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Abstract

Given the growing demand for fiber-enriched foods to address inadequate fiber intake and
promote gut health, this study evaluated the addition of isomaltooligosaccharides (IMOs)
to mango puree as a strategy for developing functional foods. This study determined the
optimal concentration of IMOs that minimizes quality alterations in mango puree,
including viscosity, water activity, total soluble solids, color, and pH, while achieving
desirable sensory attributes and antioxidant activity. The optimal IMO concentration was
identified using the Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS), a robust Multi-Criteria Decision-Making (MCDM) method. Physicochemical
analysis revealed that increasing IMO concentrations led to higher viscosity, pH, TSS, and
lightness of the mango puree, while water activity remained unaffected. Sensory
evaluation indicated that IMO addition had no significant impact on texture but negatively
influenced color, flavor, aroma, and overall acceptability at higher concentrations.
Conversely, the addition of IMOs enhanced the antioxidant activity and total phenolic
content, as evidenced by ICso values. TOPSIS analysis, which addressed a decision matrix
of five alternatives and 14 evaluation attributes, identified mango puree containing 5%
IMOs as the optimal formulation, balancing acceptable physicochemical properties,
organoleptic characteristics, and antioxidant activity. These findings offer valuable
guidance for the food industry on incorporating IMOs as a functional product in mango-
based products, highlighting an effective dosage to enhance nutritional value while
maintaining consumer acceptability.

1. Introduction

stability in food applications (Sorndech ef al., 2018). In

Isomaltooligosaccharides (IMOs), a type of prebiotic
categorized as dietary fibers, consist of glucose units
linked through a-(1—4) and a-(1—6) bonds, typically
containing fewer than 10 monomers. IMOs are naturally
present in small amounts in various foods, including
fermented products like sake, beer, miso, soy sauce, and
natural sweeteners like honey, and they can also be
produced from starch (Tungland and Meyer, 2002;
Sorndech et al., 2018). As emerging prebiotics, IMOs
offer distinct benefits compared to widely recognized
prebiotics like inulin, particularly in terms of their

*Corresponding author.
Email: m.alfid tp@upnjatim.ac.id

addition, IMOs are known for their prebiotic effects that
contribute to gastrointestinal health and have potential
benefits for conditions such as obesity, diabetes mellitus,
inflammatory bowel disease, dyslipidemia, metabolic
disorders, and constipation (Rini et al., 2020).

The rise in gastrointestinal disorders, particularly
metabolic syndrome, is closely linked to the growing
prevalence of obesity. A meta-analysis of global data
reveals that the prevalence of these disorders exhibits
significant variation, ranging from 12.5% to 31.4% in
2021. The Eastern Mediterrancan Region and the
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Americas demonstrated higher prevalence, which
increased in proportion to the income level of the
respective country (Noubiap et al., 2022). Ensuring gut
health is essential for the prevention and management of
gastrointestinal disorders, including type 2 diabetes
mellitus (T2DM), inflammatory bowel disease, and
obesity (Fan and Pedersen, 2021). Consuming a diet high
in vegetables, fiber, and fruits can improve the
composition of the gut microbiota and thereby reduce the
risk of these diseases. However, the National Center for
Health Statistics reported that from 1999 to 2008, the
average dietary fiber intake was only 15.6 to 16.1 g per
day, well below the Institute of Medicine's recommended
daily intake of 25 to 38 g for adults (Institute of
Medicine, 2006). This inadequate fiber intake is also
common in obese populations (Noubiap ef al., 2022).
Therefore, increasing daily fiber intake through dietary
supplementation could provide significant health
benefits.

IMOs were initially developed in Japan but are now
globally accessible in both syrup and powder forms.
They are noted for their low-calorie content and mildly
sweet flavor, making them ideal for food applications
(Ibrahim, 2018). As consumer interest in the benefits of
functional foods continues to grow, food manufacturers
are placing greater emphasis on incorporating functional
ingredients to increase the value of their products. This
recognition has led to significant growth in the global
functional food market. Since sensory attributes are
typically the primary determinant of consumer food
choices, the incorporation of bioactive ingredients to
provide health benefits must not compromise the sensory
qualities of the food (Aparicio-Saguilan et al., 2007).

