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Abstract 

Red fruit oil (Pandanus conoideus L.) is rich in bioactive compounds with antioxidant and antidiabetic activity. 

However, its application in food remains limited due to its unfavorable taste and aroma. Meanwhile, yogurt is a widely 

consumed fermented dairy product known for its distinctive physical and sensory characteristics. This study aimed to 

evaluate the effect of red fruit oil addition on the physical properties, sensory quality, bioactive compound content, 

antioxidant activity, and α-glucosidase inhibitory activity of yogurt. Four formulations (F0, F1, F2 and F3) were 

prepared by adding red fruit oil at levels of 0%, 5%, 10% and 15%, respectively. Parameters analyzed included pH, 

viscosity, titratable acidity (TA), color, hedonic test, QDA, antioxidant activity (CUPRAC), total flavonoid and 

phenolic contents, and in vitro α-glucosidase inhibition. Yogurt without red fruit oil (F0) showed antioxidant activity of 

130.99 ± 7.48 μmol TE/g, flavonoid content of 20.04 ± 0.95 mg QE/g, phenolic content of 24.08 ± 0.36 mg GAE/g, and 

α-glucosidase inhibition of 64.46 ± 1.56%. The addition of 10% red fruit oil (F2) significantly increased these values to 

369.47 μmol TE/g, 29.00 ± 0.62 mg QE/g, 155.54 ± 0.95 mg GAE/g, and 78.08 ± 0.37%, respectively. The addition of 

the oil also improved the sensory perception of red fruit oil itself, making it more organoleptically acceptable. F2 

exhibited a balance between biological functionality and sensory acceptance, with an overall liking score of 5.38 ± 1.7 

and the highest color score of 7.30 ± 1.4. These findings support the potential of red fruit oil yogurt as a functional food 

with antioxidant and antidiabetic effects.  
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Introduction 

Diabetes mellitus is one of the most prevalent 

degenerative diseases worldwide with a steadily 

increasing trend. According to the International 

Diabetes Federation (IDF), approximately 537 million 

people worldwide are living with diabetes by 2021, and 

this number is projected to rise to 783 million by 2045 

[1]. In Indonesia, the growing prevalence of diabetes is 

accompanied by chronic complications such as 

cardiovascular disease and nephropathy, posing 

significant challenges to the national healthcare system 

[2,3]. Type 2 diabetes is characterized by 

hyperglycemia due to insulin resistance and pancreatic 

β-cell dysfunction. One therapeutic approach involves 

inhibition of α-glucosidase, a key enzyme in 

carbohydrate digestion that influences postprandial 

blood glucose spikes [4,5].  

With increasing public awareness of healthy 

food, yogurt has emerged as a widely consumed 

fermented dairy product that is recognized for its 

functional food potential. Yogurt contains lactic acid 

bacteria and metabolic compounds that promote gut 

health and shows antidiabetic potential through 

enzymatic inhibition and modulation of blood glucose 

levels [6,7]. Enhancing the functional value of yogurt 

by incorporating natural bioactive ingredients is an 

innovative strategy alignsigned with current trends in 

natural-based functional food development.  

Red fruit oil (Pandanus conoideus L.), a local 

commodity from Papua, is rich in flavonoids, 
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phenolics, β-carotene, and α-tocopherol [8-10]. These 

compounds have been reported to exhibit strong 

antioxidant activity and contribute to blood glucose 

reduction through β-cell regeneration and α-

glucosidase inhibition [11-13]. However, its 

application in food systems, particularly in fermented 

dairy products such as yogurt remains limited. 

Considering the potential of red fruit oil in mitigating 

diabetes-related complications, the purpose of this 

study was to explore its integration into yogurt and 

evaluate its effects on physical and sensory qualities, 

bioactive compound content, and α-glucosidase 

inhibitory activity. 

 

Materials and methods 

Red fruit oil was extracted using a pressing 

method. The fresh red fruits were halved, and the cores 

were removed. The flesh  

 

Extraction of red fruit oil  

Red fruit oil was extracted using a pressing 

method. The fresh red fruits were halved, and the cores 

were removed. The flesh of three kilograms of red fruit 

was steamed at 100 °C for 15 min. Subsequently, 1,500 

mL of hot water (80 °C) was added before pressing the 

mixture at a pressure of 4,000 - 4,500 psi. The oil 

fraction formed in the upper layer was collected as red 

fruit oil. Water was evaporated at 50 °C for 15 min to 

concentrate the oil extract. 

 

Extraction of bioactive compounds from 

Yogurt  

Bioactive compounds were extracted using a 

multistep solvent-extraction method. Yogurt (20 g) was 

weighed in a centrifuge tube, mixed with 20 mL 70% 

ethanol, and vortexed. The mixture was stored for 30 

min and centrifuged at 4,000 rpm at 4 °C for 20 min. 

The supernatant was then transferred to an amber vial. 

The pellet was then mixed with 20 mL of hexane, 

vortexed, incubated for 30 min, and centrifuged again. 

The hexane supernatant was then combined with the 

ethanol extract. The combined extracts were first 

subjected to rotary evaporation to remove hexane, 

followed by ethanol removal. The resulting extracts 

were stored in foil-wrapped amber vials at 4 °C until 

further analysis.  

 

Yogurt formulation  

Yogurt was prepared by heating cow’s milk to              

85 - 90 °C for 15 min and then cooling it to 42 °C. A 

3% mixed starter culture (Streptococcus thermophilus 

and Lactobacillus bulgaricus), 3% granulated sugar, 

and 10% skim milk powder were added. The mixture 

was then incubated at 37 °C for approximately 16 h. 

After fermentation, the yogurt was divided into four 

groups and enriched with red fruit oil at concentrations 

of 0% (F0), 5% (F1), 10% (F2) and 15% (F3). All 

samples were homogenized and stored at 4 °C prior to 

analysis. The formulation followed the method 

described by Jonathan et al. [14] with dosage 

modifications based on the method of Lestari et al. 

[13]. 

 

Physical properties  

The pH was measured using a calibrated digital 

pH meter. A 25 mL yogurt sample was poured into a 

beaker, and the electrode was immersed until the pH 

stabilized [15]. Titratable Acidity (TA) was determined 

by titration, as described by Jonathan et al. [14]. Ten 

grams of yogurt was diluted 100 times, and 10 mL of 

the dilution was titrated with 0.1 N NaOH using 

phenolphthalein indicator. The results are expressed as 

the percentage of lactic acid. The viscosity was 

measured using a viscometer with spindle No.4 at 30 

rpm. A 150 mL yogurt sample was placed in a beaker 

and the viscosity was recorded on the device display. 

