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Effects of Carboxymethyl Cellulose and Gum Arabic Concentrations as Stabilizers on the Quality of Ginger–Milk Powder Using the Foam-mat Drying Method
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ABSTRACT 

	Aims: To evaluate the effects of different concentrations of carboxymethyl cellulose (CMC) and gum Arabic as stabilizers on the quality attributes of ginger-milk powder produced using the foam-mat drying method.
Study design: A completely randomized design (CRD) was employed, consisting of seven formulations: one control without stabilizer (K), three CMC treatments at 1–3% (F1–F3), and three gum Arabic treatments at 1–3% (F4–F6). Each formulation was assigned randomly to evaluate the effect of stabilizer type and concentration on the resulting product quality.
Place and Duration of Study: Natural Product Pharmacy Laboratory, Notokusumo Yogyakarta College of Health Sciences, Tegalrejo, Yogyakarta, Indonesia; conducted from April to June 2025.
Methodology: Foam-mat drying was applied to prepare sugar-free ginger milk formulations containing varying concentrations of CMC or gum Arabic (1–3% of total mixture). After homogenization and foaming, the mixtures were dried and powdered. The resulting samples were assessed for foam stability, density, color parameters, moisture content, dissolution rate, pH, sensory acceptance, and functional group characteristics using FTIR spectroscopy. The formulation demonstrating the best overall performance was selected as the most suitable candidate for potential scale-up and SME-level application.
Results: The quality parameters were significantly influenced by both CMC and gum Arabic. Notably, the 3% CMC (F3) formulation showed preferable characteristics with good foam stability and thick appearance (1.064 g/mL), bright color (L* = 81.55), moderate moisture content of 6.72%, and neutral pH of 7.38. Although sensory analysis had negligible effects between samples, the F3 formulation achieved the highest color preference score. 
Conclusion: The foam-mat drying with 3% CMC potentially applicable to produce high-quality sugar-free ginger-milk powder, which offering a practical, cost-effective alternative for SMEs facing challenges with conventional drying techniques.
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INTRODUCTION
Ginger (Zingiber officinale Roscoe), a spice plant belongs to the Zingiberaceae family, is widely cultivated in tropical and subtropical regions including Indonesia. It contains various bioactive compounds such as gingerol, shogaol, and zingerone, which possess various pharmacological activities including anti-inflammatory, antioxidant, antimicrobial, and immunomodulatory effects (Ahnafani et al., 2024). Indonesia ranks among the world’s largest ginger-producing countries, with a total production of 307.24 thousand tons in 2021 (Central Statistical Bureau, 2024). Ginger is traditionally processed into various food and beverage products in Indonesia. One of the most popular ginger products is ginger-milk powder valued as functional properties of ginger and the nutritional benefits of milk.
Traditionally, ginger-milk powder is produced using the sugar-crystallization method, which depends on sugar as a catalyst during heating to form crystalline solids. In this process, ginger extract or juice is mixed with milk and sugar, heated for a certain period to initiate crystallization, and then the mixture is ground into a coarse powder (Aslamiyah et al., 2019). However, this technique presents several limitations, particularly for small and medium-sized enterprises (SMEs) that are seeking to develop healthier, sugar-free formulations. Because sugar is indispensable in the crystallization process, SMEs face challenges in innovating product formulations for low-sugar or sugar-free markets, which are increasingly demanded by health-conscious consumers (Chang, 2020). Moreover, the resulting product usually exhibits coarse texture, non-uniform dispersion, and poor aroma retention, reducing its overall sensory quality and market competitiveness (BehnamNik and Vazifedoost, 2020).
Alternative drying technologies, such as freeze-drying, spray drying, and foam-mat drying, have been explored to improve powder quality. While freeze drying and spray drying can produce fine and homogeneous powders, these technologies require expensive equipment, high energy input, and specialized facilities, making them not feasible for small-scale processors (Ciurzyńska and Lenart, 2011). Consequently, SMEs face a substantial technological gap, as they are unable to adopt high-cost industrial drying methods while remaining constrained by the limitations of traditional sugar-based processing. To overcome these challenges, the foam-mat drying method offers a cost-effective, energy-efficient, and adaptable alternative that is well suited for SME-scale production (Sangamitra et al., 2015; Praneswara et al., 2024).
