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Abstract: Overproduction of date fruits with limited industrial utilization leads to huge waste and
losses, especially in bisr (the first stage of date maturity). Therefore, this study aimed to investigate
the potential of using bisr date powder (BDP), which is rich in dietary fiber, flavonoids, and phenolic
and antioxidant compounds, as a replacement for breadcrumbs in the beef burgers. The beef burger
samples were produced by replacing breadcrumb powder with different concentration levels of BDP
(0.0, 25, 50, 75, and 100%). All the samples were evaluated for their quality characteristics, including
chemical composition, cooking properties, texture profile, organoleptic characteristics, and microbial
profile. The results revealed that the gradual replacement of breadcrumbs with BDP in beef burgers
significantly decreased moisture, protein, and lipid contents and significantly increased ash and
carbohydrate contents compared to the control. The substitution of breadcrumbs with BDP at 50, 75,
and 100% significantly decreased the cooking yield and increased the cooking loss and shrinking
percentage of a beef burger. On the other hand, the textural profile of all beef burger samples showed
a significant decrease in burgers’ hardness, gumminess, and chewiness with increasing substitution
levels of breadcrumbs by BDP compared to the control. However, the treatment containing 25% BDP
was more resilient than the control. In addition, the replacement of breadcrumbs with BDP up to
100% did not significantly affect the organoleptic properties of beef burger products compared to
the control. Moreover, the microbiological analysis revealed that all beef burger treatments were
safe with acceptable levels of bacterial load according to the Council of the European Communities’
standard specifications. In conclusion, there is a possibility of using BDP as a promising natural
replacer of breadcrumbs to produce beef burgers without deteriorating the quality profile and safety
of the product.

Keywords: beef burgers; date by-product; replacement; sensory properties; burger quality; sustain-
able production

1. Introduction

Incorporation of plant-based ingredients into meat products is proven to be an ef-
fective and consumer-accepted strategy [1]. In fact, meat substitution with plant-based
ingredients has opened the way to different approaches toward reformulating better and
more sustainable meat products. Using a meat plant extender will not only present an
opportunity to reduce the production costs of meat products but also add some healthier
ingredients to the product. Meat extenders are non-meat ingredients with high protein and
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fiber levels that can also enhance the product’s characteristics, including water-holding
capacity (WHC), texture, flavor, palatability, and overall appearance [2,3].

The consumers’ demand for beef burgers as fast food has rapidly increased in recent
years. Therefore, manufacturers continuously try to improve their products’ sensory and
sanitary quality to meet the consumers’ requirements [4]. The reasonable addition of
functional fiber sources as meat fillers in some formulations improved their nutritional
quality and sensory properties, reduced production costs, and extended their shelf life [5].
The use of agricultural dietary fiber sources could make beef products more affordable and
improve their appeal and acceptability [6,7]. Furthermore, the addition of dietary fiber
sources in meat products was found to increase their yields, as well as their water and fat
retention, and prevent water loss during the cooking process [8] and could have similar
sensory characteristics compared to traditional meat products [9].

Additionally, meat in beef sausages was replaced with melon flour made from defatted
melon kernels at substitution levels ranging from 10 to 40%. As the substitution levels
increased, the sausages’ yield, WHC, and sensory qualities improved [10]. When plum
puree (5–15%) was used to substitute low-fat beef patties, the cooking yield and redness
were increased, but the WHC, lightness, and yellowness were significantly reduced [11].
Furthermore, with the use of plum puree as an extender in beef patties at substitutions
levels of 2.8–6.9%, the cooking yield and sensory attributes remained unaltered with
increasing WHC and hardness with the increasing substitution levels [12]. All the previous
investigations proved that many fruits are used as meat extenders, but further studies are
needed on different meat products with different types of fruits and replacement levels.