Fruit purees serve as optimal carriers for IMOs and
are extensively utilized in various food products,
including beverages, confections, baked goods, fruit
snacks, ice creams, and baby food. The popularity of
fruit smoothies has notably increased in recent years,
with blended fruit juices and smoothies anticipated to
contribute 23.0% of industry revenue in 2019 (Dai et al.,
2020). Mangoes are highly perishable, prompting their
processing into products like smoothies to facilitate
export and prolong their availability beyond the
harvesting period. Mango is also known for its natural
richness in phenolic compounds and active nutrients that
provide significant health benefits (Ledeker et al., 2012).
However, while mango puree offers significant
nutritional benefits, its fiber content is relatively low.
Incorporating dietary fiber, such as IMOs, not only
enhances its functional properties but also improves gut
health, modulates glycemic response and supports
overall well-being (Rini et al., 2024). Additionally, a
previous in vivo study demonstrated that 24.6% IMO
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supplementation effectively reduced blood glucose and
cholesterol levels in diabetic rats, highlighting its
functional potential (Marsono et al, 2020). Thus,
examining the characteristics of mango puree enriched
with dietary fiber is crucial for developing functional
food products that meet consumer demand for both
convenience and health benefits.

The selection of an optimal food product is a process
that entails the consideration of numerous critical factors,
some of which may present conflicting considerations.
Multi-criteria decision-making (MCDM) provides a tool
for evaluating and ranking alternatives based on multiple
qualitative and quantitative criteria. Among the
multitude of MCDM techniques, the Technique for
Order Preference by Similarity to Ideal Solution
(TOPSIS) has been demonstrated to be particularly
effective. This is because it determines the optimal
alternative by measuring the closest proximity to the
positive ideal solution (PIS) and the farthest distance
from the negative ideal solution (NIS) (Pandey et al.,
2023). While MCDM is a technique that has been
applied in numerous fields, its use in the context of food
products research remains limited. In a recent study,
Falsafi et al. (2022) successfully employed the TOPSIS
to optimize the formulation of healthy cookies
incorporating various types of resistant starches. Those
studies demonstrated the efficacy of TOPSIS as an
efficient approach for identifying optimal formulations
(Falsafi et al., 2022). Thus, the objective of this study
was to investigate the effects of adding different IMOs
on the physicochemical, sensory and antioxidant activity
of mango puree. Using TOPSIS, the most appropriate
formulation was identified based on its relative
proximity to the positive ideal solution and distance from
the negative ideal solution, ensuring a data-driven
selection of the optimal mango puree composition.

2. Materials and methods
2.1 Preparation of mango puree

The preparation of mango puree was adapted from
the method described by Makroo et al. (2019) with some
modifications. Mangoes (Mangifera indica cv.
Arumanis) were obtained from a local market (Surabaya,
Indonesia). Ripe mangoes were carefully cleaned with
water, and any surface moisture was air-dried at room
temperature soon after being delivered to the research
laboratory. Only intact and unblemished fruits were
chosen for puree production. The fruits were then peeled,
de-seeded, and their pulp was blended with a hand
blender for a duration of 2 minutes. IMOs (FiberCreme,
Mojokerto, Indonesia) were added to the mango puree at
concentrations of 0%, 5%, 10%, 15%, and 20%.
Rheological and color evaluations were conducted
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promptly following sample preparation to prevent
alterations in texture and appearance.

2.2 Determination of color

The color of the mango purees with and without the
addition of IMOs was measured at room temperature
using a colorimeter (BCM-110, Biobase, China). CIE L*
(100 = white, 0 = black), a* (+value = red, -value =
green), b* (+value = yellow, -value = blue) values were
measured for each sample.

2.3 Quality attributes

The total soluble solids (TSS), measured in °Brix (g
of TSS per 100 g), were determined using a portable
refractometer (Biobase, Shandong, China). The water
activity of the mango puree was evaluated with a smart
water activity meter (Biobase BWA-6, China). MF-H51
pH meter (Fuzhou Hedao Trade Co., Ltd., China) was
used to measure the pH of mango puree. The viscosity of
mango puree was measured using a digital viscometer
(NDJ-8S, NDJ, China) with rotor #4 at 60 rpm.

2.4 Total phenolic content

The total phenolic content (TPC) was assessed using
the Folin-Ciocalteu method with slight modifications,
following a previously reported procedure (Dai et al.,
2020). Standard curves were prepared using gallic acid
solutions at concentrations of 0, 0.1, 0.2, 0.3, 0.4, and 0.5
mg/mL. The TPC value was determined through the
substitution of the respective spectroscopic absorbance
readings into the established linear regression equation,
which was derived from the standard curve. The
resulting values were reported as mg of gallic acid
equivalents (GAE) per gram of the fresh puree sample's
weight.

2.5 Antioxidant activity

The antioxidant activity of the samples was
determined using 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
free radical scavenging assay, as previously described
with a weight modification (Silva et al., 2004). Samples
(10-50 g/L) were prepared for the analysis. The samples
(1 mL) were added to 1 mL of an ethanolic solution of
DPPH (0.2 mM). The mixture was shaken and left to sit
at room temperature in the dark room for 30 min. The
mixture was then diluted with 5 mL of ethanol.
Antioxidant activity was measured at 517 nm in a
Genesys™ 30 visible spectrophotometer (ThermoFisher
Scientific, MA, USA). Ethanol was used as a blank. The
antioxidant activity was evaluated by measuring the
concentration of antioxidant needed to decrease the
initial DPPH absorbance by 50%, referred to as the IC50
value. This value for each extract was determined by
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plotting the DPPH scavenging percentage against the
extract concentration.