The foam-mat drying method involves drying liquid or semi-liquid materials that have been aerated into a stable foam, using foaming agents and stabilizers to maintain the foam’s structure during drying (Purbasari, 2019). Commonly this process uses foaming agents such as Tween 80 or egg whites, while stabilizers like maltodextrin, gum Arabic, gelatin, and CMC are used to help preserve foam stability. This method offers several technological advantages, as it accelerates drying by increasing the surface area exposed to air, operates at relatively low temperatures, and helps preserve the color, aroma, and nutritional quality of the product. Furthermore, foam-mat drying produces powders with low moisture content, high solubility, and non-agglomerated textures. This method provides a practical and cost effective approach for SMEs in the beverage powder sector (Hardy and Jideani, 2017).
The appropriate selection of foaming agents and stabilizers is important to meet the quality specifications of the product in foam-mat drying. Various studies have reported this model as suitable in various dietary matrices. Hariyadi (2019) carried out research with tween- 80 and dextrin as a foaming agent and stabilizer which produced low moisture powder with a nice color. Martha et al. (2024): Dry bitter melon extract (Momordica charantia) by maltodextrin as a carrier: the best chemical and biological properties. A study by Bustman et al. (2022) used foam-mat drying for instant coffee husk beverage with ginger extract, in obtaining drink stability and solubility enhancement during storage. These results suggest that the choice of a suitable stabilizer is important for enhancing the foam structure, drying rate and quality of product.
In this research, egg white as foaming agent was used because it is rich in protein including ovalbumin ovomucin and globulins which has capability to form and stabilize foam during drying (Djaeni et al., 2015). Studies concerning the effect of CMC and gum Arabic on characteristics of ginger milk powder were carried out. CMC is a cellulose with an affinity for water. It makes the composition viscous and prevents leakage of foam films. The effects of CMC and gum Arabic on the quality of ginger milk powder were studied. CMC, a hydrophilic cellulose derivative, enhances the viscosity of the blend and reduces liquid drainage from foam films, resulting in a more stiff and stable foam structure (Yonata et al., 2021). On the other end gum Arabic, a natural exudate of Acacia senegal consisted of arabinogalactan -protein associ-ated which make flexible and resilient films around air bubbles in such a way that essential flavor and color compounds remained un-protected from temperature degradation (Martihandini & Handayani, 2025). By comparing these two stabilizers at the same level, it is possible to investigate which of the substances yields better antioxidant activity in sugar-free ginger milk powder to retard physicochemical and sensory changes.
Accordingly, the aim of this study is to discuss the effect of various amounts of Arabic gum and CMC as stabilizers on quality attributes of ginger milk powder made by foam-mat drying. In addition, the effect of different stabilizers types and concentrations on foam characteristics, physicochemical properties and sensory acceptance ginger milk powder was investigated. The results of this study offered valuable information for SMEs processing ginger‐based beverage to select proper stabilizers with intention to produce high quality products with cost‐effective drying process.
[bookmark: _Hlk212105096]material and methods 
Research Location and Materials
This study was conducted at the Natural Product Pharmacy Laboratory, Notokusumo Yogyakarta College of Health Sciences, Tegalrejo, Yogyakarta, Indonesia. All experimental work, including sample preparation, foam-mat drying, and physicochemical analyses, was performed in a temperature-controlled laboratory (25 ± 2 °C) from April to June 2025. All materials used to produce ginger-milk powder in this study were commercially sourced. Fresh ginger rhizomes were obtained from a ginger farm in Sleman, Yogyakarta. Pasteurized cow’s milk was procured from dairy farmers in Kaliurang, Yogyakarta. Eggs were purchased from a supermarket in Yogyakarta, whereas carboxymethyl cellulose (CMC) and gum Arabic were supplied by PT. Ingredion Indonesia (Jakarta, Indonesia).
Formulation and Research Design
Table 1 shows seven formulations used in this study, comprising one control (K) without stabilizer and six treatments (F1–F6) with different stabilizer type (CMC or GA) and concentration (1–3% w/w). The base formulation contained ginger extract 15% (w/w), egg white 20% (w/w), and pasteurized milk 45% (w/w). Water was added as needed to reach 100% (w/w) for each formulation. The experimental design employed a completely randomized design (CRD) with three replicates per formulation. Response variables included foam density, foam stability, color, moisture content, dissolution time, FTIR spectra, and sensory profiles.
Table 1. Ingredients of ginger milk powder formulations
	Ingredients
	Formulations

