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Abstract Many American adults consume almost double
the daily recommended amount of sugar. With excess
consumption of sugar and consequential health problems
arising, food manufacturers are investigating methods to
reduce sugar while maintaining similar functional and
sensory properties. The body of literature was searched for
papers regarding sugar reduction, and the main methods of
sugar reduction are summarized herein with a specific
focus on high sugar products. Reducing sugar in confec-
tions is possible; however, the challenge is maintaining the
balance between texture and sweetness perception. Texture
plays a large role in the sweetness perception of confec-
tions, with firmer products often being perceived as less
sweet. Depending on the method, 20-40% of sugar can be
removed from confections without sacrificing sensory
acceptance, often replaced with multiple ingredients. Fur-
ther investigation is needed on confection models and how
the emerging health trends set the foundation for sugar
reduction.
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Introduction

The mean adjusted intake of added sugar in the United
States is nearly double the daily recommended amount,
accounting for about 300 daily calories of added sugar
alone out of an average 2000 calorie diet (Pacheco et al.,
2020; Powell et al., 2016). The average sugar consumption
is about 15% of US adults total caloric intake, while the
World Health Organization and the American Heart
Association recommend less than 10% of caloric intake
from sugar, or less than 12—15 teaspoons a day (Herrick
et al.,, 2019). In additional studies, higher numbers of
consumption are reported, stating that the whole US pop-
ulation eats more than three times the daily recommended
value of sugar (Faruque et al., 2020), about 36-45 tea-
spoons per day. In 2001, many adults received 9.2% of
their daily calories from sugar sweetened beverages, such
as soda and juice, making them the single largest source of
added sugar in the US diet (Malik et al., 2019). Similarly in
2020, it was estimated that nearly half of added sugar
consumption came from sugar sweetened beverages
(Pacheco et al., 2020).

Overconsumption of sugar leads to many long-term
health problems caused by the consequential weight gain,
such as type 2 diabetes mellitus (Hu and Malik, 2010) and
cardiovascular disease (Pacheco et al., 2020). In 2018, the
National Center for Health Statistics (NCHS) reported that
cardiovascular disease and diabetes were the first and
seventh leading causes of death (Murphy et al., 2018).
Based on 2017 data, the age-adjusted death rate attributed
to cardiovascular disease was 219.4 per 100,000 (Virani
et al., 2020), and for diabetes, the rate was 25.7 per 100,000
(CDC, 2020). In 2019, health care costs directly related to
obesity were around $210 billion dollars in the US
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(Faruque et al., 2020), while indirect costs were around $90
billion (CDC, 2020).

Both consumers and government bodies have demanded
initiatives to reduce sugar in products with consumers
reporting that limiting sugar intake was the main change to
their diet for healthier eating (IFIC, 2019). Many countries
have implemented sugar or health taxes on high sugar
products, such as sugar sweetened beverages (Miller,
2019). In 2017, the UK began an initiative to reduce the
amount of added sugar in products 20% by 2020 (Griffith
et al., 2020; Public Health England, 2017). In a report
detailing the progress from 2015 to 2019, the Public Health
England stated a 3% overall decrease in sugar content of
products with significant decreases in breakfast cereals
(13.3%) and yogurts (12.9%) (Public Health England,
2020). Although the US has not implemented policies for
sugar reduction, in the beginning of 2020, the FDA began
requiring nutrition labels to report added sugars (FDA,
2020a).

