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Abstract: The current levels of added sugars in processed foods impact dental health and contribute
to a range of chronic non-communicable diseases, such as overweight, obesity, metabolic syndrome,
type 2 diabetes, and cardiovascular diseases. This review presents sugars and sweeteners used in food
processing, the current possibility to replace added sugars, and highlights the benefits of using dates
as a new natural, nutritious and healthy alternative to synthetic and non-nutritive sweeteners. In the
context of environmental sustainability, palm groves afford a propitious habitat for a diverse array of
animal species and assume a pivotal social role by contributing to the provisioning of sustenance and
livelihoods for local communities. The available literature shows the date as an alternative to added
sugars due to its composition in macro and micronutrients, especially in bioactive components (fiber,
polyphenols and minerals). Therefore, dates are presented as a health promoter and a preventative for
certain diseases with the consequent added value. The use of damaged or unmarketable dates, due
to its limited shelf life, can reduce losses and improve the sustainability of date palm cultivation. This
review shows the potential use dates, date by-products and second quality dates as sugar substitutes
in the production of sweet and healthier foods, in line with broader sustainability objectives and
circular economy principles.

Keywords: Phoenix dactylifera; dates; sugar; sweeteners; sugar reduction; alternative sweetener;
sustainability

1. Introduction

Presently, sugar is a main contributor to the onset of obesity and diabetes, which
may be attributed to the elevated intake of added sugar in the processing of beverages,
dairy products, desserts, cookies, candies, jams, among others [1,2]. The implications of
excessive of added sugars in processed foods involve an excessive energy consumption, an
impact on dental caries, and an increased prevalence of some chronic noncommunicable
diseases (overweight and obesity, metabolic syndrome, type 2 diabetes and cardiovascular
diseases) [3–5]. These disorders have manifested as significant public health challenges,
prompting a call for the reduction of sugar consumption to enhance the nutritional profile
of foods in alignment with public health recommendations [3,6,7]. The World Health
Organization (WHO) promotes the preparation of guidelines to limit sugar consumption,
defining the recommended threshold to be below 10% of the total energy intake in the diet
and ideally less than 5% for optimal health benefits [6]. WHO’s sugar guidance adopts
the concept of free sugars (FS), encompassing monosaccharides and disaccharides added
to foods and beverages by manufacturers, cooks, or consumers, as well as natural sugars
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present in honey, syrups, fruit juices, and fruit juice concentrates [6]. The FS concept is
considered more suitable than total or added sugars in this context.

The technological contribution of sugars must be duly considered in the strategies of
sugar reduction or substitution due to key role of sugars in food processing, contributing
to sensory quality, textural properties and shelf life. The modification or reduction of sugar
content represents an important challenge for the food industry, potentially compromising
the aforementioned functions [1].

Sugar, being a multifunctional ingredient, holds significant relevance in processed
products. It imparts a sweet taste and mouthfeel in solid products and beverages, con-
tributes to textural properties, participates in the Maillard reaction, resulting in brown crust
color and appropriate aroma [1]. Additionally, sugar decreases water activity (Aw) in solid
products, affects the freezing point, acts as a bulking and preserving agent, extends product
shelf-life, and promotes lightness [8]. Among its roles, more relevant is conferring sweet
taste to foods. Therefore, when sugar is substituted in a food product, maintaining the
flavor, texture, and shelf life of the original product becomes necessary.

Sucrose is acknowledged as the reference sugar for sweetness and serves as a compara-
tive standard for evaluating the sensory and technological attributes of potential alternative
sweeteners [9,10]. Moreover, sucrose serves as a moisture retainer, thereby contributing
to the extension of shelf life. Additionally, sucrose exerts a profound influence on the
structure, appearance, and texture of numerous food, such as baked goods and chocolate,
owing to its hygroscopic and crystallization properties [10,11].

The inherent hygroscopicity of sucrose plays a significant role in development the
formation of a delicate texture, a heightened porous structure, and the expansion of baked
products. Concurrently, the crystallization process of sucrose intricately participates in
bestowing crispness and generating a crackling surface in biscuits and cookies [10]. Various
researchers have documented the influence of sugar on the sensory and physical attributes
of confectionery products, specifically cakes and cake-like items [12,13].

Moreover, sugar plays a pivotal role in binding moisture, and the moisture content
varies across different sugar types. For instance, liquid sugars exhibit a higher moisture
content compared to brown sugar, and brown sugar, in turn, contains more moisture than
crystalline white sugar [14,15]. The impact of sugar in beverages is substantial, manifesting
a multifaceted influence encompassing the provision of sweetness, flavor enhancement,
enhanced palatability, increased viscosity, texture augmentation, and coloration. Simultane-
ously, sugar serves as a preservative by reducing water activity [16].

The physical attributes that sucrose possesses regulate fundamental processes that in-
fluence food texture, such as rheology, phase transitions of biopolymers and the distribution
of water in the different phases of the food and texture-associated sensory attributes [17].
Their results indicated that the functional role of sugar, coupled with its functions as a
plasticizer and humectant, significantly influences the rheology of biscuits. Consequently,
these aspects can be strategically harnessed for the reformulation of biscuits to replicate the
characteristics of their original counterparts [17].

Nevertheless, it is imperative to acknowledge that any reduction, elimination, or
substitution of sucrose in food products may induce safety and quality-related undesirable
effects [10]. Reducing the added sugar content of processed products to levels that do
not compromise the properties and sensory characteristics of the final product poses a
challenge for the food industry [1].

This review describes sugars and sweeteners used in food manufacturing. It considers
the current potential for substitution of added sugars and highlights the advantages of
incorporating dates as a natural, nutritious and sustainable alternative to artificial and
non-nutritive sweeteners. This is in addition to the objective of promoting healthy eating
behavior and the engagement of the agri-food industry to diversify our food systems
towards sustainable production.
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2. New Trends and Strategies for Sugar Reduction in Food and Beverages

Considering that processed foods constitute the primary source of FS intake, there
exists substantial pressure on the food and beverage industry to engage in reformulation
initiatives. The high demand to diminish added sugar content in processed products
emerges as a principal concern for public health, necessitating governmental involvement
through initiatives such as advertising regulation, regulatory policies, and taxation, among
other measures [5]. Of notable concern is the report that the intake of added sugars in
the diets of children and youth (aged 4 to 18 years) accounts for approximately 15% of
their total dietary energy intake [18,19]. While sugars inherent in fruits and vegetables are
enveloped within a natural tissue matrix, added-sugars and sugars found in syrups, honey,
and fruit juices lack are free. Consequently, this last category is more readily available for
digestive processes [5,18].

Several governments have instituted programs aimed at curbing sugar consumption.
These initiatives encompass restrictions on the advertising of sugar-rich foods, salt, etc.,
the imposition of higher taxes on sugary beverages, and limitations on the availability of
unhealthy products in vending machines [1,20].

One of the strategies employed to achieve sugar reduction in both solid and liquid
food products involves the partial or complete substitution of sugar with a blend of diverse
sweeteners. This approach aims to mitigate the risk of compromising the ultimate sensory
characteristics of the products, striving to attain a taste and flavor profile comparable to
that of sucrose [8]. Another initiative, in other countries, is the gradual reduction of sugar
in liquid and solid foods, encouraging consumers to gradually adapt to the change in
sweetness [21].

Beverages and food reformulation focused on reducing the sugar content of processed
products is viewed as potentially beneficial in reducing sugar intake and improving health.
These changes in the final product composition can compromise the final sensory character-
istics in both solid and liquid foods, which implies the need for significant improvements
in the sensory quality of sugar-reduced products [5,8,22].

Various methodologies for reducing sugar intake in food products center on alter-
ations in food formulation or product re-design. These approaches comprehend direct
sugar reduction, as well as the partial or complete substitution of sugar with sweeteners
and bulking agents. Additionally, strategies involve cross-modal interactions or flavors
with modifying properties (FMP), modifying the structure of sugar, and establishing a
heterogeneous distribution of sugar within the food matrix [5,23].

The primary objective of these strategies is to effect sugar reduction while preserving
the essential characteristics of the product, such as sweetness, color, and texture. Recent
studies indicate that the simultaneous implementation of diverse sugar reduction strategies
proves to be more efficacious than relying on a singular approach [16]. This underscores
the complexity of reducing sugar content in food products and, at the same time, assuring
consumer acceptance and satisfaction.

2.1. Changes in the Food Formulation

This strategy is intended to improve one or more properties of the product, including
sensory attributes, safety, nutritional quality, among others [2]. The focus of this paper is
specifically directed towards the reduction of added sugar to yield healthier products.

This strategy widely used in the development of low-sugar products involves the
reduction of sugar content or the complete or partial substitution of sugar with low-caloric
carbohydrates, non-nutritive sweeteners, or bulking agents. This approach is applicable
to both solid foods and beverages, and is aligned with the target of improving the health
profile of food products, particularly associated with excessive sugar consumption.

2.1.1. Gradual Reduction of the Sugar Content in Foods

This reformulation strategy focused on gradually reducing the sugar content in food
products, considering that consumers must accept the changes in sensory profile. Directly
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reducing the amount of sugar to lower the sweetness intensity of a product could affect
product acceptance. In the case of beverages, direct sugar reduction could lead to a decrease
in consumer palatability and acceptability, it has been studied that a gradual reduction
is more effective than the stepwise reduction strategy because of its lesser impact on con-
sumer sensory perception others [24,25]. Therefore, gradually reducing sugar in beverages
can familiarize consumers to lower concentrations of sugar, reduce their preference for
sweetness, and maintain consumer satisfaction with sugar-reduced products [26]. However,
the impact of this strategy is limited, and the effect would be observed in the long term [16].

Several studies concluded that consumers did not perceive sugar reductions in the
range of 6 to 11%, and it has even been shown that reductions of up to 20 to 30% do not
seem to induce a major change in overall taste in both adults and children [26]. Reducing
sugar in consecutive steps so that consumers do not notice any change in the sensory
characteristics of the products is an effective strategy. The gradual reduction of sugar could
promote the change of sweet preferences within a food category in favor of products with a
lower sugar content [5].

2.1.2. Partial or Total Replacement by Sweetener

This strategy is focused on the replacement of sugar by sweetener, nutritive sweeteners
(NS) and non-nutritive sweeteners (NNS) depending on whether they contain calories,
or natural and artificial sweeteners depending on origin. They maintain the sweetness
of products without negative health effects (obesity, type II diabetes, and cardiovascular
diseases) [16]. Nowadays, consumers can find a wide range of commercial processed
products that contain at least one non-nutritive sweetener [5].

Since the 1980s, the use of non-nutritive sweeteners and low-calorie carbohydrates
(prebiotic fibers) has been used to avoid the negative impacts (obesity, type II diabetes and
cardiovascular disease) of high sugar intake, maintains the sweetness of products [27]. The
discovery of sweeteners represented a key step for the innovation in the food technology
(sweet products with non-caloric intake) [1]. To avoid undesirable effects of sugar reduc-
tion or elimination are needed to study the minimum sugar level and/or optimal sugar
substitutes to maintain the basic functionality and final product quality.

NS, NNS, polyols, low-calorie carbohydrates (oligofructose, maltodextrin and poly-
dextrose) and bulking agents are used to replace (partially or totally) the sucrose. The
sugars commonly used in the food industry are: sucralose, maltitol, stevioside, sorbitol,
isomalt, aspartame, erythrito, etc.) and bulking agents (unulin, maltodextrine, polydex-
trose, oligofructose, syrup, etc.), but they must be adapted to the food product, legislative
standards and consumer preference [10]. The NS commonly used include: fructose, glucose,
lactose and polyols. While NNS can include natural compounds (stevia, thaumatin and
monk fruit), or synthetic compounds (saccharin, aspartame, sucralose, etc.), they are very
sweet and tasty, but contain few calories [19].

Polyols (as erythritol, isomaltitol, lactitol, maltitol, sorbitol, mannitol, and xylitol), are
food additives, and present insignificant caloric contribution, but a high sweetening capac-
ity, being used in low quantities in food products [19]. In general, they are not cariogenic
and do not cause glycemic response, thus being extensively used in hypocaloric diets, for
diabetes patients and other specific cases where caloric intake must be controlled [28].

The inclination for a combination of non-nutritive sugar substitutes with sugar alcohols to
produce a low-calorie bakery product has increased, with artificial sweeteners such as aspartame
and sucralose providing sweetness and sugar alcohols providing the bulking properties.

In the last decades, the use of synthetic sweeteners (e.g., aspartame, sucralose, cycla-
mate, acesulfame and saccharin) has been commonin the industry to obtain low-calorie
foods and beverages, due to their high sweetness, low cost, and calorie-free benefits [28].

In the case of beverages, the reduction of sucrose and its substitution with sweeteners,
whether artificial or natural, can lead to a reduction in viscosity and have an adverse
effect on the sensory and temporal profiles (manifesting as sensations like dry mouth
and decreased viscosity) [16,23]. To avoid these undesirable effects associated with the
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incorporation of sweeteners into low-calorie beverages, carbohydrate gums and other food
additives are introduced.

