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ABSTRACT

Red chili (Capsicum annuum L.) powder is highly susceptible to degradation due to the instability of 
capsaicin, its primary bioactive compound. Therefore, this study aims to evaluate the effect of Arabic gum 
concentrations as a coating agent on the physicochemical characteristics of encapsulated red chili powder. 
The study procedures were carried out using a Completely Randomized Design (CRD) with 6 levels of 
Arabic gum concentration, such as 0% as a control, 0.3%, 0.6%, 0.9%, 1.2% and 1.5%. Data were then 
analyzed using Analysis of Variance (ANOVA) at the 1% and 5% levels to determine the effect among 
treatments. Subsequently, the analysis was followed by Duncan’s New Multiple Range Test (DNMRT) at the 
5% significant level. The results showed that Arabic gum significantly affected encapsulation performance. 
The optimal treatment was obtained at 0.9% Arabic gum, with a yield of 74.01% and color parameters of 
L 33.07, a* 19.33, and b* 14.33. Moisture content, solubility, encapsulated capsaicin (CE), total capsaicin 
(CT), and encapsulation efficiency were 12.83%, 83.61%, 0.73 mg/g, 7.85 mg/g, and 9.26%, respectively. 
In conclusion, the use of Arabic gum at a concentration of 0.9% effectively enhanced physical and chemical 
stability of red chili powder through improved encapsulation characteristics. These results confirm its 
potential as a functional encapsulating agent in spice powder formulation, particularly for applications in 
food and nutraceutical industries.
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INTRODUCTION

Curly red chili (Capsicum annuum L.) is widely 
cultivated in Indonesia and valued for its distinctive 
pungency, aroma, and red pigment, making it essential 
in the food industry as a seasoning, natural colorant, 
and functional ingredient (Novitasari, 2018; Ahmad et 
al., 2021). However, the fresh curly red chili contains 
more than 90% water, making it highly perishable with 
a postharvest loss rate reaching up to 40% (Anjayani & 

Ambarwati, 2021). This significant loss shows the need for 
proper postharvest handling and processing technologies 
to extend shelf life and maintain product quality.

According to previous studies, curly red chili 
contains the active compound capsaicin at 0.430-0.923 
mg/g (Ferniah et al., 2018), which is unstable, volatile, 
and easily degradable during the storage process (Renate 
et al., 2014). One of the key bioactive compounds in 
red chili is capsaicin, a phenolic alkaloid responsible 
for its spiciness and biological activity. Capsaicin has 
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shown antioxidant, antimicrobial, and anti-inflammatory 
properties that are valuable in functional foods and 
health-related applications (da Silva Anthero et al., 
2022; Timilsena et al., 2020). However, it is thermolabile 
and highly sensitive to oxidation, light, and moisture 
during drying and storage, which leads to significant 
degradation and loss of functionality over time (Ferniah 
et al., 2018; Renate et al., 2014). Therefore, further 
technology is needed to protect it from damage through 
encapsulation techniques (Palupi et al., 2014). 

Encapsulation is widely applied to protect 
sensitive bioactive compounds, such as capsaicin from 
degradation during processing and storage (Aminah & 
Hersoelistyorini, 2021). One of the popular encapsulation 
methods is coagulation, which has the advantage of 
being relatively cheap, easy to use, and able to produce 
capsules that preserve, enhance efficiency, and support 
controlled release of the core substance (Napiórkowska 
& Kurek, 2022). 

Several studies have reported the use of various 
encapsulating agents for curly red chili or capsaicin. 
Palupi et al., (2014) used 5% sodium alginate 
combined with photo-oxidized tapioca starch that has 
been exposed to light-induced oxidation to enhance 
its film-forming properties, resulting in a moderate 
encapsulation efficiency value of 29.409%. Another 
study on red chili powder by Rosida et al., (2019) 
using Arabic gum, maltodextrin coating agents (90:10), 
and 25% powdered red chili resulted in an efficiency 
of 64.436%. However, the study did not explore the 
individual contribution of Arabic gum.

The process of encapsulating active compounds, 
such as sensitive capsaicin, requires a biodegradable 
coating material that can form a film layer encasing the 
core material. The material must also be able to mix 
with the core substance chemically without any chemical 
reaction (Mahmudah, 2015). The concentration of coating 
material plays an important role in encapsulation process. 
A high concentration increases the emulsion viscosity, 
making atomization more difficult and potentially causing 
wall matrix deformation, such as puffing, ballooning, or 
cracking (Zen et al., 2021). These results suggest that 
Arabic gum has potential as encapsulation agent for 
curly red chili powder, but its concentration-dependent 
effects have not been systematically evaluated. Previous 
studies often employed Arabic gum in combination with 
other agents, leaving a gap in understanding its sole 
performance in encapsulating capsaicin. Therefore, a 
focused investigation is needed to examine the specific 
impact of its concentration on encapsulation efficiency, 
stability, and capsaicin preservation in curly red chili 
powder.

