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Abstract. Gummy candy is a popular confectionery product among the 

public. However, gummy candy generally has low nutritional value. The 

addition of functional components, such as betel leaf, in gummy candy can 

serve as a solution to enhance its nutritional value. Additionally, globe 

amaranth flowers can be utilized as natural colorants to enhance the visual 

appeal of gummy candy. This study aims to examine the effect of adding 

betel leaf extract on the physicochemical and sensory characteristics of 

globe amaranth gummy candy. The research was conducted using a 

completely randomized design (CRD) with one factor, namely the 

concentration of betel leaf extract: 0% (control), 5% (F1), 7.5% (F2), and 

10% (F3). In this study, a commercial product was used as a comparison to 

the gummy candy produced. The results showed that the addition of betel 

leaf extract to gummy candy increased antioxidant activity, total phenolic 

compounds, and flavonoids, shown as inhibition percentage. The inhibition 

percent, measured as the ability to neutralize free radicals, ranged from 

68.32% to 93.30%. The addition of betel leaf extract also influenced the 

moisture content, color, and texture of the product. Sensory analysis 

indicated that incorporating betel leaf extract into gummy candy led to a 

decrease in overall acceptability compared to the control and commercial 

samples, with an overall liking of 5.70 to 5.86 (neutral). The best 

formulation was F3, where the addition of 10% betel leaf extract produced 

the highest antioxidant activity (93.30%) while maintaining sensory 

acceptability.   

1 Introduction 

Gummy candy is a confectionery product processed with the addition of hydrocolloids to 

achieve a soft and chewy texture (SNI). The global demand for confectionery product, 

including gummy candy, is increasing due its affordability price and favorable organoleptic 

characteristics [1]. However, conventional gummy candy exhibits low nutritional value and 

a high sugar content, which raises concerns regarding its effect on health issues. The 
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incorporation of functional components, such as antioxidants, has been proposed to elevate 

gummy candy nutritional value. Antioxidants are substances that scavenge and inhibit 

oxidation reactions, thereby preventing potential health complications due to oxidative stress 

[2]. Herbal plants have been reported to be a promising source of natural antioxidants due to 

their bioactive components, one of which is betel leaf. 

Betel leaf (Piper betle L.) is a medicinal plant commonly used in traditional medicine. 

Betel leaves contain various bioactive components that exhibit antioxidant activity, namely 

phenolic compounds, tannin, flavonoids, alkaloid, and others [3]. Meanwhile, globe amaranth 

(Gomphrena globosa L.) is a member of the Amaranthaceae family that contains betacyanin 

pigment that can potentially be applied as a natural colorant in gummy candy. Additionally, 

studies have shown therapeutic properties of globe amaranth flowers that are associated with 

its’ bioactive components [4]. 

The application of betel leaf in gummy candy can potentially enhance product 

functionality. A study shown that the addition of betel leaf simplicial in sev, India traditional 

snack, result in the improvement in antioxidant activity as well as the overall antioxidant 

profile of the product. However, previous studies indicate that the incorporation of betel leaf 

extract in food products may result in undesirable coloration, which causes a decrease in 

consumer acceptance [5]. As color is one of the main quality parameters of gummy candy, 

the addition of other components is needed to enhance the product’s visual appeal. Lavanya 

& Thamaraiselvi stated that the addition of globe amaranth extract as a food colorant in ice 

cream enhances product appearance, leading to an increase in consumer acceptance. Studies 

have also identified various bioactive components in globe amaranth, including phenolic 

compounds, tocopherol, and organic acid, which possess antioxidant properties [4]. Thus, the 

utilization of globe amaranth in gummy candy may not only improve visual appeal but also 

contribute to its nutritional aspects. 

This research aims to explore the effect of piper betel leaf application on the 

physicochemical and sensory characteristics of gummy candy to determine the best 

formulation. 