Sucralose is the most widely used sweetener in the beverage. The aspartame has
been shown to exhibit stability in acidic liquid, and instability to heat and alkali; sucralose
rapidly reaches peak sweetness and develops an undesirable residual sweetness [29].

New non-nutritive synthetic sweeteners in beverages have been reported such as
neotame, advantame and alitame. Neotame has shown to be a good alternative to aspartame
with a high sweetening power (7000 to 13,000 times sweeter than sucrose) and successful
replacement has been reported up to 30% with no negative taste effects [16].

In the case of beverages, the sweetener aspects that should be considered to be selected
are: specific solubility, pH stability, sweetness characteristics, processing temperature
stability, temporal sensory profile and undesirable flavors [16]. Nevertheless, controversy
exists about the safety over the use of artificial sweeteners in foods and beverages [5,15,30].

Artificial sweeteners share the same palatability as natural sugars, but the metabolic
routes are different. The scientific literature shows artificial sweeteners are metabolized
differently than natural sweeteners and may not all have the same metabolic impact,
which can affect from the composition of the gut microbiota to the degree of digested
and absorbed [30]. Artificial sweetener intake could affect body weight and glucose
homeostasis through physiological mechanisms involving the gut microbiota, reward-
system, adipogenesis, insulin secretory capacity, intestinal glucose absorption, and insulin
resistance [30].

It is considered that reducing sugar through sweeteners and not sugar intensity does
not reduce the intake of intensely sweet foods and, therefore, does not lead to the develop-
ment of a preference for products with lower sweetness intensity. This approach has been
associated with potential adverse health effects linked to the intake of sweeteners [31]. The
activation of sweet receptors without the intake of sugar can lead to metabolic dysregula-
tion [32]. This could be due to the decoupling of sweet taste from energy intake (learned
relationship between sweet taste and post-ingestion responses), which may lead to the
subsequent development of glucose intolerance. The metabolic response to carbohydrate
intake depends on the relationship between energy intake and sweet taste [32].

Consideration of these impacts and the concern of consumers about artificial sweeten-
ers is an important factor among other strategies than the use of artificial sweeteners as a
means to reduce or replace sugar.

Natural sweeteners are widely used by the beverage industry because of the demand
for clean label products. Stevia, a plant-derived sweetener, is present in some low-calorie
drinks due to its good organoleptic properties, despite its bitterness, licorice taste and after-
taste [16]. Bulking agents and flavorings can also be used in stevia beverage formulations
to avoid these negative impacts on taste [33].

Another natural sweetener with future application is mogroside, a mixture of curcurbitane-
type triterpenoid saponin, which is characterized by lower peak sweetness, a longer sweetness
duration and after-taste (bitter, chemical and metallic taste) compared with sucrose. Sugar
alcohols or polyols are good substitutes for sucrose, because they are minimally metabolized
in the body, for example rythritol, calorie-free polyol, has been widely used in sugar-free
carbonated beverages [33].

Finally, it is worth mentioning the other sugars (e.g., D-fructose and L-arabinose)
and sweet proteins (miraculin, monellin, thaumatin, mabinlins, pentadin, curculin, and
brazzein), may have wide potential application in the beverage industry as natural and
clean sweeteners [33].

Natural sugars (unrefined sugar) are preferred because they have a high nutritional
value due to their high concentration of healthy compounds (bioactive compounds, miner-
als, fibers, antioxidants, and phytochemicals), which balance the negative effects of refined
sugar. Therefore, removing refined sugar or at least reducing its consumption should be
promoted as a healthier option in food choices [34].
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Natural sweetening agents (honey, xylitol, erythritol, maltose, maltodextrin, stevia,
molasses, maple syrup, coconut sugar, agave nectar and date sugar) are presented as an
important alternative to sugars, more attractive to consumers and a commercial opportunity
for the food industry [34].

Natural sweeteners include the traditional sweeteners, natural sources of sugar. Tra-
ditional sweeteners are classed as NS and are obtained from bees (e.g., honey), plant and
tree sap (e.g., maple syrup, agave nectar), fruits (e.g., carob syrup), seeds, roots (e.g., Yakon
syrup) and leaves (e.g., stevia) and consumed within their natural matrix with minimal
pre-processing. They are mainly composed of sugar of sucrose, fructose and glucose (at
least 50% of plant-derived syrups and honey), small amounts of polyols, also contain
additional nutritive compounds as proteins (< 1.4%), lipids (< 0.5%), dietary fiber (< 3%),
and phytochemicals and small amounts of minerals (< 2%) and vitamins (< 0.02%), such as
polyphenols [19]. Several positive impacts have been attributed to natural sweeteners, such
as improving metabolic health, preventing weight gain and lowering blood glucose. These
impacts could be because biomolecules with nutritional and health benefits (e.g., vitamins,
phytohormones and minerals) present in NS appear to have the capacity to modify other
physiological factors [27,34].

Some studies suggest the presence of phytochemical compounds in traditional sweet-
eners (honey and agave nectar) could contribute to a reduction in the glycaemic potency
compared with glucose syrup and sucrose [19,27]. Phenolic compounds have a range of
properties that could have a potential impact on nutrition and health (e.g., reducing the risk
of cardiovascular disease, preventing neurodegenerative conditions and type 2 diabetes),
as well as anti-oxidant properties. Therefore, by using fruits as a component for a sugar
substitute, it will decrease the amount of daily sugar intake. Fruits have a sweet taste,
and different studies have reported they are excellent sugar replacers. Ibrahim et al. [11]
reformulated dark chocolate using palm sugar and dates as sugar replacers, which was
well accepted by the sensory panelist.

Blending sweeteners can be a good alternative to avoid the negative impacts of certain
sweeteners, obtaining a better result than any sweetener alone. A suitable combination
of sweeteners can provide synergistic impacts on sweetness, stability and enhancement
of flavor and temporary taste characteristics [35]. A suitable alternative blends NNS
substitutes (providing sweetness) with sugar alcohols (providing bulking properties) to
obtain a good low-calorie bakery product [15].

Sweetness enhancers, called positive allosteric modulators (PAMs), are compounds
that have no sweet taste, however they increase sweetness intensity when used with a
sweetener due to their synergist effect. According to DuBois and Prakash [36], PAMs are
not able to activate the sweetener receptors, but their binding mode allows the sweetener
to bind to the receptor. PAMs and sweetness are used together to reduce sugar due to their
synergist effect and can potentiate the sweetness characteristic of sweetener. Furthermore,
PAMs present the advantage that they do not cause bitterness, metallic taste or temporary
sensory profile [25]. It has been reported that the combined use of PAM and nutritive
sweetener allows for obtaining the same sweet taste using less sweetener, while the PAMs
would be reducing off-flavors of non-nutritive sweeteners [37].

2.2. Flavors with Modifying Properties (FMPs)

This strategy presents a new type of flavorings, called flavorings with modifying
properties (FMP) as an alternative to NNS. FMPs are able to activate responses in human
taste receptors to increase sweetness, reduce saltiness and mask bitterness. Some FMPs
interact with human sweet taste receptors and improve the sweetness perception [38].

FMPs have the property that they do not have a sweet or salty taste on their own
but affect the taste or smell of other flavorings and food additives, and help maintain or
improve the flavor profile of solid and liquid food. They facilitate the food industry to
develop products more in line with regulatory requirements. It allows for the restriction of
the use of sugars (e.g., sucrose, glucose, fructose), sweeteners (e.g., aspartame), and salt
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(sodium chloride) and masks some undesirable tastes such as the bitterness (e.g., potassium
chloride), the persistent taste of certain sweeteners (e.g., stevia fractions), or soften the taste
and astringency of vegetable proteins (e.g., soy, peas) [39].

2.3. Multisensory Interactions

Taste perception is a multi-modal sensory information integration process in the central
nervous system that is dependent on temperature, medium, physical condition, age, and the
information from other stimuli (smell, touch, hearing and sight) [16]. During the food intake,
consumers used all their senses (multi-sensory integration) to identify the food product
characteristics. Multisensory interactions are based on the role of food oral processing
and microstructure and they are linked with sensory perception and texture [25,40], their
understanding could be used to reformulate and develop healthier food products.

Several studies have examined interactions between food-intrinsic and extrinsic factors
in relation to sweetness to avoid a decrease in consumer satisfaction for the reduced-
sugar products [25]. Nevertheless, it is difficult to determine the sweetness-enhancing
multisensory factors as individual consumers have different responses to sugar-reduced
foods and beverages [16,25].

This strategy focusing on multisensory interactions is based on the enhanced per-
ception of sweetness intensity produced by aroma, color and other stimuli [23]. The use
of multisensory interactions is another useful method for sugar reduction. Although the
reduction of sugar content is limited, it has the advantage that sweeteners are not used.
Multisensory integration can be studied from different perspectives: odor–taste, color–taste
and sound– and tactile–taste interactions.

2.3.1. Odor–Taste

Several studies on “sweetness enhancement” have reported volatile compounds that
increased the sweet intensity and sweetness perception of foods, independently of glucose,
fructose and sucrose content. It has been observed that the effect of odor on taste can
be predicted from the sensory characteristics of the odor (e.g., degree of sweetness of an
odor) [41]. In studies on different beverage and various odors, Bertelsen et al. [41] concluded
that the sweetest odor “caramel” has been found to increase the sweetness of sucrose, while
the odor with the least “sweet” odor suppresses the sweetness of sucrose. It should be
noted that the effect of odor on taste can be predicted from the sensory characteristics of
the odor, such as the degree of sweetness of an odor [42].

Furthermore, the enhancing effect on sweetness can be further increased as well as
the optimization of the time phase-shift between odor and taste pulses [42]. When odorant
(isoamyl acetate) and tastant (sucrose) pulses were presented out-of-phase, the sweetness
intensity was enhanced by more than 35%, compared to a continuous sucrose reference of
the same net sucrose concentration [42]. In addition, the sweetness-enhancing effect can be
further increased by optimizing the time phase-shift between odor and taste perception [42].
When the odor and taste perception are presented the time phase-shift, the sweetness
intensity increases by more than 35% compared to the same sucrose concentration [16,42].

Other authors concluded that the odor–taste interaction was an important strategy for
sugar reduction in yogurt and preserving the desirable sensory characteristics [23].

It is known that the odor–taste interaction is produced via stimulating the olfactory
receptors in the nasal cavity and the taste receptors in the tongue and mouth, and odor and
taste stimulation activate cortical areas of the brain [42].

2.3.2. Color–Taste Interactions

Color of food and beverages can affect the taste perception (e.g., sweetness threshold
and intensity). Some authors showed the sucrose solutions containing red colorants ob-
tained lower sweetness threshold [43], and red drinks were the sweetest, followed by blue
and purple [44]. Different studies have shown that colors related with the natural ripening
of fruits, such as red and yellow, are well suited to modulate the perception of sweetness,
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while colors opposite to the ripening of the fruit (e.g., green) may decrease sweetness
perception; this can be due an association between specific colors and specific product
attributes in the mind [45]. This could be due to the expectations that a color generates in
the consumer, which affects the perception of sweetness [46,47]. Furthermore, other studies
presented different results and reported that the impact of color on the perception of sweet
taste was affected by the age of the population (adults or children) [47].

In addition, the package color of the beverages could, in the same way, affect the per-
ception of sweetness, as it could involve the expectations of the product. More knowledge
on this subject is necessary to confirm the impact of product or packing color on taste
perception [16,28].

2.3.3. Sound–Taste and Tactile–Taste Interactions

Different studies have reported multisensory integration between taste and sound [16].
Although more knowledge is still needed on sound and touch–taste interactions in sweet-
ness perception, it has been reported that beverages tend to be perceived as more enjoyable
and sweeter when the beverages are presented in their own containers [48].

2.4. Sugar Structure Modification

Another strategy is focused on the reduction of the size of sugar particles to increase
the surface/volume ratio per amount of sugar consumed, thus increasing the perception of
sweet for the same amount of sugar when compared to larger sizes (20–100 µm). Using a
spray dryer or nano spray dryer are techniques used to obtain these micro- and nanoparti-
cles (350–500 nm). This approach presents some complications due to fact that the sucrose
glass-transition temperature is close to 62 ◦C, making this material sticky [1]. An alternative
to this strategy has been reported based on the addition of carriers (as inulin, pectin, lecithin,
etc.) to the spray drying feed solution to increase the glass-transition temperature and
avoid the stickiness problem. There are few studies on this subject [1,49].

The encapsulation of sweeteners has been used to enhance sweetener perception of
alternative sweeteners. This technology allows the creation of structures or matrices with
a controlled release of sweetness in food products and reduce the intense flavor of these
alternatives, e.g., acesulfame-K, aspartame, thaumatin, xylitol, that need to improve their
stability and sensory properties in food products [1].