Color was analyzed using a chromameter to determine 

the L* (lightness), a* (red-green), and b* (yellow-blue) 

values. 

 

Sensory evaluation  

This study was approved by the Ethics 

Committee for Research Involving Human Subjects of 

IPB University (No. 1640/IT3. KEPMSM-

IPB/SK/2025). All panelists signed an informed 

consent form before the tests. Hedonic Testing was 

conducted with 30 semi-trained panelists to evaluate 

their preferences for color, aroma, taste, mouthfeel, 

aftertaste, and overall acceptability on a 9-point scale 

(1 = extremely dislike, 9 = extremely like). An overall 

score of > 4.5 was considered acceptable. The 

inclusion criteria were age 18 - 40 years, no 

olfactory/taste disorders, no milk allergy, and 

willingness to follow the protocol. The exclusion 
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criteria were diabetes, digestive disorders, medications, 

special diets, smoking, and conditions affecting 

sensory perception.  

Quantitative Descriptive Analysis (QDA) was 

performed by trained panelists to quantify the sensory 

attributes of red fruit oil yogurt. Panelists were selected 

based on the inclusion and exclusion criteria. The 

training included focus group discussions (FGD), 

standard reference calibration, and scoring practices (0 

- 15 scale). Attributes were developed using FGD and 

confirmed using real samples. The panelists rated the 

samples individually in a controlled environment using 

randomized 3-digit codes. QDA was conducted for the 

F0 - F3 samples. 

 

Antioxidant activity (CUPRAC method)  

Antioxidant capacity was assessed using the 

Cupric Reducing Antioxidant Capacity (CUPRAC) 

method, as described by Nurcholis et al. [16]. A 50 μL 

sample extract was added to a microplate well 

containing 50 μL of 0.01 M CuCl₂.2H₂O, 50 μL of 

0.0075 M neocuproine, and 50 μL of 1 M ammonium 

acetate buffer (pH 7). The mixture was incubated in the 

dark for 30 min at room temperature, and absorbance 

was measured at 450 nm using a microplate reader. 

The results are expressed as μmol Trolox equivalents 

per gram of extract (μmol TE/g). Calibration was based 

on Trolox standards (0 - 400 μmol), and all analyses 

were performed in triplicate. 

 

CUPRAC TEAC (μmol TE/g ekstrak) = (C x V x Fp)/m    (1) 

 

Note: 

C = Trolox concentration (μmol)  

V = volume (L) 

m = sample weight (g) 

Fp = dilution factor 

 

Selected formula  

The optimal yogurt formulation was determined 

based on the combination of two main criteria: 

Antioxidant activity and sensory properties. The 

formulation with the highest antioxidant activity was 

selected and evaluated for its acceptability. Although 

sensory preference is important, functional benefits 

were prioritized in this study given the aim of 

developing a functional food to support blood glucose 

control. The selected formula was used for the 

bioactivity analyses. 

 

Total flavonoid content  

A 0.01 g sample was dissolved in 10 mL of a 

mixture of 1 mL DMSO and ethanol to obtain a 1,000 

ppm solution, which was homogenized using a vortex. 

Then, 0.5 mL of the solution was mixed with 0.15 mL 

of 15% NaNO₂, incubated for 6 min, followed by 0.15 

mL of AlCl₃, incubated for 60 min, and then 2 mL of 

NaOH and 2 mL of distilled water were added. The 

mixture was incubated for 15 min and the absorbance 

was measured at 420 nm using a UV-Vis 

spectrophotometer. Quercetin was used as a standard (0 

- 200 μg/mL), and the results are expressed as mg 

quercetin equivalent per gram sample (mg QE/g). 

 

Total phenolic content  

The total phenolic content was determined using 

the Folin-Ciocalteu method. A 0.01 g sample was 

dissolved in 10 mL of a DMSO-water mixture to yield 

1,000 ppm, vortexed, and 100 μL was reacted with 2 

mL of 7% sodium carbonate. After 5 min in the dark, 1 

mL of diluted Folin–Ciocalteu reagent (1:10) was 

added. The mixture was incubated for 30 min in the 

dark at room temperature and the absorbance was 

measured at 780 nm. Gallic acid (0 - 200 μg/mL) was 

used for the calibration. The results are expressed as 

mg gallic acid equivalents per gram of sample (mg 

GAE/g). All measurements were performed in 

triplicates.  

α-Glucosidase inhibitory activity  

In vitro α-glucosidase inhibition was tested in 

yogurt samples enriched with red fruit oil and 

compared with that of acarbose, a positive control. The 

procedure followed the methods of Chaerunnisa et al. 

[17] and Agustin et al. [6], with modifications. The 

assay involved a sample solution (S1), control (S0), 

blank (B1), and blank control (B0). The substrate used 

was p-nitrophenyl α-D-glucopyranoside (pNPG) in 0.1 

M phosphate buffer (pH 7.0). The enzyme was 

prepared by dissolving 1 mg of α-glucosidase in 100 

mL of phosphate buffer to obtain 0.04 an activity. 

reaction mixture: 10 µL of sample, 50 µL of phosphate 

buffer, 25 µL of enzyme solution, and 25 µL of 10 mM 

pNPG and incubated at 37 °C for 30 min. The reaction 
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was stopped with 100 µL of 0.2 M sodium carbonate, 

and the absorbance was measured at 410 nm using a 

microplate reader. All tests were performed in 

triplicate. The percentage of inhibition was calculated 

as follows: 

 

Inhibition (%) = [(K – (S1 – S0)/K] × 100%                       (2) 

 

Note:  

K = absorbance of blank (B1) minus absorbance 

of blank control (B0) 

S1 = sample absorbance  

S0 = sample control absorbance 

 

Statistical analysis  

Data were analyzed using IBM SPSS Statistics 

(version 26.0; IBM Corp., Armonk, NY, USA) and are 

presented as mean ± standard deviation (SD). One-way 

ANOVA was used to evaluate differences among the 

groups. If significant differences were found (p < 0.05), 

Duncan’s Multiple Range Test (DMRT) was used for 

post-hoc analysis. Independent t-tests were performed 

for comparisons between two groups (e.g., bioactive 

content or enzyme inhibition). 