2 Materials and Method 

2.1 Extraction of globe amaranth flower 

Dehydrated globe amaranth flowers were sourced from a local commercial supplier 

(Seduh.Tisane, Indonesia). The extraction process was conducted based on previous research 

with some modifications [6]. First, the flower was ground for 1 minute using herb grinder 

and sieved to obtain fine powder. Next, the powdered sample was dissolved in distilled water 

(25°C) with a ratio of 1:15 (sample: solvent) and incubated for 60 minutes in a dark room at 

25°C. Subsequently, the solution was extracted using a microwave with a power of 100W for 

5 minutes. The mixture was filtered using a 100-mesh strainer and stored at 4°C as globe 

amaranth extract (GAE) for gummy candy production. 

2.2 Extraction of betel leaf 

Dehydrated betel leaf was obtained from a local commercial supplier (Jamu Gendul 88, 

Indonesia). The extraction process was conducted according to previous study with some 

modification. First, dried betel leaf was ground using herb grinder for 1 minute and sieved to 

obtain a fine powder. Next, the powder was combined with distilled water (25°C) with a ratio 

of 1:15. The mixture was placed in the microwave and extracted with a power of 450W for 
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8 minutes. The solution was filtered using a 100-mesh strainer and stored at 4°C as betel leaf 

extract (BLE) for gummy candy production. 

2.3 Sample preparation 

This research was conducted with four gummy candy formulation with treatments toward the 

concentration of betel leaf extract (BLE), namely control (0% BLE), F1 (5% BLE), F2 (7.5% 

BLE), and F3 (10% BLE). Additionally, a commercial sample was used as a benchmark to 

evaluate the psychochemical and sensory characteristics of the developed gummy candy in 

comparison to the existing market product. The formulation of globe amaranth gummy candy 

with betel leaf extract used in this study in presented in Table 1 according to previous research 

with some modification [7]. 

Table 1. Gummy candy formulation. 

Ingredients 
Formulation (g) 

Control F1 F2 F3 

Gelatin 6 6 6 6 

Sugar 18 18 18 18 

Glucose syrup 27 27 27 27 

Citric acid 0.6 0.6 0.6 0.6 

GAE 25 25 25 25 

BLE 0 5 7.5 10 

Water 23.4 18.4 15.9 13.4 

 

First, gelatin was dissolved in hot water (60°C) and stirred for 5 minutes. Then, a mixture 

of sugar, glucose syrup, and water was heated to 115°C. Next, the temperature of the mixture 

was reduced to 100°C and gelatin and globe amaranth extract was added to the mixture. The 

solution was homogenized at 65-70°C for 10 minutes. Subsequently, betel leaf extract and 

citric acid were added according to the treatment, and stirred for 5 minutes, off heat. After 

that, the mixture was poured into a mould and placed in room temperature (25°C) for 2 hours, 

followed by cooling process at 4°C for 12 hours. 

2.4 Moisture analysis 

Moisture content analysis was conducted according to the standardized method described by 

the Association of Official Analytical Chemists. The analysis was assessed using the 

gravimetry method, determined by oven drying the sample at 105°C until a constant weight 

is achieved (AOAC 925.10). Analysis was conducted in three repetitions for each 

formulation, with the result presented in wet basis (%wb). 

2.5 Physical analysis 

Color analysis was conducted using a colorimeter (PCE- CSM 6, Jerman) with result 

expressed in CIE units: lightness (L*), redness (a*), and yellowness (b*). The texture analysis 

was performed using a texture analyzer (Shimadzu EZ-SX) using a JIS K 6503 cylinder probe 

with a compression of 5 mm per minute. The variable analyze in the test was hardness force 

(N). All physical analysis was conducted in five repetitions for each formulation. 

Sample extraction for antioxidant assay 

Sample preparation for antioxidant assay was conducted based on previous research with some 

modification [8]. First, 2 g of samples were weighed and dissolved in 10 mL methanol 

(Merck, Jerman). The solution was macerated for 24 hours at 25°C and centrifuged at 4000 
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rpm for 10 minutes (Eppendorf 5804 R, Jerman). The supernatant was stored at 4°C for later 

use in the assay. 

