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ABSTRACT 

	Aims: Plant hydrocolloids, such as exudates from the Anacardium occidental (cashew) tree, play an important role in food industry. However, prior to utilisation, raw exudates must undergo a purification process, to yield a purified gum with optimal technological properties. 
Methodology: In order to enhance the value of cashew gum exudate from Ivorian cashew plantations, the stem exudate was collected and purified. The present study therefore sought to investigate the effect of purification methods on the yield, physico-chemical constituents, and functional properties of cashew tree gum exudates.
Place and Duration study: Department of Agriculture, Fisheries Resources and Agro-Industries, University of San Pedro, Southern Côte d'Ivoire, 2025.
Results: The results of the analysis of variance demonstrated that the yield, physicochemical and functional properties of the purified gums were influenced by the different purification reagents employed (ethanol, isopropanol, a combination of ethanol and isopropanol, and Fehling's solution). Gums purified with isopropanol exhibited a superior purification yield (82.16%), elevated ash content (2.01%), and predominant mineral composition, including magnesium (647.41%), calcium (615.23%), and iron (143.98%), along with optimal oil retention capacity (615.23 g/g) in refined palm oil. However, it was observed that gum obtained from Fehling's solution purification exhibited lower protein content (0.23%), higher carbohydrate levels (85.14%), galactose (70.57%), water solubility (94.61%), and water holding capacity (2.04 g/g). However, it was observed that the purifications did not result in the complete removal of the protein fraction. All purifications significantly improved the solubility and water-holding capacity of cashew gum (p ≤ 0.05), in contrast to the reduced oil-holding capacity of cashew gum. 
Conclusion: The precipitation method employing Fehling's solution (method D) has been demonstrated to yield a more purified cashew gum product with a reduced protein content. This method has been shown to be advantageous for cashew gum applications in emulsion stabilization.
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1. INTRODUCTION 

Plant gums are bio-organic substances that are derived from the barks of trees. They are biodegradable and non-adverse complex polysaccharides that have been gaining usage in recent years due to a number of advantages they contribute to various applications (Shobana et al., 2022). They are mainly polysaccharides of plants that form viscous solutions when dispersed in hot or cold water. Natural gums, which are preferred to synthetic gums as excipients in formulation systems, are commonly obtained from the exudation of certain gum plants (Barak et al., 2020; Naka et al., 2016) as a defense mechanism in response to lesions occurring mainly on the stem or due to unfavorable conditions such as drying of the cell walls, as a form of pathological gummosis (Amaral et al., 2022). Production of exudate gums requires incision or knocking on the tree, picking of gum (dried/semidried), sorting, packing, and shipping to gum processors. Gum processors receive crude exudate gum in large chunk form, which is then ground, sieved and purified via air to remove impurities (Barak et al., 2020; Naka et al., 2016; Soro et al., 2017, 2018). Crude Cashew Gum (CCG) is obtained from the exudates of the stem bark of Anacardium occidentale L. (family: Anacardiaceae), which is widely available in Côte d'Ivoire. the gum is a hydrophilic complex polysaccharide with high galactoses content (Amaral et al., 2022). Cashew gum has been recommended as an alternative to standard acacia and arabic gum, due to its structural similarity (Kumoro & Budiyati, 2010). Several natural gums, such as cashew gum, are considered one of the most adaptable naturally occurring polysaccharides and have been used in the food and pharmaceutical industries as emulsifiers, disintegrants, excipients, and additives. They are present in many pharmaceutical products due to their biodegradability, biocompatibility, non-toxicity, hydrophilicity and high viscosity (Amaral et al., 2022; Naka et al., 2016; Nayak et al., 2019). As the extraction procedure of gums and mucilages is crucial for the accuracy of the determination of their constituents from plant materials, Soro et al. previously carried out an optimisation study of the exudate extraction and purification process. This showed that a maximum yield of CCG (90.76%) was possible at a temperature of 75 °C, a stirring speed of 225 rpm, a water/exudate ratio of 6 ml/g and an extraction time of 35 min (Soro et al., 2017, 2018). However, the physicochemical properties of these purified gums remain unknown. Therefore, the present study aims to determine the physicochemical properties of purified cashew gum in view of a possible technological application of this purified cashew gum. Consequently, this study compares the effect of different purification methods on cashew gum physicochemical and functional properties.