 

Results and discussion 

The following results describe the effects of red 

fruit oil addition on yogurt, as a continuation of the 

extraction and formulation stages described previously.  

 

Physicochemical and biological activities of 

red fruit oil 

The red fruit oil used in this study exhibited 

characteristics consistent with previous reports. 

Chemical and biological analyses revealed that the oil 

is rich in bioactive compounds with high functional 

capacity. In addition, the physicochemical parameters 

of red fruit oil included a pH of 5.81 ± 0.10, viscosity 

of 6.86 ± 0.06 cP, and ash content of 0.11 ± 0.003%, 

indicating good oil quality. These findings strengthen 

the evidence that red fruit oil is not only a source of 

lipids but also contains bioactive compounds that play 

a crucial role in antioxidant and antidiabetic activities.

 

Table 1 Physicochemical and biological activities of red fruit oil. 

Category Parameter Value (mean ± SD) 

Physicochemical 

pH 5.81 ± 0.10 

Viscosity (cP) 6.86 ± 0.06 

Ash content (%) 0.11 ± 0.003 

Biological activities ɑ-Glukosidase inhibitory activity (1,000 ppm, %) 88.72 ± 0.34 

 

α-Glucosidase inhibitory activity of red fruit oil 

(88.72 ± 0.34%) demonstrated stronger inhibition 

compared with acarbose at 1 ppm (67.21 ± 1.8%), 

highlighting its potential as a natural α-glucosidase 

inhibitor.  

 

 

Physical characteristics of Yogurt  

Each yogurt formulation exhibited significant 

differences (p < 0.05) in terms of physical and 

chemical characteristics. The analyzed parameters were 

pH, viscosity (cP), titratable acidity (TA), and color. 

The physical properties of each formulation are shown 

in Table 2 and Figure 1. 

 

Table 2 Effect of red fruit oil addition on the physical and chemical properties of yogurt. 

Attribute 
Formulation SNI 

2009 F0 (0%) F1 (5%) F2 (10%) F3 (15%) 

pH value 4.60 ± 0.01b 4.69 ± 0.01ab 4.72 ± 0.01a 4.70 ± 0.01a 3.8 - 4.8 

Viscosity (cP) (1×102) 25.69 ± 0.15a 23.76 ± 0.21ab 20.77 ± 0.12bc 15.33 ± 0.10c - 

Titratable Acidity (TA)  1.35 ± 0.0a 1.35 ± 0.0ab 0.90 ± 0.0b 0.90 ± 0.0b 0.5 - 2.0 
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Attribute 
Formulation SNI 

2009 F0 (0%) F1 (5%) F2 (10%) F3 (15%) 

(%) 

Color Parameters      

L* (lightness) 87.31 ± 1.98a 56.60 ± 0.31ab 48.01 ± 0.06bc 39.33 ± 0.33c - 

a* (red-green) 0.81 ± 0.03b 36.0 ± 0.08ab 35.98 ± 0.05ab 38.16 ± 1.20a - 

b* (yellow-blue) 11.13 ± 0.88bc 5.96 ± 0.27b 14.85 ± 0.10ac 17.60 ± 0.52a - 

image 

    

- 

Description: Values are expressed as mean ± standard deviation. Means within the same row followed by different 

superscript letters (a, b, and c) indicate significant differences at p < 0.05. F0 = Yogurt with 0% red fruit oil; F1 = 5%; 

F2 = 10%; F3 = 15%. TA = Titratable Acidity. SNI 2009 = Indonesian National Standard for yogurt (SNI 01-2981-

2009). 

 

 

Figure 1 The Visual Appearance of Yogurt Supplemented with Different Concentrations of Red Fruit Oil (Pandanus 

conoideus Lam.). 

 

The addition of red fruit oil significantly 

influenced the acidity profile of yogurt, particularly pH 

and titratable acidity (TA). As the oil concentration 

increased, the pH increased, while the TA decreased. 

This phenomenon may be attributed to the high fat 

content of red fruit oil, which can suppress the 

metabolic activity of lactic acid bacteria, thereby 

reducing lactic acid production during fermentation 

[18]. Dilution effects and possible interactions between 

oil compounds and bacterial cell membranes may also 

contribute to a reduced acidification rate [19]. 

The viscosity decreased with higher 

concentrations of red fruit oil. This is likely due to the 

disruption of the protein gel network formation caused 

by the high lipid content. Fatty acids, such as oleic and 

palmitic acids, may interfere with the hydrophobic 

interactions between casein micelles, weakening the 

gel structure and increasing the risk of syneresis [20]. 

An unbalanced fat-to-protein ratio has been reported to 

impair gel stability and increase whey separation in 

fermented dairy products [21].  

Color is a critical parameter in consumer 

perception, and is closely associated with visual appeal 

and taste expectations [20]. Yogurt color was measured 

using the Hunter L*, a*, and b* color systems, where 

L* indicates lightness, a* represents the red-green axis, 

and b* indicates the yellow-blue axis. Red fruit oil 

addition significantly altered yogurt color parameters 

(Table 1). The highest L* value was found in the 

control (F0), which progressively decreased with 

increasing oil concentrations in F1, F2 and F3. This 

trend aligns with the deep red hue of red fruit oil, 

which reduces the product brightness.  

The a* value (redness) significantly increased 

with increasing oil concentration. F0 showed the 

lowest a*, whereas F3 exhibited the highest a *, 
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reflecting the contribution of carotenoid pigments, 

particularly β-carotene, which is naturally present in 

red fruit oil [18]. However, no significant difference 

was observed between F2 and F3, suggesting that the 

saturation point of red pigmentation was reached at 

10% concentration.  

Similarly, the b* value (yellowness) increased 

significantly in F2 and F3 compared to that in F1 and 

F0. The lack of a significant difference between F2 and 

F3 indicates that carotenoid intensity peaked at 10%, 

and further oil addition did not enhance the yellowness. 

Overall, the color changes observed in F1 - F3 

compared to F0 were attributed to the natural 

carotenoid pigments in red fruit oil, imparting a 

reddish-yellow hue. Variations among the formulations 

were primarily due to differences in the composition 

and concentration of the red fruit oil.  