2.6 Antioxidant assay 

The Antioxidant activity was assessed using the 2,2- diphenyl-1-picrylhydrazyl (DPPH) 

method according to Roudbari et al. [9] with some modification. First, 0.5 mL of gummy 

candy extract was combined with 2.5 mL of methanolic DPPH solution (0.1 mM) at 25°C. 

The solution was homogenized and incubated in a dark room for 45 minutes. The absorbance 

was recorded using a UV/Vis Spectrometer at 517 nm. The antioxidant activity was 

expressed as percent inhibition of DPPH radical in accordance to equation (1): 

Inhibition (%) = (A0 – A1)/ A0 × 100             (1) 

A0 represent the absorbance of DPPH solution with absence of the gummy candy extract 

and A1 represent the absorbance of DPPH solution with the sample extract. 

The total phenolic content (TPC) was assessed using the Folin-Ciocalteu method described 

by Ali et al. [1] with some modification. First, 0.1 mL of gummy candy extract was mixed 

with 0.5 mL of Folin-Ciocalteu reagent (50%) and covered with parafilm. After 4 minutes, 1 

mL of Na2CO3 solution (7.5% w/v) and 2 mL of distilled water was added to the solution. The 

solution was homogenized and incubated for 60 minutes at 25°C. The absorbance was 

measured using a UV/Vis spectrometer at 765 nm. The TPC value was determined using a 

gallic acid standard curve with a concentration of 0-300 ppm (R2=0.9971). The analysis was 

conducted in three repetitions with result expressed as mg GAE/ g sample.  

Flavonoid content (FC) was determined using the spectrophotometric method based on 

previous research [10]. First, 0.5 mL of sample extract was combined with 0.15 mL of NaNO2 

aqueous solution (15% w/v) and 2 mL of distilled water. After 6 minutes, 0.15 mL of AlCl3 

aqueous solution (10% w/v) was added. The solution was homogenized and allowed to stand 

for another 6 minutes. Subsequently, 2 mL of NaOH aqueous solution (15% w/v) was added 

and homogenized. The solution was incubated for 15 minutes in dark and the absorbance was 

measured using a UV/Vis spectrometer at 510 nm. The FC value was determined using a 

quercetin standard curve with a concentration of 0-1000 ppm (R2=0.9996). The analysis was 

conducted in three repetitions with result expressed as milligram of quercetin equivalent per 

gram sample. 

2.7 Sensory evaluation 

Sensory evaluation was conducted with 105 untrained panelists consisting of students in 

BINUS University within the age of 18-23. The evaluation includes assessment towards 

color, aroma, tactile, taste, chewy texture, and overall liking. A 9-point hedonic scale was 

utilized for this analysis, with (1) as dislike extremely and (9) as like extremely [1]. 

2.8 Statistical analysis 

All data were presented as mean ± standard deviation in the tables. Data analysis was 

performed using IBM SPSS v25. All data (n>3) was analyzed using one-way ANOVA 

method with further analysis using Tukey- HSD test at significance level of 5% (α = 0.05). 
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3 Results and Discussion 

The moisture content of gummy candy demonstrated in Table 2 shows that the application of 

betel leaf extract caused a significant increase in gummy candy moisture content in 

comparison to control and commercial (CM) samples (p-value<0.05). The addition of betel 

leaf extract at the end of the cooking process without further heating treatment may 

contributed to the increasing amount of moisture content in the samples [11]. Moisture 

content is a critical quality parameter as it may contribute on products texture and shelf-life. 

The Indonesia National Standard (SNI) stated that the maximum moisture content for gummy 

candy is 20%. However, Table 2 showed that the gummy candy developed in this research 

exceeded the maximum threshold. 