2.5. Heterogenous Distribution

This strategy is based on the stimulation of taste receptors, liquid release, particle
size and viscosity of foods to improve the sweetness in solid and liquid foods. The sugar
content may also be reduced through the optimized stimulation of taste receptors to
improve sweetness perception (heterogeneous distribution method), facilitated by liquid
release from solid foods, the particle size and viscosity in solid and liquid food [1,23].

Richardson et al. [15] considered a new strategy of sugar reduction in confectionery-
type products based on the sugar particle size, and they showed that different sugar particle
size ranges (924–1877 µm, 627–1214 µm and 459–972 µm) have a significant impact on the
physical and sensory properties. The studies concluded that small sugar particles (228 to
377 µm and 459–972 µm) showed an increase in the perceived intensity of sweetness in
chocolate brownies, biscuits, so it could be used as a viable, economic and technological
strategy to reduce sugar in baked products [14,15].

2.6. Encapsulation for Enhanced Sweet Perception

The encapsulation method is another novel strategy for the improvement of sweetener
perception, based on the creation of structures that allow a controlled release of sweetness
in food products and mask the intense flavor of these alternative compounds [1]. Different
patents have been reported to encapsulate sweeteners and evaluate their effect to improve
their application [50]. Alternative sweeteners such as acesulfame-k, aspartame, thaumatin
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and xylitol are suitable for use in the encapsulation strategy, as this methodology allows
for the improvement in their stability and sensory properties in food products [51,52].

3. Nutritive, Non-Nutritive and Traditional Sweeteners

As mentioned, the high intake of sugar not only relates to a high accumulation of body
fat, but also can concurrently increase the risk of other adverse health conditions, such as
type 2 diabetes or cardiovascular diseases. With this regard, and considering the demand
of the population for healthier and more natural foods, over the past several decades the
food sector has been focused on sugar substitution in different foodstuffs, thus replacing
the traditional sweeteners like glucose or sucrose. Overall, healthier products would be
obtained, with the desired health benefits to consumers, and satisfying at the same time
their demand for sweetness [53].

In line with the above, artificial, non-nutritive sources are nowadays the most common
alternatives [54–56]. However, despite being considered as calorie-free sources, they can
sometimes involve metabolic diseases, such as type 2 diabetes or cardiovascular diseases as
well [57,58]. For that reason, there is a continuous need for natural alternatives which can
be extracted from natural sources [27,53]. Therefore, the classification for sweeteners can
be organized considering both the origin of these healthy products (synthetic, natural), or
their nutritive power (calorie-load or calorie-free) [59]. The main sweeteners and specific
substances employed worldwide are detailed below.

3.1. Synthetic Sweeteners

Artificial sweeteners or sugar substitutes are synthetic substances employed to replace
sugar during the sweetening process of several products, such as sweets, preserves, dairy
products and beverages. The molecules in artificial sweeteners include principally sulfa,
dipeptide and sucrose derivatives. These compounds provide a sweet taste without increasing
caloric intake and blood sugar levels. Therefore, due to their high efficiency (30–13,000 times
the sweetening power of sucrose), a small amount of these compounds provides high sweet-
ness without a caloric intake increase [60,61]. Nonetheless, the amount of use must be safe to
guarantee consumers’ health [60]. Some of them including aspartame, neotame, saccharin,
acesulfame-k, sucralose and advantame, which have been approved as food additives by the
Food and Drug Administration (FDA) [27,59].

Synthetic sugar substitutes must have a sucrose-like taste quality and demonstrate
safety, with non-toxicity and cariogenic capacity and no effects on blood glucose or in-
sulin. However, some studies suggest that these non-caloric sweeteners might cause an
ambiguous psychobiological signal that confuses the body’s regulatory mechanisms [61].

Nowadays, the major part of sweeteners available on the market are synthetic com-
pounds. However, they must grant legislative approval and the regulatory requirements
of each country. These compounds have undergone a wide safety evaluation process by
international and national regulatory food safety authorities, such as the FAO/WHO Joint
Expert Committee on Food Additives (JECFA), the US Food and Drug Administration
(FDA) or the European Food Safety Authority (EFSA) [62]. Moreover, these authorities
continuously review and evaluate any new safety information related to them. In this sense,
some problems have been attributed to some of these compounds in terms of their stability,
cost, quality of taste and safety [61]. However, over the past few years, because of health
concerns, consumers are demanding more natural and healthy foods that are produced
in a sustainable way. Thus, food manufacturers are looking for natural and functional
sweeteners to be applied in foods [60].

3.1.1. Aspartame

Aspartame (E-951) was discovered in 1965 and was the first sweetener approved by
the FDA. Its flavor characteristics are acceptable. This artificial sweetener reduces food
intake and may assist with weight control. Some studies evidence that their consump-
tion does not influence blood pressure, glucose and lipid profiles, being a safe option for
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type 2 diabetics. However, its consumption is still controversial since some studies have
associated it with adverse health effects, such as interference of neuronal cell function,
hepatotoxicity, kidney disfunction and oxidative stress in blood cells. Moreover, its usage
is not recommended for people who suffer from phenylketonuria, since they cannot metab-
olize phenylalanine, a compound involved in the aspartame synthesis [27,63]. To ensure its
safety, the European Commission (EC) has established an acceptable daily intake (ADI) of
40 mg/kg bw/day [64].

3.1.2. Neotame and Advantame

Neotame (E-961) and advantame (E-969) constitute derivatives of aspartame. Neotame
is an isomer of aspartame, while advantame is an N-substituted derivative of aspartame and
vanillin. Both artificial sweeteners are sweeter than aspartame, and show approximately
13,000 and 20,000 times the sweetening power of common sugar, respectively. Neotame
was approved by the FDA in 2002, while advantame was approved in 2014. Similar to
aspartame, neotame and advantame present no adverse effects on the human metabolism,
constituting a safe option for type 2 diabetes patients [27].

3.1.3. Sucralose

Sucralose (E-955) is also a non-caloric sweetener, that does not break down in the
body. Its sweetening potential is approximately 600 times higher than sugar. It constitutes
a good option for many industrial applications due its stability at different pH conditions
and temperatures. Some studies suggested that this artificial sweetener could interfere
with digestive processes, increasing glucose and insulin levels in the body and resulting in
weight gain and diabetes risk. Nonetheless, studies related with absorption, distribution,
metabolism and excretion pointed out that sucralose is mainly eliminated through fecal
excretion, without being absorbed or digested in the organism [27]. The EU Scientific
Committee on Food (SCF) established an ADI of 15 mg/kg bw/day) [65].

3.1.4. Saccharin

Saccharin (E-954) was discovered in 1878 and is the oldest and most studied of all
sweeteners. This compound presents good technological characteristics, such as stability at
low pH and high temperatures. Moreover, it is not metabolized in the gastrointestinal tract
and does not alter insulin levels [27,63].

This compound has been involved in some human health concerns, since the USA FDA
considered its prohibition as a consequence of some studies that related it with bladder
cancer in rats. However, in subsequent studies the relationship between saccharin and
bladder cancer has not been demonstrated in humans. The EC has established an ADI of
5 mg/kg bw/day [66].

3.1.5. Acesulfame-K

Acesulfame-K (E-950) was discovered in 1967 and is one of the most common low
calorie artificial sweeteners. It constitutes a thermostable component, with good properties
to be manipulated. This compound presents around 120 times higher sweetening potential
than sugar although it bears a bitter taste, therefore it is usually employed in combination
with other sweeteners. It cannot be metabolized without increasing the caloric intake [67].

Acetoacetamide, a breakdown product of acesulfame-K, might be toxic for humans at
high concentrations and its consumption has been related by some studies with genotoxicity
and the inhibition of glucose fermentation by intestinal bacteria. However, mores studies
including bioassays are necessary to clarify this issue [27,63]. The ADI established by EC
for acesulfame-K is 9 mg/kg bw/day [67].

Nowadays, there is a need to find healthier substitutes to refined sugar. In this sense,
an ideal alternative sweetener should a guarantee lower calorie content and helps to
prevent dental decay and diabetes. Moreover, it should present some characteristics to be
incorporated into the food during its manufacturing, such as water-solubility, stability in
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acidic and basic pH, and being metabolized in a wide range of temperatures. It also should
demonstrate its non-toxicity [53].

3.2. Nutritive Natural Substitutes

In regard to the above, natural products are normally appealing to the population since
they attribute their consumption to health benefits. Thus, as previously mentioned, the
production of natural substances by the food sector becomes a valuable hotspot. Concretely,
it is well-known that nutritive natural sweeteners involve low glycemic potency and
fructose content. In addition, a wide range of bioactive compounds, such as polyphenols
or vitamins, can be found in these sources, as well as others as minerals or phytohormones.
Overall, these substances are considered as safe, and also bring nutrition to the human
body, with positive effects in terms of improving metabolic health, preventing weight gain
or lowering blood glucose [19].

Many reports in the literature have already described the main natural, nutritive
substances for sweetening [27,53,68]. Among them, honey, molasses (viscous substances
come from the refining process of sugar cane), maple syrup, agave nectar or coconut sugar
are worthy of note. Briefly, the main properties, composition, and applications of these
substances are summarized in Table 1.

Table 1. Brief overview of the main natural-nutritive sweeteners. Information recovered from [27,68]
and the side references found in these works.

Sweetener Composition Properties Applicability

Honey

60–85% sugars (mainly glucose and
fructose, and 1–15% sucrose), 12–23%
water, minerals, vitamins, bioactive

compounds (phenolics)

Glycemic index: 54–59.
Antioxidant, antimicrobial,

anti-inflammatory.

Wide human consumption,
nutritional and therapeutic
applications. Drug in-home

treatment for infections and burns

Molasses

30–40% sucrose, 4–9% glucose, 5–12%
fructose 17–25% water, phenolic

compounds, and traces of amino acids
and vitamins

Glycemic index: 55. Humectant
and colligative. Auto-immune,

auto-inflammatory and
antioxidant.

Food processing (e.g., masker
undesired flavor). Coloring agent
to improve visual presentation in

baked foods

Maple syrup

60–65% sucrose, and other sugars as
xylose, glucose or arabinose. Organic

acids, amino acids minerals and
phenolic compounds

Glycemic index: 54–65.
Antioxidant, anti-mutagenic and
antiproliferative in human cancer.

Benefits in type 2 diabetes and
Alzheimer’s diseases

Condiment for bakery products,
in craft soda, or formulator in

some beverage and snacks

Agave nectar Approximately 90% fructose. Inulin
and polyphenols

Low-glycemic index (17–27).
Suitable for obesity and diabetes
prevention. Boosted metabolic
system, anti-obesity, anti-aging,

chemoprotective and
immunomodulatory effects

Sugar substitute in a wide range
of foodstuffs: cheese, cookies,

bread, cereal bar snacks,
chocolate, guava purees, ice

cream, sport drinks or yogurts

Coconut sugar 75% sucrose, < 25% fructose. High
vitamin and minerals content Glycemic index: 35–40

Additive in cakes, cookies,
parfaits or sauces, sprinkled on

top of granola

Palm sugar
91% sugar and 6% reduced sugars.

Significant concentration of vitamins,
minerals and phenolics

Glycemic index: 70
Cytoprotective activity against
NIH3T3 fibroblast cells and cell

proliferation (antioxidative agent)

Food additive in sweet soy sauce,
desserts or beverages

Sorghum syrup
69% sugar (11% glucose, 6% fructose).

Phenolic compounds, carotenoids,
proteins and vitamins

Anticancer and anti-obesity
effects. Preventive for

cardiovascular diseases
Beverages and food industries

Concurrently, the power of polyols or some kind of oligosaccharides should be also
mentioned in this section. The former are commonly used in the food sector since they
also entail a distinguished sweetness (50–100% sucrose [19]), and are naturally present in
fruits, vegetables, or natural fermented foods. The most common are xylitol, mannitol,
sorbitol, or erythritol, all of them with reduced calorie power [69]. Further, some specific
oligosaccharides are gaining attention. In this context, 2′-fucosyllactose (2′-FL) or trehalose
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(TRH) are noticeable, since they can bring both energy and potential benefits, for instance,
improved immunity, blood sugar regulation and weight loss [59]. Trehalose (2′-FL) is
commonly found in milk, whereas TRH is widely present in plants, bacteria, or fungi. They
have been authorized as sweeteners and additives for commercial issues.

3.3. Non-Nutritive, Natural Sweeteners

Despite the positive properties of the above natural sweeteners, most of them involve
a high-calorie content. Regarding that, and also the population concerned about over-
weight, diabetes, and their health-associated concerns, the development of alternative
natural-calorie-free sources has become crucial. In this context, steviol diterpene glycosides
recovered from Stevia Rebaudiana are worthy of mention. These substances normally
exhibit a high sweetness power, concretely between 40 and 450 times stronger than sucrose,
and represent a proportion ranging from 4 to 20% of the dry stevia leaves. In addition,
they showed valuable health benefits, as reported [27,59]. Concurrently, the presence of
biologically active compounds, such as polyphenols, should be noted in stevia [70]. Among
them, flavanols, flavones and tannins are remarkable, as well as hydroxybenzoic and
hydroxycinnamic acids. Therefore, in addition to its low-caloric content and the high sweet-
ness intensity by the glycosides structures, Stevia Rebaudiana also entail pharmaceutical
and medicinal applications, for instance, anti-cancer, antioxidative, or anti-inflammatory
effects [71], possibly making them the most potential natural sweetener.

