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Introduction 

Vaccines have been a cornerstone in the global fight against 

infectious diseases, significantly enhancing public health outcomes.1, 2 Despite 

their critical role, vaccine efficacy can be limited by challenges such as poor 

immunogenicity due to gut and environmental conditions and method of 

delivery.3  To address these challenges, there is the need to develop carriers, 

especially from natural polymers, which have shown promise in drug delivery 

systems due to their availability, low cost, biocompatibility, low toxicity, and 

biodegradability.4 - 6 

Drug delivery systems using polymers have been the focus in recent times, 

because polymers have been shown to have good flow characteristics and 

compressibility, making it suitable as a diluent for tablet formulations. Studies 

by Loureiro et al.. 7 Nandi  and Mukhopadhyay ,8 Pinto et al. ,9 and Silva et al. 
10 explored the use of polymers as a potential drug delivery system and 

pharmaceutical excipient.  
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They were employed in the fabrication of various micro- and nanostructured 

drug delivery devices, including nanoparticles. Nanoparticles from natural 

polymers are known to effectively encapsulate drugs and provide sustained 

release.8 These studies make natural polymers promising candidates for other 

pharmaceutical applications. However, there is paucity of information on 

their application as vaccine carriers in veterinary subjects. This study 

seeks to address the challenges faced by the poultry industry in 

controlling Newcastle disease by exploring innovative vaccine delivery 

systems. Given the economic importance of the poultry sector and the 

significant impact of Newcastle disease on productivity, there is a 

critical need to develop more effective and sustainable vaccination 

strategies. This research seeks to provide a solution to the limitations of 

current vaccination methods and improve disease management within 

the poultry industry. 

This study focuses on Cashew tree gum [CTG], a biocompatible and 

biodegradable natural polysaccharide, as a potential vaccine carrier. Primarily, 

the aim is to evaluate CTG through purification, phytochemical analysis, and 

biocompatibility assessment, contributing to the development of safer and 

more effective vaccine carrier and delivery systems. The current study's 

objectives are to purify CTG for pharmaceutical use, identify its constituents 

through phytochemical analysis, and evaluate its biocompatibility as a vaccine 

carrier. Biocompatibility is paramount in drug development to avoid adverse 

reactions.26, 27 Our study underscores the importance of evaluating CTG's 

safety and compatibility as a vaccine carrier. 

Cashew tree gum [CTG], a natural polysaccharide derived from the 

stem bark of the cashew tree (Anacardium occidentale L.), is notable 

for its diverse applications.11-15 With properties such as mucoadhesion, 
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controlled release, and biocompatibility, CTG has been explored for its 

suitability in drug delivery systems.16-20 The gum’s material properties, 

including surface morphology and thermal stability, have been studied, and its 

pharmacological activities, such as antidiarrheal and anti-inflammatory 

effects, have been documented.17, 21 

The pharmaceutical industry's interest in CTG is due to its non-toxicity and 

biodegradability, with research exploring its use in various drug delivery 

systems. 15, 20 These properties make cashew gum a promising candidate for 

exploration as a vaccine carrier, as polymer carriers can enhance vaccine 

performance by improving immunogenicity and stability.2, 22, 23 However, the 

full potential of CTG as a vaccine carrier has yet to be characterized. Our study 

seeks to fill this gap by providing a comprehensive evaluation of CTG's 

properties, and safety profile and to assess CTG as a vaccine carrier.  

 

Materials and Methods  

Collection and Preparation of Cashew Tree Gum 

Crude Cashew tree gum [CTG] was obtained between May and August 

2022 from the Ejura cashew plantation in the Ashanti Region of Ghana. 

The sample was verified by Prof Gustav Komlaga of the Department of 

Pharmacognosy, Faculty of Pharmacy and Pharmaceutical Sciences, 

Kwame Nkrumah University of Science and Technology, Kumasi 

(KNUST), and assigned a specimen voucher number 

KNUST/HM1/2022/CG001. The sample is kept at Faculty of Pharmacy 

Herbarium, KNUST. For preparation for this study, the sample was 

dried, and sorted into two grades. The light-coloured grade was milled 

into a fine powder for subsequent analysis. 

