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ABSTRACT 

One of the factors that hinder the usability of Cerrado fruits is their perishable nature, 
requiring industrial processing to ensure prolonged shelf life. This study aims to 
determine the optimal foaming agent for industrial processing of this fruit, and to evaluate 
the physicochemical characteristics and antioxidant activity of dried cagaita powder 
(Eugenia dysenterica DC) in foam layers at temperatures of 40, 50, 60, and 70 ºC. The 
effectiveness of three foaming agents at various concentrations were tested, and suitable 
agents were identified based on a factorial analysis of density, expansion, and stability. 
The physicochemical characteristics of the powder, along with its vitamin A and C and 
total carotenoid content and antioxidant activity, were evaluated. Vitamin C levels and 
antioxidant activity decreased with increasing temperature, but were retained at levels 
significant enough to establish cagaita as an important source of this vitamin. Higher 
carotenoid and vitamin A concentrations were found in the powder prepared by drying at 
60 and 70 °C. The foam layer drying process employed for processing cagaita pulp 
reported here proved suitable for maintaining desired physicochemical and bioactive 
qualities in the final powdered product.  

 
 
INTRODUCTION 

Eugenia dysenterica DC, commonly known as 
cagaita or cagaiteira, is a native fruit tree of the Brazilian 
Cerrado, belonging to the Myrtaceae family, which 
includes approximately 130 genera and 5670 species 
(Mazuti Silva et al., 2015).  

These fruits are unique among many native species 
due to their varied nutritional composition. Here, we 
highlight the major components with bioactive properties 
that have specific metabolic or physiological actions. 
These include the presence of important micronutrients 
such as vitamins C and A, as well as antioxidant activity 
(Morais et al., 2017).  

Previous studies such as Macedo et al. (2017) have 
reported a relationship between reduction of oxidative 
stress in organisms, protection against certain types of 
cardiovascular diseases, and enhanced immunity. Because 
these substances are not synthesized in the human body, 

there is a need to consume food rich in the former to 
ensure their metabolic availability (Palmero et al., 2014). 

Various Cerrado fruits are known to contain a high 
amount of bioactive compounds, along with high 
antioxidant activity (Moreira-Araújo et al., 2019). 
However, these fruits are quite perishable, and the 
bioactive compounds are prone to easy degradation. To 
avoid such losses and add value to these products, 
postharvest conservation methods that prolong their shelf 
life and maintain the high levels of bioactive compounds 
are necessary (Morais et al., 2017; Araújo et al., 2017). 

One of the most widely used techniques for 
postharvest processing is the foam-layer drying method, 
where food is converted into stable foam by the addition of 
foaming agents and aeration (Karim & Wai, 1999). Drying 
in an oven leads to the yield of the final product in a 
powder form, which is highly desirable due to their high 
solubility in water, high mass/volume ratio, and numerous 
possibilities for combination with other food products 
(Moreira et al., 2013). 
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This study aimed to identify the optimal foaming 
agent and its lowest concentration that resulted in the 
formation of a stable foam. We then evaluated the acidity, 
pH, concentrations of vitamins A and C and total 
carotenoids, and the antioxidant activity of the dried 
cagaita powder obtained in foam layers at temperatures of 
40, 50, 60, and 70 ºC, with the overall objective of 
establishing processing conditions that yield a product with 
superior physicochemical characteristics and bioactivity. 
 
MATERIAL AND METHODS 

Harvest and preparation of pulp 

Cagaita fruits were collected in Montes Claros, 
Goiás, Brazil (16°06'20"S and 51º17'11"W). These were 
packed in 30 cm x 40 cm polyethylene bags and placed in 
thermal boxes, then transported to the IF Goiano - Campus 
Rio Verde Phytochemical Laboratory, where the fruits 
were checked for the absence of mechanical injuries and 
visually uniform maturation stage. These were sanitized in 
water containing 150 mg/kg chlorine for 15 min and dried 
on paper towels. 

The fruits were converted to pulp using a 
Toturgan® electric pulping machine, which was then 
packed in 25 cm x 35 cm polyethylene bags and stored in a 
freezer at -18 °C. 

Choice of the best foaming formulation 

Three commercially available foaming agents 
(Emustab®, Neutral-Super-Binder® and Albumin) were 
added to 300 mL of pulp samples, in proportions of 2, 4, 6, 
8 and 10% (w/v). The resulting mixtures were stirred in an 
electric mixer for 20 min, and the generated foam was 
tested for density, expansion, and stability. Pulp and foam 
densities were measured using a previously calibrated 5 
mL pycnometer and the expansion percentages were 
calculated from the measured density data according to eqs 
(1) and (2): 

ρsample  = 
wsample

vpycnometer
                                                   (1) 

 

Exp = 
1 ρfoam

-1 ρpulp
1 ρpulp

*100                                         (2) 

Where: 

ρsample - sample density (g cm-3); 

wsample - sample weight (g); 

vpycnometer - pycnometer volume (cm3); 

Exp - foam expansion (%); 

ρfoam - foam density (g cm-3), and 

ρpulp - pulp density (g cm-3). 
 