Briefly, the most valuable steviol glycosides are stevioside and rebaudioside A [70,71],
with beneficial health effects, as mentioned. Additionally, others such as rebaudiosides B,
D and M should be mentioned [59,71].

Finally, apart from these steviol derivatives, glycyrrhizin is considered another gly-
coside potential sweetener [59]. This pentacyclic triterpenoid is a recognized bioactive
ingredient of licorice, and exhibits around 170-fold higher sweetness compared to su-
crose. It presents a wide pharmacological activity such as anti-inflammatory, antitumor or
hepatoprotective agent, among others [72].

3.4. New Natural, Healthy Alternatives to Sweeten: Date Fruit

The soluble date sugar extracted from date fruit would be a suitable alternative to
refined sugar, with a lower glycemic index than sucrose.

The composition of date fruits rich in carbohydrates (70–80%), most of them in the
form of sucrose, fructose and glucose, and in other phytochemicals make them an ideal
source for the production of natural sugar. Furthermore, date fruits contain a good amount
of dietary fiber ranging from 6.5 to 11.5% (of which 6–16% is soluble), which can help to
meet the requirements of a balanced diet [73,74].

Date fruits also show beneficial properties, such as antitumor, anticancer, antioxidant,
anti-mutagenic, anti-inflammatory, gastroprotective, hepatoprotective and nephroprotec-
tive effects [75–77]. Moreover, date fruits have demonstrated antibacterial activity attributed
to bioactive compounds like phenolic molecules [78].

Date syrup constitutes the principal derived date product, and its usage is contem-
plated as one of the oldest practices in the production of sweeteners. It is employed in the
food industry to be incorporated to foodstuffs such as jams, marmalades, concentrated
beverages, chocolates, ice cream, confectioneries, and honey. The syrups obtained from
date palm present high amounts of sugars, minerals (potassium, iron, magnesium and
calcium), vitamins (B1 thiamine, B2 riboflavin, nicotinic acid, A and C) and a distinguished
antioxidant activity, mainly related to their high content in phenolic compounds. Moreover,
date syrup is rich in unsaturated fatty acids (such as oleic, linoleic, palmitoleic and linolenic
acids) [27].

Currently, liquid date sugar is obtained from date fruits by ultrasound-assisted ex-
traction (temperature of 60 ◦C, extraction time of 30 min, and liquid to solid ratio of 7.6
mL/ga and L/S ratio) [74]. However, some authors proposed alternatives to conventional
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extraction such as enzymes (pectinase and cellulase) and ultrasonically-assisted methods
to extract syrup date, with high efficiency at shorter extraction times [79,80].

4. Sustainability and Valorization of Date Palm

Date palm (Arecaceae family; Phoenix genus and P. dactylifera species) is considered one
of the most ancient cultivated trees in the world and is mainly cultivated in arid and semi-
arid areas of southern Europe, North African and southern Central Asian countries [81].
Date palm cultivation has increased over the last decade (Figure 1) [82], with world date
production of about 9.7 × 106 tonnes in 2021, where Egypt, Saudi Arabia, Iran and Algeria
are the main producers (Figure 2) [81]. In the European Union, the largest palm groves are
in Spain, located in Elche and Orihuela (Alicante province, southeast of Spain). Both palm
groves are protected spaces because they are considered unique cultural and historical
landscapes of great value [83,84].
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Figure 1. World evolution of the date palm area harvested and the date production in the period
2010–2021 [82].
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Figure 2. World distribution of date production in 2021 [82].

The date palm excels in challenging environments, thriving in dry climates with
low rainfall, high evapotranspiration, and salinity tolerance. It withstands temperatures
from 18 ◦C to 50 ◦C and short frost periods as low as −5 ◦C [85,86]. High humidity
promotes phytopathogen proliferation, inflorescence rotting, and the production of soft,
sticky fruits [81,86]. Hot and dry winds reduce receptivity, and strong winds can disperse
pollen, break fruit stalks, and damage developing fruits [81,87]. Date palms thrive in sandy
to sandy-loam soils [81,88]. They are highly tolerant to salinity (up to 12 dS/m electrical
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conductivity), but their production decline starts at 4 dS/m [82,89]. Excessive soil salts
result from scarce rainfall and the overexploitation of saline aquifers for irrigation [90].

Climate change threatens food security, necessitating diversified food systems. Pro-
moting climate-resistant foods such as the date palm aligns with the UN’s Zero Hunger
goal, as the date palm seems less affected by climate change [86,91]. Palm groves combat
desertification, create a microclimate, preserving agrobiodiversity and support various
animal species, benefiting local communities [92–95]. Intensive date palm cultivation brings
environmental challenges, e.g., leading to soil salinization [96–101] or reduced livestock
presence [102].

Date Uses and Valorization of By-Products of the Date Palm

Date is a fruit with high nutritional value and is very healthy, its main constituents
being carbohydrates and dietary fiber, as well as minerals (especially potassium), vitamins,
antioxidant phenolic compounds and carotenoids and to a lesser extent, it also contains
proteins and lipids [103]. For this reason, the main use of date is its fresh consumption,
especially the highest quality dates (first- and second-grade dates). Lower quality dates are
classified as third-grade and cull date. The former is processed and cull dates are destined
for animal feed [104]. The following products are obtained from the processed dates:

− Date syrup: this date by-product is obtained by hot aqueous extraction (60 ◦C) of the date
juice and subsequent vacuum evaporation of the extract obtained. Date syrup is used as an
ingredient in the preparation of bakery products, ice creams, jams, beverages, etc. [105]. This
product has also been used as a sweetener to replace sugar in the preparation of different
desserts [106–108] and non-alcoholic beer [109]. In addition, it is added to prebiotic milk
and yogurt to improve its organoleptic properties [110,111]. Date syrup can also be used as
a carbon source for bacteria in various fermentation processes where the following products
are obtained: alcohol, date wine, antibiotics, organic acids, bakery yeast and unicellular
proteins [104].
− Date paste: this product is obtained from the grinding of ripe pitted and skinless dates,
which have been cooked in hot water or steamed [104]. Date paste has been added to meat
products to improve their textural properties, reduce their fat content and increase their
concentration of dietary fiber [112], as well as to reduce the oxidation of pigments and
lipids during storage of pork liver pâté [113]. This by-product is also used to prepare jam
and candies due to its high sugar content [105].
− Date pit: this part of the date fruit can be used for animal feed or added in powder
form to different foods to increase its dietary fiber content [105]. Also, the date pit can be
treated by pyrolysis to obtain bio-oil and biochar [104]. This biochar has shown very good
properties for the removal of organic and inorganic contaminants present in wastewater
and drinking water [105]. In addition, oil can be extracted from the date pit with different
uses in the food industry, such as cooking or frying oil and for the preparation of margarines
and mayonnaises, and the presence of a wide variety of phytochemicals in this oil means
that it is also used for the formulation of cosmetic and pharmaceutical products [114].
Date pit oil has also been employed for the production of bio-diesel [115] and as feedstock
for the production of polyhydroxyalkanoates with use in the synthesis of biodegradable
plastics [116].

On the other hand, the fresh date and methanolic and aqueous extracts of date have
been traditionally used for medicinal purposes for the treatment and prevention of different
diseases [117].

Also, the cultivation of the date palm generates large amounts of agricultural residues
from the pruning operations of the leaves with signs of senescence and the bunches with
the harvested dates. These residues can be used to make paper, produce particleboard com-
posites, obtain energy (through thermal treatment by pyrolysis and combustion or through
anaerobic digestion) and manufacture composites of natural fiber for use in the automotive
industry [85,118]. Likewise, date palm biomass residues have been co-composted with
residues from different origins to produce biofertilizers compost [119].
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5. Nutritional and Functional Properties of Dates

The diversity of date palm cultivars offers various choices, and their adaptability to
different climates contributes to their global popularity. The escalating interest in date fruits
and their derivatives is attributed to their role as a highly nutritious and plentiful fruit,
and as a cost-effective source of numerous macro- and micronutrients, such as minerals,
vitamins, antioxidants, and dietary fibers as well as secondary metabolites essential for
human health. The carbohydrates, primarily sugars, constitute the majority of date fruit
composition [103,120–122].

Date fruits consist of two main parts: the edible flesh (pulp), representing 85–95%
of the total weight, and the seeds (or pits), comprising 5–15% and serving as a notable
byproduct in date palm processing. The nutritional composition of date pits, rich in protein,
fat, and dietary fiber, has sparked interest in novel functional food applications [122].

With an energy value ranging from 300 to 350 kcal/100 g, date fruits exhibit varying
carbohydrate compositions influenced by cultivar types and ripening stages. Date pulps
contain easily digestible sugars, primarily glucose, fructose, mannose, maltose, and sucrose
constituting over 80% of dry matter [123]. The sugar composition varies, with sucrose
predominant in dry dates, while soft dates are characterized by glucose and fructose.
Additionally, the dietary fiber content in date pulp varies widely, including insoluble
cellulose, hemicelluloses, pectin, hydrocolloids, and lignin [103,120–122,124,125].

In addition to carbohydrates, dates emerge as an exceptional source of proteins with
a protein proportion of 2.5–6.5 g/100 g, fats, dietary fibers, and a spectrum of essential
minerals and vitamins (rich in B-vitamins) [124]. Dates contain more than twenty different
amino acids, which is uncommon in fruits [123].

Dates are established as a superior dietary fiber source compared to cereals. Addi-
tionally, dates contain health-promoting β-glucan, that shows potential anticancer prop-
erties [123]. Date seeds, with higher dietary fiber content than date flesh, present an
opportunity for excellent sources of dietary fiber in food processing [122]. Protein content
in date pulp ranges from 1.2% to 6.5%, while date seeds contain 5.1–7% protein, including
essential amino acids such as glutamic acid, aspartic acid, and arginine [122]. Dates exhibit
low fat content, mainly concentrated in the skin. Date pits, on the other hand, have a signif-
icantly higher oil content, making them a potential source of edible oil rich in unsaturated
fatty acids [121,122,126].

Noteworthy nutrients include potassium, vital for a healthy nervous system and
overall balance, phosphorus collaborating with calcium for bone strength and growth,
magnesium, copper, zinc and selenium crucial for cell growth and repair, and iron essential
for red blood cell production, facilitating nutrient transport to cells throughout the body,
are also found in dates. The low sodium content in dates aligns with recommended daily
intake levels [103,120]. Date seeds also contain various dietary minerals, further enhancing
their nutritional profile [121–123,125].

Date pulp and seeds are rich in biologically active molecules, with variations based on
the cultivar of origin [127], specifically polyphenols, mainly flavonoids [128], carotenoids
and phytosterols [121], highlighting their nutritional quality. These phytochemical com-
pounds underscore the antioxidant, anti-diabetic, anti-obesity [129], hepatoprotective [130]
and neuroprotective actions [131] and anti-lipidemic properties of date fruits, contributing
to their overall health benefits in human consumption [103,120,121,124,132,133]. The study
carried out by Alsukaibi et al., [134] indicated the presence of various components in date
fruits, responsible for cytotoxicity against cancer cells. Dominant phenolic compounds,
such as q-coumaric, ferulic, and vanillic acids, were identified. Antimicrobial assays demon-
strated notable biological activities, for second-grade dates. Significantly, these extracts
displayed extensive antimicrobial activity against various pathogens [103,120,123]. Al-
sukaibi et al., [134] found that date kernel (seed) is a natural source of polyphenols that
have potential antibacterial activity.

Polyphenolic compounds, particularly phenolic acids and flavonoids, represent pri-
mary secondary metabolites in plants. Date fruits emerge as a noteworthy source of these
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compounds, surpassing other fruits, and can be found in both the pulp and seeds. The
concentration and diversity of these phytochemicals generally prevail in the pulp compared
to the seeds. The concentration of polyphenolic compounds is contingent upon factors like
cultivar, ripening stage, and environmental conditions. Analyses of phenolic acids in date
fruit pulp from various studies reveal variations in composition and concentration, with
gallic acid frequently standing out [122].

In parallel, date fruit seeds contribute to the pool of phenolic acid compounds [114,135].
Notably, gallic acid and syringic acid are major compounds in date seed extracts from
different cultivars. The concentration of these compounds varies among cultivars. Addi-
tionally, studies on date fruit seeds from various regions report the presence of phenolic
compounds like ferulic acid, vanillic acid, and p-coumaric acid, showcasing the diversity
in phenolic acid composition [122].