	
	K
	F1
	F2
	F3
	F4
	F5
	F6

	CMC (%)
	0.00 
	1.00
	2.00
	3.00
	0.00
	0.00
	0.00

	Gum Arabic (%)
	0.00 
	0.00
	0.00
	0.00
	1.00
	2.00
	3.00

	Ginger Extract (%)
	15.00 
	15.00
	15.00
	15.00
	15.00
	15.00
	15.00

	White Egg (%)
	20.00 
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00

	Pasteurized Milk (%)
	45.00 
	45.00
	45.00
	45.00
	45.00
	45.00
	45.00

	Water (%)
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.
	q.s.


*q.s. = water was added quantum satis to 100% (w/w)


[image: ]
Fig.  1. Process workflow for ginger milk powder production using foam-mat drying

Figure 1 provides an overview of the study workflow. The ginger extract was prepared by selecting fresh and healthy ginger rhizomes. The samples were then washed with tap water, peeled, and rinsed several times. Exactly 100 g of peeled ginger were then homogenized with 100 mL of water (1:1, w/v) in a kitchen blender (model HR2223, Philips, Jakarta, Indonesia) until uniform. The resulting slurry was pressed through a filter cloth into a graduated cylinder and subsequently clarified by gravity filtration through filter paper to yield a clear, residue-free extract following the method reported by Wulandari & Swasono (2022). Next, the foam-mat mixture was prepared, spread, and dried under controlled conditions, followed by milling to obtain ginger milk powder (Section 2.3). The product obtained from this process was then subjected to physicochemical characterization and sensory evaluation (Section 2.4). Statistical analysis (Section 2.5) was performed to interpret the results of the experiment and identify significant differences among treatments.
[bookmark: _Hlk212105116]Foam-mat Preparation and Drying
	Ginger extract was mixed with pasteurized cow milk in the ratio of 1:3 (v/v). Egg white was added and then a stabilizer (CMC or gum Arabic) was subsequently introduced to the slurry according to the pre-determined formulation, as written in Table 1. The mixture was foamed using a kitchen mixer type (HR7922/90, Philip, Jakarta, Indonesia) by increasing speed of the machine to obtain fine foam with minimal large bubbles and forming stiff peaks. The recovered foam were uniformly spread onto trays (depth 1–3mm) and oven dried at 65 °C for 24 h to remove as much moisture as possible while maintaining minimal thermal damage or case hardening. After drying, the sheets were cooled at ambient temperature, milled and sifted through a 120-mesh screen to obtain a fine powder (Indrianti et al., 2023; Kurniasari et al., 2019).
[bookmark: _Hlk212105143]Physicochemical and Sensory Properties
Foam density
Foam density of the ginger-milk foam was measured according the method reported previously by Affandi et al. (2017). A weighed empty glass beaker was partially filled with foam (up to 50 mL) and reweighed. The density of the foam was expressed as mass per unit volume and calculated by:
   ………………………………………		(1)
Where mfoam: post-tare reading (foam mass) and Vfoam: volume of the beaker (50 ml).