In conclusion, the addition of red fruit oil 

increased the pH and color intensity but decreased the 

viscosity and titratable acidity. These effects highlight 

the potential of bioactive ingredients to modulate the 

physical characteristics of yogurt. Further studies are 

recommended to determine the optimal concentration 

that balances physicochemical properties, sensory 

acceptance, and functional benefits. 

 

Sensory characteristics 

Hedonic testing 

The hedonic test was designed to assess 

consumer acceptability of yogurt enriched with red 

fruit oil. Conducted with 33 semi-trained panelists, 

each sample was evaluated independently according to 

Indonesian National Standard (SNI 01-2346-2006) 

guidelines. The results revealed a significant difference 

(p < 0.05) in the color attribute, whereas other 

attributes showed no significant differences, although 

variations in the mean scores were observed among 

samples (Table 3). 

 

Table 3 Hedonic test results of red fruit oil yogurt. 

Attribute 
Formula 

F1 (5%) F2 (10%) F3 (15%) 

Appearance 7.03 ± 1.4ab 7.30 ± 1.4ab 6.33 ± 1.5b 

Aroma 6.58 ± 1.4a 6.39 ± 1.4ab 5.70 ± 1.8b 

Texture 6.64 ± 1.5a 6.88 ± 1.4a 6.21 ± 1.4a 

Taste 5.52 ± 1.6a 4.94 ± 1.9a 4.39 ± 1.7a 

Mouthfeel 5.39 ± 1.6a 4.91 ± 2a 4.58 ± 1.8a 

Aftertaste 5.00 ± 1.7a 4.79 ± 2a 4.48 ± 1.8a 

Overall 5.97 ± 1.5a 5.38 ± 1.7ab 4.85 ± 1.7b 

Description: Values are expressed as mean ± standard deviation. Different superscript letters within a row indicate 

significant differences (p < 0.05). F0 = Yogurt with 0% red fruit oil; F1 = 5%; F2 = 10%; F3 = 15%. 

 

Color is a key sensory parameter that influences 

consumer perceptions. The addition of red fruit oil 

provided a natural pink hue owing to its high β-

carotene content, which is a major carotenoid with 

antioxidant properties [18]. F2 had the highest color 

score (7.30), which was significantly higher than that 

of F3 (6.33), which was perceived as overly intense 

and unnatural (p < 0.05), indicating that excessive β-

carotene may reduce visual acceptability [19].  

Yogurt aroma is influenced by fermentation-

derived volatiles and aromatic compounds from red 

fruit oil, including aldehydes, free fatty acids, and 

phenols [18,19]. F1 had the highest aroma score (6.58), 

whereas F3 had the lowest (5.70), although it was not 

significantly different. This decline may be due to the 

high levels of free fatty acids (e.g., palmitic and 

linoleic acids) and free phenolics, which can produce 

sharp or unfamiliar aromas at high concentrations 

[20,24]. 

Texture preferences favored soft and thick 

consistencies. F2 scored (6.88), and F3 scored (6.21). 

High lipid content, particularly oleic and palmitic 

acids, can interfere with protein gel stability, cause 
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syneresis, and result in thinner, less homogeneous 

textures [20].  

The taste scores declined as the oil concentration 

increased. F1 received the highest score (5.52), 

whereas F3 received the lowest score (4.39). This may 

be due to dominant compounds, such as β-carotene, 

free fatty acids, and phenolics, which contribute 

astringent, bitter, or foreign tastes uncommon in 

traditional yogurt at high levels [20,25]. Additionally, 

the oxidizable nature of red fruit oil may lead to 

rancidity if not properly stabilized.  

Mouthfeel, which is associated with creaminess 

and smoothness, was highest in F1 (5.39) and lowest in 

F3 (4.58). A high lipid content (99.7 g/100 g oil), 

mostly unsaturated fatty acids, can create an oily layer 

in the mouth and diminish perceived creaminess 

[18,20].  

The aftertastes followed a similar trend. F1 had 

the highest score (5.00), whereas F3 had the lowest 

(4.48). Bioactive compounds, such as β-carotene, free 

phenolics, and phytosterols, can cause lingering bitter, 

greasy, or astringent sensations after consumption [20].  

The overall liking score was highest in F1 (5.97), 

followed by F2 (5.38) and F3 (4.85). This decline was 

likely due to an imbalance in sensory attributes caused 

by excessive bioactive compound content. While 

compounds such as β-carotene, tocopherol, and 

phenolics provide health benefits, excessive levels may 

negatively impact sensory quality [20,26].  

 

Quantitative Descriptive Analysis (QDA)  

Quantitative Descriptive Analysis (QDA) was 

performed by 12 trained panelists aged 24 - 39 years (3 

males and 4 females) from diverse regions in 

Indonesia. The results indicated that red fruit oil 

significantly affected the sensory profile of the yogurt 

(p < 0.05). The yogurt-specific aroma and taste 

intensity decreased with increasing oil concentration, 

while the red fruit-specific attributes (aroma, taste, and 

aftertaste) increased linearly from F1 to F3. The 

addition of red fruit oil also reduced the thickness of 

the mouthfeel and visual viscosity while increasing the 

oily sensation and astringency. F3 displayed the 

highest intensity of red fruit characteristics but also had 

the strongest astringent aftertaste and oily mouthfeel, 

which may lower overall acceptability. F0 showed the 

most classic yogurt profile, whereas F1 and F2 

provided a balanced sensory profile between yogurt 

characteristics and red fruit oil enhancement. 

 

Table 4 Results of Focus Group Discussion (FGD) on sensory attributes and their definitions for yogurt product with 

red fruit oil. 

Sensory attributes Description 

Yogurt-specific aroma Characteristic sour aroma resulting from lactic acid fermentation, resembling the 

natural aroma of plain yogurt. 

Milky aroma Fresh milk-like aroma described as creamy, smooth, and slightly sweet. 

Cheesy aroma Cheese-like aroma, associated with fermentation-derived notes and a slight mustiness. 

Rancid aroma Oxidized fat aroma, similar to the smell of reused or poorly stored cooking oil. 

Red fruit-specific aroma Distinctive aroma of red fruit (Pandanus conoideus L.), recognizable and specific to 

the added ingredient. 

Sweet taste Sweetness sensation perceived on the tongue. 

Sour taste Sourness sensation, typical of fermented dairy products. 

Yogurt specific taste Combined taste of sour and slightly creamy, characteristic of yogurt. 