Regarding flavonoid content, analyses reveal quercetin as a primary component in
date fruit pulp, while date seeds exhibit flavonoids such as rutin, quercetin, and luteolin.
The predominant flavonoids in date seeds include catechin, epicatechin, quercetin, and
quercetin hexoxide. Rutin is identified as a major flavonoid in date seeds from specific
cultivars. Overall, it is crucial to note that the concentration of flavonoids in date seeds
tends to be lower than in the pulp [122].

The findings propose that second-grade dates hold substantial promise as efficient,
safe, and cost-effective natural antioxidant compounds. This potential creates new possibil-
ities for their utilization in the functional food and nutraceutical industries, highlighting
the diverse benefits of dates beyond their nutritional content [103,120].

6. Food Applications of Date as a Sweetener

Elevated sugar consumption has been associated with negative health effects, includ-
ing dental caries, type 2 diabetes, and cardiovascular diseases, particularly among the
demographic of children and adolescents [136,137]. A noteworthy proportion of current
consumers is actively seeking healthier alternatives within their lifestyle, emphasizing a
change toward a more health-conscious diet. This includes an effort to reduce sugar intake
and substitute refined sugar with naturally sourced sugars. Consequently, there exists a
considerable interest in the development of food products incorporating natural and health-
ier sugars or sweeteners derived from natural sources [27]. Research has demonstrated that
alternatives to sugars from natural sources, as is the case of the date palm fruit, contains
significant levels of bioactive compounds, such as antioxidants, minerals, fibers, and other
phytochemicals.

Due to the healthy and medicinal properties associated with the consumption of
dates and its products, based on the nutritional and bioactive composition (rich in dietary
fiber, minerals, carotenoids, vitamins and phenolic compounds), this fruit is desirable
to incorporate into the diet [123,138–140]. Furthermore, this fruit can be regarded as
an emerging and potential candidate as alternative for substituting refined sugar in the
processing of solid, semi-solid, and liquid food products [138,141]. It should be noted that
food matrices are an optimal carrier to facilitate the availability of the biomolecules present
in date fruit [139]. This approach not only enhances health benefits and adds value but also
contributes to the revalorization of date products and by-products, in that way promoting
circular economy principles within the food industry [142].

Dates, ready-to-eat date products, and date-derived products such as syrup, juices,
spreads, paste, and liquid sugar [143] possess the potential to function as sweeteners while
providing essential vitamins, minerals, phytochemicals, antioxidants, and other health-
promoting compounds. These properties contrast with those of refined sugars, which
are characterized by empty calories. Additionally, dates exhibit versatile applications
beyond their role as sweetening agents, extending to functions as coloring and flavoring
agents [144]. Consequently, dates may be utilized as ingredients in specific foods in which
sugar is a fundamental component by providing sweet taste and functional properties. Such
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applications involve beverages, confectionery, desserts, baked goods and dairy products,
as shown in Table 2.

A large number of studies focus on the addition of date and date products (syrup,
extract and powder) to dairy products [143–147], dessert [107,148] and beverages [109,149,150],
candy [151], biscuits [152–159], bread [160–162], snack bars [163–165] and flakes [166]. This
integration represents a viable and effective strategy for the creation of novel functional
foods, with an improvement in functional and nutritional properties, and good sensory
attributes [142].

Amerinasab et al. [143] incorporated varying concentrations (1 to 9%) of date liquid
sugar as a substitute for added sugar in the production of dairy products. Their conclusions
indicated that yoghurts containing 6% exhibited optimal pH, total titratable acidity, and
color characteristics. These yoghurts also demonstrated elevated firmness and viscosity,
reduced syneresis, and received the highest scores in sensory evaluations for texture, aroma,
flavor, and overall acceptability. Furthermore, a discernible enhancement in antioxidant
activity and phenolic content was observed in these yoghurts.

Abdollahzadeh et al. [146] enhanced the nutritional composition of date-flavored
probiotic fermented milk by supplementing it with various combinations of date extract
at concentrations of 4%, 8%, and 12%. The study revealed a proportional increase in an-
tioxidant activity. Moreover, the probiotic content, specifically Lactobacillus acidophilus,
consistently exceeded 6 log10 units throughout the product’s shelf life. The authors con-
cluded that date extract presents itself as a viable candidate for enhancing the nutritional
profile of probiotic dairy products.

Other authors have added date syrup as a natural and nutritional additive in yo-
gurt [144,145,147], a fermented milk beverage to [149], to produce healthy and nutritious
flavored milk beverage with lower amounts of added sugar thus improving its nutritional
properties. Djaoud et al. [107] concluded that the incorporation of date by-products (syrup
or/and power date) as substitute sugar, could be an alternative to formulate new dairy
dessert. They showed dairy dessert with syrup date exhibited the highest total phenolic
content, DPPH inhibition, and reducing power, followed by mixed dairy dessert.

Dates have been studied as natural sweeteners for sugar replacement in chocolate
products [11,142,167]. These authors replaced sugar by date syrup or powder, alone or
with other sweeteners, as an alternative sweetener in the production of chocolate products,
improving the taste and flavor and the healthy and physicochemical properties [11,142,167].
Prebiotic chocolate milk (non-fermentative dairy product) with a high sugar content has
been reformulated using date syrup as a natural sweetener and inulin as a prebiotic,
resulting in an optimal prebiotic chocolate milk, with the added value of having a natural
and cost effective as sugar replacer [110]. Additionally, date seed could be used as a good
healthy alternative for cocoa powder in chocolate processing, showing that the chocolate
sample manufactured with 4% date seed powder was significantly superior in the degree
of taste, aroma, and texture and in bioactive compounds (fiber and phenol content) [168].

Other studies have been directed towards reformulation strategies aimed at reducing
or replacing sugar content in low-moisture baked products such as biscuits and bread.
Aljutaily et al. [158] demonstrated that biscuits supplemented with 5%, 10%, and 15%
date fiber exhibited functional anti-obesity properties in obese albino rats. This suggests
a potential biological impact of date palm fruit on body weight control in this particular
animal group. It has been presented that date syrup exhibited similar effects to sucrose on
thermal properties [152], and this aspect can be potential for optimizing sugar replacement
in biscuits and dough by utilizing date syrup and liquid sugar [152,156].

Other studies have focused on the incorporation of date powder and flour [153,154,157,159]
in biscuit production, resulting in enhanced nutritional value. However, there is a limitation,
with a recommended replacement threshold of 10–20% to avoid adverse effects on sensory anal-
ysis and physical characteristics. In addition, other varieties of palm, such as P. canariensis [155]
have been studied in biscuit production in order to develop a new food application for these
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fruits. These authors evaluated the addition of date powders as a replacement to wheat flour or
sugar, and obtained novel biscuits with higher fiber and polyphenolic content [155].

Several studies have researched the effects of substituting sugar with date products
in bread production, with the aim of enhancing its nutritional value [160–162]. These
studies have demonstrated that the inclusion of date flour and paste can approach the
functionalities of sugar in bread production, contributing to improvements in crust color
and flavor. Furthermore, this substitution leads to enhancements in the nutritional profile of
the bread, characterized by increased levels of protein, minerals, and fiber. These nutritive
improvements are attributed to the supply of bioactive compounds and dietary fiber from
dates, with minimal baking losses [162].

Dates and their products have shown a great future commercial opportunity in snacks
and fruits bars with improved nutritional value and functional properties with the increase
in the date content [162–165,169,170]. The conventional snack bars generally include
natural sweeteners such as honey and dried fruits, but they can be replaced by other
natural substitutes by date and date products which present optimal technological qualities
and lower price [165]. Different studies have shown the potential application of dates,
rich in functional and bioactive ingredients such as phenolics and flavonoids, to develop
balanced, nutritious, and functional date-based bars [170].

Table 2. A selection of studies on the use of date and date products as sweeteners in food processing
and its main results.

Food Way of Incorporation Concentration Used Main Results References

Fruit yogurts Date liquid sugar (DLS) 1–9%

Higher phenolic compounds
and antioxidant activity
Yogurts with 6% DLS had the
highest scores

[143]

Flavoring yoghurt Date syrup 6.0, 8.0 and 10%

Higher acidity, solids, proteins
and ash
Decreased fat, pH, total
bacterial count and increased
lactobacilli count
The best level of addition
was 8%

[144]

Flavored drinking
yogurt Date syrup 5 and 10%

Higher acidity
Increased viscosity
Sensory characteristics
acceptable

[145]

Probiotic fermented
milk Date extract 4, 8 and 12%

Higher antioxidant activity
and acidity
Count reduction
Lower pH and syneresis
No negative sensory impact

[146]

Functional yoghurt Date syrup 5%
Higher the nutritional value
Enhanced the quality and
overall acceptability

[147].

Fermented milk
beverages

Date palm with camels’
milk and goats’ 10%, 20% and 30%

Improved the composition,
viscosity, microbiological
quality and acceptable
sensory attributes
Higher acceptable sensory at
10% and 20%

[149]
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Table 2. Cont.

Food Way of Incorporation Concentration Used Main Results References

Dairy
Desserts

Date syrup (DS) and
dried date powder (DP)

16% with the rates:
DP/DS = 2; DP/DS = 1

and DP/DS = 0.5)

Enhanced the final
product texture.
Improved antioxidant
activities

[148]

Dairy dessert Date syrup (DS) date
powder (DP) 14% DS and 2% DP

Enhanced the dry matter,
lipids, proteins, total phenolic,
and antioxidant activity

[107]

Dark chocolate Dates syrup (70◦ Brix) 25% Better physicochemical
Well accepted sensory [11]

Chocolate spread Date seed powder 2, 4, 10%

Increased crude fiber, total
phenol, antioxidant activity
and value of L*and h
Better in 10% of date seed
Decrease in the a*, b* and C

[169]

Chocolate Date powder 17.94, 19.86 and 25.16% Improved the taste and flavor
of the product [167]

Prebiotic chocolate
milk Date syrup 4 and 10%

Increased the total solids
10% of date syrup was selected
as the optimum

[110]

Biscuits Date syrup 10, 20, 30, 40, 50,
and 60%

Decrease hardness.
Lower fracturability
Darker cookies

[152]

Biscuits Date power 5, 10, 20 and 40%.

Increased carbohydrates, crude
fibers, ash, crude fat, moisture
and protein
Decreased physical
characteristics of cookies
The best was at substitution
of 10%

[153].

Biscuits Date palm flours 15, 17.5, 20, 22.5,
25, 30%

Higher in crispiness
Lower the spread ratio
Increased fiber content

[154]

Biscuits Date powder from P.
canariensis 5%, 7%, 9%, and 11%

Increased in hardness,
polyphenol and fiber content,
and antioxidant activity
The maximum acceptable was
9% and 7%,
Two-fold fiber and four-fold
polyphenolic content

[155]

Biscuits and Dough Date syrup and date
liquid sugar

Sucrose was replaced at
0, 20, 40, 60, 80

and 100%

Increased pH, cohesiveness
and decreased softness and
adhesiveness in dough
Lower pH and higher ash,
moisture, density, antioxidant,
mineral content texture and
darker color in biscuits,

[156]

Biscuits Date powders 20 and 30%
Increased in moisture content,
starch, ash and fiber content
20% the best in sensory quality

[157]

Biscuits Date fiber 5, 10 and 15%

Significant positive effects
Functional anti-obesity
properties resulting in body
weight. Lower levels of
glucose, and cholesterol in rats

[158]
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Table 2. Cont.

