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Staling and moisture loss of bakery products on store shelves is
a process that causes high losses to manufacturers. This has led
researchers to seek practical solutions to reduce the rate of
staleness and, consequently, reduce waste in this category of
products. For this purpose, the present study investigated the
effect of using a mixture of enzymes (lipase, a-amylase, and
xylanase) and a mixture of emulsifiers (DATEM, CITREM,
Sodium Stearoyl 2-lactylate (SSL), and Glycerol Monostearate
(GMYS)) on levels of 0, 0.1, 0.2, and 0.3% on the quantitative
and qualitative characteristics of fermented doughnut samples.
The results showed that using a mixture of enzymes and
emulsifiers increased the moisture content, specific volume,
porosity, and decreased the parameters of texture firmness (in
both time periods of two hours and 7 days after baking), oil
absorption, and peroxide value of the product. However, the
results showed that the use of a mixture containing the
emulsifiers used increased the amount of the L* value and
decreased the amount of the a* value of the crust, while the use
of a mixture containing the enzymes used decreased the amount
of the L* value and increased the amount of the a* value of the
crust. Therefore, it can be stated that the simultaneous use of an
enzyme mixture at a level of 0.2% and an emulsifier mixture at
a level of 0.3% leads to improved technological, sensory and
shelf-life properties of fermented doughnut. Therefore, it can be
said that considering the increasing tendency of producers to
export this category of food and create higher added value, the
use of the presented formulation increases the shelf life of
doughnut, this popular snack.
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1- INTRODUCTION

Doughnuts are one of the products derived from
wheat flour and are produced in two forms:
fermented and non-fermented. The internal
structure of the fermented type is very similar to
that of semi-voluminous breads and cakes, and
the gluten network plays a fundamental role in
the quality of this category of products. A fresh
doughnut should possess a soft and flexible
texture and exude sufficient aroma and flavor.
A doughnut consists of two main parts: 1) the
fried outer layer and 2) the interior. The fried
layer is located on the surface and is in direct
contact with the oil. This part experiences the
greatest moisture loss and oil absorption, and
should ideally have a golden-brown color and a
crispy texture. As mentioned, the interior of a
doughnut is similar to a cake, and if it receives
insufficient heat during frying, starch
gelatinization is delayed. The moisture content
of the inner part is higher than that of the
surface; during storage, this causes moisture to
migrate to the fried outer layer [1]. This results
in the loss of surface crispness, one of the most
important factors leading to consumer rejection
and return of the product. Therefore, further
studies on the optimal formulation of this
product are essential.

To maintain the characteristics of the final
product during storage to maximize shelf life,
common baking industry additives can be
utilized. Emulsifiers are among the most
significant compounds in this category; some
are added to enhance dough strength, while
others are used to increase the softness of the
product’s crumb. Emulsifiers improve dough
properties and enhance crumb freshness due to
their ability to bind with gluten [2]. Emulsifiers
bind to the hydrophobic surface of proteins,
increasing the density of the gluten network in
the dough, resulting in a stronger protein
network and a higher final product volume [3].
For many years, emulsifiers such as Sodium
Stearoyl Lactylate (SSL) and DATEM have
been used in the bakery industry as dough
conditioners and crumb softeners. Surfactants
like SSL can impart strength to the dough [4].
The strengthening effect of SSL on bakery
dough is attributed to its reaction with gluten
protein during mixing, which may lead to gluten
condensation and increased dough stability [5].
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Due to the balance in its hydrophilic-lipophilic
structure, this emulsifier is widely used in the
baking industry. By engaging its lipophilic
chain with the hydrophobic domains of gluten
protein, SSL enhances dough strength.