2.6 Sensory evaluation

A hedonic test was conducted with 30 untrained
panelists to test the acceptability of IMOs at different
concentrations in mango puree. Random three-digit
codes were assigned to the samples, which were then
presented to the panelists in a randomized sequence.
Each participant was asked to rate each sample on color,
taste, texture, aroma, and overall acceptability using a
five-point scale from 1 as most disliked to 5 as most
liked. Samples were evaluated by participants
individually at isolated stations to ensure uniform
conditions and minimize influence from others. Drinking
water was supplied for palate cleansing and rinsing
between evaluations.

2.7 Statistics

The data were expressed as mean =+ standard
deviation (SD), and differences between treatments were
analyzed using one-way ANOVA followed by Duncan's
test, with a significance threshold set at 0.05. Statistical
analyses were conducted using SPSS software (version
27, SPSS, Inc., USA).

2.8 Technique for Order of Preference by Similarity to
Ideal Solution method

The basic principle of the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS) is to
identify the alternative that is closest to the positive ideal
solution and farthest from the negative ideal solution, as
previously described (Lim et al., 2021). In this research,
TOPSIS was employed to thoroughly assess mango
puree enriched with IMOs, considering both its physical-
chemical properties and sensory characteristics, in order
to identify the best formulation. The methodology was in
accordance with the methods developed by (Hedayati et
al., 2021), which had the following steps:

2.8.1 Determination of decision matrix

A decision matrix is a structured arrangement of
elements in rows and columns. In this study, various
concentrations of IMOs added to mango puree were
considered as alternatives. Physicochemical parameters,
sensory attributes, and antioxidant properties were
utilized as evaluation criteria. The matrix N, illustrated in
Figure 1, represents A; as the i-th alternative i=1, 2, ...,
m), and Cj as the j-th criterion (j=1,2, ..., n), r;; denotes
the performance score of each alternative A; relative to
each criterion C;.
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Figure 1. Decision matrix.

2.8.2 Determination of the normalized decision
matrix

The normalization values n; are determined using
the Equation (1) below withi=1, ...,n,...;andj=1, ...
m.

1':'_.1'

]’IU- =

‘JIZE!:J. rij® (D
2.8.3 Calculation of a weighted normalized decision
matrix

A weighted normalized decision matrix was obtained
by applying the corresponding weights to the normalized
decision matrix, according to Equation (2).

Viy = Wi X Ny @

Vi represents the weighted normalized value
corresponding to the j-th attribute of the i-th item. The
weighting of each criterion was determined using the
best-worst MCDM method, as previously proposed
(Rezaei, 2015). Briefly, this method first identifies the
most favorable and least favorable evaluated attributes,
and then performs pairwise comparisons between the
most favorable and least favorable criteria with other
attributes. A maximin optimization problem is
subsequently established and resolved to allocate weights
to each criterion.

2.8.4 Determination of positive and negative ideal
solutions

The positive and negative ideal solutions are
identified using Equations (3) and (4), where B denotes
benefit criteria and C represents cost criteria.

3)
“4)

2.8.5 Determination of the distance of each
alternative from positive and negative ideal solutions

At = {{maszflf € B}.{minV;|j € C}}

A = [{minV,-jI}' €B}. {minV,-jU € C}}

The spatial distance of each alternative from the
positive and negative ideal solutions is calculated using
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Equations (5) and (6), where d'; and d; represent the
distances of alternative A; from the positive and negative
ideal solutions, respectively.

a; = | (v —v) ()

- n _32
d; = ' j=1(V!'j - lf; ) (6)
2.8.6 Determination of relative closeness

The relative closeness of each alternative (cc;) to the
ideal solution is determined using Equation (7). The
alternatives are then ranked based on their calculated cc;
values. A higher cc; indicates that the alternative is in a
more advantageous position.

cc, = -4
Poodi+d}

()