Arabic gum, a natural complex polysaccharide 
composed mainly of arabinogalactan protein (AGP), 

has been frequently used as encapsulating agent due 
to its excellent emulsifying, film-forming, and water-
soluble properties (Idrus, 2013; Napiórkowska & 
Kurek, 2022). The amphiphilic structure of the material 
enables it to stabilize emulsions and form protective 
barriers around core materials. The combination of 
Arabic gum and Alginate (0.8%:1.5% w/v) in Abdin 
et al., (2021) produced encapsulation efficiency of 
91.17% for anthocyanin extract. However, the effect 
of varying Arabic gum concentrations on encapsulation 
performance of curly red chili powder has not been 
thoroughly studied. Although the agent has emulsifying 
properties, this study did not evaluate emulsion 
stability or droplet size directly. The main focus was on 
encapsulation performance based on physicochemical 
parameters, such as moisture content, solubility, yield, 
color values, capsaicin content, and encapsulation 
efficiency. Therefore, this study aims to evaluate the 
effect of Arabic gum concentration as a coating agent 
on physicochemical characteristics of encapsulated 
curly red chili powder and to identify the optimal 
concentration that yields the highest encapsulation 
efficiency, stability, and capsaicin retention. 

METHODS

Materials
The raw materials used in this study included 

fresh curly red chili (TM99 variety, Indonesia) with 
several specifications, namely average length of 10 to 
12 cm, weight of 8 to 10 g per fruit, bright red color 
at full maturity, and harvested at 80 to 85 days after 
planting. These specifications were selected to ensure 
the consistency and quality of capsaicin content. Other 
materials included aquadest (Smart Lab, Indonesia), 
sodium alginate (Sigma-Aldrich, St. Louis, MO, USA), 
CaCl₂ 0.1 M (Merck, Germany), Arabic gum (Sigma-
Aldrich), standard capsaicin (EMD Millipore, USA), and 
absolute ethanol (Merck, Germany).

Tools used included oven (Memmert, Germany), 
color reader (Lovibond, China), 60 mesh sieves (BBS, 
Indonesia), blender (Philips, Netherland), analytical 
scales (Ohauss, United States of America), syringe 
(Terumo, Indonesia), beaker cups (Iwaki, Indonesia), 
measuring cups (Iwaki, Indonesia), measuring flasks 
(Iwaki, Indonesia), hot plate stirrer (B-One, United 
States of America), filter paper No.42 (Whatman, 
Britain) and UV-Vis spectrophotometer (Labomed Inc, 
United States of America). 

Study Design
The study design followed a Completely Randomized 

Design (CRD), using different concentrations of Arabic 
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gum (% b/v) as treatments. Each treatment was repeated 
3 times, producing 18 experimental samples overall. 
P0 = No Addition of Arabic Gum
P1 = 0.3% Arabic Gum (Arabic gum 0.3 g into 100 mL 

of aquadest solvent)
P2 = 0.6% Arabic Gum (Arabic gum 0.6 g into 100 mL 

of aquadest solvent)
P3 = 0.9% Arabic Gum (Arabic gum 1.5 g into 100 mL 

of aquadest solvent)
P4 = 1.2% Arabic Gum (Arabic gum 1.2 g into 100 mL 

of aquadest solvent)
P5 = 1.5% Arabic Gum (Arabic gum 1.5 g into 100 mL 

of aquadest solvent)

Curly Red Chili Powder Method
Fresh curly red chili were cleaned, sorted, and their 

stems were removed. Chili was dried in an oven at 65 
°C for 7 hours, then ground and sieved to obtain curly 
red chili powder with a mesh size of 60. The resulting 
powder exhibited a moisture content of approximately 
13%, which was consistent with the results of Murti 
(2017) under similar drying conditions (Murti, 2017). 