In this regard, Van Steertegem et al., (2013)
studied the effect of mixing time and the
addition of SSL on the polymerization of the
gluten network. Their observations indicated
that the added ingredients significantly
influence the unstable structure of the gluten
network during dough mixing and baking.
Moreover, the addition of surfactants slows
gluten  polymerization during heating.
Hypothetically, this can be attributed to the
interaction between SSL and gliadin, restricting
the participation of gliadin in cross-linking.
Furthermore, during baking, a portion of the
SSL reacts with amylose. These reactions
cumulatively contribute to the strength of the
baked product’s texture [6]. Diacetyl Tartaric
Acid Esters of Mono- and Diglycerides
(DATEM) and Citric Acid Esters of Mono- and
Diglycerides (CITREM) are non-ionic oil-in-
water emulsifiers used to improve the quality of
baked goods. These emulsifiers are considered
dough strengtheners and, when added to the
dough, improve mixing tolerance, gas retention,
volume, texture, dough resistance, and slicing
characteristics [3].

On the other hand, enzymes are biocatalysts
increasingly used in the baking industry as
natural additives. Enzymes can be used to break
down carbohydrates and proteins. Considering
the quality of Iranian wheats, the major problem
facing the country’s flour is its low level of a-
amylase activity. Flours with adequate o-
amylase activity exhibit better quality and lower
staling compared to flour with low amylase
activity. If a-amylase activity is extremely low,
starch cannot be degraded, leading to the bread
becoming hard, firm, and staling faster.
Therefore, regulating a-amylase activity is
particularly important in fermented and
leavened products so the bread maintains its
softness and freshness for a long period. Among
other enzymes, xylanase, a hydrolyzing
enzyme, can be mentioned. This enzyme
specifically hydrolyzes arabinoxylan and is
widely used in the baking industry [7]. The
conversion of unextractable arabinoxylans into
extractable arabinoxylans positively impacts
baking performance [8]. During this
conversion, protein-pentosan networks are
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reduced, and bound water is released; this water
becomes available to the hydrating gluten,
resulting in a softer dough. The newly formed
network is more elastic and has an increased
water-holding capacity. In this regard, Hardt et
al., (2014) studied the effect of water content
and xylanase enzyme on the rheology of wheat
flour dough and observed that the addition of
xylanase increased dough resistance. The
hydrolysis of arabinoxylans by xylanase can
provide the released water to the gluten,
ultimately reducing the amount of additional
water needed in the dough [9].

Therefore, based on the aforementioned points,
this study aimed to investigate the effect of
using a mixture of enzymes and emulsifiers on
the quantitative and qualitative characteristics,
particularly the staling rate and shelf life, of
fermented doughnuts, in order to introduce the
best combined formulation for fermented
doughnut samples.

2- Materials and Methods

2.1. Materials

Wheat flour (refined flour) used in the
preparation of fermented doughnut samples
with 12.0% moisture, 11.7% protein, 0.64%
ash, and 26.7% wet gluten was obtained from
Quds Razavi Flour Factory (Mashhad, Iran).
The wheat flour required for the experiments
was prepared in one batch and stored in a cold
room at 4 °C. Emulsifiers were obtained from
Beldem (Belgium), enzymes from DFM
(Netherlands), and maltodextrin from Fructose
Nab Processing Company (Alborz, Iran). Other
materials required for the experiments,
including frying oil (Oila, Tehran), skim milk
powder, salt, sugar, and eggs, were purchased
from a reputable local supplier. All chemicals
were also purchased from Merck, Germany.
The yeast used in this study (Saccharomyces
cerevisiae), in the form of active dry yeast in
vacuum-sealed packaging, was obtained from
Razavi Yeast Company (Mashhad, Iran). It is
worth noting that, considering the target market
and consumers, which include children,
adolescents, and growing individuals, trans-fat-
free and cholesterol-free frying oils were used
in the formulation at the minimum frying
temperature required to produce a healthy
product. Other ingredients and materials
required for preparation were purchased from
confectionery supply stores.