2. material and methods 

2.1. Materials 

Cashew (Anacardium occidentale) exudates were collected from cashew tree plantations in Korhogo, in the Poro region of northern Côte d'Ivoire, in the month of February –March. All chemicals used were of analytical grade.
2.2. Isolation and collection of cashew exudate gum
For exudate extraction, the selected Cashew trees were subjected to the stress by making injury on the trunk. Collected gum exudates (Fig. 1) were dried at 30–40°C until constant weight was obtained and ground through grinder. Powdered gum passed through sieve no. #22 and stored it in air tight container for further use
[image: ]
Fig. 1: Samples of raw cashew tree exudates
2.3. Purification of cashew exudate 
Purification of the exudate gum was carried out using the method reported by (Noureen et al., 2023), with minor modifications. 
Procedure includes two steps:
Step 1: Gum extraction
Powdered gum (50g) was dissolved 300 mL of distilled water at 75 °C in a 1000 mL beaker on a magnetic stirrer for a particular time at 225  rpm speed during 35 min. The gum suspension was kept at 4 ˚C overnight to allow complete hydration. Insoluble materials were removed from the dispersion by filtration through a muslin cloth. The separated solution was centrifuged (3-18K, Sartorius, Sigma 3-18, Allemagne) at 4000×g for 20 min, and suspended particles were removed.
Step 2: Method of gum precipitation :
Method A (ethanol precipitation)
The aqueous fraction was precipitated with ethanol as described by Naka et al. (2016) (Fig. 2). The supernatant (250 mL) was precipitated by adding ethanol 96% (ethanol/supernatant, 3/1). The precipitated gum was again filtered, then washed twice with ethanol (96% v/v) and finally dried in an oven (MEMMERT, Germany) at 50°C for 8 hours. The dry gum was ground (sample E) and stored in a plastic container at room temperature (27 ± 1°C) for subsequent analysis.
Method B (isopropanol precipitation)
The aqueous fraction was precipitated with isopropanol as described by Bouzouita et al. (2007) with minor modifications (Fig. 2). The supernatant (250 mL) was precipitated by adding isopropanol (isopropanol/supernatant, 2/1). The precipitated gum was again filtered, then washed twice with isopropanol and finally dried in an oven (MEMMERT, Germany) at 50°C for 8 hours. The dry gum was ground (sample I) and stored in a plastic container at room temperature (27 ± 1°C) for subsequent analysis.
Method C (ethanol precipitation with isopropanol washing)
The aqueous fraction was precipitated with isopropanol according to the method of Amid & Mirhosseini (2012) with minor modifications (Fig. 2). The supernatant was added with ethanol (95%) (ethanol/supernatant ratio, 2:1), and the whole was allowed to settle for 30 min at room temperature. The white precipitate formed was collected and kept overnight in 250 mL of 99.5% isopropanol. The collected precipitate was then dried in an oven (MEMMERT, Germany) at 50°C for 8 hours. The dry gum was ground (sample EI) and stored in a plastic container at room temperature (27 ± 1°C) for subsequent analysis.
Method D (combined Fehling and ethanol precipitation with ethanol washing)
The aqueous fraction was precipitated with Fehling's solution according to the method of Cunha et al., (2007) with minor modifications (Fig. 2). The supernatant was precipitated by the addition of an equivalent volume of a freshly prepared Fehling solution. The precipitate, collected on filter paper, was then dissolved in 200 mL of hydrochloric acid solution (0.1 M HCl) with stirring for 1 h to complete dissolution. The resulting suspension was precipitated with 600 mL of 96% ethanol. The precipitate was then washed twice with ethanol (96% v/v) and dried in an oven (MEMMERT, Germany) at 50°C for 8 hours. The dry gum was ground (sample Fs) and stored in plastic containers at room temperature (27 ± 1°C) for futher analysis. 
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Fig. 2: Cashew gums different purification methods
2.4. Gum Yield DeterminationEthanol precipitation

Gum yields (Y) according various cashew gum (CG) purification were determined according to the method of (Noureen et al., 2023). Yields (g/100 g DM) were calculated using the formula.