[bookmark: _Hlk212105152]Foam stability
	The foam stability was determined using the method described in Affandi et al. (2017). The newly prepared foam was introduced into 100 mL graduated cylinder, and then the decrease of volume after 45 minutes. A stability percentage that is higher designates with increased foam retention. The foam (%) stability was the calculated as follow:
..............................................................		(2)
Where V0 was the volume of foam initially and V45 the volume of foam after 45 minutes.
[bookmark: _Hlk212105161]Color measurement
	The color of the ginger-milk powder was determined by a Konica Minolta colorimeter (Konica Minolta, Osaka, Japan) with reference to CIE Lab* color space under a D65 standard illuminant and 10° observer angle. The sample of ginger-milk powder was poured into the sample cup and leveled to obtain an even surface. Observations were made at different locations in the cup with rotation to minimize heterogeneity effects under controlled lighting and ambient temperature conditions (Risema, 2023).
[bookmark: _Hlk212105169] Moisture content measurements
	The moisture content of ginger-milk powder was measured using a halogen moisture analyzer (MD-610A, Fujian, China) at 105 °C. Approximately 3.00 g of the sample was placed in sample pan with the lid well sealed and then weighed to determine the percentage of moisture when mass stabilization occurred (about 3–5 min). Instant powder beverage (flavored) shall not exceed 10% moisture content as per SNI 3722:2018 (Sanjaya, 2022).
[bookmark: _Hlk212105176]Dissolution time test
The dissolution time was assessed by dispersing 2.00 g of ginger-milk powder in 20 mL of water at 45 °C, while continuously stirring.  The measurement started immediately upon the interaction of the powder and water.  The purpose was established as the creation of a visually uniform solution devoid of discernible particles.  The duration was documented, and each measurement was performed in triplicate.  (Husnani & Zulfitri, 2022).
[bookmark: _Hlk212105184] FTIR (Fourier Transform Infrared) spectroscopy
	Functional chemical groups were identified using FTIR following a previously protocol (Nuryandani et al., 2024). Ginger-milk powder samples were analysed directly in attenuated total reflectance (ATR) mode with an FTIR system (Bruker A7.8; Bruker Optik GmbH, Ettlingen, Germany). Spectra were acquired over the range of 4000–490 cm⁻¹ at room temperature and presented as percent transmittance (%T). Each sample was scanned in triplicate. 
[bookmark: _Hlk212105190]Sensory evaluation
Sensory evaluation encompassed a descriptive organoleptic evaluation and a hedonic test and has been received approval from the Ethics Committee of The College of Health Sciences of Guna Bangsa Yogyakarta (No. 039/KEPK/VII/2025). Following the method reported by Wulandari & Swasono (2022), panelists qualitatively evaluated color, aroma, taste, and powder texture of the ginger-milk powder prepared for serving (reconstituted in warm water) and presented in opaque cups with blinded treatment codes, with assessments conducted in a randomized sequence under standardized lighting and ambient conditions. Descriptive reference terms included color brightness and homogeneity, ginger-related aroma with milky notes, warm/spicy ginger taste, background milky notes, any egg-white aftertaste, and powder texture fineness/softness.
For consumer preference, a hedonic test adapted from Putri et al. (2020) involved 30 untrained panelists who rated color, aroma, taste, powder texture, and overall liking on a 6-point scale (1 = very dislike to 6 = very like). Samples were served in randomized order with blind codes in a clean environment with controlled lighting and temperature. All subjects granted informed consent, and confidentiality was respected.

