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Foam-mat drying technology has gained attention due to its ability to process sensitive fruits and produce 

products with desired properties while retaining their volatiles that otherwise would be lost during the 

drying of non-foamed materials. The objective of the study was to obtain cashew juice by drying foam-mat 

and evaluate the effect of adding different concentrations of ovalbumin (2%, 3% and 6%) on the 

physicochemical properties through the analysis of principal components. Treatments with 2% and 3% 

OVA showed hydrophilic characteristics that favored rehydration in aqueous mixtures. The treatment with 

2% OVA showed superior results in water absorption (0.32 gH2O/g), hygroscopicity (36.52%) and lower 

pH (4.33). The high solubility in water (9.23%) observed in the treatment with 3% OVA. The treatment 

with 6% OVA showed greater oil absorption (3.23 gOil/g) characterized as more hydrophobic and can be 

recommended for flavoring cake mixes. Therefore, the results indicated that foam-mat drying using 

ovalbumin as a foaming agent has potential as a new technology to be implemented in the juice powder 

industry. 

Keywords: Anacardium occidentale L., foam-mat drying technology, powdered juice. 

 

A tecnologia de secagem por camada de espuma tem ganhado atenção devido a sua capacidade de processar 

frutas sensíveis, e produzir produtos com as propriedades desejadas, retendo seus voláteis que, de outra 

forma, seriam perdidos durante a secagem de materiais sem espuma. O objetivo do estudo foi obter o suco 

de caju por secagem em camada de espuma e avaliar o efeito da adição de diferentes concentrações de 

ovoalbumina (2%, 3% e 6%) nas propriedades físico-químicas através da análise de componentes 

principais. Os tratamentos com 2% e 3% OVA apresentaram características hidrofílicas que favoreceram a 

reidratação em misturas aquosas. O tratamento com 2% OVA apresentou resultados superiores de absorção 

de água (0,32 gH2O/g), higroscopicidade (36,52%) e menor pH (4,33). A alta solubilidade em água (9,23%) 

observada no tratamento com 3% OVA. O tratamento com 6% OVA apresentou uma maior absorção de 

óleo (3,23 gÓleo/g) caracterizado como mais hidrofóbico, podendo ser recomendado para saborizar mistura 

de bolo. Portanto, os resultados indicaram que a secagem por camada de espuma utilizando ovalbumina 

como agente espumante tem potencial como uma nova tecnologia a ser implementada na indústria de suco 

em pó.  

Palavras-chave: Anacardium occidentale L., tecnologia de secagem por camada de espuma, suco em pó. 

1. INTRODUÇÃO 

 

The pseudo fruit of the cashew tree (Anacardium occidentale L.) is popularly known as 

cashew, a food distributed around the world that has therapeutic and medicinal properties [1]. As 

it is a seasonal fruit with a high percentage of water in its composition, cashew is very perishable, 

and production waste can reach 85%, representing around one million tons [2]. The shelf life of 

fruit can be extended through treatments such as refrigeration, freezing, minimal processing, 

drying, among others.  
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Cashew is a source of bioactive compounds that contain a high content of vitamin C, phenolics, 

especially the flavonoids myricetin and quercetin, in addition to gallic acid, tocopherols and 

phenolic acids, compounds with recognized antioxidant action and proven antimicrobial 

properties [3, 4]. It is a fruit used in the production of various products, such as juice, ice cream, 

jellies, hamburgers, sweets, cakes, cereal bars, among others [2]. However, due to its high 

perishability and astringency, it is underused in the food industry [1].  

In this context, drying food is an alternative that allows for the concentration and conservation 

of bioactive compounds from minimally processed fruits [5, 6]. Among the various existing 

drying methods, the foam-mat drying process has been widely recommended for liquid or               

semi-liquid foods, as pulp or fruit juice. The main advantage of this method is that it possibility 

fast drying at low temperatures, around 50 to 80 °C, due to the use of emulsifying and/or 

stabilizing agents. The formation of a stable foam through the incorporation of air makes it 

possible to accelerate the drying process [7]. Foams are thermodynamically unstable systems that 

have a three-dimensional structure made up of gaseous cells surrounded by a continuous liquid 

film. This structure originates from the grouping of bubbles generated when a gas is dispersed in 

a liquid that contains foaming agents. On the other hand, the efficiency of the process is also 

related to the large contact area that facilitates the removal of moisture present in a thin and porous 

foam layer. The result of drying is a powder with greater rehydration capacity, less deterioration 

and longer shelf life [8, 9]. 