2.5. Physicochemical analysis 

The fat content of the gum exudates was determined using a Soxhlet apparatus with petroleum ether as solvent according to the official methods (AOAC), while the dry matter was determined after dehydration at 105 °C for 24 h in an oven using a (MEMMERT, Germany). The nitrogen content of the samples was determined using the micro-Kjeldahl method. The nitrogen value obtained was multiplied by 6.25 to convert it to crude protein. The ash content of the cashew gum exudates was determined in a muffle furnace at 550°C according to the official methods (AOAC, 2005), and the total carbohydrate content was estimated by the phenol-sulphur method (DuBois et al., 1956).
2.6. Determination of sugar composition 
Gum solutions for HPLC analysis were prepared by following the method given by Rezaei et al. (2016) with some modifications. In brief, 10 mg of purified gum was hydrolyzed at 100◦C for 3 h with 1 mL of trifluoroacetic acid (2 M). After cooling to room temperature, the reaction mixture was centrifuged at 1000 rpm for 5 minutes. The supernatant was collected and the pH was adjusted with 0.3M NaOH (pH=7). The neutralised solutions obtained were dried and then 1 mL of distilled water was added to form the hydrolysates. Further, the filtrate was used for HPLC 1100 (Agilent Technologies, Waldbronn, Germany) analysis. The chromatographic separation and quantification was performed on a Zorbax Extend-C18 column (250 mm × 4.6 mm, 5 μm), with a mobile phase of acetonitrile and water (80: 20, v/v) at a flow rate of 2 mL/min, and ultraviolet detection at 250 nm. D-glucose, D-galactose, L-arabinose, L-rhamnose, D-xylose, D-mannose, acid D-glucuronic, acide D-galacturonic, standards were used for interpretation of HPLC spectra.

2.7. Mineral analysis

The mineral content of the different ashes was determined according to AOAC, (2005). Crude and purified cashew gum (CG) samples (1 g) were dissolved in 10 mL HNO3/HCl (1/3, v/v). The mixture was then filtered through Whatman No. 4 paper and transferred to volumetric flasks (100 mL) and boiled for 10 min. The final volume was made up with distilled water. These solutions were used for the determination of minerals. The concentration (mg/100 g dry matter) of metal ions in the sample was determined by flame atomic absorption spectrophotometry (SHIMADZU 5, type A.A-6200) using a regression equation of linear calibration analysis. The sample was analysed in duplicate. Standard solutions were prepared from a 1000 ppm stock solution of 2% nitric acid for each of the elements analysed.
2.8. Water solubility index determination
Water solubility index (WSI) was determined according to the method of Torruco-Uco & Betancur-Ancona (2007) with slight modifications. Briefly, 1 g of cashew gum powder samples were weighed in a test tube and added with 30 mL of distilled water. The mixture was stirred mechanically at room temperature (25 ± 1°C) and elevated temperature (80°C) for 30 min instead of a series of times. The gum solutions were then centrifuged at 6000 rpm for 30 min, the supernatant was transferred to pre-weighed Petri dishes and the sample was immediately dried at 105 °C to obtain the dry solids. Finally, the WSI was obtained following formula 


2.9. Water holding capacity determination
The water-holding capacity (WHC) of cashew gum powders were calculated according to the adapted method of Torruco-Uco & Betancur-Ancona (2007). Briefly, 1 g of samples were weighed in a test tube and added with 30 mL of distilled water. The mixture was centrifuged at 3000 rpm for 30 min at 25 °C, and the supernatant was collected. The swollen residue was weighed. The water holding capacity was expressed as g of water held per g of sample. The formula for calculating WHC is as follows


S = sample
2.10. Oil holding capacity determination 
The oil holding capacity (OHC) was measured according to Amid & Mirhosseini (2012) with minor modifications. About 1 g of gum was suspended in 10 mL of refined edible oils (sunflower oil, corn oil, olive oil, palm oil). The suspension was vigorously stirred in a vortex for 10 s every 5 min for a total duration of 30 min, followed by centrifugation at 3000 rpm for 20 min and removing the oil. The OHC is defined as grams of oil absorbed per g of samples.
2.11. Statistical analysis
All the experimental studies were carried out in triplicates. Data expressed as means ± standard deviations were statistically analysed by one-way analysis of variance (ANOVA) using Duncan’s test. All statistical treatments were performed performed using STATISTICA (Version 10. Statsoft Inc, Tulsa-USA Headquarters) et EXCEL (Version 2016, Microsoft.com).