Date fruits are one of the main crops in the Middle Eastern countries and several parts
of the world. It can be commonly taken at three phases of development: Bisr, Rutab, and
Tamar [13]. Currently, minimal amounts of date fruits are consumed at the firm and crunchy
bisr stage or the first stage of dates maturity (containing 50% moisture), small amounts at the
rutab or ripe stage (containing 30–35% moisture), while the largest portion are consumed
as fresh or dried pitted dates at the Tamer stage (containing 10–30% moisture) [14]. Date
overproduction causes significant losses due to the current limited processing capacity,
especially for dates such as bisr that have a high moisture content. Thus, it is sustainable
to utilize the bisr stage as a high fiber-containing date and novel functional ingredient in
the food industry [14,15]. Taking the previously mentioned consideration into account,
the present study aimed to investigate the effect of bisr date powder inclusion in beef
burgers as a partial or total substitution of breadcrumbs on chemical composition, cooking
properties, texture profile, microbial analysis, and organoleptic properties.

2. Materials and Methods
2.1. Materials

Minced beef meat, breadcrumbs, salt, fat, sugar, onion, black pepper, garlic, and
corn oil were purchased from local markets in the Al-Hasa governorate, the Kingdom of
Saudi Arabia, while BDP (Phoenix dactylifera, Shahal cultivar) was obtained from the Date
Research Centre, Ministry of Environment, Water and Agriculture, the Kingdom of Saudi
Arabia in August 2021.

2.2. Methods
2.2.1. Experimental Approach

In a completely randomized design with three replicates, five burger formulations
were compared. The first formulation was a control formulation without additives (Table 1),
and the other four formulations contained BDP as a replacement for breadcrumbs at an
increasing level (25, 50, 75, and 100% of breadcrumbs and referred to as BDP25, BDP50,
BDP75, and BDP100).



Sustainability 2022, 14, 14143 3 of 12

Table 1. Formulation of beef burgers (g) with different concentrations of bisr date powder (BDP) and
breadcrumbs.

Ingredients (g)
Experimental Treatment

Control BDP25% BDP50% BDP75% BDP100%

Minced beef 1000.0 1000.0 1000.0 1000.0 1000.0
breadcrumbs 200.0 150.0 100.0 50.0 00.0

BDP 00.0 50.0 100.0 150.0 200.0
Fat 30.0 30.0 30.0 30.0 30.0
Salt 10.0 10.0 10.0 10.0 10.0

Sugar 10.0 10.0 10.0 10.0 10.0
Onion 10.0 10.0 10.0 10.0 10.0

Black paper 10.0 10.0 10.0 10.0 10.0
Garlic 10.0 10.0 10.0 10.0 10.0

Corn oil (mL) 10.0 10.0 10.0 10.0 10.0
Water (mL) 100.0 100.0 100.0 100.0 100.0

Total 1390 1390 1390 1390 1390
Control: beef burger with 100% breadcrumbs. BDP25%: burger with 25% replacement of breadcrumbs by BDP;
BDP50%: burger with 50% replacement of breadcrumbs by BDP, BDP75%: burger with 75% replacement of
breadcrumbs by BDP; BDP100%: burger with 100% BDP.

2.2.2. Proximate Chemical Composition

Moisture, protein, fat, fiber, and ash contents in BDP, fresh beef meat, and cooked
beef burgers were evaluated in triplicate using the official methods of the Association of
Official Analytical Chemists [16]. While the total carbohydrates are calculated by difference,
according to the following equation:

Total carbohydrates (%) = 100 − (moisture % + protein % + fat % + ash % + fiber %) (1)

2.2.3. Beef Burger Preparation

Fresh minced beef meat (moisture 72%, fat 4%) was used for each burger formulation
with different food ingredients, as indicated in Table 1. Each burger formulation was well
homogenized using a kneading machine (KM400, China) for 10 min at medium speed.
Then, dried BDP was used to replace breadcrumbs as a meat filler at 25, 50, 75, and 100%
substitution levels. After that, the homogenous mixture of each recipe was pressed into
round-shaped pieces of 50 g and a diameter of 9 cm with a thickness of 1 cm by using
a commercial burger maker. Finally, the fresh burger products were stored at −18 ◦C in
polyethylene bags until used for further investigations.