Proteins, gums, glycerol monostearate, propylene glycerol monostearate, 

carboxymethylcellulose, and trichlorophosphate are examples of emulsifiers and stabilizers used 

in the foam-mat drying technology. Egg white is the most used raw material among proteins, as 

it has globular proteins, such as ovalbumin (54%), ovotransferrin (12%), ovomucoid (11%), 

ovomucin (3.5%), and lysozyme (3.5%) [10, 11]. Egg white proteins are endogenous, natural, 

have low cost, high nutritional value, and good functional properties, such as emulsifier and 

gelling agent. [12-14]. The use of ovalbumin as an emulsifier, together with the foam layer drying 

process, was reported in the production of mixed “jambolão” and “acerola” pulp, obtaining 

promising results [15].  

According to our best knowledge, the use of the foam-mat drying technology for the 

development of powdered cashew juice using ovalbumin as an emulsifying agent has not been 

found in the literature. Given the above, this study aimed to evaluate the effect of different levels 

of ovalbumin on the physicochemical characteristics of powdered cashew juice obtained by    

foam-mat drying. 

2. MATERIAL AND METHODS 

2.1 Material 

Cashews were selected based on uniformity of size, stage of maturity (based on skin color and 

firmness) and absence of physical damage. Cashew and egg albumin were purchased in the local 

market in the city of João Pessoa – PB. 

2.2 Preparation of powdered cashew juice 

Cashews were washed with tap water and left submerged with chlorine (100 mg/L of free 

chlorine), then rinsed and frozen at -18 °C. To obtain the juice, they were first thawed at 

refrigeration temperature for 12 h and manually macerated. The foam was produced according to 

the method by Dehghannya et al. (2018) [16], with adaptations (ovalbumin concentration and tray 

thickness). The process of obtaining powdered cashew juice started by mixing cashew pulp and 

ovalbumin at different concentrations (2, 3 and 6%). The mixture was aerated in a domestic mixer 

(planetary mixer dimensions 16 x 12 x 12 cm, Compact Inspirart Arno KM32) for 10 min at 

maximum speed (500 W). The foam formed was spread on aluminum plates (15x1.5 cm) with a 

layer thickness of 1.5 cm. Then, drying was carried out in an oven with air circulation at 60 °C 
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for 4 h consecutive, until constant weight [17]. The dehydrated material was removed from the 

plates with the aid of a spatula, manually macerated for 10 min and packaged in polyethylene pots 

with a lid and wrapped in aluminum foil. The pots were stored under refrigeration at 4 °C until 

analysis was performed. 

2.3 Foam expansion and stability 

The foam expansion was quantified from Equation 1 [18].  

 

𝐸𝑥  (%)  =  
1/𝜌𝑓𝑜𝑎𝑚 −  1/𝜌𝑝𝑢𝑙𝑝

1/𝜌𝑝𝑢𝑙𝑝
× 100     

(1) 

 

Where, ρpulp - density of the pulp (g/mL), ρfoam - foam density (g/mL) 

 

Pulp and foam densities were determined from mass over volume (g/mL). The sample was 

added to a 50 mL beaker and the mass was quantified at room temperature (25 °C) [19]. Equation 

2 was used to calculate the pulp and foam densities. 

 

𝜌 =  
𝑚𝑠 

𝑉𝑒 
   (2) 

 

Where, ρ – density, ms – mass, Ve – volume 

 

The foam stability was determined according to the methodology of Franco et al. (2015) [18]. 

A system composed of a 100 mL beaker with a glass funnel and filter was set up. After preparing 

the system, 7 g of foam was added to the funnel and then left to rest until the first drop of foam 

flows. The foam stability (E%) was calculated by Equation 3. 

 

𝐸𝑆 (%) = (
𝑉𝑓𝑜𝑎𝑚

𝑉0𝑓𝑜𝑎𝑚
) 𝑥 100 

(3) 

 

Where, ES - foam stability (%); Vfoam - final foam volume; V0faom - initial foam volume. 

2.4 Yield 

The yield of the powdered cashew juice drying process was determined by Equation 4. 