3. RESULTS AND DISCUSSIONS
Cashew gum exudate is a brown resin extracted from the trunk of the cashew tree. It is characterized by the presence of inorganic salts, proteins, lignins and nucleic acids. In order to obtain a gum with desirable techno-functional properties, it is necessary to find an efficient, reproducible and reliable purification method that gives satisfactory results. For this reason, purification is often carried out as a first step in characterizing and exploring the potential application of polysaccharides in food and pharmaceutical systems (Loureiro et al., 2021; Salarbashi et al., 2021). 
3.1. Isolation, purification, and yield of plant exudate
The polysaccharide is a mixture of various macromolecular substances that are produced naturally in adverse conditions such as a lack of moisture, high elevation, and excessive heat (Chaudhari & Annapure, 2021). The yield and composition of the gum produced varies depending on the isolation method used. The purification yields obtained by each method were 79.34% for ethanol precipitation (methods A), 82.16% for isopropanol precipitation (methods B), 73.52% for ethanol and isopropanol precipitation (methods C) and 76.40% for Fehling's solution precipitation (methods D) (Fig. 3). Methods B (isopropanol purification) give the highest (82.16%) purification yield of the dried mass of the gum. The ANOVA results indicated that the purification method had a significant effect (P = .05) on the yield of cashew gum. The efficiency of a purification process depends mainly on several factors, such as the sample matrix and the nature and content of impurities (such as trace elements, tannins, natural pigments, and proteins). It can also be influenced by the purification conditions, such as the polarity and dielectric constant of the solvents and reagents used (Amid & Mirhosseini, 2012a). Previous studies by Olawale et al, using ethanol precipitation, washed with diethyl ether, found a low yield (81.66%) from cashew exudate gum (Olawale et al., 2024). 
 
Fig. 3: Purification method gum yield
[bookmark: _Hlk191155776]E = ethanol purification; I = isopropanol purification, EI = ethanol and isopropanol purification; and Fs = Fehling's solution purification. Values are expressed as mean ± standard deviation. Mean values with different superscript letters were significantly different (P = .05).

The better performance with isopropanol in this study could be explained by the fact that alcohols with more carbon atoms have been suggested to increase hydrolysis and reduce polymerization in the exudate (Hay et al., 2024). The relatively high yield suggests that the isopropanol solvent extraction process used was ideal for cashew gum. The better performance with isopropanol in this study could be explained by the fact that it allows better precipitation of polysaccharides in the exudate. According to Huang et al., polysaccharide purification using ethanol or isopropanol is one of the methods that results in a decrease in the dielectric constant of the polysaccharide solution, which leads to better purification (Huang et al., 2022). 
3.2. Dry matter content in the cashew gum
As shown in Fig. 4, the dry matter (DM) content of all the purified cashew gums (91.04% - 91.50%) is higher than that of the crude sample (88.66%). Among the purified gums, the EI sample obtained by the successive ethanol and isopropanol purification method (method C) had a higher dry matter (91.50%) (Figure 2). These values are in line with the minimum standards (<15%) for good quality gums according to the European specification. The ANOVA results also showed a significant effect (P = .05) of the purification methods on dry matter (DM). The DM values found in this study were lower than that found by Olawale in purified cashew gum (99.92%) (Olawale et al., 2024). This suggests that the gum contains a significant amount of moisture, which has the potential to promote microbial growth and enzymatic degradation during storage. However, relative moisture is important as it facilitates the solubility of hydrophilic carbohydrates and hydrophobic proteins in the gum (Ali & Daffalla, 2018). Also, several authors asserted that low moisture gum has desirable properties that make it suitable for various food and pharmaceutical applications (Olawale et al., 2024).

Fig. 4: Effect of purification method on gum dry matter content
E = ethanol purification; I = isopropanol purification, EI = ethanol and isopropanol purification; and Fs = Fehling's solution purification. Values are expressed as mean ± standard deviation. Mean values with different superscript letters were significantly different (P = .05).
3.3. Protein content in the cashew gum
The emulsifying properties of the gum are due to the protein fraction (Sharma et al., 2020). The total proteins (0.23% and 1.25%) in the purified cashew gums were lower than those in the crude exudate (3.8%) (Fig. 5). Among the purified gums, sample Fs (method D) had the lowest protein content (0.23%), while the highest protein content (1.25%) was found in sample I (method B). Higher levels of protein (1.57%) have been found in purified cashew gum from Ghana by Olawale et al. (2024). The results of the ANOVA show that the purification method had a significant effect (P = .05) on the total protein content. Although exudates are not a rich source of protein, the presence of proteins in polysaccharides may improve their ability to adsorb at oil-water interfaces, and that contributed to the enhancement of their emulsion-stabilizing properties (Asamoa Mensa et al., 2024). Depending on the protein content, the gum can be used as an anti-inflammatory agent or as a surfactant (Pirsa & Hafezi, 2023). This study shows that purification using isopropanol (Method B) will be recommended, if the interfacial activity or emulsifying property of the emulsifying property of the biopolymer is targeted, while the purification process using Fehling's Fehling solution (Method D) will be recommended if a biological application of the gum is targeted. It is important to note that protein content is a significant quality attribute of cashew gum and can be affected by the growing region, seasonality and age of the trees (Hay et al., 2024).