3. Results and discussion

3.1 Influence of isomaltooligosaccharides concentration
on the quality of mango puree

This study was aimed to determine the maximum
concentration of IMOs that can be incorporated into
mango puree without compromising its overall quality.
Key parameters such as viscosity, color, TSS, and
physicochemical properties, including water activity and
pH, were evaluated for mango puree samples containing
varying IMOs concentration (0, 5, 10, 15, and 20%).
Table 1 shows the quality attributes of mango puree
samples. A higher concentration of IMOs led to a
significant increase (p<0.05) in the viscosity of mango
puree samples, which ranged between 1940 and 4497.5
mPa-s. Consistent with earlier research by Lavelli et al.
(2015), incorporating grape skin dietary fiber influences
the rheological characteristics of tomato puree. The
complex viscosity of tomato puree increased with
various grape skin addition. Additionally, the addition of
oligosaccharides affects the rheological properties of
strawberry puree. The properties of puree were measured
by applying apparent stress to strawberry puree to which
xylooligosaccharides (XOS) added. The incorporation of
XOS decreased the puree's consistency, as evidenced by
a reduction in apparent stress measured at heights of 1.5
or 2 mm (Dai et al., 2020). Oligosaccharides increase the
rheological properties of purees by providing soluble
solids that increase the rheological parameters of the
food system (Ramaswamy and Gundurao, 2019).

The pH and TSS values measured in untreated
mango puree were consistent with findings from other
studies (Morales-de la Pena et al., 2018; Kailaku et al.,
2023). Not surprisingly, TSS (°Brix) yield of mango
puree has a positive correlation with the incorporation of
IMOs, which ranged from 15 to 35.3 °Brix. IMOs, being
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Table 1. Viscosity, pH, TSS, color, and water activity of mango puree with different IMOs additions.

IMOs addition Viscosity Total soluble * * * ..
(%, wiw) (mPa's) P solids (°Brix) L a b Water activity

0 1940.0£120.2°  3.4+0.0° 15.0£0.0° 38.76£0.29¢  5.13+0.04°  35.76+0.30¢ 0.88+0.01

5 2365.0+449.5¢  3.7+0.0¢ 20.0+0.0¢ 51.3041.10°  5.89+0.03*  46.01+1.67° 0.87+0.01

10 3382.5£137.9°  4.0+0.0° 24.340.4° 54.39+0.15° 5.23+0.23°  45.12+0.08" 0.89:+0.01

15 3780.0£106.1°  4.3+0.0° 30.0+0.0° 56.43+0.22°  4.3740.04°  43.04+0.90* 0.90:£0.01

20 4497.5+81.3°  4.6+0.1° 35.3+0.4° 56.6240.16°  3.99+0.10¢  42.27+0.07° 0.89+0.00

Values are presented as mean+SD. Values with different superscripts in the same column are statistically significantly different

(P<0.05).

water-soluble dietary fibers, contribute to the soluble
content in the puree, thereby raising the TSS value.

The pH is a critical organoleptic attribute for mango
puree, as it influences both the taste characteristics,
especially sourness, and the stability of added ingredients
(Ledeker et al., 2012). In this study, the addition of
IMOs significantly increased the pH of mango purees,
which ranged from 3.4 to 4.6. A previous study reported
that mango puree exhibited a similar pH, ranging from
3.39 to 3.95 (Morales-de la Pefia et al., 2018). The
observed increase in pH with higher concentrations of
IMOs can be attributed to the mildly neutral to mildly
sweet nature of IMOs, which can dilute the relative
concentration of acidic components in the mango puree
matrix. In addition, IMOs are known to have a low
inherent acidity and, when dissolved, contribute to a
buffering effect that moderates the overall acidity of the
mixture, thereby increasing the pH. As IMOs dissolve
readily in water, higher concentrations of IMOs lead to
an increase in the TSS levels (Rini ef al., 2024).

Table 1 demonstrates that the addition of IMO
significantly altered the color (L*, a*, b* values) of
mango puree, despite the observed trends, which can also
be seen in Figure 2. For instance, the b* value increased
with the addition of 5% IMO, but subsequently
decreased with further increase in concentration.
Meanwhile, the a* value decreased with the higher
addition of IMOs. This trend is consistent with the
previous findings of Liu ef al. (2013), where the L* value
of mango ranged from 54.9 to 61.3 depending on the
cultivar, and the a* and b* values also varied depending
on the cultivar. The color characteristics of mango puree
are influenced by several variables, including pH, water

0% 5% 10% 15% 20%

Figure 2. Mango puree with different IMOs concentration.
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activity, and the specific composition of the ingredients.
The introduction of small-molecule components into the
formulation can alter the transmission characteristics,
often resulting in a perceived increase in whiteness
during color analysis of the sample (Tansakul et al.,
2012; Makroo et al., 2019). On the other hand, water
activity measurements indicated that the addition of
IMOs did not significantly affect the water activity of
mango puree (Table 1).