For a product to be labeled as reduced sugar in the US, it
must have at least 25% less sugar than the reference
amount (FDA, 2020b). Reducing sugar heavily depends on
the product type, but a successful sugar reduction is
indicative of a final product that maintains the structural
integrity, flavor balance, and sensory acceptance of the
original. The simplest method of sugar reduction is to
remove the sugar from the product. However, once the
sugar is removed, the product formulation must be adjusted
to maintain functional and sensory properties, which
remains one of the main challenges of sugar reduction. The
sweetness of sugar is simple to substitute, due to a surplus
of alternatives, including high intensity sweeteners, both
artificial and natural, sugar alcohols, and rare sugars. These
alternative sweeteners range anywhere from 0.5 to 700
times the sweetness of sucrose, but sometimes have a dif-
ferent taste profile, including varying sweetness onset
times, peak sweetness citations, and side taste profiles (Tan
et al., 2019). Other attributes of sugar are more difficult to
replace. For instance, sweetness can be maintained in diet
sodas, but viscosity differences caused by alternative
sweeteners are significant enough for consumers to detect
“mouthfeel” differences compared to their full sugar
counterpart (Kappes et al., 2006). A greater challenge is
observed in solid foods compared to liquid foods, because
sugar plays a critical role in the texture and functional
properties of the products. Sugar has bulk and a stabiliza-
tion effect that cannot easily be replicated with alternative
sweeteners (Cardoso and Bolini, 2008; Evageliou et al.,
2000; Shimizu and Matubayasi, 2014). Bulk agents used to
replace sugar, including sugar alcohols and oligosaccha-
rides, typically provide less sweetness than sucrose but can
add functional benefits, such as acting as dietary fiber, due
to their non-digestible nature (Mitchell, 2007; Roberfroid
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and Slavin, 2000). As a co-solute in many foods, sugar
plays a role in boiling point elevation and freezing point
depression of the product, which leads to changes in the
structure and functionality. It can also act as a preservative
through reducing the water activity and contribute to a
product’s viscosity or browning (Erickson and Carr, 2020).
When sugar is removed from a product, the loss of these
functional properties will need to be replaced by additional
ingredients (McCain et al., 2018) to maintain product
quality. Often high intensity sweeteners, such as aspartame
and sucralose, have different chemical and thermal prop-
erties than sugar and cannot withstand the same processing
conditions because of their instability or decomposition at
high temperature and moisture content or at low pH (Bell
and Hageman, 1994; Dodson and Pepper, 1985; Grem-
becka, 2015; Hanger et al., 1996).

Formulation of confections can be anywhere from 15 to
50% sugar (Haribo, 2020; Jell-O, 2020; Smucker’s, 2020),
and thus a large removal of the product bulk will have a
significant impact on the food structure and functionality.
Before a substitution can be made for an essential ingre-
dient as sugar, understanding its role in the food matrix and
how changing the composition will affect the final func-
tional and sensory characteristics is important for a suc-
cessful reduction of sugar.

Objective

The overall goal of this paper was to compile and organize
the body of literature which covers the application of sugar
reduction strategies in various food categories and how
these applications are used in confections, specifically gels.
The specific objectives of this review paper were to:
(a) compile and summarize the main methods of sugar
reduction in foods and how they are implemented and
(b) discuss the current methods of sugar reduction in
confections and determine the gaps in the knowledge.

Method

Three databases (Scopus, Ebsco, Science Direct) were
searched using a string similar to “(sugar OR sucrose OR
sweet*) AND (reduc* OR remov* OR substit*) AND
(process OR technol* OR develop* OR intervention OR
strateg® OR method*) AND (food OR product) AND
(sensory OR consumer) AND (liking OR hedonic OR
intensity)”. The searches included only primary literature
in the English language which was published between the
years 1996 and 2021.

The collected literature (n = 415) was screened for
duplicates, and the initial count of unique papers was 396.
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The abstracts were screened, and papers were excluded due
to irrelevance to the specific questions asked. Some com-
mon reasons for exclusion included literature not about
sugar reduction, not related to a food product, policy based,
in which test subjects were not human, medically focused,
and those which did not include a sensory component. The
final count of studies included for qualitative analysis was
192. Twenty studies were further discussed in this review
(Fig. 1).

Sugar reduction methods

The main methods of sugar reduction in food products
include sugar removal, sugar replacement, physical modi-
fication, flavor modification, and formulation changes
(Table 1). The preferred method of sugar reduction in the
literature was to replace the sucrose with an alternative
sweetener (n = 74), and the most popular food categories
for sugar reduction were high sugar products, such as
sugar-sweetened beverages (n =39) and confections
(n = 23). Confections includes products such as hard can-
dies, gummies, chocolate, jams, and preserves. In each of
these products, sugar provides essential properties to taste,
structure, and texture. Sugar reduction in confections is a
challenge of balancing the loss of flavor and sweetness,
while ensuring products retain the desired texture and

stability. Current literature included in this review on sugar
reduction methods in confections and other high sugar
foods can be viewed in Table 1.