 

Purification Process 

The gum was purified according to the process described by Ofori-

Kwakye et al..17 Briefly, the crude gum powder was dispersed in distilled 

water, followed by filtration through a muslin cloth to remove insoluble 

impurities. The mucilage was then precipitated with ethanol, washed 

with diethyl ether, and dried in the microwave set to 60o C for 20 hours. 

The resulting dried purified gum was milled in a laboratory Blender 

[Multifunction Blender Robots, SC-1589, Silver Crest] and sieved to 

uniform particle size using a Laboratory Test sieve [Aperture 250Um, 

silver steel mesh] for further testing. 

 

Determination of Percentage Yield 

The percentage yield of the purification process was calculated as 

follows: the final weight of the purified gum, multiplied by 100 and 

divided by the initial weight of the crude gum.  

For crude cashew tree gum [CTG] in this study, the percentage yield 

was calculated as the final weight of 81.61 g purified gum, multiplied 

by 100 and divided by the initial weight of 100 g. 

 

Phytochemical Analysis 

The phytochemical constitituents of the gum were determined 

according to methods described by Banu and Cathrine 2015.24 These 

methods were employed and adapted to analyze the presence of tannins, 

flavonoids, saponins, glycosides, triterpenoids, coumarins and alkaloids 

in the CTG.  

 

Physicochemical and Mineral Characterization 

Proximate analysis was conducted to determine the protein, fat, 

moisture, ash, Fibre,  and carbohydrate [Carbohydrate contents of the 

CTG using the official methods of analysis of the Association of 

Official Analytical Chemists [AOAC] methods.25 

Moisture content was assessed by drying the gum at 105°C and 

measuring the loss on drying. The insoluble matter in both crude and 

purified gum was quantified after acid treatment and filtration. The pH 

of the gum mucilage was determined using a standardized pH meter 

[JENWAY 3510 pH Meter and Starter 3100], and mineral content was 

analysed using Microwave Plasma Atomic Emission Spectroscopy 

[MP-AES] after wet digestion with nitric and per chloric acids. 

 

 

 

Rheological Properties 

The effect of concentration on the viscosity of CTG mucilage was 

examined by preparing mucilage at various concentrations and 

measuring their viscosity using Brookfield Viscometer, by multiplying 

dial reading by factor as described by Ofori-Kwakye et al.17 This 

assessment is crucial for understanding the behaviour of CTG in 

vaccine formulations. Briefly, different concentrations [5, 10, 20, 30, 

40%] of CTG mucilage were prepared in a beaker and the viscometer 

probe was lowered into the mucilage and the reading taken on the dial 

panel. 

Understanding CTG's physicochemical and biological properties is essential 

for assessing its safety and efficacy.  

 

Statistical Analysis  

Data obtained on the physicochemical parameters, metal content, and 

rheological properties of the cashew gum were subjected to a one-way 

analysis of variance [ANOVA] and means were separated using 

Tukey’s test. Statistical significance was tested at a 5% significance 

level [95% confidence interval]. Significance values less than p≤0.05 

were deemed to be statistically significant. 

 

 

Results and Discussion 

Purification Percentage Yield 

The process of obtaining and purifying cashew tree gum begins with 

incising and harvesting cashew tree exudate. The fresh exudate is 

allowed to mature over time into a denser, more concentrated form on 

the tree. The matured exudate is sorted by quality, with the light grade, 

which is pale and containing fewer impurities and the dark grade darker 

and having moreimpurities.17 The light grade is milled into finer particles 

and then purified to remove contaminants, resulting in refined cashew 

gum ready for use (Figure 1, A-F).The percentage yield was 81.61%. 

This purification yield indicates an effective removal of impurities and 

contaminants, with resultant pristine macroscopic features such as glassy white 

colour, inodorous smell, and amorphous form (Table 1). This refined form is 

a relatively pure product suitable for further analysis and potential applications. 

Purifying CTG is a multifaceted process influenced by factors such as 

contamination, yield, solubility, and the chosen purification technique. 

Successfully handling these factors is crucial for producing CTG of sufficient 

quality for use as a vaccine adjuvant or in drug delivery systems. 

The purification of CTG is essential for its pharmaceutical applications. 