Encapsulation Method
Encapsulation materials used comprised Arabic 

gum with concentrations of 0.3, 0.6, 0.9, 1.2, and 1.5 g, 
sodium alginate 1.5 g, and 1 g of curly red chili powder. 
Furthermore, the process began by heating 100 mL of 
aquadest prepared in a 500 mL volume beaker glass 
using a hot plate stirrer. Arabic Gum was added based 
on the treatment levels and stirred at 65 °C until fully 
dissolved. Subsequently, this mixture was left to stand at 
ambient conditions for half an hour. Alginate was added 
at a fixed concentration to all treatments and stirred with 
a magnetic stirrer until homogeneous. This formulation 
approach followed the complex coacervation method 
used by Palupi et al. (2014). Arabic gum concentration 
functioned as the sole variable in this study, while 

alginate remained unchanged for every formulation. 
The control treatment contained only sodium alginate 
without the addition of Arabic gum. Furthermore, red 
chili powder was added and stirred until homogeneous. 
Approximately 100 mL of CaCl2 0.1 M was prepared in 
a 500 mL beaker and stirred using a magnetic stirrer. 
A 0.1 M calcium chloride (CaCl₂) solution was used as 
a crosslinking agent to induce gelation between sodium 
alginate and calcium ions, following the complex 
coacervation method adapted from Palupi et al. (2014). 
This concentration was selected to ensure sufficient 
crosslinking for bead formation without causing structural 
brittleness. The solution of encapsulated curly red chili 
powder was put into a syringe and dripped into CaCl2 
solution to ensure that beads were produced, and after 
the drip was completed, it was left to stir for 5 minutes. 
Subsequently, the solution was filtered with a stainless 
steel strainer. Beads were placed on aluminum foil on 
a baking sheet and placed in a 45 °C oven to dry for 5 
hours. These dried encapsulated curly red chili powder 
beads were packed in plastic ziplock bags and stored 
at room temperature in a sealed desiccator to prevent 
moisture absorption before further analysis (Palupi et 
al., 2014). The formulation for making powdered curly 
red chili encapsulation was found in Table 1.

Yield
Encapsulation yield was calculated by comparing 

the dry weight of encapsulated curly red chili powder 
to the total weight of the initial encapsulating materials, 
multiplied by 100% (Palupi et al., 2014). The dry weight 
was obtained by correcting the final encapsulated 
weight with moisture content using the Equation 1. 
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	 (1)

This parameter reflected the process efficiency 
in converting the initial formulation into a dry powder, 

Table 1.  Curly red chili powder encapsulated formulation
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Encapsulation materials Aquadest 
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excluding water content, which was essential in 
determining encapsulation performance and process 
effectiveness. 

Moisture Content
Moisture content of encapsulated chili powder 

was assessed by the oven-drying method. Aluminum 
dish was preheated at 105 °C for 1 hour, cooled in a 
desiccator for 15 minutes, and weighed to obtain the 
dish weight. A 1 g sample of encapsulated curly red 
chili powder was then added, and the dish was weighed 
again to obtain the initial sample weight. The sample 
was dried in an oven at 105 °C for 3 hours, cooled in a 
desiccator for 15 minutes, and reweighed. Furthermore, 
the drying process was repeated in 30-minute intervals 
until a constant weight was reached. Moisture content 
was determined based on the weight loss and reported 
as a percentage (AOAC, 2005). 

Solubility
Solubility of encapsulated red chili powder was 

evaluated using the gravimetric approach, calculated 
from the undissolved residue’s weight remaining on the 
surface of filter paper. Initially, the filter paper underwent 
pre-drying at 105 °C for 30 minutes. A 1 g sample of 
encapsulate was dissolved in 100 mL of distilled water, 
then filtered using the pretreated filter paper. After 
filtration, the paper containing the residue was oven-dried 
at 105 °C for an hour and subsequently set in a desiccator 
for 15 minutes. The final weight of the filter paper with 
the retained residue was then recorded (AOAC, 1984). 
The formula of the solubility using Equation 2.
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content using Equation 3.
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RESULTS AND DISCUSSION

Yield of Encapsulated Curly Red Chili Powder
The yield of encapsulated curly red chili powder 

was significantly affected by the concentration of Arabic 
gum used as a wall material (Fcal > Ftable at the 1% 
level), as presented in Table 2. Based on DNMRT test (p 
< 0.05), the yield at a 1.2% Arabic gum concentration 
did not significantly differ from those at 0.6% and 
0.9%, but it was significantly different from the 0%, 
0.3%, and 1.5% concentrations. Compared to the 
control (0%), encapsulate yield at 0.3%, 0.6%, 0.9%, 
1.2%, and 1.5% concentrations decreased by 6.83%, 
8.73%, 10.11%, 9.98%, and 15.41%, respectively. The 
decrease in yield showed that the presence of Arabic 
gum slightly reduced material recovery, due to increased 
wall thickness and retention of liquid in the matrix.  
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The decrease in yield was caused by the high 
viscosity of Arabic gum, ensuring that it interfered with 
the atomization process and resulted in the formation of 
large and long droplets. This caused the drying speed to 
decrease to ensure that encapsulated yield decreased 
(Zen et al., 2021). The high viscosity of Arabic gum was 
due to its having arabinogalactan protein (AGP) and 
glycoprotein (GP) groups that acted as emulsifiers and 
thickeners (Zen et al., 2021). 

