significant correlation between the storage time
of dough and xylanase activity (R?> were in the
range of 0.816 - 0.981). It is important to mention
that, the method used for obtaining these results
use beechwood xylan as a substrate which differs
in its structure from wheat arabinoxylans (Mc-
Cleary and Mc-Geough, 2015), thus causing con-
tradictions between the activity assay and the bak-
ing results so it can't be used solely to expect the
functionalities of baking (Stinson, 2012).

Xylanase activity in different pan breads made
by frozen doughs

Xylanase activity in different pan breads made
by frozen doughs was assessed after 1 h of
storage at 25+2°C as illustrated in Table 11. Data
showed that, there were significant (p<0.05) varia-
tions in the activity of xylanase among bread
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Table 9. Xylanase activity in different prepared doughs during 70 days of storage at -18+2°C

Xylanase activity (umole xylose/ml/min) during frozen storage period (days)
Dough samples
0 14 28 42 56 70

0.1865° 0.213P2 0.190¢® 0.175%¢ 0.1598d 0.1278e

B 0.167¢¢ 0.191Fa 0.184P2 0.173%° 0.1638¢ 0.142Ad
0.1928b 0.198F2 0.19682 0.15458¢ 0.133M 0.1120e

AB 0.2094° 0.223¢2 0.140F¢ 0.131¢d 0.127bd 0.123Ce
AC 0.2114° 0.2471a 0.2087° 0.1694¢ 0.1657d 0.100Fe
BC 0.2074° 0.23082 0.1998¢ 0.174Ad 0.169%¢ 0.107"f
DC 0.2114° 0.220¢2 0.165F¢ 0.1508d 0.134Pe 0.103%
ABC 0.167¢¢ 0.216¢2 0.1948°b 0.168A¢ 0.148¢¢ 0.102E¢

-Means followed by different capital letters in the same column are significantly different (p<0.05).
-Means followed by different small letters in the same row are significantly different (p<0.05).

Table 10. Prediction equations of xylanase activity for different prepared doughs
during storage at -18+2°C

Dough samples | Prediction equations of xylanase activity R?
A y =-0.217 (X) + 35.05 0.981
B y =-0.129 (x) + 31.03 0.957
D y = -0.252 (x) + 34.38 0.952
AB y = -0.491 (x) + 38.45 0.816
AC y = -0.360 (x) + 41.81 0.947
BC y = -0.297 (x) + 38.88 0.925
DC y =-0.283 (x) + 35.08 0.937
ABC y = -0.292 (x) + 37.14 0.975

Table 11. Xylanase activity (umole xylose/ml/min) in pan breads made by frozen doughs after 1 h of bak-
ing and storage at 25+2°C

Pan bread Xylanase activity in pan breads made by frozen doughs stored at -18+2°C for
samples 0 14 days 42 days 70 days
A 0.267F2 0.232"° 0.198A¢ 0.1188d
B 0.261F2 0.220Mb 0.19458¢ 0.1287d
D 0.268E2 0.228¢b 0.149F¢ 0.104Pbd
AB 0.276%2 0.236E° 0.1416¢ 0.114¢d
AC 0.290%a 0.247° 0.181¢¢ 0.078F
BC 0.270P2 0.24580 0.170P¢ 0.097&d
DC 0.286852 0.239P> 0.181¢¢ 0.069¢¢
ABC 0.26652 0.242¢0 0.165E¢ 0.064Hd

-Means followed by different capital letters in the same column are significantly different (p<0.05).
-Means followed by different small letters in the same row are significantly different (p<0.05).
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samples which were made with different formula.
Also, xylanase activity was strongly affected by the
variety of wheat, the type of yeast used in dough
preparation and the period of dough frozen storage
at -18°C. Concerning the activity of xylanase in pan
bread made by freshly prepared doughs, it ranged
between 0.290 U/ml in AC and 0.261 U/ml in B.
These values of xylanase activity were higher than
those of the doughs which were made from (Table
9), although the reduction of enzyme activity during
baking. This may be ascribed to the significant
increase in xylanase activity during the fermenta-
tion of doughs. However, the activities of xylanase
were lower than the values measured by
Hemalatha et al (2010) as a result of the differ-
ence in the wheat varieties used and the type of
bread produced. Moreover, pan bread made from
F1 had higher xylanase activity than that of F2.
Such findings were compatible with data reported
in Tables 8 and 9. Besides, using of compressed
yeast in dough preparation with F1, F2 and F3
(AC, BC and DC) significantly (p<0.05) increased
the activity of xylanase in baked bread compared
to its activity when using active dry yeast (A, B and
D). In contrary, ABC was lower in xylanase activity
than AB. Also, there was non-significant difference
(p=20.05) in xylanase activity between A, D and
ABC.