Methods vary, four of which were described by Loureiro et al., 2021,7 where 

the crude cashew gum was first dispersed in water and left for 24hours, 

followed by filtration and precipitation by either hydrogen peroxide, acetone, 

ethanol or sonicated in water by tip ultrasound. Alcohol precipitation was 

utilised in this study. Notably, the purification method, including alcohol 

precipitation, has been shown not to significantly affect CTG's 

biocompatibility.17 

 

Proximate Composition 

Raw cashew gum had moisture content of 0.13% ± 0.0093, while 

purified cashew gum showed slightly lower moisture of 0.08% ± 

0.0078. Total solids were 99.87% ± 0.0093 in raw gum and slightly 

higher at 99.92% ± 0.0078 in purified gum. Total ash content differed 

non-significantly, with raw gum at 0.999% ± 0.1020 and purified gum 

at 0.565% ± 0.0058. Crude fat content was significantly [p=0.047] 

higher in purified gum [6.314% ± 0.2970] compared to raw gum 

[3.154% ± 0.1490] as shown in Table 2. 

Purified gum also exhibited higher crude protein content [1.5712% ± 

0.0153] compared to raw gum [1.927% ± 0.0209], which was 

statistically significant [p=0.033]. Nitrogen content was significantly 

[p=0.033] lower in purified gum [0.2514% ± 0.00245] compared to raw 

gum [0.308% ± 0.0033]. Carbohydrate content was slightly lower in 

purified gum [91.467% ± 0.3140] compared to raw gum [93.79% ± 

0.2390], though not statistically significant [p =0.076]. Proximate 

analysis revealed a low moisture content of 0.13% for the crude cashew gum, 

while the purified was 0.08%, these values are very low compared to other 

findings 15, 17 where 11.2% and 10.4% of crude and purified cashew gums were 

observed, respectively. This may be due to maturity of the cashew tree the 
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gums were harvested, season of harvesting, and differences in drying 

processes employed during the sourcing and processing [purification] of the 

gum from the cashew tree.15 A high total solids content of 99.92%, and stable 

mineral composition with total ash content of  0.999% and 0.565% in crude 

and purified cashew gums respectively, similar to other findings 15, 20,31-33 

where the study found total ash of 0.5-1.2%. These findings indicate 

favourable properties for pharmaceutical applications, as the low moisture 

content minimizes the risk of microbial contamination and degradation of 

vaccine components during storage, while the high total solids content ensures 

a stable matrix for vaccine antigens, facilitating their uniform dispersion and 

controlled release upon administration and the low ash content indicates good 

quality of mineral content.15 

 

Metal Content of Gum 

The metal contents of the gum are presented in Table 3. The metal content 

analysis of cashew tree gum [CTG] provides critical insights into its safety and 

suitability for pharmaceutical applications, particularly as a potential vaccine 

carrier. The analysis revealed the presence of several metals, including iron, 

zinc, calcium, manganese, sodium, and potassium, in both raw and purified 

forms of CTG, in tandem with other findings.15, 17, 31-33 

Metals such as iron, zinc, calcium, and manganese were present in CTG at 

concentrations within the normal range, posing no significant health risks. 

These metals are essential micronutrients required for various physiological 

functions in the body and are commonly found in plant-derived materials. 

Sodium and potassium content in CTG showed slight variations between raw 

and purified forms, with sodium exhibiting a statistically significant increase 

in purified gum. Sodium and potassium are essential electrolytes required for 

various physiological functions in the body, including nerve and muscle 

function, and are commonly found in plant-derived materials. The observed 

variations may reflect changes in the composition and structure of CTG during 

the purification process, which could influence its functional properties as a 

vaccine carrier.  

 

Phytochemical Constituents 

In the raw state, saponins, glycosides, tannins, triterpenoids, alkaloids, 

and coumarins were present, with saponins and glycosides being 

notably more abundant (Table 4). Conversely, in the purified state, 

saponins, glycosides, tannins, triterpenoids, and alkaloids were present, 

albeit with a slightly reduced presence compared to the raw state. 

