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ABSTRACT  Article History 
The objective of this study was to develop a foam-mat spicy seasoning powder from chili 
placenta, a by-product of processed vegetables and fruits, to identify the appropriate type and 
amount of foaming agents to obtain a product with good physicochemical properties. Six 
foaming agents were evaluated: Methocel™, egg albumin, various ratios of Methocel™ and egg 
albumin, distilled monoglyceride, maltodextrin, and sodium chloride. The most effective 
formulation consisted of Methocel and egg albumin in a 2:1.5 ratio, supplemented with 1.5% 
distilled monoglyceride, 15% maltodextrin, and 5% sodium chloride.  After drying at 70°C for 3  
hours, the obtained product had a solubility of 86.23% , a dispersibility of 0.236 % , a total 
phenolic content of 1.382mg gallic acid equivalents per gram (eq./g), a DPPH antioxidant activity 
of 261.18µg Trolox eq./g, and a capsaicin content of 3, 163.67  SHU, which was at a moderate 
spiciness level. The product demonstrated a shelf life of at least two months and met 
microbiological safety standards, indicating its potential for development as a commercial 
seasoning derived from agricultural by-products. 
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INTRODUCTION 

 
Chili pepper (Capsicums pp.)  is one of the most 

significant economic crops of Thailand, and its special 
organoleptic qualities and health advantages have been 
known for centuries. (Olatunji and Afolayan, 2018; 
Cervantes-Hernández, 2019). Apart from their practical use 
in daily cookery, chili peppers can be utilized as raw 
materials in other industries, including the manufacturing of 
pharmaceuticals, cosmetics, and animal feed (Chakrabarty 
et al., 2017). They are known for their hotness, which 
increases appetite through a neurotransmitter chemical 
mechanism. Capsicum species are rich in phytochemicals, 
including capsaicinoids, capsinoids, carotenoids, flavonoids, 
vitamins, essential oils, and others. These phytochemicals 
give the plants their special characteristic flavor and smell 
and are beneficial for health (Loizzo et al., 2015; Aranha et 
al., 2017).  Capsaicinoids consist of  two main congeners, 
namely capsaicin and dihydrocapsaicin. The two main 
chemicals that are similar to capsinoids are capsiate and 
dihydrocapsiate (Huang et al., 2014). Capsaicin is an active 

substance responsible for their hotness and burning 
sensation. In addition, chili peppers contain other 
substances known as capsaicinoids with structural 
similarities to capsaicin derivatives, which give them a spicy 
flavor. The variety, cultivation area, growing conditions, and 
maturity all affect the content of capsaicinoids in chili 
peppers (Luo et al., 2011; Sun et al., 2016; Sun et al., 2023). 
The Scoville heat unit (SHU), the primary metric used to 
indicate the capsaicinoid content of chili peppers and 
regulate the quality of each chili variety sold in the global 
market, is used to determine the spiciness of chili peppers. 
The Scoville Scale or Scoville test was first developed in 
1912 by Wilbur Scoville. There are five levels of spiciness 
classified using SHU: non spiciness (0–700 SHU; 0-
4.4mg/100 g), mildly spiciness (700–3,000SHU; 4.4-
18.8mg/100 g), moderately spiciness (3,000–25,000 SHU; 
18.8-156.3mg/100 g), highly spiciness (25,000–70,000 SHU; 
156.3-437.5mg/100 g) and very highly spiciness (>80,000 
SHU; >500 mg/100 g) (Weiss, 2002; Magied et al., 2014; 
Ahmad et al., 2020). The SHU levels of chili placenta and 
seeds are usually higher than those of the pericarp because  
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capsaicinoids are found in higher concentrations in the 
placenta and seeds, while the pericarp contains 
comparatively lower amounts (Khanema et al., 2024). 

The chili pepper placenta is the internal white pith or 
central tissue of the chili pepper, which connects the seeds 
to the fruit’s pericarp (the fleshy outer part). It is an 
important part of the chili because it contains a high 
concentration of capsaicinoids. As a result, the placenta 
gives chili peppers their hotness, not the pericarp or exocarp 
(Meckelmann et al., 2013). Besides contributing to the heat, 
the placenta also contains various bioactive compounds 
such as vitamins, antioxidants, and other phytochemicals 
that provide health benefits (Cervantes-Hernández 2019; 
Tanaka et al., 2021). In the chilled and frozen minimally 
processed chili industry in Thailand, the red chili fruits are 
sliced and separated, and the core and seeds, or the 
placenta, are discarded. The placenta from chilies is 
regarded as a waste that may be utilized as a valuable raw 
material in several industries in the future.  

Several previous studies have been carried out on chili 
drying, with some focusing on drying the whole fruit (Yap et 
al., 2022; Krzykowski et al., 2024) and others only on the 
seeds (Sun et al., 2024). The methods employed include hot 
air drying and freeze-drying (Materska, 2014; Yap et al., 
2022). However, there are no previous studies or 
publications have specifically investigated the drying 
process of chili placenta. This research focuses on the 
utilization of chili residues (placenta), which reduces 
processing waste and promotes efficient use of resources. 
The use of the foam-mat drying technique is a method that 
converts liquid into foam before drying. This technique has 
several advantages, such as reducing drying time, 
maintaining the quality of bioactive substances, and 
enabling the final product to have properties suitable for 
use as a dietary supplement or health food. Using the foam-
mat drying process increases the surface area for heat and 
mass transfer by converting liquids or viscous materials into 
foam, which accelerates drying.  The characteristics of the 
foam, which has a higher surface area than general liquids, 
allow for efficient heat transfer and moisture evaporation, 
resulting in a reduction in drying time and energy 
consumption compared to spray drying and freeze drying 
methods (Khatri et al., 2024; Qadri et al., 2020). It also uses 
lower temperatures than spray drying, so it can reduce the 
loss of nutrients and flavors (Buljat et al., 2019). The dried 
product obtained from foam-mat drying is a foam with a 
high porosity structure, which is water-soluble, suitable for 
high-viscosity liquids such as concentrated juice or mixed 
milk products, which may not be suitable for other drying 
methods (Dehghannya et al., 2018; Franco et al., 2016; 
Shameena Beegum et al., 2022). 

Foam mat-dried food powder is a high-quality product 
that can be created by selecting the proper forming process, 
forming agent, forming stabilizer, foaming time, drying 
method, and temperature (Salahi et al., 2015; Hardy and 
Jideani, 2017). Foaming agents added to the food are 
responsible for foaming and keeping the foam from 
collapsing for a longer period. The most common foaming 
agents utilized in the foam-mat drying process include 
MethocelTM, egg albumin, glyceryl monostearate, 
maltodextrin, soy protein isolate, sodium caseinate, 

methylcellulose, distilled monoglyceride, and sodium 
chloride (Sangamithra et al., 2015; Chandrasekar et al., 2015; 
Ng and Sulaiman, 2018). Drying conditions and foam 
stability impact the quality of the final product, as foam 
collapse during drying can reduce the moisture evaporation 
rate and affect the quality of the resulting product. The 
factors affecting foam-mat drying include the type and 
quantity of the foaming agent, the concentration of liquid 
food, the foaming method and time, the thickness of the 
foam layer before drying, and the foam drying conditions 
(Franco et al., 2017). 