2.2. Methods

2.2.1. Preparation of Fermented Doughnuts
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Doughnuts were prepared according to the
method of Entezari et al., (2016). The raw
materials of the doughnuts included 55% wheat
flour, 5% sugar, 10% eggs, 5% oil, 18.5%
water, 3% yeast, 0.2% vanilla, 2.8% milk
powder, and 0.5% salt. In this study, a mixture
of lipase, a-amylase, and xylanase enzymes was
used. For this purpose, 100 grams of each
enzyme was combined with 700 grams of
maltodextrin as a filler. Finally, this mixture
was added to the control doughnut formulation
at levels of 0, 0.1, 0.2, and 0.3% (based on the
total formulation weight). Regarding other
additives, each of the emulsifiers DATEM,
CITREM, SSL, and GMS were combined in a
1:1:1:1 ratio with respect to each other.
Subsequently, this mixture was also added to
the control doughnut formulation at levels of 0,
0.1, 0.2, and 0.3% (based on the total
formulation weight). After preparing the dough,
it was moulded with an outer diameter of 8 cm
and an inner diameter of 3 cm and spread to a
thickness of 15 mm. The moulded dough was
placed in a tray and placed in a hothouse
(backcombi model, Miwe, Germany) for 45
mins with 80% relative humidity and a
temperature of 43 °C to complete the
fermentation period [10]. Then, the doughnut
dough samples were fried in a fryer (model DF
2008S, Beem, Germany) at a temperature of
160°C for 6 mins. It is worth noting that, to
stabilize the oil temperature, the fryer was
turned on one hour before the start of frying,
and the fryer tank was filled with two litres of
frying oil. At each frying stage, two pieces of
dough were placed in the special stainless-steel
basket of the device and fried. After half of the
frying time had passed, the basket was removed
from the device, the doughnuts were turned
over, and the other side of the samples was
fried. After this step, the samples were placed
on absorbent paper to remove excess oil and
cooled (for 30 minutes at a temperature of about
25°C), and finally packaged in polyethylene
bags and stored at ambient temperature to
evaluate  quantitative  and  qualitative
characteristics [11].

2.2.2. Evaluation of Quantitative and
Qualitative Characteristics of Doughnuts
2.2.2.1. Moisture and Oil

In order to measure the moisture and oil of the
produced doughnut samples, the AACC (2000)
test was used, with numbers 16-44 and 10-30,
respectively [12].



Mehdi Ghiafeh Davoodi et al

Modifying the Formulation of Fermented...

2.2.2.2. Specific Volume

To measure the specific volume of the produced
doughnut samples, the volume replacement
method with rapeseed was used in accordance
with AACC standard No. 10-72. For this
purpose, a 25 mm cube was cut from each
sample using a serrated knife and weighed, then
placed in a cylinder with a specific volume of
rapeseed, and the increase in volume was noted.
Finally, the specific volume was reported by
dividing the volume by the weight of the
samples [12].

2.2.2.3. Porosity and Crust Color

The evaluation of the porosity and crust color of
the doughnuts was carried out using image
processing techniques. Initially, in order to
evaluate the porosity, a 25 mm long sample
piece was separated by a knife, and images were
taken from both sections using a scanner
(model: HP Scanjet G3010) with a resolution of
600 pixels and provided to Image] software.
The porosity of the samples was estimated by
calculating the ratio of light to dark spots.
Finally, the average porosity calculated for all
three sample sections was reported as the final
porosity number [13]. Next, to determine the
L*, a* and b* values, images were taken from
both upper and lower crust using a scanner and
the above indices were activated in the Plugins
section of the LAB software and the average
numbers obtained for the two crusts were
reported as color values [14].

2.2.2.4. Firmness of Texture

The firmness of the doughnut texture was
evaluated during 2h and seven days after
production by using a texture tester (model XT
plus, UK). The maximum force required to
penetrate a cylindrical probe with a flat end (2
cm diameter x 2.3 cm height) at a speed of 30
mm/min into the sample was calculated as the
firmness.

2.2.2.5. Peroxide Value

To measure the peroxide value of the extracted
oil from the produced doughnut samples, the
Iranian National Standard No. 37 was used
[15], and the calculation of the peroxide value
of the extracted oil was performed based on
Equation 1:

_ 1000xXNxV
w

P
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V is the volume of sodium hyposulfite (in mL),
N is the normality of the sodium hyposulfite
solution, W is the weight of fat in g, and P is the
peroxide value in milliequivalents of oxygen
per kg of fat.