A similar decline in encapsulation yield with 
increasing wall material was observed by Khasanah 
et al. (2015) in cinnamon leaf oleoresin microcapsules 
using maltodextrin and gum Arabic, where higher 
coating material content led to increased viscosity 
and lower recovery. Furthermore, Palupi et al. (2014) 
reported that the coacervation method using alginate 
and oxidized tapioca also showed reduced yields at 
higher wall material concentrations due to aggregation 
and loss during bead formation. Zen et al. (2021) found 
that high concentrations of coating agents could trap 
excess moisture or cause inefficient film formation, 
reducing the recovery of encapsulated turmeric extract. 

These results showed that optimal concentrations 
were essential to achieve a balance between matrix 
stability and recovery efficiency. In this study, the 
0.3–0.9% Arabic gum range resulted in a higher yield 
than 1.5%, suggesting that moderate gum addition was 
more effective for encapsulation using the coacervation 
method. 

 While Arabic gum was beneficial for improving 
encapsulation integrity and bioactive protection, this 
result showed a trade-off between improved matrix 
functionality and recovery efficiency. Therefore, 
yield alone could not be used as a sole indicator of 
encapsulation success but must be interpreted alongside 
encapsulation efficiency (EE) and core retention 
indicators such as capsaicin content.

The addition of Arabic gum increased the viscosity 
of encapsulation solution, which could have interfered 
with the sedimentation process or caused partial loss 
of the microcapsules during separation steps. Similar 
results were reported by Palupi et al. (2014), who 
emphasized that coacervation efficiency was influenced 
by the viscosity of the wall material solution.

Moisture Content of Encapsulated Curly Red Chili 
Powder

Moisture content was a crucial parameter in 
evaluating the quality and stability of encapsulated 
powders, specifically in terms of shelf life and microbial 
safety. As shown in Table 2, moisture content of 
encapsulated curly red chili powder varied significantly 
with different concentrations of Arabic gum. The results 
from DNMRT test at the 5% significance level suggested 
that moisture content at 0% Arabic gum concentration 
(without any Arabic gum) was not significantly different 
from those at concentrations of 0.3%, 0.6%, 0.9%, and 
1.5%, but it differed significantly from the 1.2% Arabic 
gum concentration.

Overall, moisture content tended to decrease with 
rising Arabic gum concentra containing 0.3%–1.2% 
Arabic gum exhibited lower moisture levels, indicating 
improved drying performance. However, at 1.5%, a 
slight increase in moisture (12.67%) was observed, 
suggesting that overly viscous matrices could hinder 
water evaporation during the drying process. This 
decrease was attributed to the formation of a denser, 
less porous encapsulation matrix by Arabic gum, which 
promoted more efficient water release during drying 
(Khasanah et al., 2015).  

Arabic gum’s complex molecular structure 
and hydrophilic branching groups enhanced water 
interaction during encapsulation but also contributed 
to improved drying when the matrix became compact 

Table 2. Average yield, moisture content, and solubility data of encapsulated red chili powder with various 
arabic gum concentrations

Concentration of 
arabic gum

Encapsulated powder 
yield (%)

Moisture content of 
encapsulated powder (%)

Solubility of encapsulated 
powder (%)

0% 82.33±0.39d 13.88±0.54d 78.73±0.85a

0.3% 76.71±1.41c 12.92±0.42cd 81.82±0.34cd

0.6% 75.13±1.37bc 11.90±0.69bc 82.33±0.66cd

0.9% 74.01±1.33b 12.83±0.27bc 83.61±0.54d

1.2% 74.10±0.65b 10.79±0.60a 81.60±0.62c

1.5% 69.64±0.29a 12.67±0.64bc 80.14±0.92b

Note: Values within the same row marked with different letters showed a significantly different (p > 0.05)
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(Abdin et al., 2021). At Arabic gum concentration of 1.2%, 
encapsulation matrix became denser and less porous, 
facilitating more efficient water release during the drying 
process. This resulted in lower residual moisture content 
in the final product. However, at 1.5%, moisture content 
slightly increased (12.67%), likely due to excessive 
viscosity and hindered evaporation. Low moisture 
content values could slow the growth of microorganisms 
and contribute to a decrease in the rate of degradation of 
encapsulated compounds (da Silva Anthero et al., 2022).  