Milky taste Creamy, fresh, smooth, and mildly sweet taste, representing the sensory profile of fresh 

milk. 

Red fruit-specific taste Typical taste of red fruit (Pandanus conoideus L.), contributing a unique fruity note. 

Thick mouthfeel Thickness or viscosity sensation, giving a sense of heaviness during swallowing. 
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Sensory attributes Description 

Oily mouthfeel Slick and slightly oily mouth-coating sensation, resembling the texture of oil. 

Astringent mouthfeel Astringent or dry sensation in the mouth, often felt as puckering. 

Sour aftertaste Lingering sourness, defined as the acidic taste that persists in the mouth approximately 

30 seconds after swallowing the sample. 

Sweet aftertaste Persistent sweetness, defined as the intensity of sweet taste perceived approximately 30 

seconds after swallowing the sample. 

Astringent aftertaste Residual astringent sensation, referring to the tactile dryness felt on the tongue and 

inner cheeks 30 seconds post-ingestion. 

Red fruit-specific aftertaste Residual red fruit aftertaste, defined as the characteristic flavor of red fruit (Pandanus 

conoideus L.) that remains in the mouth 30 seconds post-ingestion. 

 

Table 5 Sensory attributes of red fruit oil yogurt evaluated using Quantitative Descriptive Analysis (QDA) 

Sensory attributes F0 F1 F2 F3 

Yogurt-specific aroma 8.62 ± 0.32a 6.55 ± 0.49b 4.75 ± 0.48c 3.54 ± 0.47c 

Milky aroma 4.63 ± 0.43a 2.63 ± 0.37b 0.00c 0.00c 

Cheesy aroma 5.43 ± 0.55a 0.71 ± 1.08b 0.09 ± 0.17b 0.08 ± 0.18b 

Rancid aroma 0.00a 0.05 ± 0.08a 0.06 ± 0.15a 0.09 ± 0.18a 

Red fruit-specific aroma 0.00d 3.79 ± 0.27c 4.74 ± 0.50b 5.85 ± 0.43a 

Sweet taste 7.47 ± 0.34a 1.67 ± 0.40b 0.00c 0.00c 

Sour taste 5.88 ± 0.45a 3.47 ± 0.47b 2.90 ± 0.43c 0.00d 

Yogurt specific taste 7.44 ± 0.47a 3.47 ± 0.28b 2.56 ± 0.38c 1.81 ± 0.28d 

Milky taste 5.62 ± 0.35a 0.00b 0.00b 0.00b 

Red fruit-specific taste 0.00d 9.71 ± 0.43c 11.58 ± 0.35b 12.63 ± 0.36a 

Thick mouthfeel 12.47 ± 0.54d 11.53 ± 0.50c 10.50 ± 0.56b 9.67 ± 0.36a 

Oily mouthfeel 0.00d 2.64 ± 0.49c 4.67 ± 0.37b 6.53 ± 0.45a 

Astringent mouthfeel 0.00c 3.45 ± 0.70b 5.77 ± 0.69a 7.28 ± 0.75a 

Sour aftertaste 4.63 ± 0.41a 2.66 ± 0.37b 1.77 ± 0.25c 0.93 ± 0.32d 

Sweet aftertaste 4.77 ± 0.49a 0.00b 0.00b 0.00b 

Astringent aftertaste 0.00d 1.55 ± 0.47c 3.58 ± 0.49b 5.44 ± 0.54a 

Red fruit-specific aftertaste 0.00d 1.78 ± 0.28c 3.79 ± 0.26b 6.65 ± 0.48a 

White appearance 6.54 ± 0.50a 0.00b 0.00b 0.00b 

Reddish appearance 0.00d 3.67 ± 0.32c 5.66 ± 0.30b 7.63 ± 0.34a 

Yellowish appearance 0.00b 0.79 ± 0.24a 0.00b 0.00b 

Viscosity appearance 7.61 ± 0.35a 5.43 ± 0.37b 4.47 ± 0.35c 3.62 ± 0.26d 

Description: Values are presented as mean ± standard deviation. Different superscript letters in the same row indicate 

significant differences (p < 0.05). F0 = Yogurt without red fruit oil. F1 = 5%, F2 = 10%, and F3 = 15% red fruit oil 

enrichment. A score of 0 indicates that the attribute was not detected by the panelists in the sample.  
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The selection of sensory evaluation methods in 

this study was based on both national and international 

standards. The hedonic test was applied to assess 

consumer preference and acceptance levels, following 

the Indonesian National Standard SNI 01-2346-2006, 

which recommend the 9-point scale (1 = extremely 

dislike, 9 = extremely like) as the most reliable tool for 

quantifying consumer liking in dairy products. 

Meanwhile, the Quantitative Descriptive Analysis 

(QDA) followed ISO 13299:2016, involving trained 

panelists using a 15-point intensity scale to describe 

sensory attributes such as aroma, taste, texture, and 

aftertaste. This combined use of Hedonic and QDA 

methods enables a comprehensive sensory evaluation, 

hedonic testing reflects consumer perception, whereas 

QDA provides a detailed understanding of attribute 

intensity influencing acceptability. Such integration has 

been widely used in recent dairy product studies 

[21,27-29].  

 

Antioxidant activity (CUPRAC method) 

Following the evaluation of yogurt physical and 

sensory characteristics, this section discusses its 

functional potential based on antioxidant activity, 

which was measured using the CUPRAC method. The 

cupric-reducing antioxidant capacity (CUPRAC) 

method evaluates the ability of yogurt to neutralize free 

radicals by reducing Cu²⁺ ions to Cu⁺ ions. The 

absorbance was measured at 450 nm. This method was 

selected because of its sensitivity to both polar and 

non-polar antioxidant compounds, making it suitable 

for yogurt systems containing oils [16,30]. The 

antioxidant activity values, expressed as μmol Trolox 

equivalents (TE) per gram, are presented in Figure 2. 

 

 

 

Figure 2 Antioxidant activity of yogurt with red fruit oil using the CUPRAC method (μmol TE/g).  
Description: Values are presented as the mean ± standard deviation. Different superscript letters within the same row 

indicate significant differences (p < 0.05). F0 = yogurt without red fruit oil; F1 = 5%; F2 = 10%; F3 = 15%. CUPRAC, 

Cupric Reducing Antioxidant Capacity; TE = Trolox Equivalent. 

