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Abstract: Sugar is essential to organisms, but excessive consumption can lead to certain diseases.
Overconsumption is a major concern in modern society, especially in developed countries. The
purpose of this study was to convert sucrose present in sucrose-rich fruit concentrates into fruc-
tooligosaccharides (FOS) using the enzymes invertase (Inv) or fructosyltransferase (FTase). FOS
are oligosaccharides (OS) that bypass part of the digestive system and reach the colon, where they
are metabolized by gut bacteria. This can simultaneously exert prebiotic effects while reducing a
product’s calories. Based on these results, it was concluded that there is potential for enzymatically
reducing a product’s caloric value while converting sucrose into FOS, thus enriching the product’s
dietary fiber content.
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1. Introduction

Sugar consumption is a major concern in modern society, especially in developed
countries. While sugar is essential to organisms; excessive intake can lead to the develop-
ment of dental caries and diseases such as obesity, Type-2 Diabetes Mellitus, cardiovascular
diseases, and metabolic dysregulation [1]. A common source of sugar in our diets is fruit.
While the consumption of whole fruits entails a more complex metabolism in the body, sug-
ars from fruit-derived products, such as fruit juices and concentrates, are easily absorbed.
These products, containing high concentrations of sugars, are consumed directly or used
as ingredients in other foods. In addressing this issue„ we aim to find a solution while
adhering to the Clean Label concept. Although not legally defined, Clean Label foods are
currently a rising trend among consumers, driven by health, sustainability, and environ-
mental concerns. This concept focuses on producing foods that are minimally processed,
organic, “natural”, and free from artificial ingredients, resulting in the shortest possible
list of ingredients [2]. One approach to reduce the sucrose content in sucrose-rich fruit
concentrates is to use the enzymes invertase or fructosyltransferase, capable of converting
sucrose into fructooligosaccharides (FOS). Enzymatic applications are mostly classified as
processing aids since enzymes are not functional in the final products and are not labeled.
FOS have few calories and a sweet taste, contribute to satiety and body weight control, have
a low glycemic index, are non-carcinogenic, and are well-known prebiotics [3]. Therefore,
this work aimed to enzymatically convert sucrose into FOS, potentially representing a
Clean Label process for reducing the calories of a product while simultaneously providing
beneficial effects for our health.
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2. Materials and Methods
2.1. Enzymatic Reaction

Samples of strawberry fruit concentrate were weighed into 4 Falcon tubes. Fructo-
syltransferase and invertase enzymes were added to two tubes each at a concentration
of 12 U/g of initial sucrose. Next, enzymatic reactions were evaluated at different tem-
peratures and time points at the endogenous pH values of the samples. One tube of each
enzyme was maintained at 10 ◦C, and the other at 35 ◦C, during the reaction. Each reaction
lasted for 24 h and was kept in constant agitation, with an aliquot collected at the 0, 2, 4, 6,
and 24 h time points for sugar content analysis. The enzymatic reaction was stopped after
heating at 90 ◦C in a water bath for 20 min.

2.2. Determination of Sugar Content in Strawberry Fruit Concentrate and Its Evolution during
Enzymatic Treatment

Briefly, aliquots collected at each time point were centrifuged, and the supernatant was
used to characterize the sugar profile via high-performance anion-exchange chromatogra-
phy with pulsed amperometric detection (HPAEC-PAD, ICS 3000, Dionex, Sunnyvale, CA,
USA). Quantification was performed using the calibration curve method (1.0–2000.0 mg/L)
with pure commercial standards of glucose, fructose, and sucrose. Other oligosaccharides
present in the sample were not quantified. Analyses were performed in a single run. The es-
timation of glucose, fructose, sucrose, and oligosaccharide content over time was performed
by extracting areas from the chromatograms of the analyzed samples and expressing them
as percentages. Sucrose, glucose, and fructose peaks were identified using pure commercial
standards of sucrose, glucose, and fructose. Peaks not identified as sucrose, glucose, or
fructose were considered and assumed to be oligosaccharides.