The objective of this study is to develop a high-quality 
seasoning powder that imparts spiciness to food by utilizing 
chili placenta derived from chilled and frozen minimally 
processed waste generated by the industries. This study 
investigates the effects of various foaming agents, namely 
Methocel™, egg albumin, distilled monoglyceride, 
maltodextrin, and sodium chloride in different formulations 
on the physicochemical properties and overall quality of the 
foam-mat dried spicy seasoning powder produced from 
chili placenta. 
 
MATERIALS & METHODS 

 
Preparation of the Placenta of Chili Pepper and Forming 
Agent 

The chili pepper placenta (Capsicum spp.), a by-
product from the trimming process of a chilled fresh-cut 
processing plant for chili peppers in Pathum Thani 
Province, Thailand, was placed in plastic bags weighing 5 
kg each, sealed, and packaged in foam boxes covered with 
ice to maintain a temperature at approximately 7 to 10°C. 
The chili pepper placenta is shown in Fig. 1. Methocel™, 
egg albumin, distilled monoglyceride, maltodextrin, and 
sodium chloride were purchased from Krungthepchemi 
Co., Ltd. (Bangkok, Thailand). 
 

 
 
Fig. 1: The chili pepper placenta, a by-product from the trimming process of 
a chilled fresh-cut processing. 
 
The Types and Concentrations of Foaming Agents 
Suitable on the Foam Properties 

To develop a stable chili placenta foam, four 
experiments were conducted to study the effects of various 
additives on foam properties. The same base procedure was 
applied in all experiments. The filtrate obtained from 1kg of 
chili pepper placenta, homogenized with water at a 1:1  ratio, 
was used. A 100g portion of the filtrate was mixed with 
selected additives and whipped into foam using a stand 
mixer (KitchenAid, Model K5SS, St. Joseph, MI, USA) 
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equipped with a whisk attachment at the highest speed for 
10min. Foam characteristics, including foam density )Bag et 
al., (2011, foam stability (Ng and Sulaiman, (2018, and foam 
overrun (Inchuen and Duangkhamchan, 2021) were then 
evaluated. The experimental design for foaming agent 
optimization at each step is shown in Table 1. Each 
experiment used the optimal result from the previous step 
to build upon the formulation of the foam. 
 
Physical Properties of Foam-mat Dried Chili Placenta 
Powder 

The chili placenta foam obtained from Step 2.2 was 
placed in a cotton bag that had a metal head with a circular 
opening that was 5mm in diameter. The chili placenta foam 
was squeezed onto a stainless-steel tray and dried at 70°C 
for 3 hours in a hot air oven or until the mixture was 
completely dry and its final moisture content did not exceed 
6%. Following a   cool-down, the samples were ground and 
sieved through a standard 100-mesh sieve using a sieve 
shaker (Retsch ASTM, Model AS 200, Germany). The ground 
samples were vacuum-sealed after being placed in plastic 
bags. The chili placenta powder was measured for water 
activity (aw) using a water activity meter (Aqualab model 
4TE), and  moisture content was determined following the 
AOAC methods (AOAC, 2019). The color values using a 
colorimeter (Hunter Lab model AMT 501, USA). The color 
values were reported in Commission Internationale de 
l'Éclairage (CIE) chromaticity coordinates, lightness (L∗), 
redness (a∗), and yellowness (b∗), solubility, and 
dispersibility were analyzed according to Koç, et al. (2014). 
The total phenolic content was analyzed following the 
method of Ti et al. (2014) and Qi et al. (2019) using the Folin-
Ciocalteau method. Gallic acid was used as the standard, 
and the results were expressed as mg of gallic acid 
equivalents/100g of the dry sample weight. DPPH free 
radical scavenging activity was analyzed according to Zhang 
et al. (2014). and capsaicin content using a chili-heat 
detector (Capsella, Model CA-300). The analysis was 
reported in Scoville Heat Units (SHU).  
 
Microbiological Properties of Foam-mat Dried Spicy 
Seasoning Powder from Chili Placenta during 2 Months 

The samples of foam-mat dried spicy powder made 
from chili placenta were placed in aluminum foil bags and 

stored at 27±2°C. The microbiological properties of the 
samples, including total plate count and yeast and mold 
counts, were analyzed according to Food and Drug 
Administration's Bacteriological Analytical Manual; BAM 
method) (Maturin and Peeler, 2001) at 2-week intervals for 
2 months (weeks 0, 2, 4, 6, and 8).  
 
Statistical Analysis 

The data obtained in this study were expressed as 
mean±SD and statistically analyzed using analysis of 
variance (One-way ANOVA) by the SPSS statistical program 
version 18. The differences between the means were 
determined by the Duncan Multiple Range Test (DMRT) at a 
level of P≤0.05. 
 
RESULTS & DISCUSSION 

 
Methocel™, egg Albumin, and Methocel™+egg Albumin 
on the Physical Properties of Chili Placenta Foam 

The study indicated that the foaming properties of chili 
placenta foam produced using three foaming agents, 
namely Methocel™, egg albumin, and Methocel™+egg 
albumin, in terms of foam density, foam overrun, and foam 
stability, were significantly different (P≤0.05) (Table 2). 

However, stability, which is one of the crucial physical 
properties of foam, was non-measurable at all levels of 
MethocelTM and egg albumin, as the results indicate 
MethocelTM and egg albumin could not produce stable 
foams. The highest foam density was observed in the foam 
produced using MethocelTM+egg albumin in a 1.5:1.5 ratio, 
followed by the foams produced using MethocelTM+egg 
albumin in 1.5:3, 2:1.5, and 2:4.5 ratios. There was a 
significant difference in the foam density of the chili 
placenta between different types and concentrations of 
foaming agents. The increase in the foaming agent 
concentration caused a decrease in the foam. The foam 
density decreased as a result of the foam volume 
expanding. According to Ratti and Kudra (2006), foamed 
materials typically have a foam density of 0.3 to 0.6g/cm3, 
which is lower than that of non-foam materials and Ng and 
Sulaiman (2018) reported that the increase in the types and 
concentrations of foaming agent caused a decrease in the 
foam  density  of  beetroot  samples.  The  restriction  of the 

 
Table 1: Experimental design for foaming agent optimization 
Step Foaming agent Concentration Levels and method 
2.2.1 Methocel™, egg albumin, Methocel™ + egg albumin - Methocel™ (1.0, 1.5, 2.0%), Egg albumin (1.5, 3.0, 4.5%) and Methocel™ + egg albumin (1:1.5, 