 

𝑅(%)  =  
𝐴 

𝐵 
× 100 

(4) 

 

Where, A - mass of powdered cashew juice found after drying (g), B - mass of total solids 

present in the sample before drying (g) 

 

2.5 Moisture content, water activity, hydrogenionic potencial and total soluble solids 

Moisture was measured by the gravimetric method by heating the sample (5 g) in a circulation 

oven at 105 °C for 24 h. The water activity was verified by direct reading in an Aqualab equipment 

(DEW POINT 4 TEV) at 25 °C. The pH was directly recorded using a pH meter (Digimed                 

DM-22) at 25 °C [20]. The levels of total soluble solids were verified with a refractometer. A 

drop of pulp and PCJ suspended in water was inserted into the refractometer (TECNAL) to 

measure °Brix levels at 25 °C. 
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2.6 Physicochemical characterization of powdered cashew juice 

2.6.1 Bulk, tapped and true density  

Bulk density was determined according to the method described by Caparino et al. (2012) [21]. 

A total of 1 g of the sample was added to a 5 mL graduated cylinder, without compaction. The 

total volume occupied by the sample was used to calculate the bulk density through Equation 5. 

 

                                                            𝜌𝑏 =
𝑚𝑠

𝑉𝑡
                                                         (5) 

 

Where, ρb - bulk density (g/mL); ms - solid mass (g); Vt - total volume (mL). 

 

The tapped density of the powder was performed according to the method of Tonon (2013) 

[22]. A total of 1 g of the sample was placed in a 5 mL graduated measuring cylinder and applying 

50 strokes to the measuring cylinder with the powder sample on the bench surface at a height of 

10 cm. Then, the volume occupied by the sample after compaction was used to calculate the 

tapped density according to Equation 6. 

 

 𝜌𝑡𝑎 =
𝑚𝑠

𝑉𝑐
      (6) 

Where, ρta - tapped density (g/mL); ms - solid mass (g); Vc - Volume of solid after compaction 

(mL). 

 

The true density was determined by the liquid displacement method using soybean oil as 

immersion fluid as described by Pragati et al. (2014) [23]. A total of 1g of the sample was weighed 

in a 10 mL graduated cylinder, where the soybean oil contained in a 25 mL burette was added to 

complete the total volume of the cylinder, and the amount of oil left in the burette was read. The 

true density was calculated by Equation 7. 

 

𝜌𝑡𝑟 =
𝑚𝑠

10 − 𝑉𝑔

 
(7) 

Where, ρtr - true density (g/mL); ms - solid mass (g); Vg- Oil spent volume (mL) 

2.6.2 Porosity 

The porosity (ε) was calculated using the apparent density and the real density, according to 

Equation 8 [24]. 

 

𝜀 = (1 −
𝜌𝑏

𝜌𝑡𝑟
 ) 𝑥 100         (8) 

Where, Ɛ – porosity; ρb – bulk density (g/mL); ρtr – true density (g/mL). 

2.6.3 Carr Index and Hausner Factor 

The Carr Index (compressibility index) and Hausner factor are simple methods to indirectly 

assess powder flow properties by comparing the bulk density (ρa) and the tapped density (ρc). 

The compressibility index was calculated by Equation 9 according to the methodology of 

Asokapandian et al. (2016) [25]. 
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𝐶𝐼 =
𝜌𝑡𝑎 − 𝜌𝑏

𝜌𝑡𝑎
 × 100 

(9) 

 

Where, CI – Carr Index; ρta – tapped density (g/mL); ρb – bulk density (g/mL). 

 

The Hausner factor (FH) was calculated by Equation 10 according to the methodology of 

Asokapandian et al. (2016) [25]. 

 

𝐹𝐻 =
𝜌𝑡𝑎

𝜌𝑏
 

(10) 

 

Where, FH – Hausner factor; ρta – tapped density (g/mL); ρb – bulk density (g/mL). 