2.2.2.6. Sensory Evaluation

A 5-point hedonic method (1: very undesirable,
2: undesirable, and... 5: very desirable) was
used to evaluate sensory characteristics such as
shape and form, porosity, firmness and softness
of texture, and smell and taste, which had rank
coefficients of 4, 2, 2, and 3, respectively. Each
of the doughnut samples was evaluated by 10
judges during 2h after baking. The overall
acceptance rate of the produced samples was
reported using equation 2.

~ X(PxG)
Q==3r
Q: overall acceptance, P: trait ranking

coefficient, and G: trait evaluation coefficient.

2.2.3. Statistical Design and Method of
Analysis of Data

The results obtained from this study were
evaluated using SPSS version 16 software. For
this purpose, a completely randomized design
with a two-factor factorial arrangement was
employed. The first factor consisted of different
levels of the mixture containing lipase, o-
amylase, and xylanase enzymes (0, 0.1, 0.2, and
0.3%). The second factor involved the levels of
the mixture containing the emulsifiers
DATEM, CITREM, SSL, and GMS (0, 0.1, 0.2,
and 0.3%). The samples were prepared in three
replications, and the means were compared
using Duncan's test at a significance level of
5% (p<0.05). Finally, Excel software was used
to draw graphs.

3- Results and Discussion

3.1. Moisture

Figure 1 illustrates the effect of adding different
levels of the enzyme mixture (containing
lipase, a-amylase, and xylanase at 0, 0.1, 0.2,
and 0.3%) and the emulsifier blend (containing
DATEM, CITREM, SSL, and GMS at 0, 0.1,
0.2, and 0.3%) on the moisture content of the
fermented doughnuts. As shown, the sample
containing a combination of 0.2% enzyme
mixture and 0.3% emulsifier blend exhibited
the highest moisture content (p<0.05).
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Fig 1. The effect of adding different levels of enzyme and emulsifier mixtures on the moisture
content of doughnut
(Means with different letters differ significantly with p<0.05)

Regarding the increase in moisture content in
products containing DATEM, Zomorodi and
Faramarzi (2020) investigated the effects of
flaxseed powder and DATEM emulsifier on the
quality and sensory attributes of donuts,
reporting that increasing the level of DATEM
in the formulation led to an increase in moisture
content. They attributed this phenomenon to the
ability of emulsifiers to bind water and assist in
maintaining product moisture [16]. Similarly,
Young (2014) stated that CITREM-based
emulsifiers possess the necessary capacity for
uniform moisture distribution in bakery
products; thus, moisture can be more
effectively controlled during expansion and
evaporation processes [17]. On the other hand,
the current results indicated that the moisture
content of the product increased with the use of
the enzyme mixture (lipase, a-amylase, and
xylanase) up to a level of 0.2%. It appears that
exceeding this level (i.e., increasing from 0.2 to
0.3%) leads to excessive starch degradation and
structural breakdown, which subsequently
diminishes the water-holding capacity of the
product. In this regard, Sadeghian Motahar et
al., (2021) investigated the improvement of
gluten-free bread quality using heat-resistant
acid a-amylase (at a concentration of 16 ppm)
and reported an increase in product moisture
[18].

Furthermore, Dehghan Tanha and Karimi
(2016) studied the application of psyllium gum
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and fungal a-amylase (at levels of 0, 0.1, and
0.2%) on the physicochemical and sensory
properties of donuts, observing that the addition
of a -amylase increased the final product’s
moisture content. They noted that the presence
of a-amylase in the dough formulation can
increase the amount of damaged starch in wheat
flour, which positively impacts the water
absorption capacity of the dough and,
consequently, the moisture of the final product
[19]. Additionally, Rajabzadeh (2010) stated
that intact starch granules absorb water
equivalent to 30% of their weight at 30°C,
whereas damaged starch can absorb 300% or
even more [20]. Finally, Mirzaei Tash et al.,
(2022) examined the effects of adding glucose
oxidase, a -amylase, transglutaminase, and
xylanase on the rheological properties of
Barbari and Lavash bread flour using the
response surface methodology, reporting that
the addition of xylanase increases the water
absorption capacity of the flour [21].