1:3, 1:4.5, 1.5:1.5, 1.5:3, 1.5:4.5, 2:1.5, 2:3, and 2:4.5) 
- Whip for 10min, at the highest speed. 
- Analyze: Foam density, Foam overrun, Foam stability 
- Select optimal foaming agent for next step 

2.2.2 Distilled monoglyceride - Mix optimal foaming agent + distilled monoglyceride 0.5, 1.0, 1.5, 2.0% (w/w) 
- Whip for 10min (same method) 
- Analyze: Foam density, Foam overrun, Foam stability 
- Select optimal distilled monoglyceride level for next step  

2.2.3 Maltodextrin - Mix optimal foaming agent + monoglyceride + maltodextrin 5, 10, 15, 20% (w/w) 
- Whip for 10min (same method) 
- Analyze: Foam density, Foam overrun, Foam stability 
- Select optimal maltodextrin level for next step  

2.2.4 Sodium chloride - Mix optimal foaming agent + previous additives + sodium chloride 1, 3, 5% (w/w) 
- Whip for 10min (same method) 
- Analyze: Foam density, Foam overrun, Foam stability 
- Select optimal sodium chloride level  
- the all-optimum quantity of foaming agent was chosen to next process in step 2.3 
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Table 2: Effects of methocel™ and egg albumin on foam density, foam overrun, and foam stability of chili placenta foam 
Foaming Agent Concentration (%) Foaming Properties 

Form density (g/cm3) Foam overrun (%) Form stability (%) 
 
MethocelTM  

1 0.295±0.09b 259.317±5.11a Non-measurable 
1.5 0.320±0.01a 232.100±4.77b Non-measurable 
2 0.312±0.07a 212.833±7.73c Non-measurable 

Egg albumin 
 

1.5 0.116±0.02a 757.657±8.96c Non-measurable 
3 0.096±0.01b 930.383±9.77b Non-measurable 
4.5 0.079±0.02c 1,156.277±2.02a Non-measurable 

 
 
 
 
MethocelTM + egg albumin 
 

1:1.5 0.322±0.06e 194.890±7.73b 52.67±0.01a 
1:3 0.313±0.02e 196.640±8.21b 64.05±0.01b 
1:4.5 0.273±0.08f 247.515±6.85a 69.22±0.01b 
1.5:1.5 0.546±0.07a 73.165±6.47ef 50.81±0.01a 
1.5:3 0.498±0.02b 84.795±4.25def 65.54±0.03b 
1.5:4.5 0.457±0.04c 103.420±7.50d 64.01±0.02b 
2:1.5 0.486±0.06b 93.020±4.58de 84.04±0.04c 
2:3 0.372±0.02d 146.450±3.50c 80.75±0.01c 
2:4.5 0.487±0.04b 70.540±9.82f 85.22±0.01c 

Values (mean+SD) with different letters in the same column are significantly (P≤0.05) different. 
 
foaming agent’s passage from the aqueous phase to the air-
aqueous interface was the reason for the high foam density 
at low foaming agent concentrations. Because foam has a 
huge surface area for drying air, its low density can help 
accelerate the process of water removal during drying 
(Kumar et al., 2023). In terms of foam overrun, the highest 
foam overrun was observed in the foam produced using 
MethocelTM+egg albumin in a 1:4.5 ratio, followed by the 
foams produced using MethocelTM+egg albumin in 1:1.5 
and 1:13 ratios. The foams with the lowest foam overrun 
were obtained when MethocelTM+egg albumin (at 
concentrations of 1.5:1.5, 1.5:3, and 2:4.5) was used as a 
foaming agent. The characteristics of foam density, foam 
stability, and foam overrun are important to the drying 
process of foam mat and significantly impact the quality of 
the dried powder. A low-density foamed material indicates 
the presence of more air contained in the foam, supporting 
greater removal of water during the heating process. Foam 
density and foam overrun have an inverse relationship and 
a measure of foam-generating efficiency (Inchuen and 
Duangkhamchan, 2021). For foam mat drying, high-quality 
foam is defined as having a minimum density, a maximum 
foam overrun, and maximum foam stability or a drainage 
rate. Foam stability reflects the rate of drainage. Foam 
material with a high rate of drainage or large drainage 
volume is unstable because it is unable to maintain the open 
pore structure throughout the dry process (Eadmusik et al., 
2024). Foam stability, MethocelTM and egg albumin 
(foaming agent) showed non-measurable foam stability, 
while MethocelTM+egg albumin showed higher foam 
stability and increasing the concentrations of foaming 
agents can enhance foam stability. There were numerous 
little air bubbles on the surface of the chili placenta foam 
when it was beaten. This is because a higher protein 
concentration in egg albumin causes the film thickness at 
the interface, which aids in coating and stabilizing the air 
bubbles. The formation of porous bubbles can increase the 
surface area exposed to air, which will accelerate the drying 
process. The creation of form will be influenced by 
temperature and the amount of lipids, salt, acid, and sugar 
in the food matrix (Shahidi and Pan, 2022). However, chili 
placenta foam containing MethocelTM+egg albumin was 
more stable than chili placenta foam with MethocelTM and 
egg albumin. 

The resulting foams must have an optimum foam 
density, foam overrun and foam stability, considering the 
foam overrun and foam stability. Therefore, based on the 
results obtained, among the various foaming agents used 
for this experiment, MethocelTM+egg albumin in a 2:1.5 
ratio was chosen as the foaming agent that meets the 
optimum foam density, foam overrun, and foam stability 
requirements. This foaming agent was then used to 
determine the optimum quantity of distilled monoglyceride 
in the subsequent experiment. 
 
Distilled Monoglyceride on the Physical Properties of 
Chili Placenta Foam 

The study on various levels of distilled monoglyceride 
(0.5, 1.0, 1.5 and 2.0%) found that using distilled 
monoglyceride in combination with 2:1.5 MethocelTM+egg 
albumin as foaming agents had an effect on the foam 
density, foam stability, and foam overrun of chili placenta 
foam (P≤0.05) (Fig. 2). The foams produced using 0.5, 1, and 
2% distilled monoglyceride showed the highest foam 
density, followed by the foam produced using 1.5% distilled 
monoglyceride, which showed the lowest foam density. 
Meanwhile, when 1.5% distilled monoglyceride was used, 
the foam showed the highest stability, followed by the foam 
produced using 1 and 2% distilled monoglyceride, while 
0.5% demonstrated the lowest foam stability. However, 
using 1.5% distilled monoglyceride resulted in the highest 
foam overrun and stability. After drying for 3 hours at 70°C 
using a hot air oven, the foam showed no collapse 
compared to the foam with high foam overrun. Therefore, 
1.5% distilled monoglyceride was chosen for the 
determination of the optimum quantity of maltodextrin in 
the subsequent experiment. 
 