2.3. Determination of Energetic Reduction

The caloric reduction of the samples was calculated by considering the variation in
the concentration of the main sugars present in the sample, namely, glucose, fructose, and
sucrose, over the reaction period. Approximately 4 kcal corresponds to every gram of sugar.
Therefore, the calculations were conducted by multiplying the quantified grams of sugar
by 4 [4].

3. Results and Discussion
3.1. Estimation of Glucose, Fructose, Sucrose, and Oligosaccharide Content after Incubation with
Invertase and Fructosyltransferase

The content of free sugars after incubation with the enzymes is shown in Figure 1.
Sucrose content sharply decreased over time in the presence of both enzymes at both
temperatures. In contrast, glucose, fructose, and oligosaccharide (OS) content increased.
Fructosyltransferase (Ftase) at 10 ◦C (Figure 1a) and 35 ◦C (Figure 1b), showed a higher
increase in glucose, followed by OS and fructose; this is a different pattern compared to
that of invertase (Figure 1c,d), which presented a higher content of fructose than OS.
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Figure 1. The content of glucose, fructose, sucrose, and oligosaccharides (expressed as %) in straw-
berry fruit concentrate after enzymatic reaction with Fructosyltransferase (FTase) at 10 ◦C (a) and
35 ◦C (b) and with Invertase at 10 ◦C (c) and 35 ◦C (d) (n = 1).

3.2. Determination of Energetic Reduction

The number of initial calories present in the sample decreased after the activity of
FTase and invertase at 10 ◦C and 35 ◦C. Both enzymes showed a time-dependent increase
in energetic reduction, which was most notable early in the reaction and slowly plateaued
over time. FTase proved to be more efficient at both 10 ◦C and 35 ◦C (Figure 2a,b) when
compared to invertase under the same conditions (Figure 2c,d).

The number of calories and their energetic content are important factors that can not
only impact a consumer’s acceptance of a product but also serve as markers of nutritional
value. Products like fruit concentrates are highly caloric, making the reduction of calories
and energetic content a promising approach to improving the nutritional value of such
products while meeting consumers’ demands for high quality and improved health impacts.
The preliminary results obtained here show that enzymes, especially FTase, are capable of
reducing the number of calories in a strawberry fruit concentrate (Figure 2).

FTase and invertase are enzymes with hydrolytic and transfructosylating activity
towards sucrose. Their hydrolytic activity hydrolyses sucrose into its monosaccharides,
glucose, and fructose, while their transfructosylating activity catalyzes the transfer of a
fructose moiety from sucrose to another sucrose or an alternate acceptor. This transfer
can generate FOS, oligosaccharides composed of one unit of glucose attached to several
fructose units. These compoundscannot be metabolized by human digestive enzymes;
upon reaching the colon, they can exert a prebiotic action. FOS can act as acceptors for
fructose moieties from sucrose, reducing the sucrose content of a product while gener-
ating FOS [3]. As presented in Figure 1, the reduction in sucrose is accompanied by an
increase in oligosaccharide content. The enzymes appear to exhibit at least some degree
of transfructosylating activity, especially FTase, which exhibits a higher increase in OS
than fructose.
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Figure 2. Energetic reduction (expressed as %) and the number of calories derived from free sugars
(expressed as kcal) in strawberry fruit concentrate after enzymatic reaction with Fructosyltransferase
(FTase) at 10 ◦C (a) and 35 ◦C (b) and with invertase at 10 ◦C (c) and 35 ◦C (d) (n = 1).

4. Conclusions

The results indicate that the enzymes invertase and, especially, Ftase are capable of
reducing the number of calories and energetic content of strawberry fruit concentrate by
converting sucrose into FOS. This transformation gives rise to a product with reduced
energetic content and additional effects, such as prebiotic activity derived from the presence
of FOS. Such a product meets the consumer demand for products with improved nutritional
value and may be adequate for patients with certain diseases (e.g., obesity, metabolic
dysregulation, etc.). Nevertheless, these results are preliminary, and more detailed studies
must be conducted.
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