 

The results showed that The add ition of red fruit 

oil significantly increased the antioxidant activity of 

yogurt (p < 0.05). The highest value was observed in 

F3 (15%) at 540.20 ± 9.48 μmol TE/g extract 

(equivalent to 615.83 μmol TE/g sample), followed by 

F2 at 369.47 μmol TE/g, and F1 at 267.55 μmol TE/g. 

The control group, F0, had the lowest antioxidant 

activity at 130.99 ± 7.48 μmol TE/g. Post hoc 

Duncan’s Multiple Range Test (DMRT) showed no 

significant difference between F3 and F2, but both 

were significantly higher than F1 and F0. This trend 

indicates a positive correlation between red fruit oil 

concentration and antioxidant capacity up to a certain 

saturation point.  

The increase in antioxidant activity is closely 

related to the presence of bioactive compounds in red 

fruit oil. These compounds include flavonoids, 

phenolics, β-carotene, total carotenoids, tocopherol, 

and α-tocopherol [18,22,24]. The CUPRAC assay is 

based on the electron-donating ability of antioxidant 

compounds, especially those containing hydroxyl 

groups or double bonds conjugated to Cu²⁺ ions. The 

higher the concentration of these compounds, the 

greater the antioxidant activity.  
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Phenolic compounds play an important role in the 

redox capacity because their aromatic structure allows 

stable hydrogen atom donation to neutralize free 

radicals. In addition to their antioxidant effects, 

phenolics exhibit antimicrobial activity and contribute 

to the characteristic aroma of the product [23]. Król et 

al. [7] and Tarchi et al. [31] also reported that 

increasing the phenolic content in yogurt, for example, 

through the addition of olive leaf extract, was 

positively correlated with antioxidant capacity due to 

synergistic mechanisms. Phenolics are generally more 

stable when added after fermentation, which was the 

approach used in this study. In addition to phenolics, 

red fruit oil contains high levels of tocopherol (502 ± 2 

ppm) and carotenoids (2,003 ± 75 ppm) [20].  

Tocopherol is a primary antioxidant that 

sacrifices itself during oxidative stress and protects 

cellular lipids and proteins. Carotenoids help neutralize 

singlet oxygen and stabilize free radicals through 

electron transfer [32]. Flavonoids also contribute to 

total antioxidant capacity. However, studies have 

shown that the relationship between the flavonoid 

content and antioxidant activity is not always linear. 

This is due to variations in stability and interactions 

with the food matrix, which can influence their 

effectiveness [16]. 

The selection of the CUPRAC method in this 

study was grounded on its theoretical advantages over 

other commonly used antioxidant assays such as 

DPPH, FRAP, and ABTS. Unlike radical-based assays, 

the CUPRAC method operates under a redox 

mechanism that involves the reduction of Cu²⁺–

neocuproine complexes by antioxidant compounds, 

allowing simultaneous detection of both hydrophilic 

and lipophilic antioxidants [16,33]. This characteristic 

is particularly relevant for yogurt systems containing 

oil-based ingredients like red fruit oil, which harbor 

both polar (phenolics, flavonoids) and non-polar 

(tocopherols, carotenoids) antioxidant fractions. 

In addition, the CUPRAC assay provides more 

stable absorbance values and higher reproducibility 

under near-neutral pH conditions compared to acidic or 

radical-mediated assays. Therefore, the enhanced 

antioxidant activity observed in red fruit oil yogurt may 

not solely reflect the concentration of bioactive 

compounds but also the methodological suitability of 

CUPRAC in accurately quantifying total antioxidant 

potential in complex dairy matrices. This theoretical 

consideration reinforces the validity of the CUPRAC 

results and supports the reliability of interpreting the 

functional properties of red fruit oil-enriched yogurt. 

Compared to previous studies, such as that by 

Durmus et al. [34] on yogurt with mulberry addition 

(5.73 μmol TE/g) and Arruda et al. [35] using araticum 

fruit (91.02 μmol TE/g), the antioxidant activity values 

observed in this study were considerably higher. This 

highlights the potential of red fruit oil as a natural 

antioxidant for yogurt products. These findings are 

supported by those of previous studies that have used 

different methods. For instance, antioxidant activity 

measured by DPPH showed an IC₅₀ of 14.45 ppm and 

81.02% inhibition [9], while the FRAP method 

reported 1.392×10⁻³ g ATE/g extract [22]. Based on 

these results, it can be concluded that red fruit oil 

significantly improved the antioxidant activity of 

yogurt. This improvement was primarily attributed to 

the contribution of phenolic compounds, carotenoids, 

and tocopherols. Higher antioxidant activity not only 

indicates better protection against oxidative stress but 

also suggests potential antidiabetic properties, such as 

α-glucosidase inhibition, which will be discussed in the 

next section. 

 

Selected formula 

The selection of the optimal yogurt formulation 

for this study was based on two primary criteria: 

antioxidant activity and consumer acceptance as 

measured by hedonic testing. Formula F3 (15%) 

showed the highest antioxidant activity, reaching 

540.20 μmol TE/g. However, it had the lowest sensory 

acceptance, particularly for taste, mouthfeel, aftertaste, 

and the overall attributes. Conversely, F1 (5%) had the 

highest hedonic scores, but exhibited considerably 

lower antioxidant activity. Formula F2 (10%) was 

selected as the best formulation because it provided an 

optimal balance between the functional efficacy and 

sensory acceptance. Its antioxidant activity reached 

369.47 μmol TE/g and was not significantly different 

from that of F3. In the hedonic test, F2 achieved the 

highest score for color (7.30 ± 1.4) and an overall 

liking score of 5.38 ± 1.7, which fell within the 

acceptable range. In addition, F2 exhibited balanced 

physical and sensory characteristics, including an 

attractive pink color, homogeneous consistency, and a 
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moderate intensity of red fruit flavor. Although F2’s 

hedonic scores were slightly lower than those of F1, 

this formulation still met the primary objective of 

developing yogurt as a functional food. It offers health 

benefits without compromising consumers’ 

preferences. Therefore, F2 was selected as the optimal 

formulation and used for further analysis of total 

flavonoid content, total phenolic content, and α-

glucosidase inhibitory activity. 