Maltodextrin on the Physical Properties of Chili Placenta 
Foam 

The study on various levels of maltodextrin (5, 10, 15, 
and 20%) in combination with 2:1.5 MethocelTM+egg 
albumin and 1.5% distilled monoglyceride showed that all 
four levels of maltodextrin influenced the foam density, 
foam stability, and foam overrun (P≤0.05) (Fig. 3). The foam 
produced using 20% maltodextrin showed the highest 
foam density and stability, but the density was not different 
using 15%. When considering the highest foam density and  
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Fig. 2: Effects of distilled 
monoglyceride on foam density, 
foam overrun, and foam stability of 
chili placenta foam. Bar sharing 
different letters are significantly 
(P≤0.05).  
 

 

Fig. 3: Effects of maltodextrin on 
foam density, foam overrun and 
form stability of chili placenta 
foam. Bar sharing different letters 
are significantly (P≤0.05).  

 

 
foam stability, although the lowest foam overrun, the foam 
obtained was dense and stable. Therefore, the amount of 
maltodextrin of 15 % was chosen for the determination of 
the optimum quantity of sodium chloride in the 
subsequent experiment. 
 
Sodium Chloride, Maltodextrin, Distilled Monoglyceride 
on the Physical Properties of Chili Placenta Foam 

The study on different amounts of sodium chloride (1, 
3, and 5%) mixed with 2:1.5 MethocelTM+egg albumin, 1.5% 
distilled monoglyceride, and 15% maltodextrin found that 
all three levels of sodium chloride influenced the foam 
density and foam overrun (P≤0.05) but did not affect the 
foam stability (P>0.05) (Fig. 4). The foam produced using 5% 
sodium chloride showed the highest foam overrun and 
stability. However, the foam had low density. Therefore, a 
combination of 5% sodium chloride, 2:1.5 MethocelTM+egg 
albumin, 1.5% distilled monoglyceride, and 15% 
maltodextrin was suitable for producing foam-mat dried 
spicy powder made from chili placenta. 

The experimental results indicated that a combination 
of two or more foaming agents provided better results 
compared to a single foaming agent due to the synergistic 
effect of the two foaming agents. Methocel™ is a gum that 
has excellent binding properties, which improve emulsion 
stability. It also exhibits excellent gelling properties and can 
function as a surfactant, giving food a film-like consistency. 
Additionally, after drying, Methocel™ provides structural 
support to the foam, preventing the bubbles from 
collapsing. The dried foam has a porous structure, enabling 
faster permeation and dissolution. MethocelTM is therefore 
an ideal foam stabilizer for the foam-mat drying of foods. 
Meanwhile, when egg albumin is used as one of the 
foaming agents, it reduces the surface tension due to 
migration of foaming agents from the liquid phase to the 
continuous liquid-air interface, thus increasing the foaming 
ability and decreasing the foam density. Due to the strong 
relationship between solubility and foaming, foams with 
high egg albumin show better water solubility (Razi et al., 
2023).  A  study  by  Ng  and  Sulaiman (2018) found that the  
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Fig. 4: Effects of sodium 
chloride on foam density, foam 
overrun, and foam stability of 
chili placenta foam. Bar sharing 
different letters are significantly 
(P≤0.05).  
 

 
beetroot powder produced using 10g of egg albumin/100 
g of beetroot exhibited a lower recovery rate compared to 
the beetroot powder produced using 5g of egg 
albumin/100g of beetroot. However, due to the tiny particle 
size and low density of the final product after foam-mat 
drying, it floats on the liquid surface; each foaming agent 
must therefore be utilized in the right amount. Because the 
particles are very small and have no spaces between them, 
there is little to no water permeation among them. This 
condition contributes to uneven wetting and agglomeration 
of particles. The particles lose their dispersion qualities and 
dissolve slowly because their outer surface is wet while their 
inner core is not. Ezekiel et al. (2024) reported that glyceryl 
monostearate and egg albumin made the foam density of 
cowpea paste lower. Additionally, the foam with the most 
air mixed in and the lowest density was created using a mix 
of 3% sodium chloride and other foaming agents. However, 
it became less stable over time. This decline may be due to 
the reaction between sodium chloride and protein, since it 
produces a denser gel by increasing binding between gel 
and water molecules, decreasing the attraction between 
protein molecules, and deviating the pH value from the 
protein's isoelectric point (pI). According to Lee and Duggan 
(2022), the sample’s foam overrun increased as its salt level 
increased. This increase is due to the fact that the protein 
charges may interact with the salt’s positive and negative 
charges. This process facilitates adsorption at the air-water 
interface and stabilizes the foam by lowering the 
electrostatic repulsion in the protein molecules’ adsorption 
and non-adsorption regions. 
 
Physicochemical Properties of Foam-mat Dried Spicy 
Seasoning Powder 

The physicochemical properties of the spicy seasoning 
powder product produced using a combination of 2:1.5 
Methocel™+egg albumin, 1.5% distilled monoglyceride, 
15% maltodextrin, and 5% sodium chloride (Table 3), the 
resulting foam-mat dried spicy powder was a white-yellow 

crystalline flake with a slight reddish hue (Fig. 5). They had 
a moisture content of 2.986%, a water activity of 0.244, a 
capsaicin content of 3163.670 SHU, classified as a hot spicy 
powder (3,000-25,000 SHU), a solubility of 86.233%, a 
dispersibility of 0.236%, a total phenolic content of 1.382 mg 
gallic acid eq./g, and a DPPH free radical scavenging activity 
of 261.175µg Trolox/g. 
 
Table 3: Physicochemical properties of foam-mat dried spicy seasoning 
powder 
Physicochemical Properties Quantity 
Color measurements Lightness (L*) 64.633±0.90 

Redness (a*) 15.450±5.54 
Yellowness (b*) 38.837±0.80 

Water activity (aw) 0.244±0.01 
Moisture content (%)  2.986±0.88 
Solubility (%) 0.86±86.233  
Dispersibility (%) 0.236  ±0.01 
Total phenolic content (mg gallic acid eq./g) 1.382±0.08 
DPPH free radical scavenging activity (µg Trolox/g) 261.175±1.03 
Capsaicin content (SHU) 3,163.67±5.45 
Note: Mean±SD (n=3). 
 

 
 
Fig. 5: The foam-mat dried spicy seasoning powder from chili placenta using 
a combination of 2:1.5 Methocel™ and egg albumin, 1.5% distilled 
monoglyceride, 15% maltodextrin, and 5% sodium chloride, and drying it at 
70°C for 3 hours; (A): Foam-mat dried spicy seasoning powder (before fine 
grinding); (B): Foam-mat dried spicy seasoning powder (after fine grinding). 