3.2 Influence of isomaltooligosaccharides incorporation
on the total phenolic content of mango puree

The TPC of mango puree ranged from 0.85 to 2.48
mg GAE/g fresh puree (Figure 3). IMOs addition to the
mango puree significantly increased the total phenol with
the higher IMOs concentration, the higher the total

A
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IMOs concentration (%)
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Antioxidant IC50 (g/L)
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(=]
L
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Figure 3. Total phenol (A) and antioxidant activity (B) of
mango puree. Bars with different notations are statistically
significantly different (p<0.05).
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phenol. This phenomenon can be attributed to the
potential of IMOs to function as carriers or stabilizers for
phenolic  compounds, thereby enhancing their
extractability or protecting them from degradation during
processing.  Furthermore,  the  interaction  of
oligosaccharides with polyphenols through hydrogen
bonding and hydrophilic interactions has been postulated
to enhance the solubility and measurable content of
polyphenols in the matrix (Zhu, 2018; Liu et al., 2020).
Similar total phenol increment by the addition of
oligosaccharide were reported in the previous studies.
For instance, Dai et al. (2020) demonstrated that
incorporating xylooligosaccharide into strawberry puree
resulted in an increase in total phenolic content following
thermal processing (Dai et al., 2020). Ismail et al. (2014)
also found a significant increase in total phenol content
of cookies supplemented with pomegranate peel that
contains high dietary fiber (Ismail et al., 2014).
Polyphenols, which are the most prevalent antioxidants
in the human diet, are present in numerous plant-derived
foods and beverages. TPC analysis is a critical indicator
of the nutritional enhancement achieved by IMO
enrichment. Polyphenols, being bioactive compounds
with well-established antioxidant, anti-inflammatory, and
disease-preventive properties (Nardini, 2022), play a
pivotal role in the assessment of the functional value and
health-promoting potential of the product. The
enhancement of TPC following IMO addition
underscores the efficacy of this formulation strategy in
enhancing the nutritional quality and antioxidant
capacity of mango puree, thereby supporting its
advancement as a functional food product.

3.3 Influence of isomaltooligosaccharides incorporation
on the antioxidant properties of mango puree

To evaluate the potential health-promoting properties
of IMO-enriched mango puree, antioxidant activities
were measured. The antioxidant activity was calculated
as ICsy value, as shown in Figure 3. The antioxidant ICs,
value were ranged from 23.6 to 40.9 g/L. Lower
antioxidant ICs, value was observed in the higher IMOs
addition group, which showed the higher antioxidant
activity. The increase in total phenolic content may have
contributed to the enhanced antioxidant activity observed

Rini et al. / Food Research 10 (3) (2026) 232 - 240

in mango puree enriched with IMOs. This enhancement
in antioxidant capacity is likely related to the
concomitant increase in total phenolic content, as
polyphenols are known to be potent natural antioxidants.
Polyphenols represent a significant group of natural
antioxidants and chemopreventive compounds frequently
present in the human diet. Their antioxidant capacity and
other biological functions are primarily related to their
unique chemical structures. Their aromatic structures,
extensive conjugation, and multiple hydroxyl groups
enable polyphenols to act efficiently as electron or
hydrogen donors, thereby neutralizing reactive oxygen
species and free radicals (Scalbert et al., 2005; Zhang
and Tsao, 2016).

3.4 Influence of isomaltooligosaccharides incorporation
on organoleptic properties of mango puree

An organoleptic study was conducted with 30
untrained participants. A notable variation (p<0.05) was
found in the hedonic ratings for color, taste, aroma, and
overall acceptability across the groups (Table 2). The
ratings for these attributes in mango puree showed a
declining trend as the concentration of IMOs increased.
However, the texture attributes of mango puree remained
consistent, with no significant differences observed
between samples with and without added IMOs. In
general, the addition of IMOs to mango puree resulted in
a score ranging from 3.0 to 4.0 for color, taste, texture,
and overall acceptance. The sample with the lowest
IMOs concentration received the highest score. These
findings suggest that participants displayed a neutral
reaction to the product, leaning slightly towards
preference. Moreover, incorporating 5% IMOs into the
mango puree did not cause any significant differences
(»<0.05) in color, taste, or overall acceptability
compared to the puree without IMOs. This suggests that
the formula was generally accepted by the participants.
Mango puree is typically characterized by a yellow color
and a distinctive fruity mango aroma (Ledeker et al.,
2012). As the proportion of IMOs increases, the color
tends to become paler, which is supported by the color
analysis presented above. Additionally, the fruity mango
aroma also tends to diminish. These changes may
potentially influence the preference of the participants.

Table 2. Hedonic rating of mango puree added by IMOs.

