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ABSTRACT

The main objective of this study was to evaluate the characteristics of flaxseed and to in-
vestigate the effects of using different levels of flaxseed cake mucilage (FCM) as a substi-
tute for bread improver (0.5%, 1.0%, and 1.5%) or as a replacement for oil (33.33%,
66.66%, and 100%) on the sensory attributes, physical characteristics, color, texture pro-
file, and freshness of pan bread. The results indicated that the Sakha 5 flaxseed variety
had an oil content of approximately 33.37%, with linolenic acid as the primary fatty acid,
comprising about 57.47% of the total. Flaxseed cake mucilage (FCM), extracted from the
by-product of flaxseed oil production, is composed of natural and acidic sugars, and it ex-
hibits excellent water-binding and rheological properties. Sensory evaluation data re-
vealed that the complete replacement of bread improver with FCM at the 1.0% level en-
hanced the color, texture, taste, general appearance, and overall acceptability of the pan
bread, compared to samples using FCM at 0.5% and 1.5% levels. Additionally, partial re-
placement of oil with FCM at the 66.66% level improved crumb color and texture without
a significant  difference in overall acceptability when compared to the control pan bread.
The physical characteristics of the bread showed a reduction in volume and specific vol-
ume in samples containing FCM compared to the control. However, the inclusion of FCM
in pan bread formulation delayed staling and improved freshness due to its ability to retain
moisture in the crumb. In conclusion, FCM shows potential as a functional ingredient in
pan bread production. Further studies are recommended to explore additional applications
of FCM in various baked products.

1. Introduction

through diet. The food industry is increasingly focused

Flaxseed, Linum usitatissimum L., is a versatile
crop primarily cultivated for its fiber, oil, food, and ani-
mal feed. Its rising significance is attributed to its
unique components, which have a wide range of appli-
cations, particularly in the production of functional
foods (Elsorady, 2016; Hady and Elsorady, 2020;
Mueed et al., 2022). The functional properties of flax-
seed are closely linked to its chemical composition,
including omega-3 fatty acids, lignans, and dietary fiber.
These bioactive components are vital for enhancing the
nutritional value of food products. For instance,
a-linolenic acid, an essential omega-3 fatty acid, cannot
be synthesized by the human body and must be obtained
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on enhancing both the sensory and functional properties
of foods to meet consumer demands (Elsorady,
2020).Flaxseed cake mucilage (FCM), derived from the
by-product of flaxseed oil extraction, is known for its
excellent water-binding capabilities. It has been
successfully used in the food industry to enhance stabil-
ity, increase viscosity, improve emulsifying ability, and
provide desirable rheological and foaming properties
(Mueed et al., 2022). FCM is extracted from flaxseed
meal, a by-product of the oil industry, and consists of a
complex polysaccharide mixture including xylose,
arabinose, galactose, glucose, galacturonic
acid, rhamnose, and fructose, along with
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associated proteins. It is easily obtained by soaking
the meal in warm water, yielding a product with 50-
80% carbohydrates and 4-20% proteins. Despite its
beneficial properties, limited data on its detailed
structure and functional characteristics have restrict-
ed its widespread use. FCM can act as a thickening
agent, stabilizer, and water-holding component
(Elsorady, 2016). When mixed with water, flaxseed
mucilage forms a highly effective hydrocolloid gel.
This gel is valuable not only in food products but
also in pharmaceutical and cosmetic applications
due to its high viscosity. FCM is made up of two
types of polysaccharide fractions: acidic and neutral
(Rocha et al., 2021). It constitutes about 8-10% of
the total weight of the flaxseed, with its unique pol-
ysaccharide profile contributing to its health bene-
fits as a soluble dietary fiber. FCM has been shown
to help prevent chronic conditions such as diabetes,
obesity, cardiovascular diseases, and colon cancer.
It has been successfully incorporated into a variety
of food products, including juices, dairy items, and
flour-based goods (Bongartz et al., 2022). Flaxseed
cake mucilage (FCM) is primarily composed of
arabinoxylan (neutral polysaccharide) and pectic-
like material (acidic polysaccharide). Due to its ex-
cellent water-binding capacity and rheological prop-
erties, FCM functions similarly to gum arabic and
can be effectively used as a substitute ingredient in
food products (Puligundla and Lim, 2022).

Baking is a major sector within the processed food
industry. The widespread popularity of baked goods
is attributed to their convenience, affordability,
ready-to-eat nature, ease of transport, and diverse
taste options. Pan bread, in particular, offers a valu-
able medium for delivering functional ingredients to
consumers (Al-Hassawi et al., 2023). Bread is a sta-
ple food consumed worldwide, with an average dai-
ly intake of about 250 grams per person. In develop-
ing countries, bread consumption rates are even
higher. The typical composition of bread includes
70-80% carbohydrates, 10-14% proteins, 0.7-1.35%
fats, 2-3% dietary fiber, and 0.5-0.8% minerals
(Makowska et al., 2023). Maintaining the freshness
of bread is a priority for consumers, and various ad-
ditives are used to enhance quality and delay staling

(Al-Shammari et al., 2022). Bread staling is a com-
plex process characterized by changes in bread qual-
ity, such as crust softening, crumb hardening, and
loss of freshness (Curti et al., 2014). The primary
factor contributing to staling is water migration
within the bread matrix, which affects texture (Ding
et al., 2019). Staling reduces consumer acceptabil-
ity, as modern consumers demand high-quality and
healthier bread products (Foschia et al., 2013; Va-
sileva et al., 2018). Recent trends in bread enhance-
ment involve incorporating natural antioxidants and
mucilage derived from herbs, fruits, and by-
products of flaxseed oil extraction. Flaxseed cake
mucilage, rich in phenolic compounds, has shown
promise due to its effective water-binding proper-
ties, which help maintain bread freshness (Dziki et
al., 2014; Mueed et al., 2022).