Notably, sterols, flavonoids, and coumarins were absent in both raw and 

purified states of cashew gum. Phytochemicals, the bioactive compounds 

in plants, play a pivotal role in modulating immune responses.28, 29, 31-33 They 

interact with immune system components, such as cells and cytokines, to exert 

various biological activities.30 Antioxidant phytochemicals like flavonoids and 

polyphenols mitigate oxidative stress and inflammation, bolstering immune 

function. Anti-inflammatory compounds, including curcumin and quercetin, 

help combat chronic diseases, while antimicrobial phytochemicals, including 

alkaloids, offer protection against infectious diseases. In vaccine carrier 

formulations, certain phytochemicals have been instrumental in enhancing 

immune responses. Saponins, for instance, are used in vaccines like HPV and 

foot-and-mouth disease vaccines to boost both humoral and cell-mediated 

immunity. Similarly, coumarins exhibit immunostimulatory and anti-

inflammatory properties. These findings underscore the potential of 

phytochemicals in vaccine carrier development and highlight the need for 

further research to optimize their use. The potential of phytochemicals in 

vaccine development is clear, but further research is needed to optimize their 

use. 
 

Table 1: Macroscopic features of the gum 

S/N Feature Characteristic 

1 Colour Glassy white 

2 Odour Inodorous 

3 Taste Bland 

4 Form and shape Amorphous 

5 Brittleness Depends on dryness 

 

Rheological Findings 

The swelling index of the raw cashew gum had a mean value of 3.20 ± 

0.000, whereas purified cashew gum exhibited a significantly lower 

mean of 1.05 ± 0.070 [p ≤ 0.001*] (Table 5). Further, raw cashew gum 

had an acidic pH value of 3.91 ± 0.005, while the purified cashew gum 

showed a slightly higher mean pH of 4.08 ± 0.017 [p ≤ 0.001].  The pH 

levels of both crude and purified gums were slightly acidic, having 3.91 and 

4.08 values respectively, supported by other findings that claimed the pH of 

cashew gums are usually within the range of 3.8 to 4.2.15, 17 The pH of purified 

gum was slightly higher than raw gum, indicating a slight alkalization effect 

during the purification process. The swelling index of purified gum was 

significantly lower than raw gum, suggesting a reduction in water absorption 

and swelling capacity. The lower swelling index indicates effective 

purification and removal of impurities, leading to a more refined and 

homogeneous product suitable for vaccine formulation.  

The viscosity profiles of the raw and purified gums are presented in 

Table 6. The effect of gum concentration on viscosity was also 

determined. For both the raw and purified gum samples, the viscosity 

generally increased with increasing gum concentration. However, there 

was significant difference in viscosity between raw and purified states, 

with the latter being less viscous.  A lower viscosity will encourage an 

easier processing and administration of the gum-based vaccine. This 

may also enhance patient comfort and vaccine delivery efficiency. 

 

 

Table 2: Proximate Composition of Cashew Gum 

Parameters Mean ± S. D 95% C. I P-value 

Raw Cashew Gum Purified Cashew Gum Lower Upper 

Moisture [%] 0.13 ± 0.0093 0.08 ± 0.0078 -0.11541 0.06304 0.117 ns 

Total solids [%] 99.87 ± 0.0093 99.92 ± 0.0078 -0.06304 0.15541 0.117 ns 

Total ash [%] 0.999 ± 0.1020 0.565 ± 0.0058 -1.3558 0.4872 0.105 ns 

Crude fat [%] 3.154 ± 0.1490 6.314 ± 0.2970 0.1790 6.141 0.047* 

Crude protein [%] 1.927 ± 0.0209 1.5712 ± 0.0153 -0.5884 -0.1231 0.033* 

Nitrogen [%] 0.308 ± 0.0033 0.2514 ± 0.00245 -0.09414 -0.01969 0.033* 

Carbohydrate [%] 93.79 ± 0.2390 91.467 ± 0.3140 -5.8710 1.2240 0.076 ns 

*- mean differences between groups are statistically significant at 5% significance level [p≤0.05], ns- mean differences between groups are statistically 

not significant at 5% significance level [p≤0.05], C.I- Confidence interval, S.D- Standard deviation 
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Table 3: Metal Analysis of Cashew Gum in Different States 