 
The resulting foam-mat dried spicy powder was a 

white-yellow crystalline flake with a slight reddish hue 
derived from the red chili placenta paste. The foam-mat 
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dried food powder should have a solid-like glassy state, or 
the resulting powder should be hard and brittle like glass. 
Because of the restricted mobility of components, the 
physical, chemical, and microbiological properties of dried 
foods in a glassy state are usually extremely stable. In order 
to maintain the glassy state during prolonged storage, 
powder products should be kept at a temperature below 
their glass transition temperature (Tg). The glass transition 
temperature (Tg) of dried food depends on its composition, 
moisture content, or water activity (Joardder et al., 2024). 
With a moisture content of 2.986% and a water activity (aw) 
of 0.244, the spicy powder in this study is classified as a low 
moisture food powder that can be kept in its glassy state. 
The low moisture content of spicy powder may be due to 
the use of a combination of maltodextrin and other foaming 
agents. Maltodextrin has a low monosaccharide content, 
which facilitates moisture absorption and reduces 
agglomeration (Xiao et al., 2022). In addition, maltodextrin 
increases the solubility and density of the product. It also 
acts as a bulking agent, resulting in an increase in solid 
content and viscosity. The particles become bigger and 
heavier after drying, which raises the density (Nadali et al., 
2022), as density and solubility are strongly associated. 
During the dissolution of maltodextrin in water, wetting and 
gradual dispersion of the powder occur without 
agglomeration. The drying time of foam is therefore 
improved by using maltodextrin as a foaming agent. The 
resulting powder product in this study had a low moisture 
content. The particles of the powder product showed 
excellent solubility due to their rapid absorption of water. 
However, the total solubility is affected by chemical 
composition, size, shape, particle density, and physical state, 
such as temperature, dispersion of powder product in water, 
and adhesion of the food powder. Agglomeration of food 
powder reduces its solubility (Juarez-Enriquez et al., 202 2 .(  

In addition to moisture content, water activity also 
affects food stability. The water activity (aw) of dried food 
below 0.60 water activity will not have microbial 
proliferation (Rifna et al., 2022). In this study, the spicy 
power from chili placenta had a water activity (aw) of 0.244. 
And moisture content 2.986%. could help to enhance its 
shelf life. Agglomeration, stickiness, caking, and 
crystallization changes that can occur in amorphous food, 
potentially caused by the system's water activity at the glass 
transition temperature. Water activity in food powder 
production should be kept relatively low in comparison to 
traditional dried fruits and vegetables to ensure product 
stability during storage (Alp and Bulantekin, 2021) and 
water activity is a significant indicator of the deterioration 
of food products.  The chemical reaction rate is slower, and 
the microbial stability is relatively high when the water 
activity is less than 0.6 and the humidity is less than 10%. 
Thus, the deterioration occurring under this condition is the 
result of chemical reactions rather than microbial reactions 
(Aganovic et al., 2021). The capsaicin content is 3163.670 
SHU; this chili placenta-based spiciness is classified using 
Scoville heat units (SHU) as a spicy seasoning powder with 
a moderate spiciness (3,000–25,000 SHU). In three species 
(C. annuum, C. baccatum, C. chinense), C. chinense had the 
maximum amount of 1411.6mg/100g. C. annuum had a 

pungency level of 809.0mg/100g, while C. baccatum was the 
least pungent of the three species, with a value of 
711.7mg/100g. based on the value equivalent to ca. 250,000 
Scoville heat units (SHU) (Meckelmann et al., 2013). 

In addition, it showed a total phenolic content of 
1.382mg gallic acid eq./g and a DPPH free radical 
scavenging activity of 261.175µg Trolox eq./g. The 
antioxidants found in this seasoning powder provide users 
with additional benefits beyond its spiciness and burning 
sensation. A study by Meckelmann et al. (2013) found that 
C. chinense had the most total polyphenols at 3.69g gallic 
acid eq./100g and a Trolox equivalent antioxidant capacity 
(TEAC) value of 9.2mmol Trolox/100g, while three species 
(C. annuum, C. baccatum, C. chinense) had total polyphenols 
of 1.5 and 2.0g gallic acid eq./100g and 3.0 and 5.0mmol 
Trolox /100 g for TEAC value. According to Hervert-
Hernández et al. (2010), dried hot pepper (C. annuum) 
contained total phenolic content of 0.97−1.4g gallic acid 
eq./100g and 1.9−3.6mmol Trolox/100g.  
 
Microbiological Properties of Foam-mat Dried Spicy 
Seasoning Powder from Chili Placenta during 2 Months 
of Storage 

The microbiological properties of the foam-mat dried 
spicy seasoning powder from chili placenta over 2 months 
of storage showed that the total plate count in the spicy 
seasoning powder did not exceed 1x104 CFU/g, while its 
yeast and mold count were not detectable. 

After being stored for two months, the microbiological 
tests on the foam-mat dried spicy seasoning powder 
revealed that the total plate count and yeast and mold 
counts were in agreement with the Thai Agricultural 
Standard requirements for ground chilies (TAS 3004-2560), 
Thailand (TAS, 2017). According to this standard, the 
acceptable aerobic plate count for chili powder samples 
made from drying and grinding chili peppers is 5x105 
CFU/g, the unacceptable aerobic plate count is 5x106 CFU/g, 
the acceptable yeast and mold count is 1x102 CFU/g and the 
unacceptable yeast and mold count is 1x103 CFU/g. In 
addition, the Thai Community Product Standards for chili 
powder (ICS 492/2547) (ICS, 2004) stipulate that the total 
microbial count of chili powder must not exceed 4x105 
CFU/g, the Clostridium perfringens count must not be 
detected in 0.01g of sample, the most probable number of 
coliform organisms (MPN) must be less than 3 CFU/g, and 
the fungi count must not exceed 100 CFU/g. Therefore, it 
can be concluded that the foam-mat dried spicy powder 
product made from chili placenta has a microbiological 
quality that satisfies regulatory standards and is safe for 
customers. However, the product from this study has a 
bitter taste with a spicy flavor, hence, it is necessary to add 
additional seasoning to make the taste more palatable. 
Additionally, the product's spiciness is inconsistent, which 
necessitates controlling the production process by 
adjusting the ratio of water to chili core and limiting the 
selection to only 1-2 types of the most effective foaming 
agents. The results of this research show that the spicy 
seasoning powder developed from this study has the 
potential to be scaled up as a commercial product. The chili 
placenta, as a zero-cost raw material, is abundantly available 
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as an agricultural waste from current food production 
processes and falls under the category of upcycling or 
upcycled food. In addition, the product can be used in the 
food industry where natural spicy ingredients are required, 
such as in the processing of chili sauce, snacks, and healthy 
food seasonings (fat-burning). It can also be used with 
various types of light-colored foods without altering their 
color, but further studies are required to determine its 
viability. 
 