The present study aimed to evaluate the characteris-
tics of flaxseed and to explore the potential use of
FCM as a replacement for conventional bread im-
provers or oil in pan bread production. The effects
of FCM on the sensory attributes, physical charac-
teristics, and freshness of the produced pan bread
were investigated to determine its suitability as a
functional ingredient in baked products.

2. Materials and Methods

Materials

Golden flaxseed (Sakha 5 cultivar, season 2022-
2023) (Figure 1) was sourced from the Sakha Agri-
cultural Research Station, Sakha, Egypt. Wheat
flour (72% extraction rate) was obtained from South
Cairo Mills Company, Giza, Egypt. Other ingredi-
ents including corn oil, sugar (sucrose), bread im-
prover, dry yeast, and salt (NaCl) were purchased
from the local market in Giza, Egypt. Chemicals
and reagents were supplied by Sigma Chemical Co.
(St. Louis, USA) and El-Gombhoria Co. for Pharma-

Figure 1. (A): Golden flaxseed (Sakha 5 cv)
(B): flaxseed cake
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Proximate Composition of Flaxseed and
FCM

Moisture, protein, oil, fiber, and ash contents of
flaxseed, flaxseed cake and flaxseed cake mucilage
(FCM) were determined according to the methods
described by AOAC (2010). Carbohydrates were
calculated by difference.

Extraction of Flaxseed Oil

Flaxseeds were pressed using a mechanical
pressing method at room temperature. The extracted
oil was filtered, stored in amber bottles, and kept at
-18°C until further analysis.

Chemical Characteristics of Flaxseed Oil

Free fatty acid (FFA) content, peroxide value
(PV), conjugated dienes (CD), conjugated trienes
(CT), and thiobarbituric acid (TBA) number were
assessed following the AOAC (2010) protocols.
Fatty Acid Composition of Flaxseed Oil
Methylation of Fatty Acids

Approximately 10mg of saponified and acidified
flaxseed oil was dissolved in 2mL of hexane. Then,
0.4 mL of 2N KOH in anhydrous methanol was
added (Elsorady et al., 2022). After 3 minutes, 3 mL
of water was added. The organic phase was separat-
ed via centrifugation, dried over anhydrous sodium
sulfate, and concentrated under a nitrogen stream to
approximately 0.5 mL for gas chromatography (GC)
analysis of fatty acid methyl esters (FAME).

Fatty Acid Analysis

Fatty acid analysis was performed using an Ag-
ilent 6890 GC system equipped with a DB-23 col-
umn (60 m x 0.32 mm % 0.25 um). The oven tem-
perature program started at 150°C, ramping up to
195°C at 5°C/min, and then to 220°C at 10°C/min.
The flow rate was maintained at 1.5mL/min. FAME
standards were used as references for identification
and quantification.

Extraction of Flaxseed Cake Mucilage
(FCM)

Flaxseed cake mucilage (FCM) was extracted
from the by-product of oil extraction using the
method outlined by Elsorady et al. (2024). Briefly,
the flaxseed cake was soaked in water at a ratio of
1:8 (w/w) at 90°C with continuous gentle stirring on

a magnetic plate for 4 hours. The mixture was then
filtered, and the water containing dissolved muci-
lage (Figure 2) was collected for further use in pan
bread production.

Figure 2. Flaxseed cake mucilage solution
(FCM)

Determination of Neutral and Acidic Sug-
ars

Neutral and acidic sugar concentrations in FCM
were measured using colorimetric assays as per
Kaewmanee et al. (2014) at 480, 525 nm, respec-
tively. Results were expressed as milligrams of D-
xylose (neutral sugars) and D-galacturonic acid
(acidic sugars) per milligram of mucilage powder.
Total Phenolic Content (TPC)

Total phenolic content was determined using
the Folin—Ciocalteu reagent. Absorbance was meas-
ured at 725 nm with a UV—visible spectrophotome-
ter (Hitachi U-3210, Hitachi, Ltd., Tokyo, Japan),
following the method of Elsorady et al. (2024). Re-
sults were expressed in milligrams of gallic acid
equivalent (GAE) per 100 grams of sample.
Lignans Extraction

Lignans were extracted from defatted flaxseed
meal following the method of Zhang et al. (2007).
Briefly, 200 grams of the defatted meal was mixed
with 1.2 L of an ethanol-water solvent (50-100% v/
v) and allowed to stand at room temperature for 24
hours. The mixture was then filtered using a sand
core funnel and concentrated at 40°C using a rotary
evaporator at 90 rpm. The concentrated syrup was
hydrolyzed with 1M NaOH for 16 hours at room
temperature. After hydrolysis, the syrup was acidi-
fied with 1M HCI to pH 6, cooled to 15°C, and cen-
trifuged at 2000 rpm for 10 minutes. The precipitate
was freeze-dried, and the lignan content was quanti-
fied using the following formula:

Weight of freeze — dried lignans

Acquired ratio of [i = X
cquired rato of lignans (%) Weight of defatted flaxseed powder
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Antioxidant activity

The antioxidant activity of flaxseed cake muci-
lage (FCM) was determined using the DPPH (1,1-
Diphenyl-2-picrylhydrazyl) radical scavenging
method. A DPPH solution (2.5 mL, 60 uM) in
methanol (0.2 mL) was mixed with 3 mL of FCM
powder solution (10 mg/L in MeOH). The mixture
was kept in the dark at room temperature for 30
minutes. During this period, the deep violet DPPH
solution is reduced to a yellow form, indicating
scavenging of free radicals. The absorbance of a
200 pL aliquot from the reaction mixture was meas-
ured at 517 nm using a Hitachi U-3210 spectropho-
tometer (Hitachi, Ltd., Tokyo, Japan) as per El-
sorady et al. (2024). The DPPH radical scavenging
activity was calculated using the following formula:
Where Ay was the absorbance of the blank and A1l
was the absorbance of the sample or standard. All
analyses were performed in triplicate. The data were
recorded as mean values.

Ay — A,

DPPH radical scavenging activity (%) = X 100

V]

Preparation of pan bread

The pan bread was prepared using a modified
straight dough method based on AACC (2010). The
formulation used was as follows:

e  Wheat flour (72% extraction rate): 350 g

Table 1. Formulation of pan bread

e Salt:35¢

e Dryyeast: 525 ¢g

e Sugar: 105¢g

e Cornoil: 15.75¢g

e Bread improver: 3.5 g

e Required amount of water

Various substitution levels for bread improver and
oil using FCM were tested. However, samples
where both bread improver and oil were replaced
did not achieve satisfactory sensory evaluation re-
sults. The acceptable formulas are listed in Table 1.

All dry ingredients were mixed thoroughly for 1
minute in a laboratory mixer, after which the liquid
ingredients were added and mixed for an additional
6 minutes. The dough was rounded manually by
folding, left to rest for 15 minutes, then cut and
shaped into rolls. The rolls were placed in lightly
greased metal baking pans and left to ferment in a
cabinet at 37°C with 80-85% relative humidity for
60-90 minutes. The bread was baked for 25 minutes
at 220 £+ 8°C in an electric oven. The baked loaves
were removed from the pans, cooled at room tem-
perature (25 £+ 2°C) for 60 minutes, and then packed
in polyethylene bags for further analysis.

Sample No.
. 1 2 3 4 5 6 7

Ingredients

Wheat flour 72% (g) 350 350 350 350 350 350 350
FCM(m) e 1.75 3.50 5.25 5.25 10.50 15.75
Corn oil (ml) 15.75 15.75 15.75 15.75 10.50 525 -
Sugar (g) 10.50 10.50 10.50 10.50 10.50 10.50 10.50
Dry yeast (g) 5.25 5.25 5.25 5.25 5.25 5.25 5.25
Sodium chloride (g) 3.50 3.50 3.50 3.50 3.50 3.50 3.50
Bread improver (g) 350 —-e—e- 3.50 3.50 3.50
Water (ml) 190.00 187 180 173 183 179 175

Sensory Evaluation of Pan Bread

The sensory evaluation of the pan bread samples
was conducted by a panel of ten trained staff mem-
bers from the Food Technology Research Institute,
Agricultural Research Center, Giza, Egypt. The
samples were assessed for crust color, crumb color,

texture, taste, flavor, general appearance, and over-
all acceptability following the method of Gelinas
and Lachance (1995).

Physical Measurements of Pan Bread

e Bread Loaf Weight: Recorded after cooling for
1 hour.

Food Technology Research Journal, Vol. 6, issue 1, 14-25, 2024
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e Bread Loaf Volume: Determined by the rape-
seed displacement method as described by AACC
(2010).

e Specific Volume: Calculated by dividing the
volume (cm?®) by the weight (g).

e Specific Gravity: Determined by dividing the
weight (g) by the volume (cm?).

e Moisture Content: Measured in fresh baked
bread samples.

Water Activity (aw)

Water activity (aw) of different pan bread samples
was measured using a Rotronic Hygro Lab EA10-
SCS water activity meter (Switzerland) according to
El-Gohery, (2020) method. Each sample was ana-
lyzed in triplicate.

Texture Profile Analysis (TPA)

The texture profile analysis (TPA) of the pan
bread was carried out using a CT3 Texture Analyzer
(Version 2.1, Brookfield Engineering Laboratories,
Inc., USA), according to method 74-09 (AACC,
2000). A 25 mm thick slice of bread was prepared,
with the three end slices discarded, and the crusts
left intact. A 36 mm diameter cylindrical probe was
set up at a test speed of 2 mm/s. The testing location
was the center of the bread slices, avoiding areas
that were not representative of the crumb. The sam-
ple was subjected to 40% deformation with a trigger
load of 5 g. Parameters including hardness (N or g),
cohesiveness, gumminess (N), chewiness (mJ), and
springiness (mm) were recorded. Each treatment
was tested using three samples, and the results were
averaged across these replicates.