Fig. 5: Effect of purification method on gum protein content
E = ethanol purification; I = isopropanol purification, EI = ethanol and isopropanol purification; and Fs = Fehling's solution purification. Values are expressed as mean ± standard deviation. Mean values with different superscript letters were significantly different (p < 0.05).

3.4. Ash content and mineral composition

The total ash content is an indication of the degree of purity and the level of inorganic compounds present in the gum, Ash (g/100 g DM) contents and mineral (mg/100 g DM) composition of the cashew gum samples are shown in Table I. The ANOVA indicates a significant effect (P = .05) of the purification method on ashes and minerals. The ash contents (1.03% - 1.55%) of the different purified gum samples are lower than that of the crude cashew exudate (2.71%). This value is high in comparison to that detected for purified cashew gums (0.56%) by Olawale et al. (2024). Previous authors found high values (3.6%) for ammonia gum and (2.59%) for Persian gum (Ebrahimi et al., 2020; Golkar et al., 2018). Atomic absorption spectrophotometry was used to quantify the elements in the gum. Lead, copper, cadmium, sodium and mercury were either absent or below the detection limits. In terms of micro-elements, magnesium (303.46-878.14) was predominant, followed by calcium (287.89-834.5), potassium (22.49-59.26) and finally sodium (8.89-23.43). Microelements such as iron (195.27 - 74.11), copper (314.98 - 9.65), zinc (24.97 - 9.48) and manganese (22.41 - 8.51) were also found. The variation in mineral content could be due to geographical conditions. The reduction of inorganic matter during the purification process is within the regulatory limit (4%), which is desirable for food and pharmaceutical grade gums (Joint FAO/WHO Expert Committee on Food Additives, 2014). It is a proven fact that minerals found in gums have a positive effect on human health. Magnesium is essential for normal muscle and nerve function and helps to stabilize heart rhythm. Calcium is an important structural component of bones, while potassium, along with sodium, plays a key role in maintaining electrical potential across cell membranes and in the conduction of nerve impulses. Calcium, potassium and magnesium are necessary for the repair of dead body cells and the production of red blood cells, while trace elements (copper, iron, zinc and manganese) are essential for enzyme metabolism (Joint FAO/WHO Expert Consultation on Human Vitamin and Mineral Requirements, 2004).





Table 1: Ash and mineral composition of cashew gum

	Mineral (mg/100g)
	Purification methods

	
	Raw gum
	Ethanol purification
	Isopropanol purification
	Ethanol and isopropanol purification
	Fehling's solution purification

	Total ash (%)
	2.71 ± 0.03e
	1.55 ± 0.02c
	2.01 ± 0.01d
	1.03 ± 0.01a
	1.43 ± 0.02b

	Iron 
	195. ±0.01e
	111.8 ± 0.01c
	143.98 ± 0.04d
	74.1 ± 0.01 a
	82.43 ± 0.01b

	Sodium
	13.42 ± 0.01e
	17.26 ±0.02c
	8.89 ± 0.00d
	10.16 ± 0.01 a
	17.26 ±0.02b

	Potassium
	59.26 ± 0.02e
	33.95± 0.01c
	43.68± 0.01d
	22.49± 0.02 a
	27.53± 0.02b

	Calcium
	834.50 ± 0.02e
	478.19 ±0.02c
	615.23 ±0.03d
	316.75 ±0.01b
	287.89 ± 0.01a

	Magnesium
	878.14 ± 0.03e
	503.17 ± 0.01c
	647.41 ± 0.01d
	333.34 ± 0.03b
	303.46 ± 0.02a

	Manganese 
	22.41 ± 0.02e
	12.85 ± 0.01c
	16.54 ± 0.03d
	8.51 ± 0.02 a
	11.86 ± 0.01b

	Copper 
	25.6 ± 0.01d
	14.7 ± 0.01c
	14.7 ±0.00d
	14.7 ± 0.00 a
	14.7 ± 0.00 e

	Zinc
	24.97 ± 0.01e
	14.33 ± 0.02c
	18.41 ± 0.02d
	9.48 ± 0.01a
	13.21 ± 0.03b


Mean values in the same line with different superscript letters were significantly different (P = .05) according to Duncan's multiple comparison test 