Food Way of Incorporation Concentration Used Main Results References

Biscuits Date powder
(+chickpea) 10, 20, 30 and 40%

Higher ash, far, fiber, fat
and protein
Lower carbohydrate
Higher spread factor and
spread ratio
Decreased overall acceptability

[159]

Bread Date palm fruit pulp
Replacement at 0, 25,

50, 75, and 100%
of sugar

Increased the nutritional value
(higher protein, fiber and ash
content, and decrease in the
level carbohydrate content)

[160]

Bread Date palm fruit flour Replacement at 0, 50
and 100% of sugar

Higher essential nutrients with
many potential health benefits
(increased protein, fiber, ash,
vitamin and minerals)

[161]

Fortified bread Date paste 15, 25, 35%

Improved the nutrient
composition, storage stability,
physical and sensory
properties of bread

[162]

Cereal flakes Date syrup 25, 50, 75 and 100
Acceptable to consumers,
Improved nutrient values and
potential health benefits

[166]

Candy Date palm 10% 0–10%

Improved in the nutritional
properties, the functional,
phytochemical, and
antioxidant properties and
decreasing starch content

[151]

Snack
Date bar Date and date syrup 30 and 60% date and

20% syrup
Higher fracturability, fiber, ash,
Ca, K, Mg, Fe with 60% date [136]

Snack bar Date paste 40, 50, 60 and 70%

Higher fiber.
Improved the technological
qualities
50% date paste were the
formulation with the best
sensory characteristics

[165]

Date bars Date paste from
immature fruits 100%

High organoleptic
acceptability as well as
microbial safety up to 30 days
at room temperature and 50
days under refrigeration

[162]

Date-based bars Date paste and date
syrup

50% date paste and
6.5 date syrup

Higher ash, crude fiber, Ca, Cu,
Fe, Zn, Mn, and Se, Lysine,
Methionine, Histidine,
Threonine, Phenylalanine,
Isoleucine, and Cystine
Better sensory evaluation

[169]

Original beer
(nonalcohol) Bleached date syrup 25, 50, 75 and 100%

The sample with 50% date
syrup stands to be acceptable
having maintained a
Improved the physical
characteristics

[109]

Fermented whey
beverage Date syrup 10, 12.5 and 15%

12.5% higher physicochemical,
microbial and
sensory properties

[150]

Color Indices (L*, a*, b*).
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7. Conclusions

Rising cases of obesity and diabetes, coupled with the cardiometabolic risks linked
to high sugar consumption, pose a major challenge to the food industry. To address this
problem, there is an urgent need for the industry to advocate and facilitate improvements in
the nutritional composition of processed products, particularly in terms of sugar type and
content. Natural sources of sugar offer not only sweetness but also additional nutritional
value, which can protect against certain diseases rather than simply providing empty
calories. One promising approach is to replace added sugar with natural alternatives, such
as dates, thus introducing a novel strategy to develop healthier foods by providing the
food product with the macro- and micronutrients of dates in addition to sweetness.

Products such as fruit bars, dairy products and bread can be reformulated with dates,
eliminating the need for additional sugar. This transformation makes them alternative con-
sumption options in both high and low season, enriched by incorporating an undervalued,
locally or regionally sourced product into their composition. From a nutritional point of view,
this substitution of empty sugars by the sweet fruits of the date palm, which offer high levels
of bioactive components such as fiber, polyphenols and minerals such as potassium, thus
conferring important health benefits on consumers. This review suggests utilizing damaged
dates and by-products as sugar substitutes in sweet food processing, offering health benefits
and supporting sustainable practices. This approach efficiently uses discarded resources,
aligning with circular economy principles for environmentally friendly production.
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extraction (PHWE) for the green recovery of bioactive compounds and steviol glycosides from Stevia Rebaudiana Bertoni leaves.
Food Chem. 2018, 254, 150–157. [CrossRef] [PubMed]

71. Bursać Kovačević, D.; Maras, M.; Barba, F.J.; Granato, D.; Roohinejad, S.; Mallikarjunan, K.; Montesano, D.; Lorenzo, J.M.; Putnik,
P. Innovative technologies for the recovery of phytochemicals from Stevia Rebaudiana Bertoni leaves: A review. Food Chem. 2018,
268, 513–521. [CrossRef] [PubMed]

72. Zhao, Y.; Lv, B.; Feng, X.; Li, C. Perspective on biotransformation and de Novo biosynthesis of licorice constituents. J. Agric. Food
Chem. 2017, 65, 11147–11156. [CrossRef]

73. Al-Farsi, M.; Alasalvar, C.; Al-Abid, M.; Al-Shoaily, K.; Al-Amry, M.; Al-Rawahy, F. Compositional and functional characteristics
of dates, syrups, and their by-products. Food Chem. 2007, 104, 943–947. [CrossRef]

74. AlYammahi, J.; Hai, A.; Krishnamoorthy, R.; Arumugham, T.; Hasan, S.W.; Banat, F. Ultrasound-assisted extraction of highly
nutritious date sugar from date palm (Phoenix dactylifera) fruit powder: Parametric optimization and kinetic modeling. Ultrason.
Sonochem. 2022, 88, 106107. [CrossRef]

75. Ben Thabet, I.; Besbes, S.; Masmoudi, M.; Attia, H.; Deroanne, C.; Blecker, C. Compositional, physical, antioxidant and sensory
characteristics of novel syrup from date palm (Phoenix dactylifera L.). Food Sci. Technol. Int. 2009, 15, 583–590. [CrossRef]

76. Tang, Z.-X.; Shi, L.-E.; Aleid, S.M. Date fruit: Chemical composition, nutritional and medicinal values, products. J. Sci. Food Agric.
2013, 93, 2351–2361. [CrossRef]

77. Julai, K.; Sridonpai, P.; Ngampeerapong, C.; Tongdonpo, K.; Suttisansanee, U.; Kriengsinyos, W.; On-Nom, N.; Tangsuphoom, N.
Effects of extraction and evaporation methods on physico-chemical, functional, and nutritional properties of syrups from Barhi
dates (Phoenix dactylifera L.). Foods 2023, 12, 1268. [CrossRef]

78. Taleb, H.; Maddocks, S.E.; Morris, R.K.; Kanekanian, A.D. The antibacterial activity of date syrup polyphenols against S. aureus
and E. coli. Front. Microbiol. 2016, 7, 198. [CrossRef]

79. Entezari, M.H.; Nazari, S.H.; Haddad Khodaparast, M.H. The direct effect of ultrasound on the extraction of date syrup and its
micro-organisms. Ultrason. Sonochem. 2004, 11, 379–384. [CrossRef] [PubMed]

80. El-Sharnouby, G.A.; Aleid, S.M.; Al-Otaibi, M.M. Liquid sugar extraction from date palm (Phoenix dactylifera L.) fruits. J. Food
Process. Technol. 2014, 5, 1–5.

81. Alotaibi, K.D.; Alharbi, H.A.; Yaish, M.W.; Ahmed, I.; Alharbi, S.A.; Alotaibi, F.; Kuzyakov, Y. Date palm cultivation: A review of
soil and environmental conditions and future challenges. Land Degrad. Dev. 2023, 34, 2431–2444. [CrossRef]

82. FAOSTAT. Available online: https://www.fao.org/faostat/en/#data/QCL (accessed on 31 March 2023).
83. Ferry, M.; Gómez, S.; Jiménez, E.; Navarro, J.; Ruipérez, E.; Vilella-Esplá, J. The date palm grove of Elche, Spain: Research for the

sustainable preservation of a world heritage site. Palm 2002, 46, 139–148.
84. Ley 16/1985, de 25 de junio, del Patrimonio Histórico Español. Boletín Of. Estado 1985, 155, 20342–20352.
85. Hanieh, A.A.; Hasan, A.; Assi, M. Date palm trees supply chain and sustainable model. J. Clean. Prod. 2020, 258, 120951.

[CrossRef]
86. Krueger, R.R. Date palm (Phoenix dactylifera L.) biology and utilization. In The Date Palm Genome; Al-Khayri, J.M., Jain, S.M.,

Johnson, D.V., Eds.; Springer: Cham, Switzerland, 2021; Volume 1, pp. 3–28.
87. Zaid, A.; De Wet, P.F. Climatic requirements of date palm. In Date Palm Cultivation; FAO Plant Production and Protection Paper

156. Rev. 1; Zaid, A., Arias-Jimenez, E.J., Eds.; FAO: Rome, Italy, 2002; pp. 57–72.
88. Liebenberg, P.J.; Zaid, A. Date palm irrigation. In Date Palm Cultivation; FAO Plant Production and Protection Paper 156. Rev. 1;

Zaid, A., Arias-Jimenez, E.J., Eds.; FAO: Rome, Italy, 2002; pp. 131–144.
89. Maas, E.V.; Grattan, S.R. Crop yields as affected by salinity. In Agricultural Drainage; Skaggs, R.W., van Schilfgaarde, J., Eds.;

American Society of Agronomy, Crop Science Society of America, and Soil Science Society of America: Madison, WI, USA, 1999;
Volume 38, pp. 55–108.

90. Hazzouri, K.M.; Flowers, J.M.; Nelson, D.; Lemansour, A.; Masmoudi, K.; Amiri, K.M.A. Prospects for the study and improvement
of abiotic stress tolerance in date palms in the post-genomics era. Front. Plant Sci. 2020, 11, 293. [CrossRef]

91. FAO. 5 Facts about Dates That Make Them an Important Food of Our Future. Available online: https://www.fao.org/fao-stories/
article/en/c/1251859/ (accessed on 19 April 2023).

92. Al-Khayri, J.M.; Jain, S.M.; Johnson, D.V. Date Palm Genetic Resources and Utilization. Africa and the Americas, Volume 1; Springer:
Dordrecht, The Netherlands, 2015.

93. Al-Khayri, J.M.; Jain, S.M.; Johnson, D.V. Date Palm Genetic Resources and Utilization. Asia and Europe, Volume 2; Springer: Dordrecht,
The Netherlands, 2015.

https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out52_en.pdf
https://doi.org/10.1021/acsfoodscitech.2c00325
https://doi.org/10.1016/j.copbio.2015.11.006
https://www.ncbi.nlm.nih.gov/pubmed/26723007
https://doi.org/10.1016/j.foodchem.2018.01.192
https://www.ncbi.nlm.nih.gov/pubmed/29548436
https://doi.org/10.1016/j.foodchem.2018.06.091
https://www.ncbi.nlm.nih.gov/pubmed/30064792
https://doi.org/10.1021/acs.jafc.7b04470
https://doi.org/10.1016/j.foodchem.2006.12.051
https://doi.org/10.1016/j.ultsonch.2022.106107
https://doi.org/10.1177/1082013209353079
https://doi.org/10.1002/jsfa.6154
https://doi.org/10.3390/foods12061268
https://doi.org/10.3389/fmicb.2016.00198
https://doi.org/10.1016/j.ultsonch.2003.10.005
https://www.ncbi.nlm.nih.gov/pubmed/15302023
https://doi.org/10.1002/ldr.4619
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.1016/j.jclepro.2020.120951
https://doi.org/10.3389/fpls.2020.00293
https://www.fao.org/fao-stories/article/en/c/1251859/
https://www.fao.org/fao-stories/article/en/c/1251859/


Foods 2024, 13, 129 25 of 27

94. Mihi, A.; Tarai, N.; Chenchouni, H. Can palm date plantations and oasification be used as a proxy to fight sustainably against
desertification and sand encroachment in hot drylands? Ecol. Indic. 2019, 105, 365–375. [CrossRef]

95. Santoro, A. Traditional oases in Northern Africa as multifunctional agroforestry systems: A systematic literature review of the
provided Ecosystem Services and of the main vulnerabilities. Agrofor. Syst. 2023, 97, 81–96. [CrossRef]

96. Allam, A.; Cheloufi, H. Biodiversity of fruit species in the valley of Oued Righ: The case of the area of Touggourt (Algeria). Fruits
2013, 68, 33–37. [CrossRef]

97. Hamza, F.; Hanane, S. The effect of microhabitat features, anthropogenic pressure and spatial structure on bird diversity in
southern Tunisian agroecosystems. Ann. Appl. Biol. 2021, 179, 195–206. [CrossRef]

98. Loumassine, H.E.; Bonnot, N.; Allegrini, B.; Bendjeddou, M.L.; Bounaceur, F.; Aulagnier, S. How arid environments affect spatial
and temporal activity of bats. J. Arid Environ. 2020, 180, 104206. [CrossRef]

99. Derouiche, L.; Bouhadad, R.; Fernandes, C. Mitochondrial DNA and morphological analysis of hedgehogs (Eulipotyphla:
Erinaceidae) in Algeria. Biochem. Syst. Ecol. 2016, 64, 57–64. [CrossRef]

100. Ayeb, N.; Majdoub, B.; Dbara, M.; Fguiri, I.; Khorchani, S.; Hammadi, M.; Khorchani, T. Quality and fatty acid profile of milk of
indigenous dairy goats fed from oasis resources in Tunisian arid areas. Anim. Prod. Sci. 2020, 60, 2044–2049. [CrossRef]

101. Belhadj Elmehdi, E.; Remini, B.; Rezzoug, C.; Hamoudi, S. Study of ancestral irrigation systems in the oasis of Taghit in the South
West of Algeria. J. Water Land. Dev. 2020, 44, 13–18.

102. El Janati, M.; Akkal-Corfini, N.; Bouaziz, A.; Oukarroum, A.; Robin, P.; Sabri, A.; Thomas, Z. Benefits of circular agriculture for
cropping systems and soil fertility in oases. Sustainability 2021, 13, 4713. [CrossRef]

103. Benmeziane-Derradji, F. Nutritional value, phytochemical composition, and biological activities of Middle Eastern and North
African date fruit: An overview. Euro-Mediterr. J. Environ. Integr. 2019, 4, 39. [CrossRef]

104. Oladzad, S.; Fallah, N.; Mahboubi, A.; Afsham, N.; Taherzadeh, M.J. Date fruit processing waste and approaches to its valorization:
A review. Bioresour. Technol. 2021, 340, 125625. [CrossRef]

105. Najjar, Z.; Stathopoulos, C.; Chockchaisawasdee, S. Utilization of Date By-Products in the Food Industry. Emir. J. Food Agric. 2020,
32, 808–815.