Sugar reduction

The viability of sugar reduction without substitution is first
determined by the removal of sugar from the product. This
research has two main focuses: threshold tests to determine
at what percentage of sugar reduction consumers notice a
difference in the product (Oliveira et al., 2016; Oliveira
et al., 2018b; Oliveira de Souza et al., 2018; Tsitlakidou
et al., 2019) and characterization to analyze how the sugar
reduction affects not only the consumer acceptance, but
also the food system itself (Drewnowski et al., 2012;
Mayhew et al., 2017a; 2017b; Torrico et al., 2020).

One product that has seen successful sugar reduction is
fruit juices. In a study done by Oliveira et al. (2018b), the
impact of sugar reduction in fruit juices on consumer’s
hedonic perception was studied. No significant difference
was found in the overall liking between the control juice
and one with 20% sugar reduction. Because fruit juices
contain naturally occurring sugars, a 20% sugar reduction
is easily done in the beverage model. On the other hand, in
a jam system made with high methoxy pectin, a complete
sugar reduction for a sugar-free jam was not successful
(Basu et al., 2013). High methoxy pectin relies on the
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Fig. 1 Flow chart documenting the screening and selection process for the review
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Table 1 Main methods of sugar reduction in food products and studies summarized in the review

Sugar reduction Definition

method

Foods investigated

Sugar reduction
(n=39)

Sugar replacement
(n=174)

Physical
modification
(n=10)

Flavor modification
(n=9)

Formula change

(n =28) sugar products—not a sugar replacement

Sugar concentration was reduced in the product

Sugar concentration was reduced in the product and replaced with another sweetener

Sugar granules were physically modified, or the structure of the product was altered

Flavor components were added to mitigate flavor loss from sugar reduction

Added ingredients to functionalize or aid with the sensory acceptance of reduced

Pound cake (Oliveira de Souza
et al., 2018)

Chocolate milk (Oliveira et al.,
2016)

Fruit nectar (Denize Oliveira
et al., 2018b)

Orange juice (Tsitlakidou et al.,
2019)

Caramel system (Mayhew et al.,
2017a)

Strawberry yogurt (Torrico
et al., 2020)

Jam (Basu et al., 2017)

Apple preserves (Pielak et al.,
2020)

Jelly (Akesowan and
Choonhahirun, 2019)

Brownies (Richardson et al.,
2018)

Gel model (Mosca et al., 2010)

Chocolate model ((Kistler et al.,
2021)

Sugar pastry (Bertelsen et al.,
2021)

Oatmeal, Apple crisp (Peters
et al., 2018)

Yogurt (Oliveira et al., 2021)
Cake (Stavale et al., 2019)
Cake (Milner et al., 2020)

Gummy candy (Gok et al.,
2020)

Gummy candy (Riedel et al.,
2015)

White chocolate (Morais
Ferreira et al., 2017)

stabilization of sucrose, which largely influences the net-
work structure and association pattern, to help form the gel
structure. Without the added sugar, a firm gel of high
methoxy pectin was not able to form. Due to the large
percentage of sugar in the composition of confections, such
as jams with about 45% added sugar (Smucker’s, 2020),
simply removing sugar from confections is not always
feasible, and thus must be coupled with other sugar
reduction strategies.