3.5. Total carbohydrates, monosaccharide analyses, and total uronic acids contents

The total carbohydrate (79.5% - 85.14%) in purified gum was higher than that of the raw cashew sample (65.41%). As shown in Table 2, the Fs sample (method D) has a higher total carbohydrate content (85.14%). This may be due to the use of Fehling's reagent for purification, which results in hydrolysis of soluble sugars. A high carbohydrate content. as found in this study. confirms the purity of the gum. which indicates good quality (Asamoa Mensa et al., 2024). The results of the carbohydrate profiling by high performance liquid chromatography show that these cashew gums contain the neutral saccharides galactose (33.22- 70.57%), and arabinose (10. 90-14%), glucose (7.82-11.77%), rhamnose (3.39-8.80%), mannose (0.96-1.289%) and xylose (0.76-0.96%) with galacturonic acid (0.82-1.25%), and glucuronic acid (2.28-3.72%). The results of the analysis of variance (ANOVA) show a statistically significant effect (P = .05) of the purification methods on both the total carbohydrate and monosaccharide composition of cashew gums. This monosaccharide composition influences the structure and degree of branching. This would affect the physico-chemical properties of the gum. such as its solubility and thickening ability (Hamdani et al., 2019). This study also showed a statistically significant decrease (P = .05) in the monosaccharide content of all chewing gum samples after purification. except for galactose. which showed an increase. Previous authors reported that galactose (predominant). arabinose. mannose and xylose are the major sugar components of cashew gum. with glucuronic acid and galacturonic acid as minor components (Amaral et al., 2022). The cashew gum monosaccharide and total uronic acids give the gum a polyelectrolyte character which can interact with the salt in the food and modify its physiological properties. It is therefore necessary to determine the salt dependency of the purified gum.
Table 2: Carbohydrates and monosaccharides composition of gum
	Sugar (%)
	Purification methods

	
	Raw gum
	Ethanol purification
	Isopropanol purification
	Ethanol and isopropanol purification
	Fehling's solution purification

	Total carbohydrates
	65.41 ± 0.02a
	83.35 ± 0.02d
	79.50 ± 0.02 b
	80.14 ± 0.02c
	85.14 ± 0.02e

	Galactose
	33.22 ± 0.01a
	59.46 ± 0.01c
	54.61 ± 0.02b
	64.76 ± 0.02d
	70.57 ± 0.04e

	Arabinose
	14.62 ± 0.02e
	11.62 ± 0.03b
	12.47 ± 0.01c
	12.97 ± 0.01d
	10.90 ± 0.01a

	Glucose
	11.77 ± 0.02e
	7.82 ± 0.04c
	7.99 ± 0.05d
	8.45 ± 0.01c
	8.56 ± 0.02d

	Rhamnose
	8.80 ± 0.02e
	4.80 ± 0.02a
	6.75 ± 0.01c
	4.67 ± 0.00b
	3.39 ± 0.02a

	Mannose
	1.28 ± 0.01d
	0.89 ± 0.03a
	1.12 ± 0.04c
	1.27 ± 0.02d
	0.96 ± 0.01b

	Xylose
	0.96 ± 0.01e
	0.73 ± 0.02a
	0.92 ± 0.01c
	0.97 ± 0.01d
	0.83 ± 0.01b

	Glucuronic acid
	3.72 ± 0.01c
	2.28 ± 0.03b
	2.98 ± 0.04b
	3.32 ± 0.02b
	2.55 ± 0.03a

	Galacturonic acid
	1.25 ± 0.03e
	0.98 ± 0.01a
	0.99 ± 0.01c
	0.99 ± 0.02d
	0.82 ± 0.00b


Values are expressed as mean ± standard deviation. Mean values in the same line with different superscript letters were significantly different (P = .05) according to Duncan's multiple comparison test 