3.2. Oil

The effect of adding different levels of the
enzyme mixture (lipase, a -amylase, and
xylanase) and the emulsifier blend (DATEM,
CITREM, SSL and GMS) on the oil content of
the fermented doughnuts showed that the
sample containing the combination of 0.2%
enzyme mixture and 0.3% emulsifier blend
exhibited the lowest oil uptake (p<0.05) (Fig 2)
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Fig 2. The effect of adding different levels of enzyme and emulsifier mixtures on the oil of
doughnut
(Means with different letters differ significantly with p<0.05)

During the frying process, moisture is
evaporated from the product, and oil molecules
replace the escaping water molecules;
consequently, a decrease in moisture content
leads to an increase in oil uptake [22, 23].
Regarding the reduction of oil content in the
products containing the enzyme and emulsifier
blends, it appears that these additives facilitate
a reduction in oil uptake by enhancing the
moisture content of the final product. Further
detailed explanations regarding the increase in
moisture content of bakery products through
the use of the aforementioned additives have
been provided in the moisture content
evaluation section.

3.3. Peroxide Value

As shown in Figure 3, the sample containing a
combination of 0.2% enzyme mixture and 0.3%
emulsifier blend exhibited the lowest peroxide
value (p<0.05). In this regard, it should be
noted that based on the Iranian National
Standard No. 16980, the maximum allowable
peroxide value for donuts is 3 mEqg/kg.
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According to the results, all produced doughnut
samples fell within this acceptable standard
range [24]. A peroxide value exceeding 6
meq/kg indicates rancidity and renders the
product unsuitable for consumption; therefore,
controlling and minimizing this parameter is of
significant importance. Factors contributing to
an increase in the peroxide value include heat
exposure, degree of unsaturation,
contamination with rancid fat, and presence of
air. Given the results from the moisture and oil
uptake sections, it was expected that samples
with lower oil absorption would exhibit lower
peroxide values. As observed, the sample
containing the combination of 0.2% enzyme
mixture and 0.3% emulsifier blend showed the
lowest peroxide value (p<0.05). This is likely
because, in this sample, both the amount of
absorbed oil is lower, and the higher moisture
content potentially delays the increase in the
product’s core temperature, both of which serve
to inhibit the increase in the peroxide value.
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Fig 3. The effect of adding different levels of enzyme and emulsifier mixtures on peroxide value
of doughnut
(Means with different letters differ significantly with p<0.05)
of fermented doughnut are presented in Table

3.4. Specific Volume and Porosity 1. As shown, the sample containing a
The effects of different levels of the enzyme combination of 0.2% enzyme mixture and 0.3%
mixture (lipase, a-amylase, and xylanase) and emulsifier blend exhibited the highest specific
the emulsifier blend (DATEM, CITREM, SSL volume and porosity (p<0.05).

and GMS) on the specific volume and porosity
Table 1. The effect of adding different levels of enzyme and emulsifier mixtures on specific
volume and porosity of doughnut

Specific

Mixture of Mixture of volume Porosity
Enzymes (%) Emulsifiers (%) (ml\g) (%)
0 3.0+0.10° 16.7+0.2¢
0 0.1 3.0+0.06° 16.7+0.2¢
0.2 3.2+0.04% 16.8£0.0¢
0.3 3.240.05% 16.8+0.2¢
0 3.0£0.03° 16.8+£0.2¢
0.1 0.1 3.0£0.04° 16.9+£0.2¢
’ 0.2 3.240.06 16.9+0.1¢
0.3 3.3+£0.07% 17.1£0.2¢
0 3.240.05% 17.540.0%
0.2 0.1 3.240.06 17.740.22°
' 0.2 3.3+0.04% 18.0+0.3%
0.3 3.5+0.08* 18.4+0.32
0 3.240.02% 17.4+0.4%
0.3 0.1 3.3£0.05%® 17.540.1%
’ 0.2 3.340.04% 17.74+0.32¢
0.3 3.240.06 18.0+0.3%