2.6.4 Water and oil absorption capacity 

To determine the water and oil absorption capacity. Initially, 10 mL of distilled water or oil 

was added to 1 g of the sample in centrifuge tubes. The suspensions were homogenized for 3 min 

and then left to rest for 30 min. Afterwards, the tubes were closed and centrifuged for 10 min at 

2.500 rpm. The sediment in the centrifuge tube, after separation from the supernatant, was 

weighed and the water and oil absorption capacity were calculated according to Equations 11 and 

12, respectively [26]: 

 

𝑊𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝐻𝑦𝑑𝑟𝑎𝑡𝑒𝑑 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 

𝑑𝑟𝑦 𝑚𝑎𝑠𝑠
   

  (11) 

  

𝑂𝑖𝑙 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝑀𝑖𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑟𝑜𝑎𝑠𝑡

𝑑𝑟𝑦 𝑚𝑎𝑠𝑠
   

  (12) 

2.6.5 Solubility 

To determine solubility, a total of 1 g of the sample was added in 100 mL of distilled water at 

25 °C and it was stirred constantly for 1 min. After shaking, the samples were filtered on filter 

paper and the retained material was dried in an oven at 105 °C for 24 h. The solubility was 

calculated by Equation 13 [27]. 

 

𝑆𝑂𝐿 = ⌊
𝑚2−𝑚1

𝑚𝑠
⌋𝑥100  (13) 

 

Where, SOL - solubility; m1 - filter mass; m2 - sample mass remaining in the filter after oven; 

ms - initial mass of the analyzed sample. 

2.6.6 Hygroscopicity 

To determine Hygroscopicity, a total of 1 g of the sample was filled into glass capsules, then 

placed in an airtight container containing saturated NaCl solution at 25 °C (relative humidity 75%) 

for 7 days. After this period, the samples were weighed, and the amount of water absorbed was 

used to calculate hygroscopicity according to Equation 14 [28]. 

 

% 𝐻 =
𝑚𝑎

𝑚𝑖
 × 100 (14) 

 

Where, H – hygroscopicity (%); ma - absorbed water mass (g); mi - initial mass of the sample 

(g). 
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2.6.7 Infrared spectroscopy 

Analyzes were performed using a FTIR spectrophotometer (Shimadzu, IR model Prestige-2), 

using the ATR technique in the range of 4000 to 600 cm-1, resolution of 4 cm-1 and 40 scans. 

2.7 Statistical analysis 

The results were expressed as the mean of the triplicates ± standard deviation (n=3). The 

results of the characterization of the powders were evaluated through analysis of variance 

(ANOVA) and Tukey test to identify the existence of significant differences with 95% confidence 

(p < 0.05), using an Assistat 7.7 software. 

PCA was used for the parameters of the physicochemical analyses. General variation and 

identification of variables with greater discriminatory power were evaluated. Samples were 

checked in triplicate for each PCJ formulation. Analyzes were handled using the PAST 4.03 

software. 

3. RESULTS AND DISCUSSION 

3.1 Density, expansion and stability of foam 

Foam density and stability are parameters that directly influence moisture migration during 

the drying process. The mechanically and thermodynamically stable foam results in high 

evaporation rates with faster drying, and consequently improves the quality of the product 

obtained [8, 29].  

The foam density values ranged from 0.08 to 0.10 g/mL. The results showed a decrease in 

foam density with decreasing OVA, indicating greater foaming efficiency in foam with 2 and 3% 

OVA, due to greater stability and quick drying. Generally, foam density is used to obtain 

information about beating properties. According to Franco et al. (2015) [18] foams that have low 

density are more stable, due to the volume of air trapped inside the foam during the aeration step 

and, consequently, exhibiting rapid drying, even at low temperatures. 

The prepared foam presented a good volumetric expansion above 100%, that is, the percentage 

of OVA interfered in the expansion of the foams, presenting an excellent foaming agent. 

According to Sangamithra et al. (2015) [30], during the aeration step, ovalbumin rapidly absorbs 

at the air-liquid interface from intermolecular interactions, forming a cohesive viscoelastic film. 

Therefore, the type of material to be dried and the concentration of foaming agent determined the 

expansion percentage of each foam. 

The prepared foams showed a stability of 100%, verified at room temperature (25 °C). 

However, there were no changes in the structure of the foams or phase separation in the analyzed 

period of 24 h. The foams proved to be stable during this period, thus facilitating the drying 

process and the quality of the final product. Foams that resist collapse for more than 1 h are 

considered thermally and mechanically stable and maintain their porous structure during the 

drying process, showing a product with good rehydration [8, 19]. 