Color measurements of pan bread

The crust and crumb color of the pan bread
samples were assessed using a Chroma Meter (CR-
400 model, Konica Minolta, Japan) according to
Khan et al. (2020) method. The measurements were
recorded in the CIE L* a* b* color space:

o L*indicates lightness (0 = black, 100 = white).

e a* indicates the green-red spectrum (negative
values = green, positive values = red).

e b*indicates the blue-yellow spectrum (negative
values = blue, positive values = yellow).

Each measurement was performed in triplicate, and

the reported values represent the average.
Determination of staling rate

The staling rate of pan bread samples was
monitored over storage periods of 0, 24, 48, and 72
hours at room temperature using the Alkaline Water
Retention Capacity (AWRC) method, as described
by Yamazaki (1953) and modified by Kitterman and
Rubenthaler (1971). The AWRC was calculated us-
ing the following formula:

AWRC % = [(W,— W)/ W3] x 100

W= Weight of empty tube (g), W,= Weight of tube
with sample after centrifugation (g), W;= Weight of
sample (g).
Statistical Analysis

The experimental data were statistically ana-
lyzed using SPSS software (Version 16.0). Descrip-
tive statistics were used to determine means and
standard deviations. One-way analysis of variance
(ANOVA) was applied, followed by multiple range
tests to compare the means. Statistical significance
was defined at a level of P<0.05
3. Results and Discussions
Chemical Composition of Flaxseed and
Flaxseed Cake Mucilage (FCM)

The chemical compositions of the flaxseed
(Sakha 5 cultivar) and flaxseed meal after oil extrac-
tion, as well as the characteristics of the extracted
oil, were presented in Table 2. The results were con-
sistent with those reported by Elsorady et al. (2022)
for the same cultivar in a different season. The prox-
imate composition of FCM revealed (Table 3):

e Moisture content: 5.14%

e Protein content: 8.76%

e Total carbohydrates: 78.22%

These findings align with those reported by Barbary
et al. (2009) and Kaushik et al. (2017). The compo-
sition of FCM can vary based on factors such as
flaxseed cultivar, extraction conditions, pH, and
temperature (Wannerberger et al., 1991). The sugar
composition analysis showed that neutral sugars
were predominant (71%) compared to acidic sugars
(25%), resulting in a neutral to acidic sugar ratio of
2.86. This result agrees with Kaewmanee et al.
(2014). High temperature during extraction was

Food Technology Research Journal, Vol. 6, issue 1, 14-25, 2024
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found to negatively affect the monosaccharide con-
tent, possibly due to degradation of starch and pro-

teins in the extracted gum (Barbary et al., 2009).

Table 2. Chemical composition of Sakha$ flaxseed, flaxseed cake, oil characteristics

and fatty acid composition

Chemical composition

Flaxseed Flaxseed cake
Moisture 6.75+0.10 6.11+£0.08
Crude oil 33.37+0.15 8.93+0.06
Crude protein 18.34+0.17 36.10+0.13
Fiber 11.38+0.16 18.49+0.17
Ash 3.31+0.02 3.18+0.02
Carbohydrates 26.83+0.42 27.17+0.02
Oil characteristics
Free fatty acid (% as oleic acid) 0.21£0.01
Peroxide value (meq O2/kg oil) 1.64+0.01
Conjugated dienes (CD) 1.66+0.01
Conjugated trienes (CT) 0.20+0.00
TBA number (mg malonaldehyde/kg oil) 0.33+0.02
Fatty acid composition
Myristic acid (Ci4.0) 0.02
Palmitic acid (Cye) 5.42
Palmitoleic acid (Cyg:1) 0.21
Margaric acid (Cy7,) 0.03
Heptadecenoic acid (Cy7.1) 0.06
Stearic acid (Cjg.) 3.52
Oleic acid (Cig.1) 15.65
Linoleic acid (Cs2) 17.32
Linolenic acid (C,g3) 57.47
Arachidic acid (Cygy) 0.10
Eicosenoic acid (Cyo.1) 0.11
Behenic acid (Cy,.) 0.09
Saturated fatty acids (SFA) 9.18
Unsaturated fatty acids (USFA) 90.82

Table 3. Chemical composition of flaxseed-cake mucilage on dry weight basis

Moisture (%)

Oil (%)

Protein (%)

Fiber (%)

Ash (%)
Carbohydrates
Neutral sugar g/g
Acidic sugar g/g
Natural/acidic sugar

5.14+0.10
0.75+0.04
8.76+0.19
6.21+0.10
0.90+0.04
78.22+0.14
0.71+0.07
0.25+0.04
2.86+£0.18

Bioactive Compounds and Antioxidant
Activity of FCM

The total phenolic content of FCM was 15.60
mg GAE/100 g, while the lignan content was
2.05%. The antioxidant activity was measured at
5.97% (Table 4). These results are consistent with
those reported by Elsorady et al. (2024). The posi-

tive correlation between antioxidant activity and
phenolic content is well-documented in the litera-
ture (Rajurkar and Hande, 2011; Sec¢zyk et al.,
2017). Lignans, which are co-extracted with FCM,
are known to contribute to its antioxidant proper-
ties.