3.6. Water solubility index and Water holding capacity
The water solubility index (WSI) is defined as the maximum concentration of a solute that can dissolve in a solvent at a given temperature (Lu et al., 2025), and it is the most reliable criterion for evaluating the behaviour of a powder in an aqueous medium (Sarkar et al., 2018). As shown in Fig. 6, all gum samples showed solubilisation in both cold and hot water and solubility increases with temperature. Moreover, the solubility in hot water was more than in cold water, and Chaudhari & Annapure, (2021) confirmed this phenomenon. Concerning the WSI of purified cashew gums (73.83% to 86.27%), values were found to be higher compared to the crude exudate (69.51%) at 25°C. Additionally, at 80°C, WSI was found to be high (85.76% to 94.61%) for purified compared to the crude exudate (74.49%). The highest and lowest WSI values were observed in samples Fs (method D) and I (method B), respectively. The analysis of variance (ANOVA) results indicated that the purification method and temperature (80°C) significantly (P = .05) enhanced the solubility of purified cashew gums. The solubility of exudate gums in any aqueous medium is the most important factor to evaluate their utility, as it enhances the appearance and texture of the final products. Solubility is mainly affected by the protein fraction, presence of hydroxyl groups, monosaccharide composition, presence of branched chains with galactose and ionic groups in the backbone and side chains of the molecular skeleton (Nevara et al., 2022; Singh et al., 2024). The presence of an ionic compound suggests that the gum was insoluble in ethanol, acetone and chloroform.
Regarding the water holding capacity (WHC) in Fig. 7, the results demonstrate that sample Fs (method D) exhibited a high WHC of 2.04 (g of water/g of gum), while sample I (method B) exhibited a low WHC of 1.58 (g of water/g of gum). According to Sarkar et al. (2018), the WHC of gums varies depending on several factors, such as the balance of hydrophilic and hydrophobic amino acids in the protein molecule, as well as the associated lipid and carbohydrate fractions. The poor WHC of cashew gum could be attributed to its neutral or slightly acidic salt (D-glucoronic) of a complex polysaccharide containing calcium, magnesium and potassium ions (Sarkar et al., 2018). The results (g of water/g of gum) obtained in this study were inferior to Psyllium gum (10.24, Xanthan gum (10.00), Tragacanth gum (8.65), similar to Tamarind gum (2.79), Guar gum (2.00) and high compared to gum Acacia (1.50), Karaya gum (0.34) (Sarkar et al., 2018). According to (Amid & Mirhosseini, 2012a), a uniformly fine gum structure with small pores is likely to result in a higher WHC and better water retention than a coarse structure with large pores. Gum exudates are used in industry because of their high-water holding capacity. This can be used to create gels or very viscous solutions and to improve food texture (Amid & Mirhosseini, 2012b; Chaudhari & Annapure, 2021). Additionally, it is crucial to assess the WAC of gum in terms of storage circumstances (Amid & Mirhosseini, 2012b).

Fig. 6: Effect of purification method on gum water solubility index
E = ethanol purification; I = isopropanol purification, EI = ethanol and isopropanol purification; and Fs = Fehling's solution purification. Values are expressed as mean ± standard deviation. Mean values with different superscript letters were significantly different (p < 0.05).
The ANOVA shows that the purification method has a statistically significant effect (P = .05) on the WHC of cashew gum and ranked in the following order: sample Fs (method D) > sample E (method A) > sample EI (method C) > sample I (method B). According to Singh et al. (2024), the Water Holding Capacity (WHC) of exudate gums is of great industrial importance as it determines the rate of evaporation and freezing, moisture retention and texture. The WHC determines the safe storage conditions and preparation of food and pharmaceutical products. A higher WHC value for Fs (method D) is a good option for modifying the physical properties of food as well as for stabilising emulsions (Al-Ali et al., 2024).

Fig. 7: Effect of purification method on gum water solubility index

E = ethanol purification; I = isopropanol purification, EI = ethanol and isopropanol purification; and Fs = Fehling's solution purification. Values are expressed as mean ± standard deviation. Mean values with different superscript letters were significantly different (P = .05).
3.7. Oil holding capacity (OHC)
The oil holding capacity (OHC) of exudate gums refers to the amount of oil or fat absorbed per unit weight of exudate gum, and is important in improving the texture, juiciness, lubricity and fluidity of products (Singh et al., 2024). As shown in Table 3, the OHC of purified gums ranged from 0.75 to 1.02 (g of oil/g of gum) compared to crude exudate 1.15 to 1.19 (g of oil/g of gum). sample I (method B) has the highest OHC (1.02 g /g) while sample Fs (method D) has the lowest OHC (0.75 g /g) Based on the ANOVA results, purification method and oil type had significant effects (P = .05) on OHC, and whatever oil type was used, the purification method resulted in a significant reduction in OHC of purified cashew gums. The OHC values found in this study were low compared to the OHC values of various exudate gums (1,15 to 2,15 g /g) as reported by Singh et al. (2024). The difference in OHC in purified gums can be attributed to the presence of non-polar molecules (lipophilic in nature) in gums that are responsible for binding oil droplets (Safdar et al., 2023). 