[bookmark: _Hlk212105199]Statistical Analysis
	Statistical analyses were conducted using SPSS version 27 (IBM Corp., Armonk, NY, USA). Data screening employed descriptive statistics and the Shapiro–Wilk test for normality (α = 0.05). Parametric data were analysed with one-way ANOVA, whereas non-parametric data were analysed with the Kruskal–Walli’s test. In cases where significant overall effects were detected (p < 0.05), post hoc comparisons were performed using Tukey’s Honestly Significant Difference test (ANOVA) or Dunn’s test with Bonferroni correction (Kruskal–Wallis).
results and discussion
Foam Characteristics
Foam characteristics, physico-chemical properties and sensory attribute of ginger-milk powder through the foam-mat drying was investigated as influenced by type (CMC and gum Arabic) and concentration of stabilizer. Results revealed that the addition of CMC and gum Arabic as stabilizers influenced foam properties, color, moisture content and solubility and sensory acceptation. Figure 2 shows foam formation of all treatments. It showed that foam formed only in the CMC treatments (F1–F3; 1–3%), whereas the control (K) and gum Arabic treatments (F4–F6;1–3%) produced no foam. The CMC was superior to gum Arabic in maintaining the stability of foam-mat system during drying process. CMC had the ability to form stable foam at low concentrations (1%), which highlights its good properties in film formation and viscosity, contributing to the enhancement of interface stability and prevention of bubble coalescence. 
No foam formed
No foam formed
No foam formed
No foam formed

Fig.  2. Foam-formation ability of foam-mat–dried ginger-milk powder formulations. Bars show the proportion of replicates that formed foam (n = 3). Identical letters denote no significant differences among CMC treatments (Kruskal–Wallis with Dunn’s test, Bonferroni correction, α = 0.05).
While, the density and stability of foam augmented in accordance to the CMC concentration, obtaining for the 3% formulation (F3, 1.064 ± 0.009 g/mL) the highest consistency and durability (Fig. 3). In comparison, under the same condition gum Arabic did not produce stable foam most likely because of its lower viscosity and less effective interfacial network formation in this protein rich system. Tan et al. (2021) and Martihandini & Handayani (2025) made similar observations, indicating that higher gum Arabic concentrations or secondary stabilizer incorporation was required to reach a foam stability comparable to that of the control. Consequently, CMC proved to be a superior stabilizing agent for the foam-mat drying of protein-polysaccharide matrices such as milk-ginger formulations.
Moreover, the stability of the foam is very important in retaining shape during drying and in protecting from drying damage heat sensitive constituents (Fig. 4). To this end, 3% CMC gave the best balanced stability of foam that inhibits matrix structure and collapse upon dehydration . The results are consistent with those of Chaipoot et al. (2024), who pointed out that stable foam increases the drying and has better color, texture, and rehydration of the products. The compact and stable foam produced with CMC produced higher quality powder with better physical characteristics.


Fig.  3. Foam density of foam-mat–dried ginger-milk powder (mean ± SD, n = 3). Different superscript letters denote significant differences (Kruskal–Wallis, p < 0.05; Dunn’s test with Bonferroni correction)