Food Technology Research Journal, Vol. 6, issue 1, 14-25, 2024
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Table 4. Bioactive components and antioxidant activity of FCM

Total phenols (mg GAE/100 g)
Lignans (%)
Antioxidant activity (%)

15.60+£0.31
2.05+0.05
5.974+0.12

Sensory Evaluation of Pan Bread

Sensory evaluation results for the pan bread
samples are shown in Table 5 and Figure 3. The
evaluation included parameters such as crust color,
crumb color, texture, taste, flavor, general appear-
ance, and overall acceptability. The following ob-
servations were made:
Sample No. 3 (bread improver replaced with 1%
FCM) received higher scores for crumb color, tex-
ture, taste, flavor, general appearance, and overall
acceptability compared to samples where bread im-
prover was replaced with 0.5% or 1.5% FCM
(samples No. 2 and 4).
The control sample (No. 1) scored the highest in
terms of texture, taste, flavor, general appearance,
and overall acceptability compared to all samples
where the bread improver was replaced with FCM.

Table 5. Sensory evaluation of pan bread samples

The data in Table 5 also showed that the crust and
crumb color, as well as the texture of the bread sam-
ple produced by replacing 66.66% of the oil with
FCM (sample No. 6), had higher scores than the
control sample. No significant difference (P<0.05)
was observed in overall acceptability between sam-
ple No. 6 and the control sample. The results indi-
cate that the incorporation of FCM as a substitute
for bread improver (at 1% replacement level) or oil
(at 66.66% replacement level) produces pan bread
with acceptable sensory characteristics. These for-
mulations exhibited good quality in terms of crumb
color, texture, and overall acceptability, making
FCM a promising ingredient for improving the
functionality of pan bread without compromising
consumer acceptability.

bIr);l;l d Crust Crumb Texture Taste Flavor A[E;)eerallergarlllce Accoe\[/)?[arlftl)lilli ty
samples Color (10) Color (10) (20) (20) (20) (20) (100)
1 8.60°£0.98  8.65°+0.84  18.15%1.54  18.35%+0.94  18.75%1.03  18.60°:1.29  91.10%+4.78
Bread improver replacement
8.52°41.29  8.50°+1.03  17.20°+2.78 17.75%2.45 18.43%+1.69  17.40%%1.99  87.82%£7.65
3 8.85%+1.11  9.02%+1.03  17.86%+2.20  17.97°+1.71  17.9642.13  18.50°+1.59  90.65°+7.21
8.85%+0.75  8.50°+0.97  17.80°+1.38  17.75°t0.98  17.95+1.42 18254127  89.10°+3.86
Fat replacement
5 8.53°£1.63  8.60°£1.29  17.53°2.81 17.8542.06  18.15"1.56  17.55+2.01  88.21°+6.99
6 8.70°+1.07  8.90%+0.74  18.2542.09  18.05°+1.67  18.20°1.55  17.95%+1.69  90.05*+5.23
7 8.73%£1.29  8.85+1.03  18.15"+2.78  16.85%42.45  17.89°¢1.69  17.80°:1.99  88.27°+7.65

In which: 1= Control pan bread, 2 =with 0.5% bread improver replacement, 3=with 1.00 % bread improver replacement, 4=with
1.50% bread improver replacement, 5=with 33.33% oil replacement, 6=with 66.66% oil replacement, 7 =with100% oil replace-
ment, Values are means of ten replicates = standard deviation, number in the same column followed by the same letter are not

significantly different at 0.05 levels.

2

4

S

N

Figure 3. Pan Bread samples
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Physical Properties, Moisture Content,
and Water Activity of Pan Bread Samples

Containing FCM

Table 6 presents the physical properties, mois-
ture content, and water activity of the pan bread
samples. Loaf weights ranged from 156.83 g
(Sample 1) to 159.44 g (Sample 6). Replacing bread
improver or oil with FCM in the bread formulation
resulted in increased loaf weights, likely due to
FCM's high water-binding capacity (Mueed et al.,
2022). Consistent with this, the moisture content of
the control sample (29.19%) was lower than that of
samples containing FCM, with Sample 6 exhibiting

the highest moisture content (30.27%).

Specific volume, a crucial parameter for consumer
acceptability, reflects the ratio of volume to weight
(Hager et al., 2012). Both loaf volume and specific
volume decreased in FCM-containing samples com-
pared to the control. This reduction may be attribut-
ed to the sugar and soluble fiber content of FCM,
which can disrupt gluten formation (Ragaee et al.,
2011). However, specific gravity remained relative-
ly consistent across all samples.

The water activity (aw) of the pan bread samples
ranged from 0.883 to 0.908.

Table 6. Physical properties, moisture content and water activity of pan bread samples

Pan bread  Loaf weight Loaf Loaf Specific Specific Moisture Water
samples (2) Volume (cm®)  volume (cm’/g)  Gravity (g/cm’®)  content (%) Activity (aw)
1 156.83°+0.07  480.00°+0.04 3.06°+£0.02 0.33%+£0.01 29.19°+0.08 0.908+0.002
3 158.10°£0.03  465.50°+0.05 2.94°+0.07 0.34%£0.02 29.36°£0.04  0.883°+0.007
6 159.44*+0.05  470.00°+0.07 2.95%+0.03 0.34°+£0.04 30.27%+0.07 0.906%+0.003

In which: 1= Control pan bread, 3=with 1.00 % bread improver replacement, 6=with 66.66% oil replacement
Values are means of three replicates + standard deviation, number in the same column followed by the same letter are not signifi-

cantly different at 0.05 level.

