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Abstract. The increasing prevalence of overnutrition in Indonesia has
encouraged the development of healthier foods, including ice cream. This
study evaluated purple sweet potato maltooligosaccharide (MOS) as a fat
replacer in low-fat ice cream. A Completely Randomized Design with
different levels of full cream milk substitution by MOS (0-50%) was
applied, and the best formulation was selected using TOPSIS. MOS
substitution significantly affected overrun, melting rate, color index,
anthocyanin content, antioxidant activity, fat content, and sensory attributes
(color, texture, taste, and overall acceptability) (p<0.01), but not aroma
(p>0.05). The optimal formulation contained 50% MOS, producing ice
cream with low fat content (3.35%), high antioxidant activity (75.47%),
and good sensory acceptance. These results indicate that purple sweet
potato MOS is a promising fat replacer for functional low-fat ice cream.

1 Introduction

Growing consumer demand for low-fat foods is driven by the association between high fat
intake and chronic diseases such as cardiovascular disease and diabetes. However, fat plays
a key role in the texture, flavor, and mouthfeel of food products. Its reduction often causes
quality defects, including iciness, coarseness, and poor structure in ice cream. Therefore,
effective fat replacers are needed to maintain product quality while meeting consumer
demand for healthier foods [1].

Purple sweet potato (Ilpomoea batatas L.) cv. Ayamurasaki is a source of
maltooligosaccharides (MOS), which possess prebiotic properties and antioxidant activity
due to their anthocyanin content [2]. MOS can also function as a fat mimetic by binding
water and forming viscous structures that improve texture and mouthfeel [3]. As a safe
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carbohydrate-based fat replacer, MOS can enhance viscosity, creaminess, and sensory
quality while reducing caloric content [4]. Given that ice cream typically contains 10-16%
milk fat [5], effective fat substitutes are needed. However, information on the
physicochemical, antioxidant, and sensory properties of low-fat ice cream containing purple
sweet potato MOS remains limited. Therefore, this study aimed to evaluate the effects of
MOS substitution on the physicochemical, antioxidant, and sensory properties of low-fat
ice cream and determine the optimal formulation.

2 Materials and methods

Purple sweet potato (Ipomoea batatas L.) cv. Ayamurasaki was obtained from Pakpak
Barat, North Sumatra, Indonesia. a-Amylase (Liquozyme Supra 2.2X®, Novozymes,
Denmark; 135 KNU/g) was used for enzymatic hydrolysis. The ingredients of the ice cream
are presented in Table 1.

Purple sweet potato tubers were peeled, steamed (100 °C, 10 min), mashed, and blended
with distilled water (1:1, w/w). The slurry (pH 6.0) was hydrolyzed using o-amylase (2
U/g) at 60x1 °C for 60 min (150 rpm), followed by enzyme inactivation (95 °C, 10 min).
MOS was analyzed for total sugar, reducing sugar, Dextrose Equivalent (DE) and Degree of
polymerization (DP) [6], total anthocyanin [7], and antioxidant activity (DPPH) [8].

Low-fat ice cream was prepared according to Balthazar et al. [9], with formulations
shown in Table 1. MOS replaced full cream milk powder at levels of 0-50%. The mix was

pasteurized (70 °C, 20 s), homogenized, aged (4 °C, 20 h), frozen (30 min), and hardened
(=20 °C, 24 h).

Table 1. Formulation of low-fat ice cream with MOS substitution (% w/w).

Substitution of full cream milk powder with MOS (M)

Ingredient (g) M,= M,= M,= M= M= M=

0% 10% 20% 30% 40 % 50%

Liquid skim milk 500 500 500 500 500 500

Full cream milk powder 35.0 31.5 28.0 24.5 21.0 17.5

MOS 0.0 3.5 7.0 10.5 14.0 17.5

Sugar 150 150 150 150 150 150
Glucose syrup 25 25 25 25 25 25
Vegetable oil 15 15 15 15 15 15
Vanila 10 10 10 10 10 10
Carboxyl methyl cellulose 1.5 1.5 1.5 1.5 1.5 1.5
Gelatin 1.0 1.0 1.0 1.0 1.0 1.0

Physicochemical properties, including overrun, melting rate [10], color (°Hue) [10], fat
content [6], anthocyanin [7], antioxidant activity [8], and sensory attributes (30 panelists),
were evaluated. The experiment followed a Completely Randomized Design (n=4), and
data were analyzed using ANOVA and DMRT (p<0.05). The best formulation was selected
using TOPSIS [11].

3 Results and discussion
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3.1 Chemical characteristics of purple sweet potato
maltooligosaccharide

As shown in Table 2, purple sweet potato MOS contained high anthocyanin levels (90.91
mg/100 g wet basis and 234.06 mg/100 g dry basis), indicating good retention of bioactive
compounds. Differences from previous studies may reflect variations in moisture content, as
indicated by the dry-basis values of fresh and paste samples (209.38 and 284.7 mg/100 g)

[12].
Table 2. Chemical characteristics of purple sweet potato MOS.
Parameter Amount
Total anthocyanin (mg/100 g) 90.91+0.27
Antioxidant activity (% inhibition) 86.44+1.70
Total sugar (%) 20.02+0.31
Reducing sugar (%) 9.34+0.27
Degree of Polymerization (DP) 2.14+0.04
Dextrose Equivalent (DE) 46.67+0.78

Note: Values are expressed as meanzstandard deviation of three replications.