The yield values of the PCJ drying process with (2, 3 and 6%) of OVA were 11.19, 13.25 and 

13.64%, respectively. The results showed that the increase in the concentration of ovalbumin in 

the process caused a higher yield. However, comparing the treatments with 3% and 6% OVA, no 

significant differences were observed. 

3.2 Water activity, Moisture content, pH and Total soluble solids 

Table 1 shows the values of the physicochemical characterization of the PCJ, regarding the 

parameters of water activity, moisture content, pH and total soluble solids. 

Water activity is an important parameter in the development of new products. The indication 

of the amount of water available in a food serves to control the development of microorganisms, 
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the occurrence of chemical and enzymatic reactions that can change the composition of food [31]. 

The water activity of PCJs decreased with increasing OVA concentration, ranging from 0.25 to 

0.35. This result indicates that the foaming agent in high concentration acted efficiently in the 

evaporation of free water from the product, increasing the stability of the product and, 

consequently, increasing its shelf life. 

Table 1 – Water activity, moisture content, pH and total soluble solids of PCJ. 

Parameters PCJ 2% OVA PCJ 3% OVA PCJ 6% OVA 

Water activity 0.35 ± 0.01a 0.25 ± 0.01b 0.25 ± 0.01b 

Moisture content (%) 4.70 ± 2.97a 4.70 ± 0.10a 5.69 ± 1.14a 

pH 4.33 ± 0.06c 5.23 ± 0.03b 5.77 ± 0.02a 

Total soluble solids (°brix) 49.33 ± 0.37b 51.00 ± 0.16b 70.67 ± 0.12a 

Values are represented as mean ± standard deviation. Different letters on the same line indicate significant 

differences (p<0.05). PCJ (powdered cashew juice); OVA (ovalbumin). 

Moisture content is one of the parameters used to determine powder stability. Powders with 

low moisture content have less adherence and greater surface area for rehydration [32, 33]. PCJ 

moisture values ranged from 4.70 to 5.69%, bringing a significant reduction when comparing the 

pulp's initial moisture (89.16%). The moisture content of PCJ samples is within the standard 

established by Brazilian legislation, which recommends that dried or dehydrated fruit products 

must have a moisture content below 25% [34]. Sousa et al. (2016) [35] when drying cashew juice 

with maltodrextrin per spouted bed found 2.39% moisture. The moisture content of the powder is 

influenced by several factors in the drying process and ends up affecting the stability and shelf 

life of the product [36]. 

The pH values of the PCJ ranged from 4.33 to 5.77, where a trend of pH break was observed 

after foam drying, since the foam pH ranged from 5.20 to 6.20. Therefore, it was observed a direct 

relationship between the concentration of OVA and the increase in the pH of the PCJ, which can 

be explained by the pH of the OVA used as a foaming agent being around 7.0. However, the 

formulation with the lowest concentration of OVA (2%) had the pH closest to the pulp (4.10). 

Therefore, the low concentrations of OVA may have caused the denaturation of these proteins, 

undid the molecular interactions, and left only the primary structure of the pulp due to its acidic 

character. Similar behavior was reported by Abbasi and Azizpour (2016) [8], Fernandes et al. 

(2014) [17], Shaari et al. (2018) [37], and Rocha et al. (2014) [38]. They related the presence of 

OVA in the drying process to the increase in the pH value of the powders. 

The values of total soluble solids of the PCJ ranged from 49.33 to 70.67 °Brix, showing that 

there was a significant difference between treatments. However, treatments with lower 

concentrations (2% and 3%) of OVA did not differ. Comparing the results of this PCJ parameter 

with cashew pulp (12.9 °Brix), it is possible to see that the drying process helped in the 

concentration of soluble solids in more than 5 times the value of the pulp, especially in the lowest 

concentrations of OVA (2% and 3%).  

3.3 Physical characterization of powdered cashew juice 

Table 2 shows the values of the physical characterization of the PCJ, regarding the parameters 

of density, Carr and Hausner index and porosity. All parameters determined showed a statistically 

significant difference (p < 0.05) as the variation in OVA concentration. 