IMOs addition (%, w/w) Color Taste Texture Aroma Overall
0 4.1%1.1° 4.140.9° 3.4+0.8 4.5+0.8° 4.2+0.8"
5 3.8+0.7% 3.940.7% 3.840.7 3.6+0.8° 4.0+0.7%
10 3.4+1.0% 3.4+0.9° 3.6+0.8 3.140.7° 3.420.7°
15 3.5+0.9" 3.7+0.8%° 3.7+0.9 3.5+0.8™ 3.7+£0.7%
20 3.0+1.2° 3.5+1.1% 3.6+0.9 3.0£1.0° 3.4%1.0°

Values are presented as mean+SD. Values with different superscripts in the same column are statistically significantly different

(P<0.05).
https://doi.org/10.26656/fr.2017.10(3).006
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However, further study with qualitative analysis is
required to understand the preference of the panelists
regarding this product.

3.5 Determining the optimal isomaltooligosaccharides
addition in mango puree using the Technique for Order
of Preference by Similarity to Ideal Solution method

The TOPSIS analysis was performed following the
methodology outlined, starting with the generation and
normalization of the primary decision matrix using
Equation (1). Attribute weights were assigned using the
best-worst method, and the normalized-weighted matrix
was then constructed using the corresponding equation.
The PIS and NIS for each attribute were subsequently
calculated using Equations (3) and (4), with the results
summarized in Table 3. The Euclidean distances for each
alternative (Table 4) were determined using Equations
(5) and (6) and were employed to compute the
performance score (Table 4), representing the closeness
(CL) of each alternative to the positive ideal solution.
The rankings of the formulations were established based
on the performance scores. TOPSIS identified 5% IMO
addition as the optimal choice, characterized by its
shortest Euclidean distance to the positive ideal solution
(0.10) and greatest distance to the negative ideal solution
(3.30). This suggests that the inclusion of IMOs at a
concentration of 5% w/w can improve the nutritional
profile of mango puree while maintaining its sensory and
quality attributes. The selection of this formulation is
indicative of its superior overall performance, effectively
combining nutritional enhancement with desirable
quality characteristics. The results also suggest that while
higher IMO concentrations may further increase certain
nutritional parameters, they could negatively impact
sensory attributes such as texture or taste, thereby
lowering their overall desirability. Consequently, the 5%
IMO level is identified as a suitable compromise
between functional benefits and consumer acceptability,
underscoring the efficacy of TOPSIS as a reliable
decision-making tool in the formulation of functional
foods.

Table 3. Positive (A+) and negative ideal solution (A-).

Criteria \\% A" A
pH 0.04 0.03 0.04

Brix 0.03 0.01 0.03

Aw 0.01 0.01 0.01
Viscosity 0.03 0.01 0.03
Color L 0.01 0.02 0.01
Hedonic color 0.02 0.01 0.02
Hedonic taste 0.05 0.05 0.05
Hedonic texture 0.01 0.01 0.01
Hedonic aroma 0.02 0.01 0.02
Hedonic overall 3.35 0.06 3.35
Total phenol 0.15 0.05 0.15
Antioxidant 0.07 0.11 0.07
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Table 4. Final ranking of mango puree by TOPSIS method.

Rank IMOs (%) CL  dii  di
5 0 0.004 330 0.0l
1 5 0971 0.0  3.30
4 10 0.838 0.54  2.77
2 15 0914 029  3.02
3 20 0.840 0.53  2.77

4. Conclusion

This study evaluated the optimal addition of IMOs in
mango puree based on four key parameters:
physicochemical properties, sensory characteristics,
antioxidant activity, and overall performance using the
TOPSIS approach. This study further validates the
effectiveness of TOPSIS as a robust tool for addressing
multi-attribute decision problems and identifying optimal
solutions in practical applications. The TOPSIS analysis
ranked the formulations according to their performance
scores and identified the mango puree with 5% IMOs as
having the smallest deviation from the positive ideal
solution. The addition of 5% IMOs significantly
improved nutritional indicators, including TPC and
antioxidant activity, without compromising product
acceptability. From a practical perspective, the
incorporation of 5% IMOs provides a feasible and
scalable option for food manufacturers seeking to
enhance the functional value of mango-based products.
This concentration offers a balanced improvement in
health-related properties while maintaining favorable
sensory qualities, which is essential for market
acceptance. These findings provide not only scientific
insight, but also actionable guidance for developing
commercially attractive, health-promoting mango puree
products.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

We extend our sincere thanks to all who contributed
to preparing the instructions. This work was supported
by the University Pembangunan Nasional Veteran Jawa
Timur with grant number SPP/94/UN.63.8/LT/V/2024.