2.2.4. Cooking Properties

Burger samples from each formulation were cooked for 10 min on a hot plate (Home-
maker 2000-Watt Electric, Model TXG-034C, Guangzhou Jimark Food Machinery Co., Ltd.
Guangdong, China) held at 200 ◦C after warming for 15 min. The samples were continu-
ously turned over every 5 min. on the hot plate to ensure uniform cooking. After that, all
the samples were cooled to room temperature (21 ◦C) before weighting, and the cooking
properties of each sample were determined according to [17], using the following equations:

Cooking yield (%) = 100 × (cooked burger weight/raw burger weight) (2)

Cooking loss (%) = 100 × (raw burger weight − cooked burger weight)/raw burger weight (3)

Shrinkage (%) = 100 × (raw burger diameter − cooked burger diameter)/raw burger diameter (4)

2.2.5. Texture Profile Analysis

The different cooked low-fat beef burger samples and the control samples were sub-
jected to texture profile analysis at room temperature using a Texture Analyzer (TA-XT Plus,
Godalming, UK), in accordance with Ref. [18]. The different samples were cut into a circular
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mold with a 2 cm diameter after cooking and cooling at room temperature. The samples
were then removed and flattened to 50% of their original height using a cylindrical probe
with a diameter of 2.5 cm and a testing rapidity of 1 mm s−1. This process was repeated
six times for each sample. The parameters of the texture profile determined in this study
were cohesiveness (ratio of active work performed under the second compression curve
that under the first compression curve (A2/A1) as dimensionless) and hardness (maximum
force required for the initial compression of the sample as N). The total amount of energy
needed for the first firmness is A1, and the total amount for the second compression is
A2. Springiness is the ability of the sample to recover its original form after the deforming
force is removed as mm. At the same time, chewiness is the required work to masticate the
sample for swallowing as N mm.

2.2.6. Microbial Analysis

On a 3M Petrifilm® Aerobic Count Plate (3M España S.A., Madrid, Spain), mesophilic
aerobic cultures (MAB; 30 ◦C for 48 h) of cooked low-fat beef burger and control samples
were determined. Yeast and molds analysis were performed using potato dextrose agar
(PDA) supplemented with Chloramphenicol (Oxoid) and incubated for 5 days at 28 ◦C
(yeasts were counted after 72 h). All analyses were performed in triplicate, and data were
presented as log CFU/g as described by [19,20].

2.2.7. Sensory Evaluation

The acceptability test was performed for the different cooked burger samples at the
Sensory Analysis Laboratory of the Date Palm Research Centre of Excellence and College
of Agriculture and Food, University of King Faisal, Saudi Arabia Kingdom, by using
13 trained panelists. Following a balanced complete block design, each sample was coded
with three-digit numbers and presented in a randomized sequential monadic manner. Two
sessions of five samples each were used in the sensory test. All the panelists were asked to
evaluate the cooked burger samples according to their taste, odor, texture (juiciness and
appearance), flavor, color, appearance, and overall quality based on a 5-point hedonic scale,
where one represents “like extremely” and five represents “dislike extremely”. The analysis
was performed according to [21,22].

2.3. Statistical Analysis

The statistical analyses of the data were performed using the computerized SPSS
20 (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY, USA: IBM Corp.). The
effects of various treatments were analyzed using a one-way Analysis of variance (ANOVA)
followed by Duncan’s multiple range tests at probability levels of 0.05 [23].

3. Results and Discussion

In meat products, many fruits and their by-products are used as ingredients to extend
their shelf lives or to add fiber and other bioactive compounds [24,25]. The BDP is an
agricultural byproduct with a feasible use as a novel food ingredient. The present study in-
vestigated the increasing inclusion levels of BDP instead of breadcrumbs as meat extenders
or fillers in burger formulation.

3.1. Chemical Composition of Bisr Date Powder (BDP) and Beef Burgers Supplemented with
Different Ratios of BDP

Table 2 shows the energy value and different chemical components of BDP. The
results indicated a wide variation in date bisr chemical composition. The bisr powder
contained low percentages of protein (4.25%) and fat (0.24%) and high percentages of
crude fiber (16.00%), total carbohydrates (83.77%), and available carbohydrates (67.77%).
In addition, BDP was found to have a high-energy content (290.24 K. Cal/100 g). These
results reasonably agree with [26–28].