Sugar replacement

Sugar replacement is the most popular method of sugar
reduction with many different options (Table 2), and
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usually involves a high intensity sweetener paired with a
low intensity bulking agent, for example, aspartame com-
bined with a sugar alcohol (O’Donnell and Kearsley,
2012). With sucrose being equivalent to a sweetness
intensity of 1, alternative sweeteners can range anywhere
from 0.5 to 700 times the sweetness of sucrose. Most high
intensity sweeteners, such as saccharin or sucralose, are
non-nutritive, providing no caloric value and are marketed
as no calorie alternatives to sugar, while some sugar
alcohols and rare sugar provide less calories per gram,
ranging from 0.2 to 2.4 kcal/g, compared to sucrose’s
4 kcal/g. The most successful replacement of sugar has
been in the soda industry, where diet sodas are a staple in
the market (Fakhouri et al., 2012). The success of these
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Table 2 Summary of alternative sweeteners

Category  Sweetener name Description (chemical formula) Sweetness  Nutritive/ Properties
intensity Nonnutritive
Artificial ~ Sucrose Main component of beet and cane 1 4 kcal/g Heat stable; M,, (melting
high sugar (C1,H»,041) point) = 186 °C
Intensity  Acesulfame K The potassium salt of acesulfame 200 Non- Heat stable; M, is greater than 200 °C;
(Ace K) (C4H4KNO,4S) nutritive slightly bitter aftertaste
Aspartame A methyl ester of the aspartic acid 200 Nutritive Not heat stable— decomposes before
(C,4H,sN,05) melting; Some solubility issues; May
have bitter or off-flavor aftertastes
Saccharin N-sulfonylcarboxamide 200-700 Non- Heat stable; M, is greater than 300 °C;
(C7H5NO3S) nutritive Bitter or metallic aftertaste
Sucralose Derivation of sucrose from 600 Non- Heat stable up to 125 °C
chlorination (C,H;9Cl;0g) nutritive
Natural Steviol glycosides Derivation from the leaves of the ~ 200-400 Non- Heat stable up to 205 °C
high . (Stevia) plant species Stevia rebaudiana nutritive Some solubility issues; Bitter or
Intensity licorice-like aftertaste
Siraitia grosvenorii Mainly mogrosides from the flesh  250-400 Non- Heat stable; M, = 197-201 °C
Swingle (Luo Han of the Monk fruit nutritive
Guo/Monk) fruit
extracts
Bulking;  Sorbitol Reduction of glucose; isomer of 0.5 2.6 kcal/g Heat stable M,, = 97 °C;
Sugar mannitol (C¢H140) Sugar alcohols do not contribute to
alcohols browning
Erythritol Derivation made from corn using 0.7 0.2 kcal/g—  Heat stable; M, = 121 °C
enzymes and fermentation Non-
(C4H1004) nutritive
Xylitol Naturally occurring in small 1.0 2.4 kcal/g Heat stable; M, = 94 °C
(Birch sugar) amounts in plums, strawberries,
cauliflower, and pumpkin
(CsH,205)
Rare Allulose A low-calorie epimer of the 0.7 0.4 kcal/g Heat stable; May contribute to
sugars monosaccharide sugar fructose browning; M, = 110 °C
(C6H1206)
Tagatose A natural sweetener present in only 0.9 1.5 kcal/g Heat stable; M, = 135 °C

small amounts in fruits, cacao,
and dairy products (C¢H[,Og)

Information summarized from (Chattopadhyay et al., 2014; FDA, 2018, 2020c; Grembecka, 2015; Mitchell, 2007; O’Donnell & Kearsley, 2012;

Shankar et al., 2013)

products stems from the fact that soda does not rely heavily
on sugar for structure or functionality, and the manufac-
turing of sodas does not involve harsh processing condi-
tions (Abu-Reidah, 2020; Acevedo et al., 2018). Often in
other products, replacement is challenging due to the loss
of sucrose’s textural and functional properties. Addition-
ally, alternative sweeteners have different thermal proper-
ties than sucrose, often being heat sensitive, therefore
limiting their application (De Carvalho et al., 2009). For
example, aspartame, a sweetener commonly used in diet
sodas, is not heat stable and loses it sweetness when heated
(FDA, 2020a). On the other hand, tagatose, a rare sugar, is
heat stable, but browns more than sucrose (Taylor et al.,

2008) compared to sugar alcohols, which do not contribute
to browning (Mitchell, 2007).