The bulk density of powders is analyzed for influencing the packaging, transport, marketing, 

rehydration and appearance of powders. In addition, density can be related to moisture content, 

particle size and shape [16, 36]. PCJ bulk density values ranged from 0.11 to 0.16 g/mL. The 

results showed that the concentration of OVA influenced the results of this parameter, providing 

a direct relationship with the increase in the concentration of OVA. The air incorporation process 

during foam formation may have influenced the apparent density values of the PCJs. This can be 
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attributed to the reduction in surface tension that leads to increased air intake into the foam 

structure [8, 18]. In addition, these powders with high bulk density sink faster in water when 

compared to powders that have low bulk density [16, 18]. 

Table 2: Physical characterization of powdered cashew juice. 

Parameters PCJ 2% OVA PCJ 3% OVA PCJ 6% OVA 

Bulk density (g/mL) 0.11 ± 0.01c 0.14 ± 0.01b 0.16 ± 0.01a 

Tapped density (g/mL) 0.92 ± 0.06a 0.72 ± 0.02b 0.42 ± 0.01c 

True density (g/mL) 0.52 ± 0.04b 0.54 ± 0.03b 0.98 ± 0.10a 

Carr Index (%) 88.07 ± 0.12a 79.51 ± 0.85b 61.08 ± 1.87c 

Hausner Index 8.33 ± 0.08a 5.26 ± 0.23b 2.62 ± 0.18c 

Porosity 0.79 ± 0.01a 0.74 ± 0.01b 0.83 ± 0.01a 

Values are represented as mean ± standard deviation. Different letters on the same line indicate significant 

differences (p<0.05). PCJ (powdered cashew juice); OVA (ovalbumin). 

The values of tapped density found in PCJ ranged from 0.42 to 0.92 g/mL. The results showed 

that the treatment with 2% OVA presented higher tapped density results than the treatments with 

higher concentration of OVA. Therefore, the treatment with 2% OVA showed larger particles and 

larger spaces between the particles, possibly hindering the flowability of the powders. 

The true density of particles is considered an important parameter as it interferes with stability 

and drying efficiency. True density values ranged from 0.52 to 0.98 g/mL. The true density of 

PCJ increased significantly in the treatment with the highest concentration of OVA (6%), 

indicating that it is a product with smaller particles and quantity of air, and making a powder with 

less agglomeration. 

The fluidity of the powdered product is related to the Carr index and the Hausner Factor. Thus, 

powders with good fluidity according to the Carr Index (<20%) are considered of good quality 

and are more accepted [29, 39]. The PCJs presented a Carr index ranging from 61.08 to 88.07% 

and a Hausner factor from 2.62 to 8.33. A decreasing trend was observed in the Carr index and in 

the Hausner Factor with increasing ovalbumin concentration. Therefore, powders with smaller 

and uniform particles present fewer empty spaces between the particles and greater contact 

surface with the environment, resulting in a product with high apparent density, low Carr index 

and Hausner Factor [40], behavior that was not observed in the developed PCJ. All formulations 

showed low fluidity as they had a Carr index >20%.  

PCJ porosity values ranged from 0.74 to 0.83. PCJs with 3% OVA had a lower porosity value, 

indicating that it is a powder with less space between its particles when compared to other 

treatments (with 2% and 6% OVA). Therefore, the treatment with 3% OVA contains a low 

volume of oxygen between the particles, which can stabilize the degradation processes by 

oxidation. It is noteworthy that it is possible to associate this condition of the particles with the 

drying process in a foam layer, as it supports the conservation of bioactive present in the fruit. 

Table 3 shows the results of water and oil absorption capacity, solubility and hygroscopicity 

in PCJ treatments. 

Table 3: Physical characterization of powdered cashew juice 

Parameters PCJ 2% OVA PCJ 3% OVA PCJ 6% OVA 

Water absorption (g H2O/g) 0.32 ± 0.11a 0.12 ± 0.06b 0.10 ± 0.09b 

Oil absorption (g Oil/g) 1.50 ± 0.10b 1.89 ± 0.08b 3.23 ± 0.30a 

Solubility in water (%) 8.48 ± 0.27b 9.23 ± 0.04a 6.64 ± 0.24c 

Hygroscopicity (%) 36.52 ± 0.27a 29.53 ± 0.49b 28.56 ± 1.87b 

Values are represented as mean ± standard deviation. Different letters on the same line indicate significant 

differences (p<0.05). PCJ (powdered cashew juice); OVA (ovalbumin). 