106. Manickvasagan, A.; Chandini, S.; Al Attabi, Z. Effect of sugar replacement with date paste and date syrup on texture and sensory
quality of kesari (traditional Indian dessert). J. Agric. Mar. Sci. 2018, 22, 67–74. [CrossRef]

107. Djaoud, K.; Boulekbache-Makhlouf, L.; Yahia, M.; Mansouri, H.; Mansouri, N.; Madani, K.; Romero, A. Dairy dessert processing:
Effect of sugar substitution by date syrup and powder on its quality characteristics. J. Food Process Preserv. 2020, 44, e14414.
[CrossRef]

108. Lajnef, I.; Khemiri, S.; Ben Yahmed, N.; Chouaibi, M.; Smaali, I. Straightforward extraction of date palm syrup from Phoenix
dactylifera L. byproducts: Application as sucrose substitute in sponge cake formulation. J. Food Meas. Charact. 2021, 15, 3942–3952.
[CrossRef]

109. Ghafari, Z.; Hojjatoleslamy, M.; Shokrani, R.; Shariaty, M.A. Use of date syrup as a sweetener in non alcoholic beer: Sensory and
rheological assessment. J. Microbiol. Biotechnol. Food Sci. 2013, 3, 182–184.

110. Kazemalilou, S.; Alizadeh, A. Optimization of sugar replacement with date syrup in prebiotic chocolate milk using response
surface methodology. Korean J. Food Sci. Anim. Resour. 2017, 37, 449–455. [CrossRef] [PubMed]

111. El-Nagga, E.A.; Abd El-Tawab, Y.A. Compositional characteristics of date syrup extracted by different methods in some fermented
dairy products. Ann. Agric. Sci. 2012, 57, 29–36. [CrossRef]

112. Sánchez-Zapata, E.; Fernández-López, J.; Peñaranda, M.; Fuentes-Zaragoza, E.; Sendra, E.; Sayas, E.; Pérez-Alvarez, J.A.
Technological properties of date paste obtained from date byproducts and its effect on the quality of a cooked meat product. Food
Res. Int. 2011, 44, 2401–2407. [CrossRef]

113. Martín-Sánchez, A.M.; Ciro-Gómez, G.; Sayas, E.; Vilella-Esplá, J.; Ben-Abda, J.; Pérez-Álvarez, J.A. Date palm by-products as a
new ingredient for the meat industry: Application to pork liver pâté. Meat Sci. 2013, 93, 880–887. [CrossRef] [PubMed]

114. Mrabet, A.; Jiménez-Araujo, A.; Guillén-Bejarano, R.; Rodríguez-Arcos, R.; Sindic, M. Date Seeds: A Promising Source of Oil with
Functional Properties. Foods 2020, 9, 787. [CrossRef]

115. Al-Muhtaseb, A.; Jamil, F.; AlHaj, L.; Myint, M.T.Z.; Mahmoud, E.; Ahmad, M.; Hasan, A.; Rafiq, S. Biodiesel production over a
catalyst prepared from biomass-derived waste date pits. Biotechnol. Rep. 2018, 20, e00284. [CrossRef]

116. Zainab-L, I.; Uyama, H.; Li, C.; Shen, Y.; Sudesh, K. Production of Polyhydroxyalkanoates From Underutilized Plant Oils by
Cupriavidus necator. Clean Soil Air Water 2018, 46, 1700542. [CrossRef]

117. Kamarubahrin, A.F.; Haris, A. Nutritional and Potential Planting of Date Palm: Review of Recent Trends and Future Prospects in
Malaysia. Int. J. Fruit Sci. 2020, 20, S1097–S1109. [CrossRef]

118. Jonoobi, M.; Shafie, M.; Shirmohammadli, Y.; Ashori, A.; Hosseinabadi, H.Z.; Mekonnen, T. A Review on Date Palm Tree:
Properties, Characterization and Its Potential Applications. J. Renew. Mater. 2019, 7, 1055–1075. [CrossRef]

119. Vico, A.; Pérez-Murcia, M.D.; Bustamante, M.A.; Agulló, E.; Marhuenda-Egea, F.C.; Sáez, J.A.; Paredes, C.; Pérez-Espinosa, A.;
Moral, R. Valorization of date palm (Phoenix dactylifera L.) pruning biomass by co-composting with urban and agri-food sludge. J.
Environ. Manag. 2018, 226, 408–415. [CrossRef] [PubMed]

120. Farag, K.M. Date Palm: A Wealth of Healthy Food. In Encyclopedia of Food and Health; Caballero, B., Finglas, P.M., Toldrá, F., Eds.;
Academic Press: Cambridge, MA, USA, 2016; pp. 356–360.

https://doi.org/10.1016/j.ecolind.2017.11.027
https://doi.org/10.1007/s10457-022-00789-w
https://doi.org/10.1051/fruits/2012048
https://doi.org/10.1111/aab.12690
https://doi.org/10.1016/j.jaridenv.2020.104206
https://doi.org/10.1016/j.bse.2015.11.014
https://doi.org/10.1071/AN19645
https://doi.org/10.3390/su13094713
https://doi.org/10.1007/s41207-019-0132-y
https://doi.org/10.1016/j.biortech.2021.125625
https://doi.org/10.24200/jams.vol22iss1pp67-74
https://doi.org/10.1111/jfpp.14414
https://doi.org/10.1007/s11694-021-00970-2
https://doi.org/10.5851/kosfa.2017.37.3.449
https://www.ncbi.nlm.nih.gov/pubmed/28747831
https://doi.org/10.1016/j.aoas.2012.03.007
https://doi.org/10.1016/j.foodres.2010.04.034
https://doi.org/10.1016/j.meatsci.2012.11.049
https://www.ncbi.nlm.nih.gov/pubmed/23314613
https://doi.org/10.3390/foods9060787
https://doi.org/10.1016/j.btre.2018.e00284
https://doi.org/10.1002/clen.201700542
https://doi.org/10.1080/15538362.2020.1775160
https://doi.org/10.32604/jrm.2019.08188
https://doi.org/10.1016/j.jenvman.2018.08.035
https://www.ncbi.nlm.nih.gov/pubmed/30142502


Foods 2024, 13, 129 26 of 27

121. Bentrad, N.; Hamida-Ferhat, A. Chapter 22—Date palm fruit (Phoenix dactylifera): Nutritional values and potential benefits on health.
In The Mediterranean Diet, 2nd ed.; Preedy, V.R., Watson, R.R., Eds.; Academic Press: Cambridge, MA, USA, 2020; pp. 239–255.

122. Fernández-López, J.; Viuda-Martos, M.; Sayas-Barberá, E.; Navarro-Rodríguez de Vera, C.; Pérez-Álvarez, J.Á. Biological,
Nutritive, Functional and Healthy Potential of Date Palm Fruit (Phoenix dactylifera L.): Current Research and Future Prospects.
Agronomy 2022, 12, 876. [CrossRef]

123. Maqsood, S.; Adiamo, O.; Ahmad, M.; Mudgil, P. Bioactive compounds from date fruit and seed as potential nutraceutical and
functional food ingredients. Food Chem. 2020, 308, 125522. [CrossRef] [PubMed]

124. Haris, S.; Alam, M.; Galiwango, E.; Mohamed, M.M.; Kamal-Eldin, A.; Al-Marzouqi, A.H. Characterization analysis of date fruit
pomace: An underutilized waste bioresource rich in dietary fiber and phenolic antioxidants. Waste Manag. 2023, 163, 34–42.
[CrossRef] [PubMed]

125. Gnana Rani, V.; Thangamathi, P.; Harihar, B.; Ananth, S.; Suvaithenamudhan, S. Evaluation and assessment of nutritional
composition for quality profiling of Phoenix dactylifera cultivars using multivariate analytical tools. Ecol. Genet. Genom. 2023,
27, 100173.

126. Alahyanea, A.; ElQarnifa, S.; Ayour, J.; Elateri, I.; Ouamnina, A.; Ait-Oubahou, A.; Benichou, M.; Abderrazik, M. Date seeds
(Phoenix dactylifera L.) valorization: Chemical composition of lipid fraction. Braz. J. Biol. 2022, 84, e260771. [CrossRef]

127. Kchaou, W.; Abbès, F.; Mansour, R.B.; Blecker, C.; Attia, H.; Besbes, S. Phenolic profile, antibacterial and cytotoxic properties of
second grade date extract from Tunisian cultivars (Phoenix dactylifera L.). Food Chem. 2016, 194, 1048–1055. [CrossRef]

128. Muñoz-Bas, C.; Muñoz-Tébar, N.; Candela-Salvador, L.; Pérez-Alvarez, J.A.; Lorenzo, J.M.; Viuda-Martos, M.; Fernández-López, J.
Quality Characteristics of Fresh Date Palm Fruits of “Medjoul” and “Confitera” cv. from the Southeast of Spain (Elche Palm
Grove). Foods 2023, 12, 2659. [CrossRef] [PubMed]

129. Kamal, H.; Hamdi, M.; Mudgil, P.; Aldhaheri, M.; Affan Baig, M.; Hassan, H.M.; Alamri, A.S.; Galanakis, C.M.; Maqsood, S.
Nutraceutical and bioactive potential of high-quality date fruit varieties (Phoenix dactylifera L.) as a function of in-vitro simulated
gastrointestinal digestion. J. Pharm. Biomed. Anal. 2023, 223, 115113. [CrossRef] [PubMed]

130. Alqahtani, N.K.; Mohamed, H.A.; Moawad, M.E.; Younis, N.S.; Mohamed, M.E. The Hepatoprotective Effect of Two Date Palm
Fruit Cultivars’ Extracts: Green Optimization of the Extraction Process. Foods 2023, 12, 1229. [CrossRef] [PubMed]

131. Hussein, A.M.; Mahmoud, S.A.; Elazab, K.M.; Ahmed, F.; Abouelnaga, A.F.; Abass, M.; Mosa, A.A.H.; Hussein, M.A.M.; Elsayed,
M.E.G. Possible Mechanisms of the Neuroprotective Actions of Date Palm Fruits Aqueous Extracts against Valproic Acid-Induced
Autism in Rats. Curr. Issues Mol. Biol. 2023, 45, 1627–1643. [CrossRef] [PubMed]

132. Hamdi, M.; Mostafa, H.; Aldhaheri, M.; Mudgil, P.; Kamal, H.; Alamri, A.S.; Galanakis, C.M.; Maqsood, S. Valorization of
different low-grade date (Phoenix dactylifera L.) fruit varieties: A study on the bioactive properties of polyphenolic extracts and
their stability upon in vitro simulated gastrointestinal digestion. Plant Physiol. Biochem. 2023, 200, 107764. [CrossRef] [PubMed]

133. Ayyash, M.; Tarique, M.; Alaryani, M.; Al-Sbiei, A.; Masad, R.; Al-Saafeen, B.; Fernández-Cabezudo, M.; al-Ramadi, B.;
Kizhakkayil, J.; Kamal-Eldin, A. Bioactive properties and untargeted metabolomics analysis of bioaccessible fractions of non-
fermented and fermented date fruit pomace by novel yeast isolates. Food Chem. 2022, 296, 133666. [CrossRef] [PubMed]

134. Alsukaibi, A.K.D.; Alenezi, K.M.; Haque, A.; Ahmad, I.; Saeed, M.; Verma, M.; Ansari, I.A.; Hsieh, M.F. Chemical, biological and
in silico assessment of date (P. dactylifera L.) fruits grown in Ha’il region. Front. Chem. 2023, 11, 1138057. [CrossRef]

135. Bhaskaracharya, R.K.; Bhaskaracharya, A.; Stathopoulos, C. A systematic review of antibacterial activity of polyphenolic extract
from date palm (Phoenix dactylifera L.) kernel. Front. Pharmacol. 2023, 13, 1043548. [CrossRef]

136. Alvi, T.; Khan, M.K.I.; Maan, A.A.; Razzaq, Z.U. Date fruit as a promising source of functional carbohydrates and bioactive
compounds: A review on its nutraceutical potential. J. Food Biochem. 2022, 46, e14325. [CrossRef]

137. Caporizzi, R.; Severini, C.; Derossi, A. Study of different technological strategies for sugar reduction in muffin addressed for
children. NFS J. 2021, 23, 44–51. [CrossRef]

138. Arshad, S.; Rehman, T.; Saif, S.; Rajoka, M.S.R.; Ranjha, M.M.A.N.; Hassoun, A.; Cropotova, J.; Trif, M.; Younas, A.; Aadil, R.M.
Replacement of refined sugar by natural sweeteners: Focus on potential health benefits. Heliyon 2022, 8, e10711. [CrossRef]
[PubMed]

139. Echegaray, N.; Gullón, B.; Pateiro, M.; Amarowicz, R.; Misihairabgwi, J.M.; Lorenzo, J.M. Date fruit and its by-products as
promising source of bioactive components: A Review. Food Rev. Int. 2023, 39, 1411–1432. [CrossRef]

140. Younas, A.; Naqvi, S.A.; Khan, M.R.; Shabbir, M.A.; Jatoi, M.A.; Anwar, F.; Aadil, R.M. Functional food and nutra-pharmaceutical
perspectives of date (Phoenix dactylifera L.) fruit. J. Food Biochem. 2020, 44, e13332. [CrossRef] [PubMed]

141. Abdeen, E.S.M.M. Enhancement of functional properties of dairy products by date fruits. Egypt. J. Food 2018, 46, 197–206.
142. Muñoz-Tebar, N.; Viuda-Martos, M.; Lorenzo, J.M.; Fernández-López, J.; Pérez-Álvarez, J.A. Strategies for the Valorization of

Date Fruit and Its Co-Products: A New Ingredient in the Development of Value-Added Foods. Foods 2023, 12, 1456. [CrossRef]
[PubMed]

143. Amerinasab, A.; Labbafi, M.; Mousavi, M.; Khodaiyan, F. Development of a novel yoghurt based on date liquid sugar: Physico-
chemical and sensory characterization. J. Food Sci. Technol. 2015, 52, 6583–6590. [CrossRef] [PubMed]

144. Moustafa, R.M.A.; Abdelwahed, E.M.; El-Neshwy, A.A.; Taha, S.N. Utilization of date syrup (dips) in production of flavoured
yoghurt. Zagazig J. Food Dairy Res. 2016, 43 Pt B, 2463–2471.