On the other hand, by increasing the time of
dough frozen storage at -18°C up to 14 days, a
significant (p<0.05) decrease in xylanase activity
for all pan breads was observed. Despite that de-
crease, the activity of xylanase was higher in
breads than in the dough they made from except
for AC which had the same value. Such reduction
was almost varied between 0.02 U/ml in ABC and
0.05 U/ml in DC compared to its initial value in
fresh breads. Results also indicated that, by ex-
tending the time of storage for frozen doughs up to
70 days at -18+2°C, the activity of xylanase de-
creased significantly. Where, B had the highest
activity of xylanase followed by A, AB, D, BC, AC,
DC and ABC, respectively. The decrease in xy-
lanase activity of baked bread may be due to the
impact of the recrystallization of ice occurs during
frozen storage of the dough on the structure of the
enzyme.

The residual activity of xylanase in pan bread
after 72 h of storage at 25°C is shown in Table 12.
Data revealed that, there was a significant (p<0.05)
reduction in the enzyme activity compared to its
activity in bread after 1 h of baking (Table 11). A
similar behavior was recorded by Hemalatha et al

(2014) who found a significant relation between the
residual xylanase activity and the texture of bread.
Such decrease in enzyme activity depended on the
variety of wheat and the type of yeast. Concerning
pan bread made by unfrozen dough, the reduction
in xylanase activity ranged between 58.41% in BC
and 75.46 % in B. Also, the pan bread made from
F1, F2 and F3 with compressed yeast (AC, BC and
DC) retained higher xylanase activity compared to
those with active dry yeast (A, B and D). In contra-
ry, the residual activity of ABC was lower than that
of AB. Interestingly, these results were consistent
with the data in Tables 9 and 11. In addition, the
longer the frozen storage time of dough at -18°C,
the higher the decrease of xylanase residual activi-
ty in bread which varied among bread samples.
The highest values of residual xylanase activity
were found in A and B followed by AB and ABC.
While, DC and D had the lowest values (0.53 and
0.60%, respectively) where the residual xylanase
activity was about 74 and 47 times, respectively,
lower compared to that in the bread made by un-
frozen dough.

pH values of different prepared doughs

The values of pH were determined in fresh (af-
ter mixing) and frozen doughs (after thawing) as
shown in Fig. 1. The initial pH values of different
prepared dough samples were in the range of 5.25
(A) and 5.49 (ABC). The variation in pH among
fresh dough samples was relatively small, approx-
imately 0.24 units. After 14 days of frozen storage
at -18+2°C, a slight decrease in pH values was
noticed for all prepared doughs. This decrease
was correlated with xylanase activity which pro-
duces fermentable sugars that have been con-
sumed by the yeast, led to the increase in CO2
production and the decreased in pH (Haros et al
2002).

A gradual increase in pH values was observed
for different dough samples by increasing the time
of frozen storage at -18+2°C up to 70 days. Such
increase influenced the a-amylase and xylanase
activities (Tables 4 and 9). Moreover, the increase
in pH values could be attributed to the accumula-
tion of NHz groups which are resulted from the
dough weakening by the recrystallization of ice
(Kim and Koh, 2002) and to the release of reduc-
ing substances from damaged yeast -cells
(Verheyen et al 2015). The change in pH values
was little in D sample (0.003 unit/day) comparing
with the other tested dough samples. It could be
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Table 12. Residual activity of xylanase in pan breads made by frozen doughs after 72 h of

storage at 25+2°C

Residual activity of xylanase in pan bread made by frozen
Pan bread samples dough stored at -18+2°C for