Data are in the form of average * Standard deviation.
Different letters in each column have significant differences with p<0/05 statistically.
uniform distribution of air cells, improves the
Brooker (2003) stated that the addition of volume and texture of the final product, and
emulsifiers to baked products promotes a more delays staling [25]. In this regard, Zomorodi
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and Faramarzi (2020), in evaluating the effects
of flaxseed powder and DATEM emulsifier on
the quality and sensory properties of
doughnuts, reported that increasing the amount
of DATEM in the formulation led to an increase
in specific volume. They explained that
DATEM emulsifier promotes a proper
distribution of air particles in the cake batter,
thereby increasing batter viscosity, which in
turn results in improved volume and texture in
the final product [16]. Likewise, Young (2014)
reported that citrate-based emulsifiers can
reduce interfacial tension. Therefore, water in
the system still converts into steam, but it does
not “explode” because it can escape under
much more controlled conditions [17].

The results also showed that by increasing the
enzyme blend level from 0.2 to 0.3%, the
ability of the product to retain and stabilize air
bubbles decreased, owing to the greater extent
of starch degradation, and consequently the
specific volume and porosity were reduced. In
this regard, Sadeghian Motahar et al., (2021)
investigated the improvement of gluten-free
bread quality by means of a heat-stable acid a-
amylase and reported that the specific volume
of the product increased when this enzyme was
used. They attributed this effect to two factors.
First, the presence of a-amylase increases the
formation of reducing sugars, which are
subsequently consumed by microorganisms
during fermentation, leading to greater gas
production. Second, a-amylase activity reduces
dough viscosity during starch gelatinization,
thereby prolonging oven spring [18]. Roccia et
al., (2012) also studied the effects of various

enzymes on wheat—soy dough properties and
bread quality and found that the highest specific
volume was achieved at a xylanase
concentration of 0.012%. They stated that this
increase was probably due to the effect of the
enzyme on water absorption, increased dough
viscosity, redistribution of bound water among
flour components such as gluten, and
consequently on the viscoelastic properties of
the dough, which resulted in a higher specific
volume [26]. Studies have also been conducted
on the effect of lipase on specific volume. In
this regard, Pashaei ef al., (2025) examined the
role of enzymes in gluten-free bakery products
and reported that lipase-induced changes in
lipid polarity increased the stability of gas cell
walls, which in turn enhanced the stability of
baked products. They also stated that lipases
are suitable alternatives to emulsifiers in
gluten-free bakery products because they
reduce hardness while improving porosity and
increasing loaf volume [27].

3.5. Crust Color

As shown in Table 2, the sample containing a
combination of 0% enzyme mixture and 0.3%
emulsifier mixture exhibited the highest L*
value (p<0.05). Furthermore, the highest a*
value was observed in the sample containing a
combination of 0.3% enzyme mixture and 0%
emulsifier mixture. Ultimately, the addition of
the compounds did not have a significant effect
on the b* value of the fermented doughnut
(p<0.05).

Table 2. The effect of adding different levels of enzyme and emulsifier mixtures on crust color
values of doughnut

Mixture of Mixture of Crust color values (-)
Enzymes (%) Emulsifiers (%) L* a* b*"s
0 46.2+0.5° 14.9+0.2% 21.4+0.3
0 0.1 46.1+0.4% 14.8+0.3% 21.340.2
0.2 47.3+0.5° 14.8+0.2% 21.5+£0.0
0.3 49.8+0.6* 14.3+0.14 21.3+0.3
0 46.0+0.5% 15.0+0.2% 21.440.1
0.1 0.1 46.2+0.4% 14.9+0.2% 21.5+0.5
’ 0.2 47.3+0.7° 14.9+0.1% 21.5+0.3
0.3 47.0+0.2° 14.640.29 21.5+0.4
0 44.1+0.0b 15.6+0.2% 21.5+0.2
0.2 0.1 44.2+0.754 15.5+0.0% 21.4+0.4
' 0.2 45.3+0.6 15.3+0.0%¢ 21.3+0.2
0.3 45.4+0.5° 15.0+0.3% 21.5+0.0
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0 42.2+0.44 16.2+0.3? 21.6+0.5

03 0.1 43.740.5¢ 15.8+0.2% 21.3+0.4
' 0.2 43.7+0.3% 15.7+0.1% 21.5+0.5
0.3 44.1+0.3% 15.6+0.3% 21.4+0.3

Data is in the form of average + Standard deviation.