References

Aparicio-Saguilan, A., Sayago-Ayerdi, S.G., Vargas-
Torres, A., Tovar, J., Ascencio-Otero, T.E. and Bello
-Pérez, L.A. (2007). Slowly digestible cookies
prepared from resistant starch-rich lintnerized
banana starch. Journal of Food Composition and
Analysis, 20(3-4), 175-181. https://doi.org/10.1016/
j-j£ca.2006.07.005

© 2026 The Authors. Published by Rynnye Lyan Resources



239

Dai, H., Leung, C.E., Corradini, M.G., Xiao, H. and
Kinchla, A.J. (2020). Increasing the nutritional value
of strawberry puree by adding xylo-oligosaccharides.
Heliyon, 6, e03769. https://doi.org/10.1016/
j-heliyon.2020.e03769

Falsafi, S.R., Maghsoudlou, Y., Aalami, M., Jafari, S.M.,
Raeisi, M., Nishinari, K. and Rostamabadi, H.
(2022). Application of multi-criteria decision-
making for optimizing the formulation of functional
cookies containing different types of resistant
starches: A physicochemical, organoleptic, in-vitro
and in-vivo study. Food Chemistry, 393, 133376.
https://doi.org/10.1016/j.foodchem.2022.133376

Fan, Y. and Pedersen, O. (2021). Gut microbiota in
human metabolic health and disease. Nature Reviews
Microbiology, 19, 55-71. https://doi.org/10.1038/
$41579-020-0433-9

Hedayati, S., Niakousari, M., Seidi Damyeh, M.,
Mazloomi, S.M., Babajafari, S. and Ansarifar, E.
(2021). Selection of appropriate hydrocolloid for
eggless cakes containing chubak root extract using
multiple criteria decision-making approach. LWT,
141, 110914. https://doi.org/10.1016/
j1wt.2021.110914

Ibrahim, O.0. (2018). Functional oligosaccharides:
Chemicals structure, manufacturing, health benefits,
applications and regulations. Journal of Food
Chemistry and Nanotechnology, 4, 65-76. https://
doi.org/10.17756/jfcn.2018-060

Institute of Medicine. (2006). Dietary Reference Intakes.
Washington, D.C., USA: National Academies Press.
https://doi.org/10.17226/11537

Ismail, T., Akhtar, S., Riaz, M. and Ismail, A. (2014).
Effect of pomegranate peel supplementation on
nutritional, organoleptic and stability properties of
cookies. International Journal of Food Sciences and
Nutrition, 65(6), 661-666. https://
doi.org/10.3109/09637486.2014.908170

Kailaku, S.I., Arkeman, Y., Purwanto, Y.A. and Udin, F.
(2023). Appropriate harvest age of mango
(Mangifera indica cv. Arumanis) for quality
assurance in long distance transportation planning in
Indonesia. Journal of Agriculture and Food
Research, 14, 100763. https://doi.org/10.1016/
jJafr.2023.100763

Lavelli, V., Sri Harsha, P.S.C., Mariotti, M., Marinoni,
L. and Cabassi, G. (2015). Tuning physical
properties of tomato puree by fortification with grape
skin antioxidant dietary fiber. Food and Bioprocess
Technology, 8, 1668-1679. https://doi.org/10.1007/
s11947-015-1510-3

Ledeker, C.N., Chambers, D.H., Chambers IV, E. and

https://doi.org/10.26656/fr.2017.10(3).006

Rini et al. / Food Research 10 (3) (2026) 232 - 240

Adhikari, K. (2012). Changes in the Sensory
Characteristics of Mango Cultivars during the
Production of Mango Purée and Sorbet. Journal of
Food  Science, 77(10), S348-S355. https://
doi.org/10.1111/5.1750-3841.2012.02882.x

Lim, J.Y., How, B.S., Teng, S.Y., Leong, W.D., Tang,
JJP,, Lam, HLL. and Yoo, C.K. (2021). Multi-
objective lifecycle optimization for oil palm fertilizer
formulation: A hybrid P-graph and TOPSIS
approach. Resources, Conservation and Recycling,
166, 105357. https://doi.org/10.1016/
j.resconrec.2020.105357

Liu, F.-X., Fu, S.-F., Bi, X.-F., Chen, F., Liao, X.-J., Hu,
X.-S. and Wu, J.-H. (2013). Physico-chemical and
antioxidant properties of four mango (Mangifera
indica L.) cultivars in China. Food Chemistry, 138
(1), 396-405. https://doi.org/10.1016/
j-foodchem.2012.09.111

Liu, X., Le Bourvellec, C. and Renard, C.M.G.C. (2020).
Interactions between cell wall polysaccharides and
polyphenols: Effect of molecular internal structure.