Color Analysis of Crust and Crumb in
Pan Bread Samples Containing FCM

Color is a primary factor influencing consumer
perception. Table 7 presents the L, a, and b color
values for the crust and crumb of the pan bread
samples. For the crust, L, a, and b values ranged
from 55.05 to 56.92, 11.47 to 12.08, and 27.05 to
29.64, respectively. For the crumb, the correspond-
ing ranges were 73.06 to 75.11, -0.40 to -0.54, and

Table 7. Color values of pan bread samples

16.85 to 17.07. Replacing bread improver or oil
with FCM significantly increased the lightness (L)
values of both the crust and crumb. The a values of
the crust and crumb were higher for the control
sample, with significant differences observed com-
pared to other samples, except for Sample 3 in the
case of crumb color. No significant differences
were observed in the b values of the crumb between
the control and other samples.

Pan bread Crust color Crumb color

samples L a b L a b

1 55.05+0.05  12.08+0.05  27.05°£0.02  73.06°+0.01 -0.40°+0.02  16.85*0.06
3 55.31°40.02  11.52°40.02  28.06+0.05  74.26°+0.02 -0.48%£0.01  17.07°+0.02
6 56.92+0.04  11.47°+0.03  29.64*+0.01  75.11°+0.04 -0.54°£0.04  17.01%£0.04

In which: 1= Control pan bread, 3=with 1.00 % bread improver replacement, 6=with 66.66% oil replacement
L: The lightness (L=100 for lightness, L= Zero for darkness), a value are measures of redness (+) or greenness (-), b value are

measures of yellowness (+) or blueness (-).

Values are means of three replicates + standard deviation, number in the same column followed by the same letter are not signif-

icantly different at 0.05 level.
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Texture Profile of Pan Bread Samples

Containing FCM

Table 8 presents the texture profile (hardness,
chewiness, gumminess, cohesiveness, and springi-
ness) of the pan bread samples. Pan breads contain-
ing FCM exhibited lower hardness values compared
to the control sample. Lower hardness is generally
preferred by consumers as it is associated with
freshness (Heitmann et al., 2015). A positive corre-
lation was observed between chewiness and hard-

Table 8. Texture profile of pan bread samples

ness, consistent with findings by Ibrahim (2011)
and Nassar et al. (2017).

Gumminess and cohesiveness values were signifi-
cantly higher in samples containing FCM (Samples
3 and 6). This could be attributed to the water-
binding and rheological properties of FCM.
Conversely, the control sample exhibited the high-
est springiness, which aligns with its higher volume
(Table 6).

Pan bread

samples Hardness Chewiness Gumminess Cohesiveness Springiness
1 20.05%+0.02 68.10%£0.06 10.18°+0.04 0.50°+0.01 6.30°£0.03
3 17.16+0.05 51.80°+£0.01 10.86%+0.03 0.72%+0.04 4.77°+0.02
6 17.33°+£0.03 51.80°+0.02 10.81%+0.06 0.73%+0.03 5.09°+£0.01

In which: 1= Control pan bread, 3=with 1.00 % bread improver replacement, 6=with 66.66% oil replacement
Values are means of three replicates + standard deviation, number in the same column followed by the same letter are not signif-

icantly different at 0.05 level.

Alkaline Water Retention Capacity
(AWRC) of Pan Bread Samples Contain-
ing FCM at Different Storage Times
Alkaline Water Retention Capacity (AWRC) is
a measure of starch retrogradation, a process linked
to bread staling (Fadda et al., 2014). Higher AWRC
values indicate greater starch gelatinization and im-
proved bread freshness, while lower values are as-

sociated with increased starch crystallization and
accelerated staling (Licciardello et al., 2014). Table
9 presents the AWRC of pan bread samples con-
taining FCM at different storage times (0, 24, 48,
and 72 hours). Results showed that replacing bread
improver or oil with FCM significantly increased
AWRC compared to the control sample. Additional-
ly, AWRC decreased significantly with increasing
storage time.

Table 9. Alkaline water retention capacity (AWRC) of pan bread samples

Pan bread Storage time (h)
samples Zero 24 *RD% 48 *RD% 72 *RD%
1 398.82°+0.10  376.78°+0.14 5.53 355.79°40.12 10.79  343.16°+0.16 13.96
3 403.85"£0.14  387.27°+0.11 4.11 374.08°+0.15 7.37 358.40°+0.13 11.25
6 406.90°+0.12  391.08°+0.15 3.89 378.98°+0.11 6.86 363.22°+0.10 10.73

In which: 1= Control pan bread, 3=with 1.00 % bread improver replacement, 6=with 66.66% oil replacement
*RD (%) = Reduction of freshness, Reduction of freshness = (AWRC in zero time - AWRC in n time / AWRC zero time) x 100

Where n = time of storage.

Values are means of three replicates + standard deviation, number in the same column followed by the same letter are not signif-

icantly different at 0.05 level.

Reduction in Freshness and Staling of
Pan Bread

Figure 4 illustrates the reduction in freshness
(RD%) of pan bread samples over 72 hours of stor-
age. Sample 6 exhibited the lowest RD%, while the
control sample (Sample 1) showed the highest

RD%. This can be attributed to the water-binding
properties of FCM, which help retain moisture and
delay staling. A strong correlation exists between
bread staling and moisture content, with higher
moisture levels associated with increased freshness
(Piazza and Masi, 1995).
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Figrue 4. Reduction of freshness in pan breads during storage for 72 hours
Reduction of freshness (RD %) = (AWRC in zero time - AWRC in n time / AWRC zero time) x 100,

Where n = time of storage

4. Conclusion

Flaxseed cake mucilage (FCM) can be effectively

used to replace bread improver up to 1% and oil up

to 66.66% in pan bread formulations, resulting in
acceptable product quality. The incorporation of

FCM into pan bread can delay staling, enhance

freshness, and reduce reliance on oil.