0 14 days 42 days 70 days
A 27.64F2 19.57P 14.944¢ 4.43Md
24,542 17.27%° 11.77¢C¢ 4,69/
D 28.77P2 5.98Hb 0.57F¢ 0.605¢
AB 40.73B2 28.348b 7.49bc¢ 3.618d
AC 39.57¢a 21.66¢° 7.81Pb¢ 2.86¢0Pd
BC 41.59%a 30.807° 12.578¢ 2.61bd
DC 39.62¢2 13.526b 1.07E¢ 0.53F¢
ABC 27.75F2 14.607P 7.21Pc 3.488¢cd

-Means followed by different capital letters in the same column are significantly different (p<0.05).
-Means followed by different small letters in the same row are significantly different (p<0.05).
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Fig. 1. Effect of frozen storage for 70 days at -18+2°C on the pH values of different prepared doughs
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Table 13. Specific volumes of pan breads made by frozen doughs after 1 h of baking and storage at

25+2°C
Specific volumes (cm? g) of pan breads made by frozen doughs stored at -
Pan bread samples 18+2°C for

0 28 days 42 days 56 days 70 days

A 3.56P= 3.26"° 3.07%¢ 2.93M 2.90¢

B 3.598CDa 3.418¢» 3.19¢¢ 3.17¢ 3.048¢

D 3.4652 3.25P° 3.05P¢ 2.93M 2.89¢

AB 3.665¢2 3.33¢P0 3.31B0 3.21¢¢ 3.20%¢

AC 3.58¢Pa 3.29¢PP 3.09P¢ 3.020¢ 2.91¢

BC 3.6782 3.428Ch 3.34Bkc 3.308¢k¢ 3.26%¢

DC 3.64BCba 3.528° 3.378¢ 3.13¢ 3.028¢

ABC 3.79% 3.73% 3.59% 3.52% 3.30%

-Means (n=3) followed by different capital letters in the same column are significantly different (p<0.05).
-Means (n=3) followed by different small letters in the same row are significantly different (p<0.05).

noticed that, when using the same type of flour, the
pH values were higher for doughs prepared with
compressed yeast than those prepared with active
dry yeast.

Specific volumes of pan breads made from fro-
zen doughs

Specific volume of bread is an important quality
parameter which indicates dough expanding ability
and oven-spring (Giannou and Tzia, 2007). More-
over, it is an indirect evaluation of crumb structure
since too small loaf specific volume (LSV) indicates
a very compact and closed structure, while too
large LSV indicates a very open structure
(Mohamed et al 2008).

The LSV of pan breads made from fresh
doughs (without freezing) and frozen-thawed
doughs stored at -18+2°C up to 70 days are pre-
sented in Table 13. It could be observed that, the
fresh ABC exhibited significantly (p<0.05) higher
LSV value (3.79 cm? g) than other fresh breads.
While, the lowest LSV value (3.46 cm® g) was
recorded in D sample. Also, a significant (p<0.05)
reduction in LSV was observed after 28 days of
dough frozen storage for all bread samples. The
reduction in LSV could be attributed to the ice re-
crystallization  during frozen storage time
(Berglund et al 1991). Subsequently by extending
frozen storage time of different dough samples up
to 70 days at -18+2°C, the LSV of bread baked
from various tested doughs were significantly

(p=0.05) decreased. The LSV of bread samples
lies between 2.89 cm?®/ g for D and 3.30 cm?/ g for
ABC. A similar trend of LSV was found by
Giannou and Tzia, (2007) who mentioned that
bread sample is sensorially considered optimum
when its specific volume is around 1.5 cm3/ g. The
reduction percentage of LSV was comparatively
lower in BC, ABC and AB than in the other breads.
Such loss has been ascribed to the effect of freez-
ing and frozen storage of doughs on gluten weak-
ening and the reduction of both yeast viability and
activity (Steffolani et al 2012).

CONCLUSION

The results of the present study concluded that,
the physicochemical parameters and the enzymat-
ic activities of flour are highly affected by the wheat
varieties. Using of compressed yeast in dough
preparation results in considerable decline of
freezing point. a-amylase and xylanase activities
strongly affected by extending the frozen storage
period of dough up to 70 days at -18+2°C. ao-
amylase activity was also used to predict the shelf-
life of frozen doughs. The longer the frozen stor-
age time of dough at -18°C, the higher the de-
crease of bread residual enzyme activities. En-
zyme activities in the doughs and pan breads
strongly depended on the flour and yeast types.
Pan breads prepared from doughs with a high al-
pha-amylase activity had better specific volumes.
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