Sustainability 2022, 14, 14143 5 of 12

Table 2. Chemical composition and energy value of bisr date powder (BDP).

Chemical Composition (%)

Moisture 8.27 ± 0.43
Ash 3.47 ± 0.18

Protein 4.25 ± 0.12
Lipid 0.24 ± 0.01

Crude fiber 16.00 ± 0.46
Total Carbohydrates 83.77 ± 3.93

Available Carbohydrates 67.77 ± 1.96
Total energy (K. Cal.) 290.24 ± 18.98

Each value is the mean of three replicates. Means ± standard deviation.

According to the literature, fiber in meat products prevents water loss during cook-
ing [29]. In addition to replacing flour, fat, or sugar with less expensive, non-caloric bulking
agents, fiber-rich byproducts can also enhance water and oil preservation to improve emul-
sion or the oxidative stability in food products [30]. Further to their health benefits, dietary
fibers have a number of useful properties that are important for food preparation, such as
the ability to hold water, the ability to swell, the ability to increase viscosity, and the ability
to form gels [31]. Therefore, utilization of date fruits with high fiber content at the bisr
stage as a functional ingredient in meat products will be beneficial to improve their cooking
properties as well as their sensory characteristics. Dates are usually used as ingredients in
food preparations to provide a super taste to the final products [32].

The chemical analysis of beef burgers supplemented with different concentrations
of BDP (0,25, 50, 75, and 100% instead of breadcrumbs) is illustrated in Table 3. Due
to the increase in dry matter, BDP showed a direct impact on moisture, with a notable
drop proportional to increased BDP content. The total replacement of breadcrumbs with
BDP in the cooked burgers, reduced moisture to a little over 11%. Ash and carbohydrate
contents were found to differ statistically among treatments. The gradual substitution of
breadcrumbs with BDP for the production of the beef burger significantly increased ash
from 0.71% to 2.02%, and carbohydrate from 2.03% to 15.85% (for control and 100% BDP,
respectively). While 100% of additional BDP showed a lower protein and fat content than
the control (p < 0.05), this might be a result of non-meat particles being present (BDP). This
may be due to the fact that date fruit is usually low in fat and protein content and very rich
in total carbohydrates and ash content, as indicated in Table 1.

Table 3. Chemical composition of beef burger formulated with increasing bisr date powder as a
substitute for breadcrumbs.

Treatments
Chemical Composition [N = 3 + SD]

Moisture Ash Proteins Lipids Carbohydrates

Control 55.40 ± 2.88 a 0.71 ± 0.04 e 25.64 ± 1.33 a 16.22 ± 0.84 a 2.03 ± 0.11 d

BDP25% 51.90 ± 2.70 a 0.99 ± 0.05 d 23.41 ± 1.22 a 15.98 ± 0.83 a 5.49 ± 0.29 c

BDP50% 46.05 ± 1.33 b 1.50 ± 0.04 c 24.15 ± 0.70 a 15.73 ± 0.45 ab 12.57 ± 0.36 b

BDP75% 45.12 ± 2.35 b 1.75 ± 0.09 b 23.34 ± 1.21 a 14.92 ± 0.78 ab 14.87 ± 0.77 a

BDP100% 44.91 ± 1.30 b 2.02 ± 0.06 a 23.00 ± 0.66 a 14.22 ± 0.41 b 15.85 ± 0.46 a

The same symbols in the same column mean no significant differences at the (p ≤ 0.05) level. Control: beef
burger with 100% breadcrumbs. BDP25%: burger with 25% replacement of breadcrumbs by BDP; BDP50%: burger
with 50% replacement of breadcrumbs by BDP, BDP75%: burger with 75% replacement of breadcrumbs by BDP;
BDP100%: burger with 100% BDP.