Table 3 : Cashew gum oil holding capacity in different oils
	Oil holding capacity (g /g)
	Gum purification methods

	
	Raw gum
	Ethanol purification
	Isopropanol purification
	Ethanol and isopropanol purification
	Fehling's solution purification

	Corn 
	1.16 ± 0.02l
	0.84 ± 0.01e
	0.97 ± 0.01hi
	0.95 ± 0.01g
	0.76 ± 0.01a

	Sunflower
	1.15 ± 0.03l
	0.83 ± 0.01de
	0.99 ± 0.01j
	0.95 ± 0.01gh
	0.77 ± 0.01b

	Refined palm
	1.19 ± 0.01m
	0.87 ± 0.01f
	1.02 ± 0.01k
	0.97 ± 0.01ij
	0.79 ± 0.01c

	Olive
	1.15 ± 0.01l
	0.82 ± 0.01d
	0.98 ± 0.01j
	0.94 ± 0.01g
	0.75 ± 0.01a


Values are expressed as mean ± standard deviation. Mean values with different superscript letters were significantly different (P = .05).
3.8. Pearson Correlation analysis 
To further explore the relationship between gum purification methods, the multivariate analyses were used to differentiate the ten varieties. The results of correlation analysis indicated the presence of correlations among different fums physicochemical, functional properties and yield (Fig. 8). Cashew gum protein is negatively correlated with dry matter (r = -0.92), total carbohydrates (r = -1.00) and galactose (r = -0.96), whereas it is positively correlated with arabinose (r = 0.95), glucose (r = 0.92) and rhamnose (r = 0.93). This can be explained by the fact that purification reduces the proteins in the crude exudate and increases the dry matter and carbohydrate content of the dehydrated purified gum powder. There is a significant negative correlation (p ≤0.05) between the protein content and the water solubility index (r = -0.99) and the water absorption capacity (r = -0.92). Conversely, positive correlations are found between the protein content and the oil absorption capacity (r = 0.94; r = 0.95; r = 0.96), regardless of the type of oil. There was a significant negative correlation (p ≤0.05) between protein content and water solubility index (r = -0.99) and water absorption capacity (r = -0.92). Conversely, there was a positive correlation between protein content and oil absorption capacity (r = 0.94; r = 0.95; r = 0.96), regardless of oil type. Total carbohydrate was positively correlated with water solubility index at 80 °C (r = 0.99) and water absorption capacity (r = 0.92), but negatively correlated with oil absorption capacity (r = -0.94; r = -0.95; r = -0.96), regardless of oil type. These correlations help to explain that the hydrating properties of cashew gum in this study are related to the high carbohydrate composition of the gum, while a high protein content enables the high oil absorption capacity of the gum. These results indicate that interrelationships exist among the physicochemical and functional properties of gums according purification methods. 

[image: ]
Fig. 8: Correlogram of correlations between physicochemical and functional properties of gums

3.9. Principal Component Analysis (PCA) 

The PCA biplot was used to describe the close relationship between purification methods, physicochemical and functional properties of the studied gums. Two orthogonal components presented more than 1.00 eigenvalues, accounting for 95.02% of the total variance explained by PC1 and PC2 (Fig. 9). The contribution of PC1 was 83.45% of the total divergence of the studied population, in which the main contributing characters were solubility (80°C) (0.99), carbohydrates (0.99), galactose (0.99), protein (4.09), WHC (0.96), and dry matter (0.89), with the maximum positive contribution being to genetic divergence, whereas rhamnose (-0.98), protein (-0.97), OHC (-0.96 to -0.96), and ash (-0.89) had significant negative effects. PC2 accounted for 11.57% of the total variation. Xylose (0.74), manose (0.73) and glucuronic acid (0.581) had the maximum positive contribution to quality diversity, whereas yield (-0.45), ash (-0.45) and zinc (-0.41) had a strong negative contribution. Three clusters appeared in the biplot. The minerals calcium, iron, potassium, zinc, magnesium, sodium, manganese, ash and yield were clustered together. While mannose-xylose, glucuronic acid, galacturonic acid, OHC, arabinose, glucose, and protein were close together. Conversely, galactose, dry matter, WHC, solubility, and carbohydrate were distant from the other quality traits and showed opposite trends (Fig. 9).

[image: ]
Fig. 9: Principal component analysis (PCA) illustrating the clustering of physicochemical and functional properties (blue) across the different purification methods (red).

4. CONCLUSION
This study demonstrated the purification methods had a significant effect (p ≤0.05) on the yield and quality of purified cashew gum. The gums showed significant solubility and water absorption capacity. Conversely, they had low oil absorption capacity. Based on the degree of purification, method A (ethanol) and method B (isopropanol) appear to be more effective in purifying exudate from Anacardium occidentale. On the other hand, method C and method D would provide a purified cashew gum with more suitable functional properties. However, precipitation with Fehling's solution (method D), which gives a purer cashew gum with a lower protein content, could be recommended for biological applications such as the formation and stabilisation of liquid-liquid dispersions (emulsions).
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