Comprehensive Reviews in Food Science and Food
Safety, 19(6), 3574-3617. 10.1111/1541-4337.12632

Makroo, H.A., Prabhakar, P.K., Rastogi, N.K. and
Srivastava, B. (2019). Characterization of mango
puree based on total soluble solids and acid content:
Effect on physico-chemical, rheological, thermal and
ohmic heating behavior. LWT, 103, 316-324. https://
doi.org/10.1016/j.1wt.2019.01.003

Morales-de la Pefia, M., Salinas-Roca, B., Escobedo-
Avellaneda, Z., Martin-Belloso, O. and Welti-
Chanes, J. (2018). Effect of High Hydrostatic
Pressure and Temperature on Enzymatic Activity
and Quality Attributes in Mango Puree Varieties (cv.
Tommy Atkins and Manila). Food and Bioprocess
Technology, 11, 1211-1221. https://doi.org/10.1007/
s11947-018-2090-9

Nardini, M. (2022). Phenolic Compounds in Food:
Characterization and Health Benefits. Molecules, 27,
783. https://doi.org/10.3390/molecules27030783

Noubiap, J.J., Nansseu, J.R., Lontchi-Yimagou, E.,
Nkeck, J.R., Nyaga, U.F., Ngouo, A.T., Tounouga,
D.N., Tianyi, F.L., Foka, A.J., Ndoadoumgue, A.L.
and Bigna, J.J. (2022). Geographic distribution of
metabolic syndrome and its components in the
general adult population: A meta-analysis of global
data from 28 million individuals. Diabetes Research
and Clinical Practice, 188, 109924. https:/
doi.org/10.1016/j.diabres.2022.109924

Pandey, V., Komal and Dincer, H. (2023). A review on
TOPSIS method and its extensions for different
applications with recent development. Soft
Computing, 27, 18011-18039. https:/

© 2026 The Authors. Published by Rynnye Lyan Resources



240 Rini et al. / Food Research 10 (3) (2026) 232 - 240

doi.org/10.1007/s00500-023-09011-0

Ramaswamy, H.S. and Gundurao, A. (2019). Effect of
soluble solids and high pressure treatment on
rheological properties of protein enriched mango
puree. Foods, 8(10), 39. https://doi.org/10.3390/
foods8010039

Rezaei, J. (2015). Best-worst multi-criteria decision-
making method. Omega, 53, 49-57. https://
doi.org/10.1016/j.omega.2014.11.009

Rini, D.M., Pratiwi, Y.S., Munarko, H. and Suzuki, T.
(2020). Different Dietary Protein Sources Affect the
Intestinal Tight Junctions in the Colon of Mice,
presented at 1% International Conference Eco-
Innovation in Science, Engineering, and Technology,
Surabaya, 2020. Malang, Indonesia: Nusantara
Science and Technology Proceedings. https:/
doi.org/10.11594/nstp.2020.0542

Rini, D.M., Xu, W. and Suzuki, T. (2024). Current
research on the role of isomaltooligosaccharides in
gastrointestinal health and metabolic diseases.
Preventive Nutrition and Food Science, 29(2), 93—
105. https://doi.org/10.3746/pnf.2024.29.2.93

Scalbert, A., Johnson, I.T. and Saltmarsh, M. (2005).
Polyphenols: antioxidants and beyond. The
American Journal of Clinical Nutrition, 81, 215S-
2178. https://doi.org/10.1093/ajcn/81.1.215S

Silva, B.M., Andrade, P.B., Valentdo, P., Ferreres, F.,
Seabra, R.M. and Ferreira, M.A. (2004). Quince
(Cydonia oblonga Miller) Fruit (Pulp, Peel, and
Seed) and Jam: Antioxidant Activity. Journal of
Agricultural and Food Chemistry, 52, 4705-4712.
https://doi.org/10.1021/;f040057v

Sorndech, W., Nakorn, K.N., Tongta, S. and Blennow,
A. (2018). Isomalto-oligosaccharides: Recent
insights in production technology and their use for
food and medical applications. LWT, 95, 135-142.
https://doi.org/10.1016/j.1wt.2018.04.098

Tansakul, A., Kantrong, H., Saengrayup, R. and Sura, P.
(2012). Thermophysical Properties of Papaya Puree.
International Journal of Food Properties, 15(5),
1086—1100. https://
doi.org/10.1080/10942912.2010.513467

Tungland, B.C. and Meyer, D. (2002). Nondigestible
Oligo- and Polysaccharides (Dietary Fiber): Their
Physiology and Role in Human Health and Food.
Comprehensive Reviews in Food Science and Food
Safety, 1(3), 90-109. https://doi.org/10.1111/j.1541-
4337.2002.tb00009.x

Zhang, H. and Tsao, R. (2016). Dietary polyphenols,
oxidative stress and antioxidant and anti-
inflammatory effects. Current Opinion in Food

8, 33-42.  https://doi.org/10.1016/

Science,

https://doi.org/10.26656/fr.2017.10(3).006

j.cofs.2016.02.002
Zhu, F.

(2018). Interactions between cell wall
polysaccharides and polyphenols. Critical Reviews
in Food Science and Nutrition, 58(11), 1808-1831.
10.1080/10408398.2017.1287659

© 2026 The Authors. Published by Rynnye Lyan Resources