This resulted in agreement with the findings of Sayas-Barberá, et al. [5], who evaluated
the effect of adding different concentrations of date pit (0%, 1.5%, 3%, and 6%) to beef burg-
ers and its effect on the safety and quality throughout 10 days of storage. They found that
the addition of 6% date pit powder in the cooked burger reduced the moisture and protein
content. Meanwhile, the results disagreed with those of Besbes, et al. [33], who assessed
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the impact of adding extracted date fiber concentrate (DFC) in beef burger formulations
at various levels on quality characteristics (e.g., nutritional value, proximate composition,
cook loss, dimensional change, sensorial quality, etc.) and lowering production costs. They
found that ash content was lower (p < 0.05) in burgers supplemented with DFC at a level of
1% and 1.5%.

3.2. Beef Burgers Cooking Properties

The cooking properties (cooking yield, cooking loss, and shrinkage) of beef burgers
made in this study are indicated in Table 4. These properties are reported to be meat
products’ most important quality characteristics [34,35]. In general, the substitution of
breadcrumbs with BDP at 50, 75, and 100% significantly decreased the cooking yield. It
increased the cooking loss and shrinkage percentage of beef burger samples. The decrement
of the cooking yield ranged from 4.74% to 10.51%, while the increments of cooking loss and
shrinking as percentages ranged between 89.27–190.81% and 46.56–101.40% in comparison
with the control, respectively. When breadcrumbs were substituted with 25% date bisr
for the production of the beef burger, the reduction in the cooking yield was only 1.96%
compared with the control.

Table 4. Cooking properties of beef burger formulated with increasing bisr date powder as a substitute
for breadcrumbs.

Treatments
Cooking Properties [N = 3 + SD]

Cooking Yield (%) Cooking Loss (%) Shrinking (%)

Control 94.78 ± 0.63 a 5.22 ± 0.60 c 7.13 ± 0.085 c

BDP25% 92.92 ± 1.56 a 7.08 ± 1.55 bc 6.19 ± 0.10 c

BDP50% 90.29 ± 1.49 ab 9.71 ± 1.49 b 11.65 ± 1.15 b

BDP75% 90.12 ± 4.47 bc 9.88 ± 1.21 b 14.39 ± 1.60 a

BDP100% 84.82 ± 2.00 c 15.18 ± 2.01 a 10.45 ± 1.35 b

All the above values are means of triplicate determinations. Means ± Standard deviation. Means within a column
with different letters are significantly different at (p ≤ 0.05). Control: beef burger with 100% breadcrumbs. BDP25%:
burger with 25% replacement of breadcrumbs by BDP; BDP50%: burger with 50% replacement of breadcrumbs by
BDP, BDP75%: burger with 75% replacement of breadcrumbs by BDP; BDP100%: burger with 100% BDP.

Moreover, the shrinkage percentage of the cooked beef burger diameter was only
6.19% compared to 7.13% for the control. However, the reduction in burger diameter was
reported to be due to meat protein denaturation and the loss of water and fat content
during cooking [36]. In contrast, the dietary fibers were reported to decrease the cooking
loss due to their high ability to keep moisture and fat in their matrix [33]. Anderson and
Berry [37] indicated that when pea fiber was added to high-fat ground beef, fat retention in
the ground beef significantly increased from 33 percent to values ranging between 85–98%.
Likewise, the cooking yield was substantially greater in ground beef containing pea fiber
(87–94%) than in control (52%).

3.3. Texture Profile of the Beef Burger

Figure 1 shows the results of the textural profile of beef burgers made with different
concentration levels of BDP and breadcrumbs. From the results, the burger’s hardness,
gumminess, and chewiness were significantly (p < 0.05) and gradually decreased with
increasing substitution levels of breadcrumbs with BDP in all the formulations. The
control treatment was found to be slightly springier and more cohesive than all beef burger
formulations with added BDP, but when breadcrumbs were replaced by 25% and 75% BDP,
the products were more resilient than the control. The reduction in beef burgers’ hardness
values may be related to the moisture retention capabilities of the BDP and its creation
of a weaker three-dimensional network with a protein matrix. In addition, some writers
indicated that the diluting effect of non-meat elements in meat protein systems mostly
accounted for the softer texture [38–40].
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Figure 1. Textural profile of beef burgers formulated with increasing bisr date powder levels as a
substitute for breadcrumbs. The same symbols in the same column mean no significant difference
at the (p ≤ 0.05) level. Control: beef burger with 100% breadcrumbs. BDP25%: burger with 25%
replacement of breadcrumbs by BDP; BDP50%: burger with 50% replacement of breadcrumbs by BDP,
BDP75%: burger with 75% replacement of breadcrumbs by BDP; BDP100%: burger with 100% BDP.