Fig.  4. Foam stability of ginger-milk powder formulations. Data were presented as mean ± standard deviation (SD) for n = 3. Different superscript letters indicate significant differences among treatments (p < 0.05) according to the Kruskal–Wallis test followed by Dunn’s test with Bonferroni correction.
Evaluation of Ginger Milk Powder Quality
Colorimetric properties
	The nature and concentration of the stabilizers influenced the color L, a, and b* values of the powders produced. The overall effect of the addition of 1–3% CMC in formulations was an increase in the L* (lightness) values (Table 2), indicating improved lightness and visual clarity, as well as decreased a* and b* values, indicative of reduced redness and yellowness, respectively. On the other hand, other compositions incorporated with gum Arabic had decreased L* values and slightly higher a* and b, appearing darker than creamier. The differences recorded indicate that the gum Arabic promoted a Maillard-type browning during drying, while the non-reducing cellulose backbone of CMC minimized this type of reaction. Therefore, CMC was beneficial to both the brightness of powder coloration and the uniformity. Results are similar to those of Intariani et al. (2022) and Risema (2023), who reported that CMC enhances brightness and color homogeneity in foam-mat-dried articles by forming a heat-resistant film which protects natural pigment from thermal destruction. The increase in values of L, a*, b# properties due to CMC indicates its functional superiority over the stabilizer.
	In addition, the MC data also confirmed this result. The highest moisture content (6.72%) was found in the F3 (3% CMC), which although higher than the other treatments, is still in accordance with acceptable limits as imposed by Indonesian National Standard (SNI 3722:2018). Higher residual moisture in F3 probably resulted from its higher foam structure or tighter solid contents that hindered water evaporation during drying. This finding is consistent with the research conducted by Loan & Tai (2023) and Rianti (2025), which reported that an increase in foam density usually reduces the drying rate but leads to higher levels of product rehydration and texture. In contrast, gum Arabic gave decreased moisture contents due to its instability foam and allowed for a faster drying rate but lower homogeneity.
Table 2. Color parameters (L, a, b*) of ginger milk powder with different types and concentrations of stabilizers
	Sample
	L* 
	a* 
	b* 

	K 
	77.62±0.12a
	7.28±0.01a
	32.45±0.26a

	F1 
	81.10±0.18ab
	3.99±0.03ab
	27.04±0.16b

	F2 
	80.75±0.25ab
	3.54±0.03bc
	26.34±0.39ab

	F3 
	81.28±0.20ab
	3.1±0.03cd
	23.89±0.29c

	F4
	83.06±0.05ab
	4.84±0.01d
	26.78±0.24ab

	F5 
	83.71±0.01b
	4.36±0.04cd
	26.8±0.46bc

	F6
	85.05±0.03b
	3.85±0.02ab
	25.75±0.36c


*The data were presented as mean ± SD (n=3). Means followed by different letters in the same column were significantly different (p < 0.05) when determined using Kruskal-Wallis test, and further analyzed using Dunn's test with a Bonferroni correction.

Dissolution time tests
	Furthermore, dissolving time results showed that the amount of stabilizer used had a great impact on rehydration characteristic. Increase in the CMC concentration slowed down dissolving time due to its hydrophilic and gelation ability that prevents penetration of water into the powder mass. Times of dissolution below 5 min were only observed for the extract adding to this concentration and increasing it raised times over 300 s. On the contrary, gum Arabic showed lower dissolution times due to its better solubility and lower viscosity. This observation is also consistent with the results in Abbasi & Azizpour (2016), Hossain et al. (2021), and Roslandet et al. (2020), who reported that high-viscosity stabilizers reduced solubility but increased product cohesiveness.


Fig.  5. Dissolution time of ginger milk powder preparations. Values are the mean ± standard deviation (n= 3). Bars with different letters indicate significant difference (p < 0.01) by Tukey’s HSD test.
pH 
	Similarly, the pH values varied according to the type of stabilizer used (Fig. 6). CMC-containing formulations had moderately higher pH values, indicative of relatively alkaline predisposition. This may be due to the existence of anionic carboxylate groups, which can interact with milk proteins. On the other hand, gum Arabic had an almost neutral pH consistent with its nonionic and inert properties. The results were consistent with the study of Mohamed et al. (2025), which stated that gum Arabic primarily acted as a physical stabilizer and had no significant impact on pH. 