Different letters in each column have significant differences with p<0/05 statistically.

ns: No significant difference with p<0.05

It appears that the use of the aforementioned
enzymes causes the breakdown of starch
compounds and triglycerides and their
conversion into simpler sugar and lipid
compounds, which consequently intensifies the
Maillard reaction. On the other hand, the use of
the mixture containing the emulsifiers
employed in this study resulted in slower
moisture loss from the surface of the donut
during the frying process. Consequently, the
product developed a more uniform surface.
Regarding the increase in the L* value of the
product containing the emulsifier DATEM,
Zomorodi and Faramarzi (2020), in their study
investigating the effects of flaxseed powder and
DATEM emulsifier on the quality and sensory
characteristics of doughnuts, reported that
increasing the level of DATEM emulsifier in
the product formulation increased the L* value.
They attributed this finding to the ability of
these compounds to retain moisture and slow its
release from the product [16]. Similarly, Kim
and Walker (1992) attributed the reduction in

the a* value resulting from the use of DATEM
emulsifier to its ability to homogenize the
dough and produce very fine emulsion droplets,
thereby causing dough whitening [28]. Studies
have also investigated the increase in the a*
value of products in the presence of the enzyme
mixture used in this study. In this regard,
Sadeghian Motahar et al., (2021) investigated
the improvement of gluten-free bread quality
using heat-stable acid-resistant alpha-amylase
and reported that the a* value of the product
increased with the use of this enzyme. They
attributed this effect to the greater production
of reducing sugars and the intensification of the
Maillard reaction [18].

3.6. Firmness of Texture

Table 3 presents the effect of the added levels
of enzyme and emulsifier blends on the texture
hardness of fermented doughnuts at two-time
intervals: two hours and seven days after
baking. As shown, the sample containing a
combination of 0.2% enzyme mixture and 0.3%
emulsifier blend exhibited the lowest texture
hardness at both time intervals (p<0.05).

Table 3. The effect of adding different levels of enzyme and emulsifier mixtures on firmness of
fermented doughnut during storage

Mixture of Mixture of Firmness (N)
Enzymes Emulsifiers 2h after 7 days after
(%) (%) baking baking

0 21.44+0.5* 30.3+0.3*

0 0.1 21.3+0.4* 30.0+0.0°
0.2 20.4+0.5% 28.8+0.2%

0.3 19.74+0.2%® 26.440.4%

0 21.1+0.32 30.0+0.2°

0.1 0.1 21.7+0.3* 28.9+0.28
' 0.2 18.94+0.2° 27.8+0.0°
0.3 17.3+0.2° 26.0£0.5%

0 19.9+0.1% 29.440.3%

0.2 0.1 19.4+0.0% 28.3+0.0°
' 0.2 17.1£0.3% 26.5+0.1%
0.3 15.4+0.2¢ 24.2+0.0¢

0.3 0 20.140.2%° 29.1£0.1%
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0.1
0.2
0.3

19.8+0.4% 28.7+0.5%
18.4+0.3° 27.5+0.20
17.5+0.1%¢ 25.9+0.3%

Data is in the form of average + Standard deviation.
Different letters in each column have significant difference with p<0/05 statistically.

In general, preventing moisture loss, especially
during storage, plays a vital role in maintaining
the freshness of bakery product texture.
Furthermore, staling in bakery products, such
as bread and fermented doughnuts, is closely
associated with moisture content and the
functionality of water within the crumb [29].
Since higher water availability to starch
increases the  probability of  starch
crystallization, the strong water-binding
capacity of humectants reduces the amount of
water available to starch. Consequently, this

leads to reduced starch swelling and
gelatinization, as  well as  delayed
recrystallization  (retrogradation)  during