Moreover, the heat treatment during the cooking process of beef burgers with BDP
might have led to some modifications in their structures and, thereby, decreased their
texture properties. Nowadays, consumers accept beef burgers that are less gummy, not
firm, less springy and cohesive, and easy to chew, as harder, gummier, and chewy burgers
require more time wasted in masticating and completing a beef burger meal [39]. Heck,
et al. [41] reported that the texture changes in meat products by healthier reformulation are
significant challenges, especially for their sensory attributes.

3.4. Beef Burger Microbial Characteristics

According to the literature, the beef burger is considered an ideal medium for the
growth of many microorganisms because of its high contents of moisture, protein, and
minerals, with some fermentable carbohydrates (glycogen) and favorable pH for most
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pathogenic microorganisms [42,43]. Therefore, the microbiological characteristics of meat
products are a valuable way to determine the quality and safety of human health. However,
hygienic conditions during the preparation and processing of meat products will reduce
the microbial load of the products. Therefore, the total aerobic bacterial count is usually
used to indicate bad hygienic conditions during food processing and storage that can lead
to toxin production and pathogen proliferation [44].

According to the Council of the European Communities [45], the limit suggested for
the total aerobic bacterial count in beef burgers is 105 microbes/g. The results obtained
in Table 5 revealed that the minimum and maximum aerobic plate counts (A.P.C.) in all
beef burger samples ranged between 4.6 × 102–6.10 × 102 cfu, which are below the sug-
gested [45] limits. On the other hand, the total count of yeast and fungus in the same
samples was found to range between 1.10 × 103–6.30 × 103 cfu. The minimum concen-
tration level was registered for sample B, while the maximum level was recorded in the
control (A). In general, the substitution of breadcrumbs with BDP reduced the total counts
of yeast and fungus in beef burgers with a slight increment in the total bacterial count.

Table 5. Microbial characteristics of beef burgers formulated with increasing bisr date powder levels
as a substitute for breadcrumbs.

Treatments Bacterial Total Count
(cfu)

Yeast/Fungus Total Count
(cfu)

Control 4.6 a × 102 6.30 a × 103

BDP25% 5.0 a × 102 1.40 a × 103

BDP50% 4.90 a × 102 1.10 a × 103

BDP75% 5.10 a × 102 1.60 a × 103

BDP100% 6.10 a × 102 1.40 a × 103

All values are means of triplicate determinations. The same symbols in the same column mean no significant
differences at (p ≤ 0.05). (CFU): Colony formulation unit. Control: beef burger with 100% breadcrumbs. BDP25%:
burger with 25% replacement of breadcrumbs by BDP; BDP50%: burger with 50% replacement of breadcrumbs by
BDP, BDP75%: burger with 75% replacement of breadcrumbs by BDP; BDP100%: burger with 100% BDP.

3.5. Sensory Evaluation

The results of the organoleptic assessment of cooked beef burger samples produced
in this study by replacing breadcrumbs with different concentration levels of BDP are
shown in Table 6 and Figure 2. The analysis of variance between the different treatments
indicated insignificant differences between all beef burger samples that were made with
different concentrations of BDP and the control sample concerning their taste, odor, texture,
color, appearance, and overall quality. However, the best flavor, odor, texture, and overall
quality scores among all the samples recorded for beef burger samples were made with the
substitution of 25% breadcrumbs with BDP. However, the substitution of breadcrumbs with
up to 100% BDP had no significant negative effects on beef burger products’ organoleptic
properties compared with the control.

Table 6. Sensory evaluation of beef burgers formulated with increasing bisr date powder level as a
substitute for breadcrumbs.