Conclusion 

The study on the type and concentration of foaming 
agents suitable for producing foam-mat dried spicy powder 
showed that a combination of 2:1.5 Methocel™ +egg 
albumin, 1.5% of distilled monoglyceride, 15% of 
maltodextrin, and 5% of sodium chloride was suitable for 
producing spicy powder made from chili placenta. After 
drying for 3 hours at 70°C, the spicy seasoning powder 
product has a moisture content of 2.986% and water activity 
(aw) of 0.244. The product had a solubility of 86.23%, a 
dispersibility of 0.236%, a total phenolic content of 1.382 mg 
gallic acid eq./g, a DPPH free radical scavenging activity of 
261.175µg Trolox eq./g, and a capsaicin content of 3,163.67 
SHU. Therefore, this chili placenta-based spiciness is 
classified using Scoville heat units as a spicy seasoning 
powder with a moderate spiciness (3,000-25,000 SHU). After 
2 months of storage, the total plate count was less than 
1x104 CFU/g, and yeast or mold was not found. Therefore, 
this foam-mat dried spicy seasoning powder product made 
from chili placenta has a microbial quality that satisfies 
regulatory standards and is safe for customers. 
 
DECLARATIONS 

 
Funding: This research was supported by the National 
Science, Research and Innovation Fund, Thailand Science 
Research and Innovation (TSRI), through Rajamangala 
University of Technology Thanyaburi (FRB65E0208) (Grant 
No. FRB650070/0168). 
 
Acknowledgement: This research was supported by the 
National Science, Research and Innovation Fund, Thailand 
Science Research and Innovation (TSRI), through 
Rajamangala University of Technology Thanyaburi 
(FRB65E0208) (Grant No. FRB650070/0168). 
 
Conflict of Interest: The authors declare no conflicts of 
interest. 
 
Data Availability: The data that support the findings of this 
study are available from the corresponding author upon 
reasonable request. 
 
Ethics Statement: This study did not require ethical review, 
as it did not involve human’s data or animal subjects. 
 
Author’s Contribution: Unchalin Singkhum: 
Conceptualization of study, conducted the study, 
compilation of data, supervision of research work, wrote the 
original draft, collected and analyzed data, reviewed and 

edited the manuscript. Nawaporn Lapsongphon: performed 
the statistical analysis and co-supervision of research work 
and guidance. 
 
Generative AI Statement: The authors declare that no Gen 
AI/DeepSeek was used in the writing/creation of this 
manuscript. 
 
Publisher’s Note: All claims stated in this article are 
exclusively those of the authors and do not necessarily 
represent those of their affiliated organizations or those of 
the publisher, the editors, and the reviewers. Any product 
that may be evaluated/assessed in this article or claimed by 
its manufacturer is not guaranteed or endorsed by the 
publisher/editors. 
 
REFERENCES 

 
Aganovic, K., Hertel, C., Vogel, R.F., Johne, R., Schlüter, O., Schwarzenbolz, U., 

Jäger, H., Holzhauser, T., Bergmair, J., Roth, A & Heinz, V. (2021). Aspects 
of high hydrostatic pressure food processing: Perspectives on 
technology and food safety. Comprehensive Reviews in Food Science 
and Food Safety, 20(4), 3225-3266. https://doi.org/10.1111/1541-
4337.12763  

Ahmad, A., Kastaman, R., & Mardawati, E. (2020). Standard level 
determination of pungency in Sambal Terasi (case of study: Warung 
Makan Betawi micro small medium enterprises). IOP Conference Series: 
Earth and Environmental Science, 443(1), 012040. 
https://doi.org/10.1088/1755-1315/443/1/012040 

Alp, D., & Bulantekin, Ö. (2021). The microbiological quality of various foods 
dried by applying different drying methods: a review. European Food 
Research and Technology, 247(6), 1333-1343. 
https://doi.org/10.1007/s00217-021-03731-z  

AOAC International (2019). Official methods of analysis of AOAC 
International. Association of Official Analytical Chemists International.  

Aranha, B.C., Hoffmann, J.F., Barbieri, R.L., Rombaldi, C.V., & Chaves, F.C. 
(2017). Untargeted metabolomic analysis of Capsicum spp. by GC–MS. 
Phytochemical Analysis, 28(5), 439-447. 
https://doi.org/10.1002/pca.2692. 

Bag, S.K., Srivastav, P.P., & Mishra, H.N. (2011).. Optimization of process 
parameters for Foaming of bael (Aegle marmelos l.) fruit pulp. Food and 
Bioprocess Technology, 4(8), 1450-1458. 
https://doi.org/10.1007/s11947-009-0243-6 

Buljat, A.M., Jurina, T., Jurinjak Tušek, A., Valinger, D., Gajdoš Kljusurić, J., & 
Benković, M. (2019). Applicability of Foam Mat Drying Process for 
Production of Instant Cocoa Powder Enriched with Lavender Extract. 
Food Technology and Biotechnology, 57(2), 159–170. 
https://doi.org/10.17113/ftb.57.02.19.6064 

Cervantes-Hernández, F., Alcalá-Gfonzález, P., Martínez, O., & Ordaz-Ortiz, J.J. 
(2019). Placenta, pericarp, and seeds of tabasco chili pepper fruits show 
a contrasting diversity of bioactive metabolites. Metabolites, 9(10), 206. 
https://doi.org/10.3390/metabo9100206 

Chakrabarty, S., Islam, A.M., & Islam, A.A. (2017). Nutritional benefits and 
pharmaceutical potentialities of chili: A review. Fundamental and 
Applied Agriculture, 2(2), 227-232. 

Chandrasekar, V., Gabriela, J.S., Kannan, K., & Sangamithra, A. (2015). Effect 
of foaming agent concentration and drying temperature on 
physiochemical and antimicrobial properties of foam mat dried 
powder. Asian Journal of Dairy Food Research, 34(1), 39. 
https://doi.org/10.5958/0976-0563.2015.00008.1 

Dehghannya, J., Pourahmad, M., Ghanbarzadeh, B., & Ghaffari, H. (2018). 
Influence of foam thickness on production of lime juice powder during 
foam-mat drying: Experimental and numerical investigation. Powder 
Technology, 328, 470-484. 
https://doi.org/10.1016/j.powtec.2018.01.034  

Eadmusik, S., Yangyuen, V., Jitpen, K., & Juthapong, K. (2024). Production of 
foam-mat dried chili shrimp paste and its properties. Food Research, 
8(3), 163-171. https://doi.org/10.26656/fr.2017.8(3).249  

Ezekiel, O.O., Adedeji, O.E., Ogungbade, B.A., Molade, L., & Ibrahim, A.O. 
(2024). Physicochemical properties of hibiscus Congestiflorus leaf and 
its potential in foam-mat drying of cowpea (Vigna unguiculata) paste. 
Journal of Culinary Science & Technology, 22(2), 351-371. 



Int J Agri Biosci, 2025, 14(6): 1329-1338. 
 