There are four main categories of alternative sweeteners:
high intensity sweeteners, both artificial and natural, sugar
alcohols, and rare sugars, in addition to other bulking
agents like oligosaccharides that provide minimal sweet-
ness. The selection of an alternative sweetener depends on
the product, and the main problem with replacing sucrose
with alternative sweeteners is that they do not interact with
the food product or our bodies in the same way, due to
differences in chemical structure from sucrose (Table 3).
Most alternative sweeteners in small quantities are non-
nutritive, meaning that they do not provide any calories and
have no glycemic response from the body, such as high
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Table 3 Chemical structures of mentioned alternative sweeteners and bulking agents
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intensity sweeteners both from artificial and natural sour-
ces, but sugar alcohols, such as xylitol and erythritol for
example, have low gastrointestinal tolerance (O’Donnell
and Kearsley, 2012; Shankar et al., 2013). While high
intensity sweeteners, even at lower concentrations, have a
noticeable bitter or metallic after taste, specifically aspar-
tame, acesulfame k, and stevia (Tan et al., 2019, 2020),
which can limit the amount of these sweeteners used, as
there is a threshold where the bitterness can dominate the
sweetness.

In gel confections, both Pielak et al. (2020) and Ake-
sowan and Choonhahirun (2019) studied the impact of
sugar alternatives on a jam-like product. The main objec-
tive of both studies was to determine the impact of sugar
substitution on the sensory profile and consumer response
to the modified product. Pielak et al. (2020) studied the
partial substitution of sucrose with stevia glycosides in
apple preserves. In this study, stevia glycosides were
chosen because of their natural origin from the Stevia
rebaudiana plant, the ability to mimic the taste of sugar,
and the technological properties. Providing 250—450 times
the sweetness of sucrose, stevia is non-nutritive, but has the
limitation of a bitter and licorice taste (Jahangir Chughtai
et al., 2020). It was found that without additional additives,
such as citric acid and pectin, the apple preserves were
considered unbalanced with bitterness and metallic taste
overpowering the sweet taste or apple flavor. However,
with the addition of pectin and citric acid, substitution of
sugar with stevia glycosides was possible up to 40%
without diminishing the sensory balance. It was hypothe-
sized that the firmer apple preserves produced with pectin
and citric acid were thought to be able to mask some of the
bitterness of stevia through compensatory effect of texture
on flavor.

A similar result was seen in Akesowan and Choonha-
hirun (2019), where a sugar-free xanthan gum-konjac jam
was created using an erythritol-sucralose blend. Konjac
gum and xanthan gum are both carbohydrates, typically
used as thickening agents (Kohyama and Nishinari, 1997,
Milani and Maleki, 2012). The blend of konjac gum with
xanthan gum allows the formation of a thermally reversible
gel, which is desired in jams (Huang and Lin, 2004). The
sweetener blend of erythritol and sucralose is a combina-
tion of a sugar alcohol with a high intensity sweetener and
was chosen by the authors because the blend had “no
contribution to tooth decay, eightfold greater sweetness
than sucrose, low caloric value, desirable sweet taste,
bulking properties and improved cost availability” (Ake-
sowan and Choonhahirun, 2019). While adjusting the tex-
ture of the sugar-free jam through the gelling agent ratio,
all jams made with the sweetener blend were harder than
the sucrose control and perceived as less sweet. The
“harder” gels were the preferred texture, but overall, the

sugar-free jams were still only “moderately liked” by
panelists. In conventional jams, the increased soluble solids
due to added sucrose restricts the hydration and solubility
of the gelling agents, therefore creating weaker junction
zones and an overall weaker gel network. The softer jams
are easily chewed into smaller fragments for increased
surface area contact between sweeteners and taste recep-
tors. However, the preferred products in these studies were
firmer in texture, demonstrating the importance of a bal-
ance between texture and flavor release.

While beverages have had the most successful sugar
replacement, Pielak et al. (2020) and Akesowan and
Choonhahirun (2019) highlight the impact of solid food’s
texture on the perception of these off-tastes such as bit-
terness caused by stevia glycosides, where the firmer gels
could have an acceptance up to 40% sugar reduction.
Generally, alternative sweeteners have been successfully
integrated into current reduced sugar and sugar-free prod-
ucts, but these studies emphasize the challenges in suc-
cessfully swaying consumer preference and acceptance
towards the modified products.