 

 

Bioactive compound content  

To further investigate the functional potential of 

the red fruit oil yogurt, the levels of key bioactive 

compounds, total flavonoids, and total phenolics were 

analyzed. These compounds are widely recognized for 

their antioxidant and antidiabetic properties, 

particularly their ability to inhibit oxidative stress and 

regulate postprandial glucose levels. The quantitative 

results of total flavonoid and phenolic contents in 

yogurt with and without red fruit oil addition are 

presented in Figure 3. 

 

 

 

Figure 3 Total flavonoid and phenolic contents of yogurt. 

Description: Values are presented as mean ± standard deviation (SD). Different superscript letters (a, b) in the same 

column indicate statistically significant (p < 0.05). F0 = Yogurt formulation with 0% red fruit oil. F2 = Yogurt 

formulation with 10% red fruit oil. 

 

The total phenolic content (TPC) was determined 

using the Folin-Ciocalteu spectrophotometric method, 

a well-established and sensitive approach for 

evaluating phenolics in dairy matrices. This method is 

based on the redox reaction between phenolic hydroxyl 

groups and the Folin-Ciocalteu reagent, producing a 

blue complex measured at 765 nm using a UV-Vis 

spectrophotometer [7].  

Similarly, the total flavonoid content (TFC) was 

quantified using the aluminum chloride (AlCl₃) 

spectrophotometric method, in which flavonoid 

molecules form a stable yellow complex with Al³⁺ ions 

measurable at 510 nm. This method provides high 

selectivity for flavones and flavonols, making it 

suitable for evaluating lipid-enriched systems such as 

red fruit oil yogurt [21]. Quercetin and gallic acid were 

used as standard compounds for TFC and TPC, 

respectively, and results were expressed as mg QE/g 

and mg GAE/g. 

As shown in Figure 3, yogurt enriched with red 

fruit oil (F2) contained significantly higher levels of 

both flavonoids and phenolics than the control (F0) (p 

< 0.05). The flavonoid content increased from 

20.04 ± 0.95 mg QE/g in F0 to 29.00 ± 0.62 mg QE/g 

in F2. Meanwhile, total phenolic content rose markedly 

from 24.08 ± 0.36 mg GAE/g in F0 to 155.54 ± 0.95 

mg GAE/g in F2. This substantial increase was 

attributed to the presence of bioactive compounds in 

red fruit oil (Pandanus conoideus Lam.), including 

flavonoids, phenolics, tocopherols, and carotenoids 

[22,36]. Flavonoids contain aromatic hydroxyl groups 

that function as hydrogen or electron donors, whereas 

phenolic compounds neutralize free radicals by 

stabilizing their aromatic ring structures. These 

compounds synergistically contribute to both 

antioxidant mechanisms and α-glucosidase inhibition. 

In addition to the added ingredients, the fermentation 

process involving lactic acid bacteria (LAB) increases 
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the concentration of bioactive compounds. LAB-

produced β-glucosidase enzymes can hydrolyze 

glycosylated compounds into more active aglycones, 

thereby enhancing the bioavailability of both 

flavonoids and phenolics [37]. The observed increase 

in bioactive compounds following the addition of red 

fruit oil is consistent with the results of previous 

studies. Shori and Baba [38]reported increases in both 

flavonoid and phenolic contents in yogurt enriched 

with Allium sativum. Similarly, Hamed et al. [27] 

demonstrated a significant increase in phenolic 

compounds in yogurt after addition of Pelargonium 

graveolens oil. These findings reinforce the 

effectiveness of combining antioxidant-rich functional 

ingredients, such as red fruit oil, with fermentation, as 

a promising approach to enhance yogurt as a functional 

food with high biological activity. 

α-Glucosidase inhibitory activity 

To evaluate the potential of yogurt as an anti-

hyperglycemic functional food, this study employed an 

in vitro method to assess the α-glucosidase inhibitory 

activity. The α-glucosidase inhibitory assay was chosen 

because it is one of the most widely accepted in vitro 

screening methods to evaluate the antidiabetic potential 

of food matrices through the inhibition of 

carbohydrate-hydrolyzing enzymes. This method 

enables quantitative determination of enzyme 

inhibition by monitoring the hydrolysis of p-

nitrophenyl-α-D-glucopyranoside (pNPG) into p-

nitrophenol, which can be spectrophotometrically 

measured at 405 nm. Compared to other enzymatic 

assays such as α-amylase inhibition, the α-glucosidase 

assay provides a more direct representation of 

postprandial glucose regulation since α-glucosidase 

catalyzes the terminal step of carbohydrate digestion 

[32]. Moreover, this assay exhibits high sensitivity and 

reproducibility for both polar and non-polar inhibitors, 

making it suitable for complex food systems like red 

fruit oil yogurt that contain both hydrophilic phenolics 

and lipophilic antioxidants [33].  

This enzyme was selected because of its role in 

catalyzing the breakdown of carbohydrates into 

glucose. The inhibition of α-glucosidase can reduce 

postprandial blood glucose spikes, thereby preventing 

hyperglycemia and the onset of type 2 diabetes. Yogurt 

samples, with and without red fruit oil, were compared 

for their inhibitory activity against α-glucosidase. 

Acarbose was used as the positive control. The results 

of the α-glucosidase inhibition by F0, F2, and acarbose 

are presented in Figure 4. 

 

 
 

Figure 4 α-Glucosidase inhibitory activity of yogurt and acarbose.  
Description: Values are expressed as mean ± standard deviation (SD). Different superscript letters (a, b, c and d) 

indicate statistically significant differences at p < 0.05, based on an independent sample t-test. F0 = Yogurt without red 

fruit oil (0%), F2 = Yogurt with 10% red fruit oil, Acarbose = Positive control at 1 ppm and 10 ppm concentrations. 

 

The results showed that F2 yogurt (10% red fruit 

oil) had significantly higher α-glucosidase inhibitory 

activity than F0 yogurt. The inhibitory effect of F2 was 

78.08 ± 0.37%, whereas F0 was 64.46 ± 1.56%. The 

inhibition level of F0 at 1,000 ppm was slightly lower 

than that of acarbose at 1 ppm (67.21 ± 1.8%). Notably, 

F2 exceeded the inhibitory effect of acarbose at 1 ppm 

but was still lower than that of acarbose at 10 ppm 

(90.08 ± 1.14%).  

In this study, acarbose was used as a positive 

control at two reference concentrations (1 ppm and 10 

ppm) to represent low and high levels of inhibitory 
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activity, respectively. These levels were selected to 

ensure the measurement remained within the linear 

response range of the assay and to allow clear 

differentiation between moderate and strong inhibition. 