1337

https://doi.org/10.1080/15428052.2022.2048766  
Franco, T.S., Perussello, C.A., Ellendersen, L.N., & Masson, M.L. (2016). Effects 

of foam mat drying on physicochemical and microstructural properties 
of yacon juice powder. LWT-Food Science and Technology, 66, 503-513. 
https://doi.org/10.1016/j.lwt.2015.11.009  

Franco, T.S., Perussello, C.A., Ellendersen, L.N., & Masson, M.L. (2017). Effect 
of process parameters on foam mat drying kinetics of yacon 
(Smallanthus sonchifolius) and thin-layer drying modeling of 
experimental data. Journal of Food Process Engineering, 40(1), 12264. 
https://doi.org/10.1111/jfpe.12264  

Hardy, Z., & Jideani, V.A. (2017). Foam-mat drying technology: A review. 
Critical Reviews in Food Science and Nutrition, 57(12): 2560-2572. 
https://doi.org/10.1080/10408398.2015.1020359  

Hervert-Hernández, D., Sáyago-Ayerdi, S.G., & Goñi I, (2010). Bioactive 
compounds of four hot pepper varieties (Capsicum annuum L.). 
antioxidant capacity, and intestinal bioaccessibility. Journal of 
Agricultural and Food Chemistry, 58, 3399−3406. 
https://doi.org/10.1021/jf904220w  

Huang, W., Cheang, W.S., Wang, X., Lei, L., Liu, Y., Ma, K., Zheng, F., Huang, Y., 
& Chen, Z.Y. (2014). Capsaicinoids but not their analogue capsinoids 
lower plasma cholesterol and possess beneficial vascular activity. 
Journal of Agricultural and Food Chemistry, 62(33), 8415-8420. 
https://doi.org/10.1021/jf502888h  

Inchuen, S., & Duangkhamchan, W. (2021). Effects of operating conditions on 
quality attributes of instant brown rice porridge prepared by microwave 
assisted foam-mat drying. Engineering and Applied Science Research, 
48(6), 677-683. https://doi.org/10.14456/easr.2021.68  

Joardder, M.U.H., Bosunia, M.H., Hasan, M.M., Ananno, A.A., & Karim, A. 
(2024). Significance of glass transition temperature of food material in 
selecting drying condition: An In-Depth Analysis. Food Reviews 
International, 40(3), 952-973. 
https://doi.org/10.1080/87559129.2023.2204131 

Juarez-Enriquez, E., Olivas, G.I., Zamudio-Flores, P.B., Perez-Vega, S., 
Salmeron, I., Ortega-Rivas, E., & Sepulveda, D.R. (2022). A review on the 
influence of water on food powder flowability. Journal of Food Process 
Engineering, 45(5), e14031. https://doi.org/10.1111/jfpe.14031  

Khanema, P., Srisuwan, A., & Manasathien, J. (2024). Effects of different plant 
parts and solvents on bioactive compounds and antioxidation in large 
fruit Bird’s eye chili (Capsicum annuum L. cv. Superhot). Food Research, 
8(2), 209-218. https://doi.org/10.26656/fr.2017.8(2).621 

Khatri, B., Hamid, Shams, R., Dash, K.K., Shaikh, A.M., & Béla, K. (2024). 
Sustainable drying techniques for liquid foods and foam mat drying. 
Discover Food, 4(1), 166. https://doi.org/10.1007/s44187-024-00223-3  

Koç, B., Sakin-Yılmazer, M., Kaymak-Ertekin, F., & Balkır, P. (2014). Physical 
properties of yoghurt powder produced by spray drying. Journal of 
Food Science and Technology, 51, 1377-1383. 
https://doi.org/10.1007/s13197-012-0653-8  

Krzykowski, A., Rudy, S., Polak, R., Biernacka, B., Krajewska, A., Janiszewska-
Turak, E., Kowalska, I., Żuchowski, J., Skalski, B., & Dziki, D. (2024) Drying 
of Red Chili Pepper (Capsicum annuum L.): Process Kinetics, Color 
Changes, Carotenoid Content and Phenolic Profile. Molecules, 29(21), 
5164. https://doi.org/10.3390/molecules29215164 

Kumar, G., Kumar, N., Prabhakar, P.K., & Kishore, A. (2023). Foam mat drying: 
Recent advances on foam dynamics, mechanistic modeling and hybrid 
drying approach. Critical Reviews in Food Science and Nutrition, 63(26), 
8275-8291. https://doi.org/10.1080/10408398.2022.2053061 

Lee, J., & Duggan, E. (2022). Whey protein microgels for stabilisation of foams. 
International Dairy Journal, 132, 105399. 
https://doi.org/10.1016/j.idairyj.2022.105399  

Loizzo, M. R., Pugliese, A., Bonesi, M., Menichini, F., & Tundis, R. (2015). 
Evaluation of chemical profile and antioxidant activity of twenty 
cultivars from Capsicum annuum, Capsicum baccatum, Capsicum 
chacoense and Capsicum chinense: A comparison between fresh and 
processed peppers. LWT-Food Science and Technology, 64(2), 623-631. 
https://doi.org/10.1016/j.lwt.2015.06.042  

Luo, X.J., Peng, J., & Li, Y.J. (2011). Recent advances in the study on 
capsaicinoids and capsinoids. European Journal of Pharmacology, 
650(1), 1-7. https://doi.org/10.1016/j.ejphar.2010.09.074  

Magied, M.M.A., Salama, N.A.R., & Ali, M.R. (2014). Hypoglycemic and 
hypocholestero-lemia effects of intragastric administration of dried red 
chili pepper (Capsicum annum) in alloxan-induced diabetic male albino 
rats fed with high-fat-diet. Journal of Food and Nutrition Research, 
2(11), 850-856. https://doi.org/10.12691/jfnr-2-11-15  

Materska, M. (2014). Bioactive phenolics of fresh and freeze-dried sweet and 
semi-spicy pepper fruits (Capsicum annuum L.). Journal of Functional 
Foods, 7, 269-277. https://doi.org/10.1016/j.jff.2014.02.002  

Maturin, L.J., & Peeler, J.T. (2001). Bacteriological Analytical Manual (BAM). 
[online]. 

http://www.fda.gov/Food/ScienceResearch/LaboratoryMethods/Bacte
riological AnalyticalManualBA/UCM063346. [accessed 4 March 2022]. 