Moisture content was a critical parameter affecting 
powder stability, particularly in relation to shelf life 
and microbial growth. In this study, moisture content 
decreased with increasing Arabic gum concentration, 
with the lowest value recorded at the 1.2% treatment 
(Table 2). This suggested that Arabic gum improved the 
drying efficiency of encapsulated material, possibly by 
creating a more cohesive and less porous matrix that 
retained less water.  

These results were consistent with Palupi et al. 
(2014), where wall materials with good film-forming 
ability contributed to lower residual moisture content 
and improved powder flowability. Therefore, the 
observed moisture values confirmed that encapsulation 
system used in this study was appropriate for producing 
microbiologically stable powder products with acceptable 
shelf life. Similarly, Khasanah et al. (2015) found that 
increasing gum concentrations reduced water retention 
up to a point, beyond which too much gum caused 
encapsulation inefficiencies. In another study, Zen et al. 
(2021)  noted that lower water content in encapsulated 
turmeric powder improved powder handling and 
prevented microbial growth. 

The decreased moisture content observed in this 
study supported the effectiveness of Arabic gum in 
forming protective, stable encapsulation matrices under 
the coacervation method. Low residual moisture ensured 

longer shelf life, less stickiness, and reduced risk of 
degradation or microbial spoilage.

Solubility of Encapsulated Curly Red Chili 
Solubility was related to the capability of the powder 

to be dispersed in water (da Silva Anthero et al., 2022). 
In this study, solubility reflected the powder ability to 
disperse rapidly and completely in water, indicating good 
matrix integrity and low cross-linking density. Solubility 
was significantly influenced by Arabic gum concentration 
(Fcal > Ftable at 1%), with the highest value recorded at 
0.9% (Table 2). For solubility, the increase compared to 
control was 3.93% (0.3%), 4.57% (0.6%), and 6.20% 
(0.9%), showing that moderate gum concentration 
enhanced powder rehydration. However, at 1.2% and 
1.5%, solubility dropped slightly, possibly due to excess 
coating material inhibiting dispersibility. 

The high solubility observed at 0.9% Arabic gum 
suggested that the wall material formed a well-balanced 
structure, enabling efficient hydration and dissolution. 
This trend suggested that Arabic gum enhanced 
powder solubility by improving the hydrophilicity and 
dispersibility of encapsulating matrix. Its function 
as an emulsifier and film-forming agent enabled the 
formation of porous, water-accessible structures that 
facilitated dissolution. This result was consistent with 
Rosida et al. (2019), who demonstrated that Arabic gum 
improved the solubility and reconstitution behavior of 
microencapsulated chili powder. Higher solubility was 
essential to ensure efficient release of core bioactive 
compounds, particularly capsaicin, during application in 
food formulations (Zen et al., 2021). 

Color of Encapsulated Curly Red Chili Powder
ANOVA showed that the L*, a*,b* color parameters 

of encapsulated curly red chili powder were significantly 

Table 3. Color attributes (L*, a*,b*) of encapsulated red chili powder with various concentrations of 
arabic gum concentration

Concentration of arabic 
gum

Value
L* a* b*

0% 36.5±0.40c 23.23±0.15b 17.57±0.31b

0.3% 31.36±0.72ab 18.30±1.3a 12.30±1.32a

0.6% 31.60±1.15ab 21.50±1.39b 14.13±1.59a

0.9% 33.07±2.35a 19.33±2.15ab 14.33±0.67a

1.2% 30.40±0.70b 19.27±0.57ab 13.03±1.11a

1.5% 32.20±2.90ab 18.43±1.07ab 13.53±1.98a

Note: Values within the same row marked with different letters show a significantly different (p > 0.05)
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influenced by the varying concentrations of Arabic gum 
(Fcal > Ftable at 1%), as shown in Table 3. 

L* Value (brightness)
L* color intensity showed a brightness level 

or brightness that ranged from 0 to 100. When the 
number was closer to 0 means that a darker color 
and numbers up to 100 will display a brighter color 
(Rosida et al., 2019). In this study, increasing Arabic 
gum concentration was associated with a decrease 
in L* values, suggesting that encapsulated powder 
became darker with more coating material. 

As shown in Table 3, variations in Arabic gum 
concentration significantly influenced the L* value 
of encapsulated red chili powder. According to the 
results of DNMRT at the 5% significance level, 
the L* value at 0% Arabic gum (control) differed 
significantly from those obtained with concentrations 
of0.3%, 0.6% 0.9%, 1.2% and 1.5%. This decrease 
was attributed to the increased deposition of wall 
material, which thickened the outer matrix layer and 
reduced surface reflectance. The thicker the layer 
formed during coacervation, the more light was 
absorbed rather than reflected, leading to a darker 
visual appearance. 