Physical modification

While less explored, the physical modification of sugar has
shown great potential in altering the perceived sweetness of
foods. Successful utilization of physical modification has
been reported in sodium reduction literature which further
supports the potential application in sugar reduction (Noort
et al., 2012; Rios-Mera et al., 2019; Sun et al., 2021). To
increase the perceived sweetness, physical modification
can be a manipulation of the sugar particle size or the
spatial distribution of sweetness in a product. Decreasing
the particle size of sucrose aids in faster dissolution and
increased sweetness perception but may impact the struc-
ture of the food. Altering the spatial distribution of sucrose
in a product creates high contrast areas of sweetness.

In the study by Richardson et al. (2018), the sucrose
crystal particle sizes were adjusted in chocolate brownies,
while maintaining a constant sucrose mass, to determine
the impact on structure and sensory perception. The
smallest particle size (459-972 pum) was perceived as sig-
nificantly sweeter than other samples, in addition to being
the softest and moistest samples due to quicker dissolution
of the sugar crystals. Decreasing the sugar size could be
used to improve the texture and sweetness of products, but
the method has not been heavily investigated regarding
confections. The study demonstrates how physical changes
in the sucrose crystal have a significant impact on the solid
structure. These findings could be utilized in confections
for slight modifications to the final texture.

Another method studied particularly in confection
models involves changing the spatial distribution of
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sweetness in products. In a study conducted by Mosca et al.
(2010), the inhomogeneous distribution of sucrose in agar-
gelatin systems was investigated. The group hypothesized
that taste enhancement was possible by inhomogeneous
spatial distribution of sucrose. They created gels with four
horizontal layers and a total sucrose concentration of 10%.
Samples with low or high concentration gradients between
layers were compared with homogenous controls through
sensory testing. From their sensory testing, samples with
high concentration gradients (0-40%) were perceived 20%
sweeter than the homogenous control. In their discussion,
the increased sweetness perception was due to the dis-
continuous stimulation of taste receptors with the sugar-
free layers acting as a control before the sweeter ones, and
the location of the layers did not impact this perception. In
conclusion, the inhomogeneous spatial distribution could
be applied to products and allow for a 20% sugar reduction
without decreasing perceived sweetness or compromising
sensory performance.

A similar study was done by Kistler et al. (2021) with
model chocolate products. With the use of a 3-D printer,
the group tested two different spatial models, the layer
technique and an alternative cube-in-cube shape. From
their studies, a high concentration difference between the
outer to inner shell created a sample that had a sweetness
intensity 33% higher than the homogenous control. They
concluded that the first sweeter contact layer had signifi-
cant effect on the overall perceived sweetness. However,
they also determined that the large concentration difference
was only successful if the sweeter layer was the outer shell,
compared to Mosca et al. (2010), where the location of the
layers containing sucrose did not influence the sweetness
perception. This difference could be because Kitsler et al.
(2021) used layers of low sweetness as the contrast, while
Mosca et al. (2010) had intermittent sugar-free layers.

Both studies show evidence that spatial distribution of
sucrose can influence the perceived sweetness, and a
potential reduction of 33% meets the FDA’s regulation to
be labeled as reduced sugar. But even with promising
results, the need for a high gradient presents technical
challenges for more complicated food products, as both
models were simple confections. Additionally, the incon-
sistencies between similar studies warrant more research.
With future work on more complex food systems, the
applicability of physical modification shows potential.