Table 2. Moisture content and texture analysis of gummy candy. 

Samples Moisture Content (% wb) Hardness Force (N) 

Control 24.45±0.78b 0.75 ± 0.02bc 

F1 25.84±0.30c 0.73 ± 0.02abc 

F2 26.58±0.46cd 0.72 ± 0.03ab 

F3 27.27±0.18d 0.71 ± 0.02a 

CM 13.35±0.17a 0.77 ± 0.06c 

Note: Control (0% BLE), F1 (5% BLE), F2 (7.5% BLE), F3 

(10% BLE), CM (commercial). Difference in letters superscript (abcd) in the same column show 

significant difference at significance level of 5% (α = 0.05). 

 

The betel leaf and globe amaranth extract used in this study are liquid-based, which could 

be primary factors on the elevated moisture content observed in control, F1, F2, and F3 

samples. Additionally, a study by Pocan et al. [12] mentioned that gummy candy with shorter 

period of cooling time exhibits higher moisture content. Extending the cooling time period 

could potentially help to further reduce the product’s moisture content, ensuring alignment 

with the established quality standards. 

 

 

Fig. 1. Gummy candy; (a) control (0% BLE); (b) F1 (5% BLE); (c) F2 (7.5% BLE); (d) F3 (10% 

BLE); (e). CM (commercial). 

Table 2 shows the effect of betel leaf application on gummy candy towards hardness force. 

The increase of betel leaf extract concentration in F1, F2, and F3 shoows no significant 

difference in gummy candy hardness force. However, F3 demonstrated a significant 

difference in hardness force towards control and CM samples, while F2 showed a significant 

difference compared to CM. Studies have reported that the difference in hardness force of 

gummy candy may be caused by differences in moisture content. The difference in 

ingredients, composition, and quality of raw materials can also be other factors that 

affect hardness force [13]. 
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Table 3. Color analysis of gummy candy. 

Samples 
Color 

L* a* b* 

Control 42.68±0.60c 21.87±1.28c 10.02±0.40a 

F1 40.84±0.72b 19.20±0.64b 14.00±1.26b 

F2 40.35±1.74b 18.32±0.60ab 16.95±1.57c 

F3 38.75±1.26a 17.23±1.14a 18.69±1.20d 

CM 39.99±0.92ab 41.77±0.82d 23.39±0.59e 
*Note: Control (0% BLE), F1 (5% BLE), F2 (7.5% BLE), F3 

(10% BLE), CM (commercial). Difference in letters superscript (abcd) in the same column show 

significant difference at significance level of 5% (α = 0.05). 

 

Based on the result presented in Table 3, the application of betel leaf extract in gummy 

candy (F1, F2, F3) showed a significant difference in L*, a*, and b* compared to control 

sample, with a decrease in lightness (L*) and redness (a*), and an increase in yellowness (b*). 

Additionally, gummy candy with betel leaf extract have a lower a* and b* value compared to 

CM sample. The difference in L* value may be attributed to the inherent brownish-green 

characteristics of the betel leaf extract. Additionally, Figure 1 displayed a red color in the 

formulated sample, mainly due to betacyanin content in the globe amaranth extract [4]. The 

difference in a* value might be related to the chlorophyll content in betel leaf extract [14]. 

Meanwhile, studies have reported several other pigments present in betel leaf extracts, 

including chlorophyll a, chlorophyll b, and carotenoids. The difference in b* value following 

the addition of betel leaf extract in gummy candy maybe caused by the presence of 

chlorophyll b and carotenoids in the extracts. 

Table 4. Antioxidant activity, total phenolic content (TPC), and flavonoid content (FC) of gummy 

candy. 