The water absorption index is directly related to the rehydration capacity of the powder. An 

ideal powder features complete and rapid rehydration, in addition to sinking quickly into water 
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[16, 36]. The results showed that PCJ with 2% OVA had the highest water absorption rate (0.32 

gH2O/g) when compared to treatments with 3% and 6% OVA (0.12 and 0.10 gH2O/g). Therefore, 

these results indicate that the lower concentration of OVA provides powder with rapid 

rehydration, facilitating the homogenization process when added to aqueous mixtures, compared 

to other treatments.  

The PCJ's oil absorption index ranged from 1.50 to 3.23 g Oil/g. The results showed an inverse 

behavior to the water absorption capacity. The higher the concentration of OVA in the treatments 

showed a higher oil absorption capacity. Therefore, it is possible to state that OVA at 

concentrations of 6% has the ability to bind molecules of a hydrophobic character and may 

associate its chemical structure that has a disulfide bond and four free sulfhydryl groups within 

the molecules in a hydrophobic core [41]. The OVA used is not pure, it contains other proteins 

such as: ovotransferrin (12%), ovomucoid (11%), ovomucin (3.5%), lysozyme (3.5%) and several 

other proteins, which may also have contributed to this hydrophobic character [10, 11]. 

The solubility index evaluates the behavior of the powdered product in aqueous solution, that 

is, its ability to remain homogeneous together with water. PCJ solubility values ranged from 6.64 

to 9.23%. The low solubility of PCJs in the treatment with 6% OVA when compared to other 

treatments of lower concentration (2% and 3%) may be related to its chemical composition and 

the hydrophobic character of the protein structure, as was perceived for the oil absorption 

parameter. The high solubilization of the formulation with 3% of OVA in relation to other 

treatments may be related to the greater expansion of the foams of the studied treatments, favoring 

the increase in the penetration of water in the powder and the increase in its solubility.  

Hygroscopicity is the ability of a powder to absorb water from the environment with a relative 

humidity higher than the equilibrium moisture content of the powder, and is strongly linked to 

physical, chemical and microbiological stability [37, 42]. The hygroscopicity values of the 

samples ranged from 28.56 to 36.52%. Powders with 2% OVA showed higher hygroscopicity 

values when compared to treatments with higher concentration (3% and 6%). According to the 

classification proposed by Yinka et al. (2024) [43], the PCJ obtained in this study are extremely 

hygroscopic. This property was also noticed during the storage of PCJ, which over time, even 

with controlled temperature and humidity, agglomerations occurred in the powder particles. 

3.4 Principal Component Analysis (PCA) 

Principal component analysis was used to indicate possible differences and similarities 

between PCJ treatments, caused by the incorporation of ovalbumin. The PCA allowed us to 

evaluate the influence of the OVA variability of the treatments based on the investigated 

physicochemical parameters and identifying those with greater discriminatory power. The load 

factor for the physicochemical parameters of the PCA is shown in Table 4.  

Table 4: Load factor for the physicochemical parameters of each PCA of the PCJ. 

Variables PC1 PC2 

Bulk density -0.34468 -0.13171 

Tapped density 0.34961 0.04794 

True density -0.3342 0.22048 

Carr index 0.34968 -0.04572 

Hausner index 0.33837 0.19046 

Porosity -0.20918 0.58927 

Water absorption 0.28482 0.42775 

Oil absorption -0.34755 0.09285 

Water solubility 0.28339 -0.43191 

Hygroscopicity 0.29074 0.40988 

Values in italics are the load factors. They are related to the correlations between the variables. 

Figure 1 showed in general that PC1 represents 81.47% of the data variation and the second, 

PC2 represents 18.53%. The first component was represented by tapped density, Carr index, 
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Hausner index and water solubility, being the most significant variables, as they explained the 

general variability of the data in a greater percentage. The second component was represented by 

bulk density, true density, porosity, water absorption, oil absorption and hygroscopicity. It was 

verified that the PCA graph showed the formation of three different groups, among the PCJ (2%, 

3% and 6% OVA). Thus, it may indicate a differentiation in the physicochemical parameters of 

the formulations between the PCJ added with different concentrations of OVA. 