Metals Mean ± SD 95% CI P-value 

Raw Cashew Gum Purified Cashew Gum Lower Upper 

Lead [Pb] 0.0548 ± 0.0110 0.04495 ± 0.0005 -1.10906 0.08936 0.427 ns 

Iron [Fe] 3.1742 ± 0.0744 3.337 ± 0.485 -4.242 4.567 0.721 ns 

Zinc [Zn] 0.2522 ± 0.0775 0.2622 ± 0.00177 -0.6864 0.7065 0.885 ns 

Calcium [Ca] 4.336 ± 0.526 4.180 ± 1.48 -14.22 13.92 0.913 ns 

Manganese [Mg] 23.584 ± 0.134 23.669 ± 0.330 -3.117 3.286 0.794 ns 

Sodium [Na] 4.2406 ± 0.0486 5.1068 ± 0.0518 0.2280 1.5044 0.037* 

Potassium [K] 8.418 ± 0.417 9.3819 ± 0.0634 -2.826 4.753 0.191 ns 

*- mean differences between groups are statistically significant at 5% significance level [p≤0.05], ns- mean differences between groups are statistically 

not significant at 5% significance level [p≤0.05], C.I- Confidence interval, S.D- Standard deviation 

 

 
Figure 1: A-F; A-Fresh cashew tree exudate, B- Matured cashew tree exudate, C- Light grade sorted exudate, D- Dark grade sorted 

exudate, E- Milled light grade sorted exudate, F- Purified cashew tree gum 
 

Table 4: Phytochemical constituents of cashew gum in different states 

Phytochemical State of Cashew Gum 

Raw Purified 

Saponins + + 

Glycosides + + 

Tannins + + 

Triterpenoid + + 

Sterol _ _ 

Flavonoid _ _ 

Alkaloid + + 

Coumarins _ _ 

-= absent, + = present 

 

Table 5: Swelling Index and pH of Cashew Gum in Different States 

Parameter Mean ± SD 95% CI P-value 

Raw Cashew Gum Purified Cashew Gum Lower Upper 

Swelling Index 3.20 ± 0.000 1.05 ± 0.070 0.1487 4.1013 0.001* 

pH 3.91 ± 0.005 4.08 ± 0.017 3.9001 4.0932 0.001* 

*- mean differences between groups are statistically significant at 5% significance level [p≤0.05], ns- mean differences between groups are statistically 

not significant at 5% significance level [p≤0.05], C.I- Confidence interval, S.D- Standard deviation 

 

 

 

C 
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Table 6: Viscosity of Cashew Gum in Different States 

State of Gum Concentration of Gum [Mean ± SD] P-value 

5% 10% 20% 30% 40% 

Raw 4.00±0.000 3.83±0.764 3.50±0.500 4.83±0.764 14.67±0.288 0.001* 

Purified 3.83±0.577 3.17±0.289 2.50±0.500 15.12±0.289 24.50±1.323 

*- mean differences between groups are statistically significant at 5% significance level [p≤0.05], ns- mean differences between groups are statistically 

not significant at 5% significance level [p≤0.05], S.D- Standard deviation 

 

 

Conclusion 

The assessment of cashew tree gum as a vaccine carrier has shed light on its 

physical, chemical, and rheological characteristics, along with its safety 

properties. The purification process resulted in a very pure gum with ideal 

attributes for vaccine formulation, including low moisture content, high total 

solids, and consistent mineral composition. Through rheological analysis, the 

influence of purification on the gum's swelling index, pH levels, and viscosity 

was evident, showing that the purified gum displayed enhanced stability. 

Phytochemical analysis revealed the presence of bioactive compounds that 

may contribute to its immunomodulatory effects and adjuvant properties. 

Cashew tree gum shows great potential as a novel vaccine carrier material.  

Further studies will explore methods to integrate CTG into vaccine 

formulations, assess its stability, and conduct in vivo studies to evaluate the 

effectiveness of the formulation. This research seeks to significantly impact 

veterinary medicine and especially the poultry industry, by providing a natural, 

biocompatible solution for efficient poultry vaccination, potentially reducing 

dosages and enhancing accessibility for small-holder farmers while extending 

its applications to other aspects of animal health to boost local economies. 
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