Samples DPPH Inhibition (%) TPC (mg GAE/ g) FC (mg QE/ g) 

Control 26.57±1.47b 1.53±0.07a 0.15±0.04a 

F1 68.32±4.45c 4.65±0.35b 2.65±0.17b 

F2 86.05±3.35d 6.38±0.39c 3.82±0.27c 

F3 93.30±0.53e 8.16±0.47d 6.57±0.46d 

CM 8.42±0.57a - - 

*Note: Control (0% BLE), F1 (5% BLE), F2 (7.5%BLE), F3 (10% BLE), CM (commercial). Difference 

in letters superscript (abcd) in the same column show significant difference at significance level of 5% 

(α = 0.05). 

 

The antioxidant analysis of gummy candy is shown in Table 4. Betel leaf extract 

application significantly impacted the antioxidant activity of gummy candy in comparison to 

control and CM samples (p-value<0.05), showing an increase in DPPH radical inhibition 

percent along with the addition of betel leaf extract. Furthermore, the data demonstrated that 

the incorporation of betel leaf extract affects the total phenolic and flavonoid content of 

gummy candy, highlighting the same trends towards the antioxidant activity. This shows a 

linear correlation between total phenolic and flavonoid content towards antioxidant activity. 

Jandu et al. reported a similar finding, in which the application of betel leaves in sev, a 

traditional indian snack, resulted in an increase in antioxidant activity, total phenolic, and 

total flavonoid content. Previous studies have identified various phenolic and flavonoid 

content in betel leaf, including eugenol, hydroxychavicol, chavibetol, quercetin, estragol, and 

cathecin [3, 15]. These bioactive components are reported to exhibit antioxidant properties, 

leading to an increase in antioxidant activity along with the increasing concentration of betel 

leaf extract in the sample [5]. 
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Figure 2 showed no significant effect on betel leaf extract concentration towards overall 

liking of the product. Despite that, gummy candy enriched with betel leaf extract shows lower 

overall liking compared to control and CM samples, which may be influenced by the color, 

aroma, and taste attributes that shows similar outcomes. The difference in liking towards 

color may be related to the lightness of the product. Consumers preference towards aroma 

and taste can potentially be influenced by the distinctive aroma and taste of betel leaf. Biswas 

et al. mentioned that betel leaf has a strong and pungent aroma, mainly caused by the presence 

of phenolic compound. Meanwhile, studies has reported that tannin, eugenol, and chavibetol 

in betel leaf are characterized by a bitter taste. The presence of these components may be the 

key factors for the lower consumer preference towards aroma and taste attribute of gummy 

candy with betel leaf extract. Additionally, no significant difference was observed in liking 

towards tactile and chewy texture attributes between F1, F2, and F3 samples and the control 

sample.  

F2 and F3 showed significantly higher acceptance towards chewy texture compared to 

CM sample. This result can potentially be caused by the softer and more chewy 

characteristics of F2 and F3. 

 

Fig. 2. Sensory evaluation of globe amaranth gummy candy with betel leaf extract; Control (0% BLE), 

F1 (5% BLE),  F2  (7.5%  BLE),  F3  (10%  BLE),  CM (commercial). Difference in letters superscript 

(abcd) show significant difference at significance level of 5% (α = 0.05). 

4 Conclusion 

In conclusion, the application of betel leaf extract resulted in an increase antioxidant activity, 

total phenolic content, total flavonoid content, and moisture content. An increase in moisture 

content is undesirable as it may higher the risk of microorganism growth. In contrast, the 

application of betel leaf extract result in a decrease in hardness force and overall 

acceptability. The addition of betel leaf extract influenced the color characteristics of gummy 

candy, resulting in a decrease in L* and a* values, while increasing the b* value. This 

research suggests that incorporating 10% betel leaf extract in gummy candy provides the best 

physicochemical characteristics, with the highest antioxidant activity of 93.30 ± 0.53% 

without significantly affecting sensory properties. Further research on improving the 

moisture content can be conducted by concentrating the extract and extending the cooling 

time. Future research could focus on improving aroma and taste to increase overall liking 

through the addition of masking agents and flavour enhancers. 
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