 
Figure 1: Principal Component graph for the physicochemical variables of the PCJ 

The rehydration of powders is related to several factors such as water absorption capacity, 

porosity, redistribution and solubility in the matrix in the aqueous medium, and several physical 

and chemical changes may occur, such as the moisture content, weight, texture and porosity of 

the powder. Therefore, these parameters are very important to be analyzed to define the 

applications of powders [16, 37]. In view of the PCA results, the treatments with 2% and 3% of 

OVA had a more hydrophilic character, where these low concentrations of OVA studied had a 

greater impact on the parameters of hygroscopicity, water absorption and water solubility, 

favoring the application of these treatments in the food sector that needs good rehydration, such 

as soluble powdered juices. Then, these PCJs (2% and 3% OVA) with high solubility are 

preferable for instant beverages, allowing for quick dissolution and improved consumer 

convenience [44]. Meanwhile, the treatment with 6% of OVA presented a more hydrophobic 

character, highlighting the greater results of oil absorption. The treatment with 6% of OVA can 

be recommended for cake mixes, which have lipid compounds in their composition, in order to 

assist in their homogenization process. Furthermore, PCJ (6% OVA) showed high oil absorption 

capacity compared the others samples, then it is ideal for baked products, enhancing texture and 

flavor [45]. 

3.5 Spectroscopy in the infrared region 

Infrared spectroscopy was used to identify the characteristic bands of chemical groups present 

in the developed PCS. The FTIR spectra are shown in Figure 2.  
 



J.M. Fernandes et al., Scientia Plena 20, 121501 (2024)                                           11 

 

  
Figure 2: Infrared spectra of the PCJ. 

The wide bands in the region from 3374 to 3381 cm-1 were attributed to the vibrational 

stretching of the OH group, which can be associated with the hydroxyl of the phenolic compounds 

present in cashew. A similar result was observed by Silva et al. (2020) [46] when analyzing 

lyophilized and natural cashew juice. The bands in the region from 2924 to 2928 cm-1 were 

attributed to the stretching of CH2 bonds also present in cashew bioactive compounds [46, 47].  

The bands in the region from 1647 to 1657 cm-1 were attributed to angular deformation of the 

OH group, being attributed to water remaining in the powder. The bands in the region from 1547 

to 1551 cm-1 were caused by the angular deformation of the NH group (amide II), which may be 

present in ovalbumin. The bands in the region from 1406 to 1408 cm-1 were caused by the CH2 

angular deformation of the glucosidic ring [48]. The band in the 1242 cm-1 region is characteristic 

of the stretching of the C-O-C group of the glucosidic ring. This aromatic ring can be attributed 

to the phenolic compounds found in powdered cashew juice. According to Zhang and Tsao (2016) 

[49], phenolic compounds were defined as substances that have at least one aromatic ring. The 

bands in the region from 1053 to 1057 cm-1 were attributed to angular deformation of the C-O 

group, characteristic of the absorption of sugars such as fructose and glucose present in cashew 

[46, 47]. 

Infrared spectroscopy is a technique that allows non-destructive evaluation, with relative speed 

and ease, while being eco-friendly and in situ, to assess samples for potential adulteration or 

unwanted variations in the process of obtaining the product analysed. Adulteration of powdered 

juices usually involves the addition of cheaper substances such as maltodextrin, starches or 

dextrins, simple sugars such as glucose or excess sucrose, and undeclared artificial flavour or 

colour [50]. In this study, ovalbumin can be considered as adulteration in juices. Ovalbumin from 

the powder drying process can be seen as an undesirable product by the consumer. 

4. CONCLUSION 

The present work fully achieved its objective of developing powdered cashew juice through 

the foam-mat drying technology. The treatments with 2% and 3% of ova resulted in a powdered 

cashew juice with greater hygroscopicity, water absorption, and solubility, favoring rehydration 
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and homogenization in aqueous mixtures. On the other hand, the treatment with 6% ova showed 

better absorption in oil and possibly better solubilization in lipid products and can be 

recommended with cake mix flavors. In addition, PCI showed a significant reduction in water and 

moisture activity when compared to cashew pulp, which favored greater stability in terms of the 

development of microorganisms and oxidative reactions.  

Therefore, foam-mat drying is a promising method for the juice industry, which can contribute 

to a decrease in moisture through low temperatures, shorter process time and low cost when 

compared to other drying methods, such as spray dried. Additional research on bioactive 

compounds, bio-accessibility of active compounds, their health effects and sensory analyzes of 

powdered cashew juices will be carried out to reaffirm the claims of this study. 
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