Flavor modification

Flavor modification is the addition of an aroma, flavor, or
spice to elevate the overall liking or acceptance of a
reduced sugar product. Some examples of this are vanilla
aroma in reduced sugar pastries (Bertelsen et al., 2021) or
adding spices to foods (Peters et al., 2018). In a study done
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by (Oliveira et al., 2021), the researchers characterized the
sweetness perception over time by evaluating the consumer
acceptance of reduced sugar yogurts that contained added
flavors in different concentrations, such as strawberry and
vanilla. By increasing the added flavor, they successfully
reduced the sugar content by 25% without adding non-
nutritive sweeteners. This paper highlights the relevance of
flavor in the perception of sweetness, as often flavor is
aided or enhanced by sugar. Similar to sugar reduction,
flavor modification is often paired with other sugar
reduction strategies, as was the case in Pielak et al. (2020),
where sucrose was replaced with stevia, and citric acid was
added to improve the flavor balance of the apple preserves.
Because sugar aids the flavor of a product and plays a
significant role in the texture, flavor modification is com-
bined with formulation changes to enhance flavor percep-
tion and mitigate texture differences from the full sugar
version.

Formulation change

Formulation change often pairs sugar reduction with the
addition of functional ingredients, such as added fiber or
antioxidants, due to consumers’ interest in ingredients that
can benefit overall health. Formulation changes are
essential in baked goods where sugar has multiple roles in
the structure and flavor of the product. In a paper by Sta-
vale et al. (2019), sucrose was completely substituted in
cakes with apple puree. The apple puree changed the
overall color, flavor, and texture, but the acceptance of the
cakes was similar to those of the control. In a similar
substitution by Milner et al. (2020), apple pomace was
studied in reduced sucrose cakes. The final cakes were
firmer, but the reduced sugar version still showed accep-
tance from panelists compared to the control cake, indi-
cating that a 25% sugar reduction was possible with the
addition of apple pomace. The added apple in both papers
was a multifunctional ingredient, providing nutrients as
fiber, and textural support as added bulk and moisture
retention. Although the final cakes with apple substitutions
were significantly different from the controls, the accep-
tance by the consumers demonstrate the potential of these
multifunctional ingredients that provide more than
sweetness.

Because sugar reduction has a significant impact on the
taste, texture, and functional properties of products, many
confection studies also utilize these multifunctional ingre-
dients to create a versatile and healthy product when
replacing its main ingredient, sucrose. These ingredients
provide not only added bulk, texture, or flavor, but can also
introduce nutritional benefits, such as fiber or antioxidants.
An example of this is a study done by Gok et al. (2020),
which uses soluble wheat fiber and mannitol in sugar
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reduced gummies. The soluble wheat fiber is an innovative
bulking agent compared to the conventional method of
sugar alcohols, which in large doses has a laxative effect.
With mannitol’s low water solubility, its combination with
soluble wheat fiber maintains the soluble solids content
compared to the full sugar control, in order to retain both
the product stability and textural properties. As mannitol
concentration was increased, the water activity of the
gummy also increased, due to the mannitol’s limited sol-
ubility and tendency to recrystallize, a problem circum-
vented in sucrose-based gummies through the addition of
glucose syrup. The addition of mannitol resulted in a
harder gummy texture, which decreased sweetness per-
ception and flavor release, suggesting that mannitol may
not have been the proper alternative sweetener and
emphasizing the technical challenges when selecting an
alternative sweetener. The soluble wheat fiber had similar
sensory and textural results to the control, due to its
hydrocolloid nature thickening the confectionery structure.
Alternatively, with more research, reduced sugar gummies
using soluble wheat fiber show promise for a confection
that could meet consumer expectations.

In a study by Riedel et al. (2015), various functional
ingredients were added to agar-based fruit gummies to
create a healthier formulation of a sugar-free gummy. A
combination of sweeteners was used to match the profile of
sucrose and maintain the bulk, including polydextrose and
oligofructose, both potential prebiotics, and a sucralose/
erythritol blend. Polydextrose and oligofructose are
oligosaccharides, which have similar functional properties
to dietary fibers as they are non-digestible to the hydrolytic
activity of the human digestive enzymes (do Carmo et al.,
2016; Franck, 2002). While polydextrose has a neutral
taste, not providing any sweetness, oligofructose has about
35% of the sweetness of sucrose and a synergy with high
intensity sweeteners, which is why an additional sweetener
blend of sucralose/erythritol was used. Apple fiber and
cellulose were also tested for their fiber enrichment, tex-
turization, and coloration. When formulating the gummies,
the researchers were able to maintain textural and sensory
properties up to 37.5% sugar reduction, meeting the
reduced sugar declaration in the EU of 30% reduction
(European Parliament Council, 2006). For the finalized
sugar-free formulation, average acceptance of the sugar-
free gummy was around 4 out of 5 points, indicating high
consumer acceptance from gummies with a wide range of
functional modifiers to mimic sucrose. The researchers
underscore the importance of understanding the impact of
sucrose on gelation and formation of the texture in creating
gummies that meets sensory expectations with added
nutritional benefits, such as fiber and prebiotics.