Fig.  6. pH values of ginger milk powder formulations. Data were presented as mean ± standard deviation (n=3). Bars with different letters indicate statistically significant differences (p < 0.01) as determined by Tukey's HSD test.
FTIR of ginger milk powder
	The FTIR spectra of ginger milk powder formulations are shown in Figure 7. The spectra showed multiple characteristic absorption bands linked to chemical functional groups from the major constituents of ginger-milk powder ingredient such as proteins, carbohydrates, and phenolic compounds. A broad band spectrum near 3272 cm⁻¹ was observed in all formulations, associated with O–H stretching vibrations might be originating from hydroxyl groups in polysaccharides (CMC and gum Arabic) and phenolics in the ginger extract.  Bands at 2919 cm⁻¹ and 2852 cm⁻¹ were corresponded to C–H stretching of aliphatic –CH₂ and –CH₃ groups, while the band at 1743 cm⁻¹ indicated a carbonyl (C=O) group, likely from ester or carboxylic functionalities. Additionally, bands around 1633 cm⁻¹ and 1540 cm⁻¹ were attributed to Amide I (C=O stretching) and Amide II (N–H bending and C–N stretching) vibrations, respectively, indicating protein contributions from egg white and milk. A strong peak at around 1029 cm⁻¹ attributed to C–O–C and C–O stretching vibrations characteristic of polysaccharide structures, was an evidence for the presence of stabilizers (CMC and gum- Arabic) in the final prepared formulations. In general, all the formulations (F1–F6) showed spectral features comparable with control and no significant variation in intensities and slight peak shifts noticed, which is representing some sort of molecular interaction between the components during drying. Furthermore, the variations in band intensities observed indicated that non-covalent interactions, such as hydrogen bonding and electrostatic forces, between CMC or gum Arabic with milk–egg proteins were present. The results were consistent with those of Nooshkam et al. (2023) and Rosenberg et al. (2024) who stated that these interactions promoted viscoelasticity and foam film formation, producing greater stability and powder reconstitution.
[image: ]
Fig.  7. FTIR-spectra of the dried ginger-milk powder with CMC and gum Arabic as a stabilizer at various concentrations.
Sensory Analysis
	The color, odor, taste and texture of milk ginger formulations were evaluated by descriptive sensory evaluation (Table 3 and Fig. 8). The control sample exhibited lighter color, non-uniform hardness, but 1–3% CMC being white in color showed higher brightness and uniformity. However, samples with 1–3% gum Arabic tended to give darker coating colors. Additionally, in the sensory analysis, significant differences (p < 0.05) were found between formulations for all sensory attributes. CMC 3% (F3) exhibited the best score for color preference, which was consistent with their bright and uniform appearance. F4 (1% gum Arabic) showed the most convenient odor, indicating that moderate amount of gum Arabic effectively retained volatile components. The maximum taste scores, which indicated perception of good flavor intensity were obtained by F1 (CMC 1%) and F6 (gum Arabic 3%). F2 (CMC, 2%) was the most preferred in terms of texture, with a smooth and palatable mouth feel. However, although the sample F5 (gum Arabic 2%) showed better general acceptability, its technological characteristics related to foam density and stability were worse than those of F3. This indicates that gum Arabic favored sensory acceptability but could not as much bring an improvement in product physical stability than CMC. The joint evaluation of sensory and physicochemical parameters confirms that CMC can be used as the best stabilizer for preparation of good-quality ginger-milk powder.
Table 3. Sensory descriptive analysis of color attribute in ginger-milk powder combinations
	Sample
	Treatment
	Photograph
	Observation of color appearance