145. Jafarpour, D.; Amirzadeh, A.; Maleki, M.; Mahmoudi, M.R. Comparison of physicochemical properties and general acceptance of
flavored drinking yogurt containing date and fig syrups. Foods Raw Mater. 2017, 5, 36–43. [CrossRef]

https://doi.org/10.3390/agronomy12040876
https://doi.org/10.1016/j.foodchem.2019.125522
https://www.ncbi.nlm.nih.gov/pubmed/31669945
https://doi.org/10.1016/j.wasman.2023.03.027
https://www.ncbi.nlm.nih.gov/pubmed/37001310
https://doi.org/10.1590/1519-6984.260771
https://doi.org/10.1016/j.foodchem.2015.08.120
https://doi.org/10.3390/foods12142659
https://www.ncbi.nlm.nih.gov/pubmed/37509750
https://doi.org/10.1016/j.jpba.2022.115113
https://www.ncbi.nlm.nih.gov/pubmed/36327579
https://doi.org/10.3390/foods12061229
https://www.ncbi.nlm.nih.gov/pubmed/36981156
https://doi.org/10.3390/cimb45020105
https://www.ncbi.nlm.nih.gov/pubmed/36826050
https://doi.org/10.1016/j.plaphy.2023.107764
https://www.ncbi.nlm.nih.gov/pubmed/37245494
https://doi.org/10.1016/j.foodchem.2022.133666
https://www.ncbi.nlm.nih.gov/pubmed/35841681
https://doi.org/10.3389/fchem.2023.1138057
https://doi.org/10.3389/fphar.2022.1043548
https://doi.org/10.1111/jfbc.14325
https://doi.org/10.1016/j.nfs.2021.04.001
https://doi.org/10.1016/j.heliyon.2022.e10711
https://www.ncbi.nlm.nih.gov/pubmed/36185143
https://doi.org/10.1080/87559129.2021.1934003
https://doi.org/10.1111/jfbc.13332
https://www.ncbi.nlm.nih.gov/pubmed/32588917
https://doi.org/10.3390/foods12071456
https://www.ncbi.nlm.nih.gov/pubmed/37048284
https://doi.org/10.1007/s13197-015-1716-4
https://www.ncbi.nlm.nih.gov/pubmed/26396404
https://doi.org/10.21603/2308-4057-2017-2-36-43


Foods 2024, 13, 129 27 of 27

146. Abdollahzadeh, S.M.; Zahedani, M.R.; Rahmdel, S.; Hemmati, F.; Mazloomi, S.M. Development of Lactobacillus acidophilus-
fermented milk fortified with date extract. LWT 2018, L98, 577–582. [CrossRef]

147. Abdel-Ghany, A.S.; Zaki, D.A. Production of novel functional yoghurt fortified with bovine colostrum and date syrup for children.
Alex. Sci. Exch. J. 2018, 39, 651–662. [CrossRef]

148. Jridi, M.; Souissi, N.; Salem, M.B.; Ayadi, M.; Nasri, M.; Azabou, S. Tunisian date (Phoenix dactylifera L.) by-products: Charac-
terization and potential effects on sensory, textural and antioxidant properties of dairy desserts. Food Chem. 2015, 188, 8–15.
[CrossRef]

149. Tawfek, M.; Baker, E.; El-Sayed, H. Study Properties of Fermented Camels’ and Goats’ Milk Beverages Fortified with Date Palm
(Phoenix dactylifera L.). Food Nutr. Sci. 2021, 12, 418–428.

150. Gab-Allah, R.H.; Shehta, H.A. A new functional whey beverage, containing calcium and Date syrup (Dibs). Egypt. J. Nutr. 2020,
35, 53–75.

151. Oluwasina, O.O.; Demehin, B.F.; Awolu, O.O.; Igbe, F.O. Optimization of starch-based candy supplemented with date palm
(Phoenix dactylifera) and tamarind (Tamarindus indica L.). Arab. J. Chem. 2020, 13, 8039–8050. [CrossRef]

152. Woodbury, T.J.; Lust, A.L.; Mauer, L.J. The effects of commercially available sweeteners (sucrose and sucrose replacers) on wheat
starch gelatinization and pasting, and cookie baking. J. Food Sci. 2021, 86, 687–698. [CrossRef] [PubMed]

153. Amin, A.A.E.N.; Abdel Fattah, A.F.A.K.; El-Sharabasy, S.F. Quality attributes of cookies fortified with date powder. Arab Univ. J.
Agric. Sci. 2019, 27, 2539–2547. [CrossRef]

154. Agu, H.O.; Onuoha, G.O.; Elijah, O.E.; Jideani, V.A. Consumer acceptability of acha and malted Bambara groundnut (BGN)
biscuits sweetened with date palm. Heliyon 2020, 6, e05522. [CrossRef] [PubMed]

155. Turki, M.; Barbosa-Pereira, L.; Bertolino, M.; Essaidi, I.; Ghirardello, D.; Torri, L.; Bouzouita, N.; Zeppa, G. Physico-Chemical
Characterization of Tunisian Canary Palm (Phoenix canariensis Hort. Ex Chabaud) Dates and Evaluation of Their Addition in
Biscuits. Foods 2020, 9, 695. [CrossRef] [PubMed]

156. Majzoobi, M.; Mansouri, H.; Mesbahi, G.; Farahnaky, A.; Golmakani, M.T. Effects of sucrose substitution with date syrup and
date liquid sugar on the physicochemical properties of dough and biscuits. J. Agric. Sci. Technol. 2016, 18, 643–656.

157. Panhwar, A.A.; Khaskheli, S.G.; Sheikh, S.A.; Soomro, A.H. Physico-chemical and sensorial properties of biscuits supplemented
with date powder. In Proceedings of the VII International Date Palm Conference, Abu Dhabi, United Arab Emirates, 14–16 March
2022; Volume 1371, pp. 361–366.

158. Aljutaily, T.; Elbeltagy, A.; Ali, A.A.; Gadallah, M.G.; Khalil, N.A. Anti-Obesity Effects of Formulated Biscuits Supplemented with
Date’s Fiber; Agro-Waste Products Used as a Potent Functional Food. Nutrients 2022, 14, 5315. [CrossRef]

159. Dhankhar, J.; Vashistha, N.; Sharma, A. Development of biscuits by partial substitution of refined wheat flour with chickpea flour
and date powder. J. Microbiol. Biotechnol. Food Sci. 2019, 8, 1093–1097.

160. Nwanekezi, E.C.; Ekwe, C.C.; Agbugba, R.U. Effect of substitution of sucrose with date palm (Phoenix dactylifera) fruit on quality
of bread. J. Food Process. Technol. 2015, 6, 1.

161. Awofadeju, O.F.J.; Awe, A.B.; Adewumi, O.J.; Adeyemo, E.A. Influence of substituting sucrose with date palm fruit flour (DPFF)
on the nutritional and organoleptic properties of bread. Croat. J. Food Sci. Technol. 2021, 13, 1–6. [CrossRef]

162. Shinde, D.B.; Popale, S.R.; Salunke, S.G.; Kadam, S. Quality characteristics of breads fortified with date (Phoenix dactylifera L.)
paste. J. Pharmacogn. Phytochem. 2019, 8, 4489–4492.

163. Hussien, H.A.; Salem, E.M.; Masoud, M.R. Innovation of High Nutritional Value Snack Bars from Dates and Extruded Cereals.
Egypt. J. Agric. Res. 2018, 96, 149–158. [CrossRef]

164. Ibrahim, S.A.; Fidan, H.; Aljaloud, S.O.; Stankov, S.; Ivanov, G. Application of date (Phoenix dactylifera L.) fruit in the composition
of a novel snack bar. Foods 2021, 10, 918. [CrossRef] [PubMed]

165. Ibrahim, S.A.; Ayad, A.A.; Williams, L.L.; Ayivi, R.D.; Gyawali, R.; Krastanov, A.; Aljaloud, S.O. Date fruit: A review of the
chemical and nutritional compounds, functional effects and food application in nutrition bars for athletes. Intern. J. Food Sci.
Technol. 2021, 56, 1503–1513. [CrossRef]

166. Aljobair, M.O. Characteristics of cereal flakes manufactured using date syrup in place of sugar. Nutr. Food Sci. 2018, 48, 899–910.
[CrossRef]

167. Erukainure, O.L.; Egagah, T.I.; Bolaji, P.T.; Ajiboye, A.J. Development and quality assessment of date chocolate products. Am. J.
Food Technol. 2010, 5, 324–330. [CrossRef]

168. Tlay, R.H.; Al-Baidhani, A.M. The possibility of benefiting from date seed powder in the manufacture of chocolate spread and
studying its quality characteristics. Euphrates J. Agric. Sci. 2023, 15, 294–307.

169. Alfheeaid, H.A.; Barakat, H.; Althwab, S.A.; Musa, K.H.; Malkova, D. Nutritional and Physicochemical Characteristics of
Innovative High Energy and Protein Fruit-and Date-Based Bars. Foods 2023, 12, 2777. [CrossRef]

170. Barakat, H.; Alfheeaid, H.A. Date Palm Fruit (Phoenix dactylifera) and Its Promising Potential in Developing Functional Energy
Bars: Review of Chemical, Nutritional, Functional, and Sensory Attributes. Nutrients 2023, 15, 2134. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.lwt.2018.09.042
https://doi.org/10.21608/asejaiqjsae.2018.20475
https://doi.org/10.1016/j.foodchem.2015.04.107
https://doi.org/10.1016/j.arabjc.2020.09.033
https://doi.org/10.1111/1750-3841.15572
https://www.ncbi.nlm.nih.gov/pubmed/33496959
https://doi.org/10.21608/ajs.2020.20760.1136
https://doi.org/10.1016/j.heliyon.2020.e05522
https://www.ncbi.nlm.nih.gov/pubmed/33294673
https://doi.org/10.3390/foods9060695
https://www.ncbi.nlm.nih.gov/pubmed/32481574
https://doi.org/10.3390/nu14245315
https://doi.org/10.17508/CJFST.2021.13.1.01
https://doi.org/10.21608/ejar.2018.132075
https://doi.org/10.3390/foods10050918
https://www.ncbi.nlm.nih.gov/pubmed/33921988
https://doi.org/10.1111/ijfs.14783
https://doi.org/10.1108/NFS-01-2018-0013
https://doi.org/10.3923/ajft.2010.324.330
https://doi.org/10.3390/foods12142777
https://doi.org/10.3390/nu15092134

	Introduction 
	New Trends and Strategies for Sugar Reduction in Food and Beverages 
	Changes in the Food Formulation 
	Gradual Reduction of the Sugar Content in Foods 
	Partial or Total Replacement by Sweetener 

	Flavors with Modifying Properties (FMPs) 
	Multisensory Interactions 
	Odor–Taste 
	Color–Taste Interactions 
	Sound–Taste and Tactile–Taste Interactions 

	Sugar Structure Modification 
	Heterogenous Distribution 
	Encapsulation for Enhanced Sweet Perception 

	Nutritive, Non-Nutritive and Traditional Sweeteners 
	Synthetic Sweeteners 
	Aspartame 
	Neotame and Advantame 
	Sucralose 
	Saccharin 
	Acesulfame-K 

	Nutritive Natural Substitutes 
	Non-Nutritive, Natural Sweeteners 
	New Natural, Healthy Alternatives to Sweeten: Date Fruit 

	Sustainability and Valorization of Date Palm 
	Nutritional and Functional Properties of Dates 
	Food Applications of Date as a Sweetener 
	Conclusions 
	References