The final example is sugar-reduced white chocolate with
goji berries. In the study, Morais Ferreira et al. (2017)

evaluated the sensory properties and the consumer accep-
tance of sugar reduced white chocolate that had been
functionalized with fructooligosaccharides (FOS) as a
prebiotic and goji berries as a source of antioxidants. FOS
are a specific subset of oligosaccharides made out of a short
chain of fructose molecules and ranging in 15-35%
sweetness of sucrose (Yun, 1996). They are often used as
bulking agents because they are calorie-free and provide
fiber. Additionally, the FOS provided increased viscosity
which could benefit the mouthfeel of the chocolate
(Dominguez et al., 2014), similar to their use in the study
done by Riedel et al. (2015). Two alternative sweeteners
were tested: sucralose and stevia, both with and without the
addition of goji berries. Regardless of the sweetener used,
samples with goji berries received higher scores of bitter
and astringency. During consumer testing, chocolates with
goji berries received lower consumer scores for overall
liking; however, the scores were above 6 on a 9-cm linear
hedonic scale, which indicates an overall positive con-
sumer response. The added benefits of goji berries and
antioxidants to the chocolate could be a potential method
for attracting health concerned customers.

Although formulation changes have shown progress
towards creating healthier foods with innovative ingredi-
ents, there is still insufficient evidence to support the notion
that consumers would be willing to buy reduced-sugar
product alternatives. In the studies found in the literature,
although the consumer acceptance of reduced-sugar prod-
ucts is above the median, the scores are usually lower than
the full sugar control. A method to increase consumer
acceptance of reduced sugar confections could mimic
studies done in the beverage industry. When consumers
were informed of nutritional characteristics, product
acceptance and receptiveness to changes increased for
reduced-sugar products (Oliveira et al., 2018a; Reis et al.,
2017). Informing consumers of potential nutritional bene-
fits, such as added fiber and antioxidants in addition to
sugar reduction, could appeal to more health focused
consumers.

The reviewed literature demonstrates a variety of tech-
niques implemented to reduce sugar in high concentration
products comparable to confections. While sugar-reduction
is feasible through these methods, the consumer acceptance
or liking of the product is typically lower than that of the
full sugar versions. The texture of a product and its
resulting flavor release have a significant impact on sensory
scores and sweetness perception, as seen with the gels and
other model confections where firmer texture was appre-
ciated, but the flavor and sweetness perception decreased.
Physical modification of the product and of the sugar
crystal itself was explored in simple model products, but
more research is required for application in complex
products. While sugar replacement is the most reported
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method for sugar reduction, the addition of alternative
sweeteners presents the issues of bitter aftertaste, large
replacement of bulk, and gastric distress. Some of these
problems may be mitigated with additional bulking ingre-
dients, such as fiber. However, determining the appropriate
fiber type and concentration for each product would war-
rant further research in specific products.

Changes in labeling may attract consumers to these
functionalized confections with added nutrients and
increase their receptiveness towards sugar reduction.
Future research will need to increase the sensory accep-
tance of reduced-sugar products or provide a nutritional
benefit in order for consumers to willingly accept any
resulting changes in texture or taste. Sugar reduction still
has many challenges to overcome before increased accep-
tance by the conventional consumer, but with recent
innovations being developed by ingredient manufacturers
and product developers, the goal of creating highly palat-
able sugar reduced confections is becoming increasingly
possible.
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