	K
	Control (0 %)
	[image: A white bowl with brown powder in it

AI-generated content may be incorrect.]
	Pale and less homogeneous

	F1
	CMC 1 %
	[image: A bowl of powdered food

AI-generated content may be incorrect.]
	Brighter and more uniform color

	F2
	CMC 2 %
	[image: A bowl of yellow powder

AI-generated content may be incorrect.]
	Bright and uniform color

	F3
	CMC 3 %
	[image: A close-up of a container of powder

AI-generated content may be incorrect.]
	Brightest and most uniform color

	F4
	Gum Arabic 1 %
	[image: A bowl of powdered food

AI-generated content may be incorrect.]
	Slightly darker than control

	F5
	Gum Arabic 2 %
	[image: A white powder in a container

AI-generated content may be incorrect.]
	Dark brownish tone

	F6
	Gum Arabic 3 %
	[image: A white powder in a container

AI-generated content may be incorrect.]
	Darkest color among treatments



Fig.  8. A radar chart of sensory analysis of milk–ginger powder prepared by foam-mat drying with different stabilizers. These included color, aroma, taste, texture and overall acceptability rated on a 6-point hedonic scale (1 = dislike extremely; 6 = like extremely). K indicates control; F1-F3 represented 1%-3% CMC concentrations; and F4-F6 indicated concentrations of gum Arabica at 1-3%.
	Furthermore, results showed that CMC was able to give foam more stable than gum Arabic and had a better color and moisture retention capacity, as well as the powder structure of ginger milk powder. When used at low concentration gum Arabic enhances the perception of aroma and flavor; however, its poor foam-forming properties restrict it as a main stabilizer. Therefore, by incorporating the technical and sensory aspects together, it can be concluded that of 3% CMC concentration is being found to be the best formulation for small to medium scale production of sugar free ginger-milk powder using foam-mat drying technique.
4. Conclusion
	The type and concentration of the stabilizer had a significant effect on the foam properties, physico-chemical properties, and sensory attributes of ginger-milk powder prepared via foam-mat drying. This study revealed that foam properties including foam stability, density and brightness of CMC treatment were improved in comparison with gum Arabic. The addition of this stabilizer increased homogeneity, moisture and sensory properties. Particularly, the 3% CMC formulation (F3) displayed the most optimal features regarding all the parameters evaluated, including foam properties, color consistency, ability of reconstitution and global sensory acceptability. Gum Arabic based treatment at relatively mild concentrations (1–2%) could successfully improve aroma and flavor balance, although maintenance of foam integrity and structural stability appeared to be less effective. Consequently, the F3 formulation (3% CMC) was identified as the optimal stabilizer for producing of high-quality, sugar-free ginger milk powder suitable for small- and medium-scale manufacturing.
[bookmark: _GoBack]Ethical approval
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   Selection of fresh ginger  rhizomes in good condition      Washing and cleaning      Weighing 100 g of ginger and  adding 100 mL of distilled water  (100% b/v)      Blending until smooth      Filtering through a cloth filter      Re - filtering using filter paper to  obtain clear extract  

Preparation of Ginger Extract  

   Mixing 15 mL ginger extract with 45  mL pasteurized milk (ratio 1:3)      Adding 20 g egg white as foaming  agent      Adding CMC or gum arab as stabilizer  according to treatment formulation      Whipping the mixture using a hand  mixer at 800 – 1500 rpm until stable  foam forms      Ensuring uniform and fine bubbles for  optimal aeration and foam stability  

   Spreading foam evenly (1 – 3 mm  thick) on a tray      Drying in an oven at 65 °C for 24  hours      Cooling the dried foam at room  temperature      Grinding and sieving through 120  mesh      Collecting fine and homogeneous  ginger milk powder  

   Foam Density:   Measuring mass per unit  volume (g/mL) using 50 mL beaker glass      Foam Stability:   Measuring volume reduction  after 45 minutes using 100 mL graduated  cylinder  

Evaluation of Foam  Properties  

Drying and  Powdering  

   Organoleptic Test:   Evaluating  color, aroma, taste, and  texture using sensory analysis      Color Measurement  (Colorimetry):   Using Konica  Minolta colorimeter in CIE  L a b* system      Moisture Content:   Using  moisture analyzer at 105 °C      Solubility Time:   Dissolving 2 g  powder in 20 mL water (45 °C)  and recording dissolution time      Hedonic test:   Using 6 - point  hedonic scale (1 = strongly  dislike; 6 = strongly like)  

Characterization of Ginger Milk  Powder  

   Statistical analysis using SPSS 27.0      Descriptive statistics and Shapiro – Wilk normality test      If data are normal (p > 0.05): One - way ANOVA followed by Tukey B  post hoc  

Data  Analysis  

Start  

End  

Foam  Preparation  
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