References

AACC (2000). American Association of Cereal
Chemists. Approved Method of the AACC.
10" ed., Vol. I. A.A.C.C. Methods 74-09
American Association of Cereal Chemists, St.,
Paul, Minnesota.

AACC (2010). American Association of Cereal
Chemists. International approved methods. 11"
ed. St. Paul: AACC International.

Al-Hassawi F, Al-Ghanim J, Al-Foudari M, et al.
(2023). Effects of flaxseed on the nutritional
and sensory qualities of pan and Arabic flat
breads. Foods and Raw Materials. 2023;11
(2):272-281. https://doi.org/ 10.21603/2308-
4057-2023-2-571

Al-Shammari, B.B., Al-Ali, R.M., Al-Sahi, A.A.
(2022). The Influence of Fenugreek Seeds
Gum on Quality of Pan Bread during Storage.
IOP Conf. Series: Earth and Environmental
Science. 1060, 012062.

doi:10.1088/1755-1315/1060/1/012062

AOAC (2010). Official Methods of Analysis of As-
sociation of Official Analytical Chemists. 18th
Edition, Washington, DC.

Barbary, O. M., Al-Sohaimy, S. A., El-Saadani, M.
A., Zeitoun, A. M. A. (2009). Extraction, com-
position and physicochemical properties of
flaxseed mucilage. Journal of Advance Agri-
cultural Research, 14(3), 605-622.

Bongartz, U., Hochmann, U., Grube, B., (2022).
Flaxseed Mucilage (IQP-LU-104) Reduces
Body Weight in Overweight and Moderately
Obese Individuals in a 12-week, Three-Arm,
Double- Blind, Randomized, and Placebo-
Controlled Clinical Study Obes Facts
2022;15:395-404. DOI: 10.1159/000522082

Curti E., Carini E., Tribuzio G., Vittadini E. (2014).
Bread staling: effect of gluten on physicchemi-
cal properties and molecular mobility. LWT-
Food Sci. Technol. 59(1), 418-425.

Ding S., Peng B., Li Y., Yang J. (2019). Evaluation
of specific volume, texture, thermal features,
water mobility, and inhibitory effect of staling
in wheat bread affected by maltitol. Food
Chem. 283, 123-130.

Dziki, D., Rozylo, R., Gawlik-Dziki, U., Swieca,

M. (2014). Current trends in the enhancement

Food Technology Research Journal, Vol. 6, issue 1, 14-25, 2024

23



24

Flaxseed Characteristics and Using Cake Mucilage in Pan Bread

of antioxidant activity of wheat bread by the
addition of plant materials rich in phenolic
compounds. Trends Food Sci. Tech., 40:48-61.

El-Gohery, S.S. (2020). Quality Aspects for High
Nutritional Value Pretzel, Current Science In-
ternational, 9(4), 583-593.

DOI: 10.36632/cs1/2020.9.4.51

Elsorady, M. E., Hendawy, E.A.A, Abd El-Hamied,
W. A., Soliman, H. M. (2024). 'Improving the
Stability of Encapsulated Flaxseed Oil through
the Extraction and Utilization of Flaxseed
Gum', Egyptian Journal of Chemistry, 67(7),
pp. 189-199.
doi: 10.21608/ejchem.2024.252002.8923

Elsorady M.E.I., El-Borhamy A.M.A., and Barakat
E.H.A. (2022). Evaluation of new Egyptian
flaxseed genotypes and pasta fortified with
flaxseeds. Acta Scientiarum. Technology, v.
44, e57014.

Doi: 10.4025/actascitechnol.v44i1.57014

Elsorady, M. E. (2020). Characterization and func-
tional properties of proteins isolated from flax-
seed cake and sesame cake. Croat. J. Food Sci.
Technol. (2020) 12 (1) 77-83.

DOI: 10.17508/CJFST.2020.12.1.10

Elsorady, M.E. (2016). Utilization of hydrocolloids
(Flaxseed cake and Sesame cake) on oil de-
crease absorption in potato strips during deep
frying. J. Biol. Chem. Environ. Sci., 11(4): 63-
83.

Fadda C., Sanguinetti A.M., Del Caro A., Collar C.
and Piga A. (2014). Bread staling: updating the
view. Comperhensive Rev. Food Sci. Food
Safety, 13,473-492.

Foschia, M., Peressini, D., Sensidoni, A., Brennan,
C. (2013). The effects of dietary fibre addition
on the quality of common cereal products. J.
Cereal Sci., 58:216-227.

Gelinas, P. and Lachance, O. (1995). Development
of fermented dairy ingredients as flavor en-
hancers for bread. Cereal Chem., 72(1):17-21.

Hady, M. A. M. A.-E.-, and Elsorady, M. E. L.
(2020). Effect of Sprouting on Chemical, Fatty
Acid Composition, Antioxidants and Antinutri-
ents of Flaxseeds. Asian Food Science Journal,

19(1), 40-51.
https://doi.org/10.9734/afsj/2020/v191130231

Hager, A.S., Wolter, A., Czerny, M. (2012) Investi-
gation of product quality, sensory profile and
ultrastructure of breads made from a range of
commercial gluten-free flours compared to
their wheat counterparts. Eur. Food Res. Tech-
nol., 235, 333-344.