This trend was consistent with results by Palupi 
et al. (2014), who observed that the brightness of 
encapsulated red chili powder decreased as the 
thickness of the alginate–tapioca oxidate coating 
increased. Similarly, Rosida et al. (2019) reported that 

turmeric powder encapsulated with polysaccharide-
based materials exhibited lower L* values due to 
pigment entrapment and lower light scattering. 

From a technological standpoint, darker powder 
color was still acceptable for applications where visual 
intensity was desired, such as spicy flavor blends or 
concentrated pastes. However, lower L* values could 
limit the use of such powders in products requiring 
bright visual appeal, such as seasoning sachets or dry 
soup mixes. The sample with 0% Arabic gum retained 
the brightest color (L* = 36.5), while 1.2% Arabic gum 
yielded the darkest (L* = 30.40), reflecting this trade-off. 

a* Value (redness)
a* value represented the redness intensity of a 

color, where higher values showed more intense red 
hues (Rosida et al., 2019). In this study, Arabic gum 
concentration had a limited effect on a* value of 
encapsulated red chili powder. As shown in Table 3, 
a* value for the control (0%) was 23.23, and ranged 
between 18.30 and 21.50 for the treated samples. 

According to DNMRT analysis at the 5% 
significance level, only the 0.3% Arabic gum treatment 
showed a significant difference from the control, while 
the other treatments (0.6%, 0.9%, 1.2%, and 1.5%) 
were statistically similar. This suggested that Arabic 
gum concentration did not drastically alter the redness 
of the powder, except at very low levels. 

The preservation of a* values across treatments 
showed that Arabic gum acted as a protective coating, 
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minimizing the degradation of red pigments such as 
capsanthin and capsorubin during the drying process. 
These results were supported by  Zen et al. (2021), 
noting that encapsulation using biopolymers such 
as Arabic gum maintained pigment integrity under 
thermal conditions.

Rosida et al. (2019) demonstrated that Arabic 
gum’s film-forming capability limited oxidative 
degradation of carotenoids, while Palupi et al. (2014) 
found that biopolymer encapsulation reduced thermal 
damage to red pigments. Although the a* values in this 
study were slightly lower than those reported by Zen 
et al. (2021) in spray-dried microcapsules, the use of 
oven drying in this process explained this difference in 
pigment retention efficiency.

Although there was a slight decrease in redness 
with increasing Arabic gum concentration, the values 
remained in an acceptable visual range for powdered red 
chili products. As a result, this consistency was important 
for ensuring product color stability and consumer appeal, 
particularly when the powder was used as a coloring or 
flavoring agent in food applications. This was crucial for 
ensuring consumer appeal and consistent visual quality 
in spice-based powder products. 

b* Value (yellowish)
b* value represented the yellowness of the 

powder, where higher values indicated a stronger yellow 
hue (Rosida et al., 2019). In this study, b* value of 
encapsulated red chili powder ranged from 12.30 to 
17.57, showing that the control (0%) treatment had the 
highest yellowness, while gum-treated samples exhibited 
slightly lower and more stable values (Table 3).  

Based on DNMRT follow-up test at the 5% 
significance level, b* value at a 0.3% Arabic gum 
concentration was not significantly different from those 

at concentrations of 0.6%, 0.9%, 1.2%, and 1.5%, 
but it was significantly different from the control (0% 
Arabic gum). Although there was no consistent upward 
or downward trend, the treatments with 0.6% and 
0.9% Arabic gum showed a moderate increase in b* 
compared to the lowest value at 0.3%. This variation 
suggested that Arabic gum influenced the final color 
attributes by partially masking or altering the natural 
carotenoid content, possibly due to its intrinsic opacity 
and color (Noviyani et al., 2022).  

The stabilization of b values across treatments 
reflected the role of Arabic gum in limiting thermal 
degradation of carotenoid pigments. In red chili 
(Capsicum spp.), carotenoids such as capsanthin and 
capsorubin were the principal red pigments, while 
carotenoids, including lutein and β-carotene, contributed 
to the yellow component of the color. Similar protective 
effects of polysaccharide wall materials on pigment 
retention were reported for encapsulated red chili (Palupi 
et al., 2014), and gum arab was also shown to improve 
retention of heat-sensitive compounds in other matrices 
(e.g., phenolics in cocoa extracts; Zen et al., 2021). 