Treatments Taste Odor Texture Color Appearance Overall Acceptability

Control 2.00 ± 0.78 a 1.91 ± 0.94 a 2.36 ± 0.81 a 1.91 ± 0.98 a 2.18 ± 1.00 a 2.36 ± 1.12 a

BDP25% 1.82 ± 0.87 a 1.64 ± 0.81 a 2.09 ± 0.70 a 2.00 ± 1.00 a 2.18 ± 0.98 a 1.91 ± 0.94 a

BDP50% 1.18 ± 0.87 a 2.09 ± 1.04 a 2.10 ± 0.75 a 2.45 ± 1.04 a 2.36 ± 1.27 a 2.55 ± 1.13 a

BDP75% 2.46 ± 0.69 a 2.46 ± 0.93 a 2.00 ± 0.89 a 2.36 ± 0.93 a 2.55 ± 1.29 a 2.81 ± 1.17 a

BDP100% 2.18 ± 0.87 a 2.09 ± 1.04 a 2.00 ± 1.00 a 2.10 ± 1.22 a 2.73 ± 1.42 a 2.55 ± 1.04 a

a The same letters in the same column mean no significant differences at the (p ≤ 0.05) level. Control: beef burger
with 100% breadcrumbs. BDP25%: burger with 25% replacement of breadcrumbs by BDP; BDP50%: burger with 50%
replacement of breadcrumbs by BDP, BDP75%: burger with 75% replacement of breadcrumbs by BDP; BDP100%:
burger with 100% BDP. hedonic Scores: 1 = excellent, 2 = very good, 3 = good, 4 = acceptable, 5 = unacceptable.
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as a substitute for breadcrumbs.

In terms of color, flavor, and juiciness, the sensory evaluation of the acceptability of
fat-substituted burger treatments with dry hydrogel enhanced with açai oil revealed no dif-
ferences (p > 0.05). The control variant has high ratings in the analyses of appearance, color,
flavor, taste, juiciness, texture, and overall acceptability, which supports the significance
of the type of fat in a burger and highlights how difficult it is to fully satisfy consumer
demands by using a fat replacement in place of animal fat [46]. According to Sayas-Barberá,
et al. [5], a new substance made from date palm coproducts (pits) was procured and tried as
a burger preservative. During the course of 10 days of storage, the impact of adding various
amounts of date pit (0%, 1.5%, 3%, and 6%) in beef patties was assessed. Additionally,
burgers with 3% BDP had the highest level of product approval among the trained panel,
and after cooking, they displayed one of the finest sensory profiles. Recent studies on the
creation of novel additives for burgers indicated a concentration of additives that relate
to sensory acceptance. According to Pollini, et al. [47], the freeze-dried apple pomace was
utilized to fortify beef burgers and contained 40.19% of the daily recommended amount
of fiber (4% and 8%). This group of assessors perceived the versions fortified with apple
pomace as more uniform, less salty, less acidic, less bitter, and more chewable than assessors
who had declared they usually prefer to consume meat.

4. Conclusions

One of the most consumed foods worldwide is the burger. New, superior-quality
meat products that are also healthier are in higher demand. A practical, affordable, and
healthful component for food fortification, particularly in products of animal origin, is bisr
date powder (BDP). In this study, the impact of the gradual replacement of breadcrumbs by
BDP as a partial or total substitution on chemical composition, cooking properties, texture
profile, microbial analysis, and organoleptic properties of beef burger were investigated.
The substitution of breadcrumbs with BDP (as fiber-rich byproducts, low-cost, and non-
caloric bulking agents) at 25% to beef burgers was the most advantageous concentration,
since the fiber content of BDP was able to preserve the red color of raw burgers, avoid
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pigment and lipid oxidation, reduce microbial counts, and improve the cooking properties.
Furthermore, burgers with 25% BDP led to the highest acceptability of the product to the
trained panel, and after cooking, they showed one of the best sensory profiles. BDP could
have significant potential as a food improvement agent to eliminate synthetic preservatives
and to enrich foods with fiber without losing flavor, color, and texture.
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