Although these exact concentrations were determined 

empirically in this work, they are within the general 

range commonly applied in in-vitro α-glucosidase 

inhibitory assays [41]. All acarbose solutions were 

freshly prepared and analyzed under the same assay 

conditions as the yogurt samples to maintain 

consistency. 

The assay used 10 mM p-nitrophenyl-α-d-

glucopyranoside (p-NPG) as the substrate, α-

glucosidase (0.04 U/mL), phosphate buffer (pH 7.0), 

and 200 mM sodium carbonate. Absorbance was 

measured using an ELISA reader, and inhibition was 

calculated based on the reduction in enzyme activity as 

determined by the color intensity resulting from p-NPG 

hydrolysis. These results demonstrate that F0, without 

red fruit oil, exhibited promising anti-hyperglycemic 

potential, with an inhibitory effect similar to that of 

low-dose acarbose. The relatively high inhibitory 

activity of F0 may be attributed to bioactive 

compounds formed during milk fermentation. Lactic 

acid bacteria (LAB) produce bioactive peptides, 

organic acids, and β-glucosidase, which can convert 

glycosylated phenolic compounds into more active 

aglycones. Previous studies have indicated that the 

presence of phenolic compounds and peptides during 

fermentation can enhance enzyme inhibitory capacity 

[37,42]. The addition of red fruit oil (F2) further 

enhanced α-glucosidase inhibition. This effect is 

associated with its bioactive content, particularly that 

of flavonoids, phenolics, and tocopherols [36]. Several 

in vivo studies have confirmed that red fruit oil can 

lower the blood glucose levels in animal models [11-

13,43]. Some bioactive compounds in red fruit oil, 

such as flavonoids and phenolics, are polar and can 

interact directly with the active sites of α-glucosidase. 

Their hydroxyl groups may bind to the active site, 

thereby competing with the substrate (p-NPG) and 

resulting in competitive inhibition [39,40,44]. In 

contrast, non-polar compounds in red fruit oil, such as 

tocopherols, β-carotene, and unsaturated fatty acids, 

can exert competitive, non-competitive, or indirect 

inhibitory effects. 

 

 

 

Figure 5 Mechanism of non-polar compounds inhibiting α-glucosidase. 

 

In polar systems, nonpolar and polar phases may 

form microemulsions containing lipid droplets that are 

insoluble in water. These droplets can physically 

hinder substrate access to the enzyme active site. A 

previous study reported that certain wall materials used 

in microencapsulation might contribute to enzyme 

inhibition through indirect mechanisms [45]. For 

example, butyric oil alone did not exhibit any 

inhibitory effects. However, when encapsulated in 

quinoa protein, its inhibitory activity increased 

significantly. This indicates that encapsulation can 

disrupt or delay substrate diffusion toward the active 
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site of the enzyme. Red fruit oil contains oleic and 

linoleic acids [46], which may inhibit α-glucosidase via 

two mechanisms.  

The polar carboxyl groups (–COOH) of these 

fatty acids can bind to positively charged or polar sites 

on enzymes, resulting in competitive inhibition. 

Moreover, their long non-polar hydrocarbon chains (–

CH) can bind to the surface of the enzyme, 

contributing to non-competitive inhibition. Su et al. 

[47] showed that these fatty acids compete with the 

substrate for the enzyme active site. Kinetic analysis 

indicated an increase in Km without a change in Vmax, 

suggesting a reduced substrate affinity. The Ki value of 

oleic acid was lower than that of linoleic acid, 

indicating stronger inhibitory potential. Although the 

secondary structure of the enzyme remained 

unchanged, microstructural modifications that could 

affect catalytic activity were observed. Furthermore, 

nonpolar bioactive compounds in red fruit oil, such as 

tocopherols, β-carotene, and carotenoids [24], may 

inhibit α-glucosidase activity through interactions with 

allosteric sites. Kinetic and molecular docking studies 

by Tshiyoyo et al. [48] revealed that large, branched, 

and non-polar molecules could bind to these sites, 

leading to enzyme inhibition.  

This mechanism involves altering enzyme 

polarity and the surrounding microenvironment, which 

represents an indirect mode of inhibition that is distinct 

from competitive or non-competitive models. When 

non-polar compounds enter an enzyme system that 

typically functions in a polar environment, they can 

disrupt the structural and dynamic equilibrium, 

reducing the ability of the enzyme to interact with its 

substrate [40,49]. Skjold-Jørgensen et al. [49] also 

demonstrated that under polar conditions, the lid 

structure of lipase enzymes remains closed, preventing 

substrate access and reducing enzymatic activity. This 

supports the idea that polarity mismatch can negatively 

affect enzyme performance. In summary, yogurt with 

red fruit oil exhibited stronger α-glucosidase inhibitory 

activity than the control and low-dose acarbose. This 

reinforces its potential as an anti-hyperglycemic 

functional food. These findings are consistent with 

those of previous studies that reported increased 

enzyme inhibition when plant extracts were added to 

yogurt. For example, Shori and Baba [38] found that 

plain cow’s milk yogurt showed only 11.3 ± 0.4% 

inhibition, while yogurt enriched with Allium sativum 

reached 15.2 ± 0.4%. 

 

Conclusions 

This study demonstrated that the addition of red 

fruit oil (Pandanus conoideus L.) to yogurt 

significantly enhanced its functional properties, 

including antioxidant activity, total flavonoid and 

phenolic contents, and α-glucosidase inhibitory 

activity. The formulation containing 10% red fruit oil 

(F2) was selected as the optimal formula because it 

exhibited a balance between biological efficacy and 

sensory acceptability. F2 showed antioxidant activity 

of 369.47 μmol TE/g, flavonoid content of 29.00 mg 

QE/g, phenolic content of 155.54 mg GAE/g, and an α-

glucosidase inhibitory activity of 78.08%, surpassing 

that of 1 ppm acarbose. From a sensory perspective, F2 

had an appealing color, acceptable texture, and 

distinctive attributes that remained favorable to 

panelists. These findings support the potential of red 

fruit oil yogurt as a functional anti-hyperglycemic food 

product with good sensory quality, and highlight the 

possibility of utilizing local bioactive ingredients in the 

development of nutraceutical products. 
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