The addition of Arabic gum concentration did not 
differ significantly from the value of b* encapsulation 
of red chili powder. Arabic gum, as a coating material, 
formed texture and film, as well as bound and emulsified 
well. This was to ensure that Arabic gum maintained the 
yellow color pigment of powdered red chili by protecting 
the core material from the process of destructive change 
(Zen et al., 2021). 

Capsaicin Levels of Encapsulated Curly Red Chili 
Powder

Capsaicin was the principal bioactive compound in 
red chili, responsible for its pungency and therapeutic 
potential. In encapsulated products, the retention of 

Table 4. Data analysis of encapsulated capsaicin (CE), total capsaicin (CT), and encapsulation efficiency 
(EE) of red chili encapsulated powder with increased arabic gum concentration

Concentration of arabic gum CE (mg/g) CT (mg/g) Encapsulation efficiency (%)
0% 0.87±0.02c 11.52±0.44e 7.53±0.43a

0.3% 0.84±0.02c 10.41±0.37d 8.09±0.08ab

0.6% 0.77±0.03bc 8.64±0.30c 8.94±0.09b

0.9% 0.73±0.06b 7.85±0.38b 9.26±0,41b

1.2% 0.63±0.06a 7.16±0.33a 8.84±0,63b

1.5% 0.59±0.02a 7.36±0.21ab 7.98±0,54a

Note: - Values in the same row with different letters are significantly different (p > 0.05).
- CE indicates the level of capsaicin encapsulated.
- CT shows total levels of capsaicin.
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capsaicin was critical to ensure both functional and 
sensory quality. In this study, 3 parameters, namely 
Encapsulated Capsaicin (CE), Total Capsaicin (CT), and 
Encapsulation Efficiency (EE), were used to evaluate 
the effectiveness of encapsulation process. Their 
interrelation provided insight into how well the matrix 
traps and protects capsaicin during drying. 

In Table 4, it was evident that variations in 
Arabic gum concentration significantly influenced both 
encapsulated capsaicin content (CE) and the total 
capsaicin content (CT) in encapsulated curly red chili 
powder. The data showed that the CE value peaked at 
0.3% (0.84 mg/g) and then decreased progressively 
at higher concentrations. Similarly, CT values declined 
from 11.52 mg/g in the control to 7.16 mg/g at 
1.2%, showing a loss of total capsaicin as Arabic 
gum concentration increased. Arabic gum has a high 
viscosity, during the drying process, it made the formed 
skin layer firm, ensuring that the core material was 
protected (Rosida et al., 2019). 

Encapsulated capsaicin (CE) was the amount of 
capsaicin trapped inside the capsule matrix. Products 
with a high CE showed that capsaicin was well protected 
by coating material (Rosida et al., 2019). The core 
material that was not perfectly encapsulated remained 
on the surface of the matrix wall (Timilsena et al., 
2020). Total capsaicin (CT) referred to the total capsaicin 
present in encapsulation product, both inside the matrix 
and on the surface of the capsule wall. Arabic gum as a 
coating agent formed a film and provided good binding 
and emulsifying properties, enabling it to protect the 
core material from degradation (Zen et al., 2021). 

Although higher Arabic gum concentrations (0.6–
1.2%) increased the amount of wall material, the total 
capsaicin content (CT) significantly decreased. This was 
attributed to dilution effects, increased matrix thickness 
leading to uneven drying, or the possible degradation of 
capsaicin during thermal processing at higher viscosity 
levels. Furthermore, when CT declined while EE remained 
relatively stable or decreased slightly, it implied that the 
actual amount of capsaicin retained in the beads was 
reduced, not only encapsulation efficiency. 

The lowest capsaicin content observed in the 
control treatment, which lacked Arabic gum, showed 
higher susceptibility to degradation due to insufficient 
encapsulant protection. This result was consistent with 
Palupi et al. (2014), who reported that encapsulation 
materials with higher matrix integrity could better 
retain heat-sensitive compounds. Therefore, increasing 
Arabic gum concentration enhanced encapsulation 
matrix and improved chemical stability of capsaicin, 
contributing to the functional value of the powder for 
food applications. 

The highest CE was observed at 0.3% Arabic 
gum concentration, suggesting that this formulation 
produced the most efficient entrapment of capsaicin 
in the matrix. This could be due to an optimal wall-
to-core ratio that allowed proper droplet formation and 
network solidification during coacervation. At this level, 
the matrix was likely sufficiently dense to encapsulate 
active compounds without excessive viscosity that could 
hinder proper mixing or droplet formation.