MOS exhibited high antioxidant activity (86.44%), closely related to anthocyanin levels,
indicating enhanced phenolic extractability during hydrolysis. Increased total sugar
(20.02%) and reducing sugar (9.34%) confirmed starch breakdown into smaller saccharides.
The low degree of polymerization (DP=2.14) and high dextrose equivalent (DE=46.67)
indicate predominance of short-chain oligosaccharides with high solubility and
water-binding capacity. These characteristics support fat mimetic functionality, as
carbohydrate-based replacers improve texture and mouthfeel through hydration and
viscosity enhancement [13].

3.2 Effect of MOS on the physicochemical properties of low-fat ice cream

The effect of MOS substitution on the physical and chemical properties of low-fat ice cream
is presented in Table 3. Statistical analysis showed that MOS substitution significantly
affected (p<0.05) all evaluated parameters. Increasing MOS reduced overrun due to lower
fat content and higher viscosity, which limited air incorporation, similar to the effects
reported for inulin and maltodextrin as fat replacers [8]. However, unlike conventional fat
replacers such as inulin and maltodextrin, MOS also contributed antioxidant activity
through its anthocyanin content [2]. Despite fat reduction, melting resistance improved with
increasing MOS, likely due to enhanced water retention and structural stability [13]. The
inverse relationship between overrun and melting rate supports this mechanism.

Table 3. Effect of purple sweet potato maltooligosaccharide (MOS) substitution on the physical and
chemical characteristics of low-fat ice cream.

Percentage of purple sweet potato maltooligosaccharide

Parameter M1 M2 M3 M4 M5 Mo6

0%) (10%) 20%) (30%) (40%) (50%)

Overrun (%) 33.09+ 30.26x 28.35+ 23.87x 19.60+ 17.45+
2.082 1.39» 1.900 0.71¢ 1.70d 0.994

Melting rate (s) 921.00+ | 961.25+ 1036.25+ 1116.50+ 1255.00+ 1452.75+

21.49¢ 12.45¢ 19.264 24.06¢ 36.29° 76.512

Color index (*Hue) 95.25+ 88.27+ 75.60x 40.60+ 31.50+ 10.18;
0.352 0.93b 4.62¢ 1.944 4.14¢ 1.40°
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Anthocyanin content 0.00+ 2.75+ 444+ 6.77+ 9.01+ 14.28+
(mg/100 g) 0.00f 0.95¢ 0.83¢ 1.01¢ 0.74° 1.142
Antioxidant activity 30.98+ 41.07x 47.05+ 60.18+ 72.27+ 7547+
(% inhibition) 2.254 5.26¢ 5.99¢ 5.120 1.79 2.27°
4.94+ 4.66x 4.32+ 3.98+ 3.55+ 3.35+
Fat content (%) 009 | 0260 0.38¢ 0.37¢ 0.19¢ 0.12¢

Note: Values are presented as mean + standard deviation of four replications. Different letters within
the same row indicate significant differences based on Duncan’s Multiple Range Test (p<0.05).

Higher MOS levels decreased hue angle, producing a red-purple color due to increased
anthocyanin, although dilution by milk reduced intensity [14]. Anthocyanin and antioxidant
activity increased proportionally with MOS, despite partial degradation during processing
[12]. Fat content decreased significantly (4.94% to 3.35%), while texture and stability were
maintained, demonstrating that MOS effectively functions as a fat replacer through water
binding and network formation [15].

3.3 Sensory characteristics and optimization

MOS significantly improved most sensory attributes except aroma (Table 3). Color
preference increased due to anthocyanin pigmentation, while taste and texture
improvements were attributed to the sweetness and viscosity-enhancing properties of MOS
[3, 12]. Consequently, overall acceptability increased significantly.

Table 3. Effect of purple sweet potato maltooligosaccharide (MOS) substitution on the sensory
characteristics of low-fat ice cream.

Percentage of purple sweet potato maltooligosaccharide

Parameter M1 M2 M3 M4 M5 Mo
0%) (10%) (20%) (30%) (40%) (50%)

Color 2.53+ 2.98+ 341+ 3.78+ 4.52+ 4.80+
0.06° 0.03¢ 0.044 0.07¢ 0.05° 0.132

Aroma 451+ 4.55+ 4.59+ 4.60+ 4.65+ 4.67+
0.18 0.03 0.04 0.14 0.09 0.04

Taste 4.39+ 441+ 4.50+ 4.53+ 4.63+ 4.66+
0.04¢ 0.05¢ 0.04> 0.05° 0.032 0.03#

Texture 3.83x 3.99+ 4.18+ 443+ 470+ 477+
0.05¢ 0.08¢ 0.04¢ 0.11b 0.022 0.052

Overall 422+ 440+ 4.50+ 4.56x 4.62+ 4.80+
acceptability 0.06¢ 0.06¢ 0.10c 0.01b 0.04° 0.042

Note: Values are presented as meanzstandard deviation of four replications. Different letters within
the same row indicate significant differences based on Duncan’s Multiple Range Test (p<0.05).

These findings are consistent with studies showing that carbohydrate-based fat replacers
enhance creaminess and mouthfeel by reducing friction and increasing lubrication in the
oral cavity [3]. Using the TOPSIS method, the optimal formulation was identified as M6
(50% MOS), which achieved the best balance between physicochemical properties and
sensory acceptance.

4 Conclusion

Purple sweet potato-derived maltooligosaccharide (MOS) showed potential as a fat replacer
in low-fat ice cream by improving structural stability, antioxidant activity, and sensory
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quality while reducing fat content. These findings demonstrate its potential as a
carbohydrate-based fat mimetic for functional low-fat dairy products. Future studies should
evaluate shelf-life stability, process scalability, and consumer acceptance to support
industrial application.
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