Heitmann, M., Zannini, E., Arendt, E.K. (2015) Im-
pact of different beer yeasts on wheat dough
and bread quality parameters. Journal of Cere-
al Science, 63, 49- 56.

Ibrahim, M.A.K. (2011) Chemical and biological
studies on some bakery products. Ph.D. Thesis,
Food Science Dep. Fac. Agric., Moshtohor,
Banha Univ., Egypt, 184 p.

Kaewmanee, T., Bagnasco, L., Benjakul C.S.,
(2014). Characterisation of mucilages extracted
from seven Italian cultivars of flax Food Chem-
istry. 148: 60-69.

Kaushik, P., Dowling, K., Adhikari, R., (2017). Ef-
fect of extraction temperature on composition,
structure and functional properties of flaxseed
gum. Food Chemistry 215 (2017) 333-340

Khan S, Shehzas Q, Ali A. (2020). Development of
eggless cake grass carp
(Ctenopharyngodon idella) protein concentrate
and its quality attributes. Adv Food Technol
Nutr Sci Open J. 6(1): 21-28. doi: 10.17140/
AFTNSOJ-6-165

Kitterman, J. S. and Rubenthaler, G.L. (1971) As-
sessing the quality of early generation wheat
selection with the micro AWRC test. Cereal
Science Today, 16, 313-316, 328.

Licciardello F., Cipri L., Muratore G. (2014). Influ-
ence of Packaging on the quality maintenance
of industrial bread by comparative shelf life
testing. Food Packagaing and Shelf-life, 1, 19-
24,

Makowska, A., Zielinska-Dawidziak, M., Wasz-
kowiak, K., Myszka, K. (2023). Effect of Flax
Cake and Lupine Flour Addition on the Physi-
cochemical, Sensory Properties, and Composi-
tion of Wheat Bread. Appl. Sci., 13, 7840.
https://doi.org/10.3390/app 13137840

using

Food Technology Research Journal, Vol. 6, issue 1, 14-25, 2024



Flaxseed Characteristics and Using Cake Mucilage in Pan Bread

Mueed, A., Shibli, S., Korma, S.A. (2022). Flaxseed
Bioactive Compounds: Chemical Composition,
Functional Properties, Food Applications and
Health Benefits-Related Gut Microbes. Foods,
11, 3307.
https://doi.org/ 10.3390/foods11203307

Nassar, N.R.A., Heikal, Y.A., Ramadan, LE.
(2017). Characteristics of Pan Bread and Bala-
dy Bread Produced from Different Saccharo-
myces Cerevisiae Strains. Egypt. J. Food Sci.
Vol. 45, pp. 29 - 41.

Piazza, L. and Masi, P. (1995). Moisture redistribu-
tion throughout the bread loaf during staling
and its effects on mechanical properties. Cereal
Chem., 72: 320-325.

Puligundla, P. and Lim, S. (2022). A Review of
Extraction Techniques and Food Applications
of Flaxseed Mucilage. Foods, 11, 1677.
https://doi.org/10.3390/ foods11121677

Ragaee, S., Guzar, 1., Dhull, N. and Seetharaman,
K. (2011). Effects of fiber addition on antioxi-
dant capacity and nutritional quality of wheat
bread. LWT - Food Sci. Tech., 44: 2147- 2153.

Rajurkar, N.S. and Hande, S.M. (2011). Estimation
of phytochemical content and antioxidant ac-
tivity of some selected traditional Indian me-
dicinal plants. Indian Journal of Pharmaceutical
Sciences, 73(2), 146—151.

Rocha, M.S.; Rocha, L.C.S., Feijo, M.B. (2021).
Effect of pH on the flaxseed (Linum usitatissi-
mum L. seed) mucilage extraction process. Ac-
ta Scientiarum. Technology, v. 43, €50457.

Seczyk, L., Swieca, M., Dziki, D., Anders, A., and
Gawlik-Dziki, U. (2017). Antioxidants, nutri-
tional and functional characteristics of wheat
bread enriched with ground flaxseed hulls.
Food Chemistry, 214, 32-38.

Vasileva, 1., Denkova, R., Chochkov, R. (2018).
Effect of lavender (Lavandula angustifolia) and
melissa (Melissa Officinalis) waste on quality
and shelf life of bread. Food Chem., 253: 13—
21.

Wannerberger, K., T. Nylander, and M. Nyman.
(1991). Rheological and Chemical Properties
of Mucilage in Different Varieties from Lin-

seed (Linum Usitatissimum). Acta Agriculturae
Scandinavica 41 (3): 311-319.

Yamazaki W.T. (1953). An alkaline water retention

capacity test for the evaluation of cookie bak-
ing potentialities of soft winter wheat flours.
Cereal Chem. 30, 242-246.

Zhang Zhen-Shan, Dong Li, Li- Jun Wang. (2007).

Optimization of ethanol-n water extraction of
lignans from flaxseed, Separation and Purifica-
tion Technology., 57, pp. 17-24.

Food Technology Research Journal, Vol. 6, issue 1, 14-25, 2024

25


https://doi.org/
https://doi.org/10.3390/