Encapsulation Efficiency of Encapsulated Curly 
Red Chili 

Encapsulation efficiency was a key indicator of 
the success of encapsulation process, representing the 
proportion of bioactive compounds successfully trapped in 
the wall matrix relative to the total core material. A higher 
EE showed a more effective barrier against environmental 
degradation and greater functional stability of the final 
product (da Silva Anthero et al., 2022).  

The high percentage of encapsulation efficiency 
that occurred functioned optimally (Zen et al., 2021). 
A low encapsulation efficiency compromised the 
stability of the product, as the active compounds were 
less protected against environmental factors during 
storage. Therefore, recent studies on micro- and 
nanoencapsulation in food science prioritized enhancing 
encapsulation efficiency and prolonging shelf life (Zabot 
et al., 2022). 

In this study, Arabic gum concentration had a 
significant effect on EE (Fcal > F_able at 1%), with 
values ranging between 6.59% and 9.26% (Table 4). 
The highest EE was achieved at 0.9% Arabic gum, 
which did not differ significantly from 0.3%, 0.6%, and 
1.2%, but was significantly higher than both the control 
(0%) and the 1.5% treatment. 

The increase in EE up to 0.9% could be 
attributed to Arabic gum’s excellent emulsifying and 
film-forming properties. Its branched polysaccharide 
structure supported the formation of a dense matrix 
capable of entrapping core compounds efficiently 
during coacervation. At moderate concentrations, this 
structure allowed for stable emulsions and efficient 
bead formation, thereby minimizing capsaicin diffusion 
during drying (Palupi et al., 2014; Rosida et al., 2019). 
Abdin et al. (2021) noted that the highest encapsulation 
efficiency of anthocyanin extract encapsulation was 
achieved with a value of 91.17% at a concentration of 
sodium alginate and Arabic gum of 1.5:0.8 g/100 mL.

A decline in encapsulation efficiency (EE) was 
observed at 1.5% Arabic gum. This decline could be 
mechanistically explained by an excessive increase 
in solution viscosity at high gum concentrations, 
which impaired effective emulsification and droplet 
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formation during coacervation, leading to irregular wall 
development and greater capsule porosity. In turn, such 
structural heterogeneity limited moisture release during 
drying and promoted active compound loss, reducing 
capsaicin retention. These mechanisms were supported 
by prior observations that formulation viscosity and 
wall-material proportion strongly influenced bead 
formation and core retention (Palupi et al., 2014; Abdin 
et al., 2021). The highest encapsulation efficiency 
of anthocyanin extract encapsulation, with a value 
reported that the effect of gum arab on retention of 
heat-sensitive constituents depended on both matrix 
composition and processing conditions (Zen et al., 
2021).  Therefore, increasing coating concentration did 
not linearly improve EE, instead, an optimal wall-to-
core ratio was required to balance matrix cohesiveness 
and processing efficiency. 

These results suggested that EE was not simply 
enhanced by increasing coating material concentration. 
An optimal gum level was essential to balance matrix 
cohesiveness and processing efficiency. This was 
consistent with previous studies (Abdin et al., 2021; 
Zen et al., 2021), emphasizing that excessively viscous 
encapsulant solutions impaired structural uniformity 
and led to reduced core retention. 

In summary, 0.9% Arabic gum provided the 
most effective encapsulation system for capsaicin in 
curly red chili powder, combining high retention with 
efficient matrix formation. Maintaining this balance was 
essential for developing encapsulated products with 
high bioactive stability and extended shelf life.

CONCLUSION

In conclusion, the concentration of Arabic gum 
as a coating agent influences various encapsulation 
characteristics of red chili powder, including yield, 
moisture content, solubility, color parameters (L, a, 
b*), capsaicin content, and encapsulation efficiency 
(EE). Arabic gum coating agent with a concentration 
of 0.9% is the treatment that exhibits the best 
characteristics with a yield value of 74.01%; L*33.07; 
value a*19.33; value b*14.33; moisture content 
12.83%; solubility 83.61%; capsaicin encapsulated 
(CE) 0.73 mg/g; total capsaicin (CT) 7.85 mg/g; and 
encapsulation efficiency 9.26%. These results show 
that the use of Arabic gum at optimal concentration 
improves encapsulation performance, offering potential 
for application in spice powder processing industries to 
enhance product shelf-life and preserve the stability 
of bioactive compounds such as capsaicin during 
storage and distribution. The results emphasize the 
importance of optimizing wall material concentrations 

to achieve desirable encapsulation outcomes. The 
implications of this study extend to the food industry, 
where microencapsulation using Arabic gum was used 
to protect sensitive bioactive compounds like capsaicin, 
extend shelf life, and enhance the functional properties 
of powdered food products intended for storage and 
commercial distribution. 
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