storage, ultimately reducing firmness and
delaying product staling [30]. In the current
study, based on the moisture and specific
volume evaluations, it was evident that the
addition of the aforementioned compounds
resulted in a decrease in the final product’s
texture hardness. As observed, the sample
containing a combination of 0.2% enzyme
mixture and 0.3% emulsifier blend exhibited
the lowest texture hardness (p<0.05). In this
regard, Demirkesen et al., (2010) evaluated the
effect of various gums (guar, xanthan, locust
bean, HPMC, pectin) and DATEM emulsifier
on the rheological properties of gluten-free rice
flour-based bread. Their results indicated that
the lowest crumb firmness was observed in
samples containing gums and DATEM, which

ab ab ab ab ab
b b

Overall acceptance (-)
() w

they attributed to increased moisture content
and enhanced gas retention capacity during
fermentation [31]. Moreover, Young (2014)
reported that comparative studies using three
commercial monoglyceride types (plastic, hard
hydrated, and soft distilled monoglycerides)
showed that, at equivalent a-monoglyceride
levels, all three forms are equally effective in
retarding crumb firming [17]. Dahiya et al.,

(2020) investigated the biotechnological
potential of various enzymes in bread making,
stating that xylanase modifies dough

rheological properties by converting water-
insoluble hemicelluloses into soluble forms,
thereby reducing hardness, increasing specific
volume, and enhancing the quality, nutritional,
and sensory properties of gluten-free bread
[32]. Regarding lipase, studies suggest that its
effect on reducing hardness is primarily due to
the mitigation of starch retrogradation through
the hydrolysis of di- and triglycerides into anti-
staling monoglycerides [33]. Pashaei et al.,
(2025) also noted that lipases are suitable
alternatives to emulsifiers in gluten-free bakery
products, as they reduce hardness by improving
porosity while simultaneously increasing bread
volume [27].

3.7. Sensory Evaluation

As shown by the results (Fig 4), the sample
containing a combination of 0.2% enzyme
mixture and 0.3% emulsifier mixture had the
highest overall acceptability score (p<0.05).

ab Mixture of
a ;
Emulsifiers
(%)

w3

2

Mixture of Enzvmes (%)
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Fig 4. The effect of adding different levels of enzyme and emulsifier mixtures on overall
acceptance of doughnut
(Means with different letters differ significantly with p<0.05)

A doughnut consists of two parts: an outer and
an inner portion. The outer portion, which is
located at the surface, is fried and comes
directly into contact with the oil. This portion
experiences the greatest moisture loss and oil
uptake and, ideally, has a golden-brown colour
and a crisp texture. The inner portion is cake-
like, and if it does not receive sufficient heat
during frying, starch gelatinization is delayed.
Consequently, the moisture content in this
portion remains higher than at the surface,
causing moisture to migrate toward the fried
portion during storage and resulting in the loss
of surface crispness [34]. Therefore,
considering the aforementioned points as well
as the importance of moisture retention within
the structure, it is evident that having a smooth
surface along with a texture characterized by
desirable volume and porosity is of
considerable importance to consumers and
sensory panellists. Accordingly, a sample
exhibiting these desirable quantitative and
qualitative characteristics is expected to receive
a high score in sensory evaluation.

4- Conclusion

Based on the results, it was found that the use
of a mixture of enzymes and emulsifiers in the
formulation of fermented doughnuts increased
moisture content, specific volume, and
porosity, while reducing texture firmness
parameters (at both 2 hours and 7 days after
baking), oil uptake, and peroxide value of the
product. On the other hand, the results showed
that the use of the emulsifier mixture increased
the L* value and decreased the a* value of the
crust, whereas the use of the enzyme mixture
decreased the L* value and increased the a*
value of the crust. Therefore, based on the
aforementioned findings, it can be concluded
that the simultaneous use of the enzyme
mixture, containing lipase, a-amylase, and
xylanase, at a level of 0.2%, and the emulsifier
mixture, containing DATEM, CITREM, SSL
and GMS, at a level of 0.3%, improved the
technological, sensory, and  shelf-life
characteristics of fermented doughnuts, and
this formulation was selected as the best
sample. Therefore, with minor modifications to
the formulation, in addition to extending shelf
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life and facilitating the development of
domestic and export markets for this popular
and relatively inexpensive snack, the amount of
product waste and returns can also be reduced.
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