Meckelmann, S.W., Riegel, D.W., Van Zonneveld, M.J., Ríos, L., Peña, K., Ugas, 
R., Quinonez, L., Mueller-Seitz, E., & Petz, M. (2013). Compositional 
characterization of native Peruvian chili peppers (Capsicum 
spp.). Journal of Agricultural and Food Chemistry, 61(10): 2530-2537. 
https://doi.org/10.1021/jf304986q  

Nadali, N., Pahlevanlo, A., Sarabi-Jamab, M., & Balandari, A. (2022). Effect of 
maltodextrin with different dextrose equivalents on the 
physicochemical properties of spray-dried barberry juice (Berberis 
vulgaris L.). Journal of Food Science and Technology, 59(7), 2855-2866. 
https://doi.org/10.1007/s13197-021-05308-w  

Ng, M.L., & Sulaiman, R. (2018). Development of beetroot (Beta vulgaris) 
powder using foam mat drying. LWT-Food Science and Technology, 88, 
80-86.https://doi.org/10.1016/j.lwt.2017.08.032 

Qadri, O.S., Srivastava, A.K., & Yousuf, B. (2020). Trends in foam mat drying of 
foods: Special emphasis on hybrid foam mat drying technology. Critical 
Reviews in Food Science and Nutrition, 60(10), 1667-1676. 
https://doi.org/10.1080/10408398.2019.1588221  

Olatunji, T.L., & Afolayan, A.J. (2018). The suitability of chili pepper (Capsicum 
annuum L.) for alleviating human micronutrient dietary deficiencies: A 
review. Food Science & Nutrition, 6(8), 2239-2251. 
https://doi.org/10.1002/fsn3.790 

Qi, X., Cheng, L., Li, X., Zhang, D., Wu, G., Zhang, H., Wang, L., Qian, H., & 
Wang, Y. (2019). Effect of cooking methods on solubility and nutrition 
quality of brown rice powder. Food Chemistry, 274, 444-451. 
https://doi.org/10.1016/j.foodchem.2018.07.164  

Ratti, C., & Kudra, T. (2006). Drying of foamed biological materials: 
Opportunities and Challenges, Drying Technology, 24(9), 1101-1108. 
https://doi.org/10.1080/07373930600778213 

Razi, S.M., Fahim, H., Amirabadi, S., & Rashidinejad, A. (2023). An overview of 
the functional properties of egg white proteins and their application in 
the food industry. Food Hydrocolloids, 135, 108183. 
https://doi.org/10.1016/j.foodhyd.2022.108183 

Rifna, E.J., Dwivedi, M., & Chauhan, O.P. (2022). Role of water activity in food 
preservation. In O. P. Chauhan (Ed.). Advances In Food Chemistry: Food 
Components, Processing And Preservation (pp. 39–64). Springer Nature 
Singapore. https://doi.org/10.1007/978-981-19-4796-4_2  

Salahi, M.R., Mohebbi, M., & Taghizadeh, M. (2015). Foam-mat drying of 
cantaloupe (Cucumis Melo): Optimization of foaming parameters and 
investigating drying characteristics. Journal of Food Processing and 
Preservation, 39(6), 1798-1808. https://doi.org/10.1111/jfpp.12414  

Sangamithra, A., Sivakumar Venkatachalam, S.V., John, S.G., & Kannan 
Kuppuswamy, K.K. (2015). Foam mat drying of food materials: A review. 
Journal of Food Processing and Preservation, 39(6): 3165-3174. 
https://doi.org/10.1111/jfpp.12421  

Shahidi, F., & Pan, Y. (2022). Influence of food matrix and food processing on 
the chemical interaction and bioaccessibility of dietary phytochemicals: 
A review. Critical Reviews in Food Science and Nutrition, 62(23), 6421-
6445. https://doi.org/10.1080/10408398.2021.1901650  

Shameena Beegum, P.P., Manikantan, M.R., Anju, K.B., Vinija, V., Pandiselvam, 
R., Jayashekhar, S., & Hebbar, K.B. (2022). Foam mat drying technique 
in coconut milk: effect of additives on foaming and powder properties 
and its economic analysis. Journal of Food Processing and Preservation, 
46(11), 17122. https://doi.org/10.1111/jfpp.17122  

Sun, F., Xiong, S., & Zhu, Z. (2016). Dietary capsaicin protects cardiometabolic 
organs from dysfunction. Nutrients, 8(5), 174. 
https://doi.org/10.3390/nu8050174 

Sun, S., Hu, B., Wu, X., Luo, X., Guo, M., & Liu, H. (2024). Study on the effect of 
different high-voltage electric field polarization process parameters on 
the vitality of dried Chili pepper seeds. Scientific Reports, 14(1), 7223. 
https://doi.org/10.1038/s41598-024-57978-z  

Sun, W., He, W., Guo, D., & Xu, W. (2023). Effect of Capsaicin and 
Dihydrocapsaicin in Capsicum on Myofibrillar Protein in Duck Meat. 
Foods, 12(19), 3532. https://doi.org/10.3390/foods12193532 

Tanaka, Y., Watachi, M., Nemoto, W., Goto, T., Yoshida, Y., Yasuba, K. I., Ohno, 
S. & Doi, M. (2021). Capsaicinoid biosynthesis in the pericarp of chili 
pepper fruits is associated with a placental septum-like transcriptome 
profile and tissue structure. Plant Cell Reports, 40, 1859-1874. 
https://doi.org/10.1007/s00299-021-02750-0  

Ti, H.H., Zhang, RF., Zhang, M.W., Li, Q., Wei, Z.C., Zhang, Y., Tang, X.J., Deng, 
Y.Y., Liu, L., & Ma, Y.X. (2014). Dynamic changes in the free and bound 
phenolic compounds and antioxidant activity of brown rice at different 
germination stages. Food Chemistry, 161, 337-344. 
https://doi.org/10.1016/j.foodchem.2014.04.024  

Thai Agricultural Commodity and Food Standards (2017). Thai Agriculture 
Standard requirements for ground chilies (TAS 3004-2560). National 
Bureau of Agricultural Commodity and Food Standards, ministry of 
agriculture and cooperatives, Thailand. 



Int J Agri Biosci, 2025, 14(6): 1329-1338. 
 

1338

Thai Community Product Standards (2004). Thai Community Product 
Standards for chili powder (ICS 492/2547). Thai Industrial Standards 
Institute, Ministry of Industry, Thailand. 

Weiss, E.A. (2002). Spice Crops. CABI Publishing International. New York, USA. 
Xiao, Z., Xia, J., Zhao, Q., Niu, Y., & Zhao, D. (2022). Maltodextrin as wall 

material for microcapsules: A review. Carbohydrate Polymers, 298, 
120113. https://doi.org/10.1016/j.carbpol.2022.120113  

Yap, E.S.P., Uthairatanakij, A., Laohakunjit, N., & Jitareerat, P. (2022). Influence 

of hot air drying on capsaicinoids, phenolics, flavonoids and antioxidant 
activities of ‘Super Hot’ chilies. PeerJ, 10, 13423. 
https://doi.org/10.7717/peerj.13423  

Zhang, J., Hou, X., Ahmad, H., Zhang, H., Zhang, L., & Wang, T. (2014). 
Assessment of free radicals scavenging activity of seven natural 
pigments and protective effects in AAPH-challenged chicken 
erythrocytes. Food Chemistry, 145, 57-65. 
https://doi.org/10.1016/j.foodchem.2013.08.025 

 
 