Foam stability was evaluated according to the 
technique described by Karim & Wai (1999), and 
calculated from [eq. (3)]: 

Stability (%) = 
1

Vdrained
                                            (3) 

Where: 

Vdrained - volume drained for 5 min (mL). 
 

In order to choose the most optimal formulation, a 
completely randomized experimental design was carried 
out in subdivided plots, with three plots (foaming agents) 
and five subplots (concentrations). The experiments were 
performed in triplicates and the results were analyzed 
using analysis of variance (ANOVA) and means obtained 
were subjected to the least significant difference (LSD) 
test (p<0.05). The formulation associated with lowest 
density, highest stability, and greatest expansion was 
chosen as the most suitable. 

Preparation of cagaita powder and estimation of 
moisture content  

The best formulation, as identified by methods 
outlined in the previous section, was used to prepare the 
cagaita powder under different temperatures of drying. The 
resultant samples were used for physicochemical and 
biological evaluations. 

The initial moisture content of the product (% w.b.) 
was determined be heating 5 g of the chosen formulation 
to 105 °C in a forced air oven for 24 h. The moisture 
content was then calculated from the ratio of the final and 
initial mass of the material. The water content of the final 
product was taken to be the equilibrium water content of 
the dried samples. 

Approximately 100 g of cagaita foams were 
arranged in rectangular aluminum trays (30 cm x 15 cm x 
2 cm) without perforations, resulting in a layer of 
approximately 1 cm thickness. The foams were then dried 
with fan-assisted circulation of hot air in a forced air oven 
at temperatures of 40, 50, 60, and 70 ºC. The samples were 
weighed every 10 min in the first hour of drying, every 20 
min in the second hour, every 30 min in the third and 
fourth hours, and every 60 min beyond the fourth hour. 
The measurement was terminated mass measurements 
showed similar values for three consecutive measurements. 

After drying, the samples were removed from trays 
and vacuum packed in plastic containers, then stored in a 
conventional refrigerator until physicochemical evaluations 
were performed. 

Physicochemical evaluations 

The determination of pH, total titratable acidity, 
and vitamin C content was carried out according to 
procedures described by the Adolf Lutz Institute (IAL, 
2008).  

Determination of total titratable acidity 

For the determination of titratable acidity, about 5 g 
of the cagaita powder was macerated, transferred to a 100 
mL flask, and diluted with distilled water. The titrant 
solution was 0.1 M sodium hydroxide, and the indicator 
was 1% (m/v) phenolphthalein in an ethanolic solution. 

Estimation of vitamin C content 

About 10 g of the cagaita powder was weighed and 
transferred to a 300 mL Erlenmeyer flask with 50 mL of 
water. Then, 10 mL of a 20% sulfuric acid solution was 
added. After homogenization, 1 mL of 10% (w/v) aqueous 
potassium iodide solution and 1 mL of 1% (w/v) aqueous 
starch solution were added. The resulting solution was 
titrated with 0.002 M potassium iodate solution until blue 
color was observed. The amount of vitamin C was 
calculated using [eq. (4)] (IAL, 2008): 
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vitamin C (mg/100 g) = (100*v*F)/p                   (4) 

Where: 

v - volume of iodate consumed;  

F - 8.806 or 0.8806 for 0.02 M or 0.002 M KIO3, 
respectively, and 

p - sample mass (g). 
 
Evaluation of antioxidant capacity 

Antioxidant activity was determined by the β-
carotene/linoleic acid method, according to Rufino et al. 
(2006).  

For this, 500 mL of distilled water was bubbled 
with oxygen for 30 min. Aqueous solutions of 70% (v/v) 
methanol and 50% (v/v) acetone were prepared. A β-
carotene/linoleic acid emulsion was prepared in a 500 mL 
Erlenmeyer flask by mixing 40 μL linoleic acid, 530 μL 
Tween 40, 50 μL β-carotene solution, and 1 mL chloroform. 

Then, chloroform was evaporated with the help of 
an oxygenator, and portions of the water bubbled with 
oxygen were added to the emulsion until the UV/Vis 
absorbance at 470 ηm was between 0.6 and 0.7, as 
determined using distilled water as a blank. The positive 
control was the synthetic antioxidant Trolox® (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid). For 
analysis, a 10 mL ethanolic solution of this reagent at a 20 
mg L-1 concentration was freshly prepared before use. 

To obtain the extracts, about 3 g of the cagaita 
powder from each treatment was weighed in triplicate, 40 
mL of methanol was added, and the system was left at rest 
for 1 h. The supernatant was removed and transferred to a 
100 mL balloon, and 40 mL of acetone solution was added 
to the solid material, while maintaining the same time for 
methanol extraction. The supernatant was added to the 
flask containing the methanolic fraction, and the final 
volume was made up with distilled water. 

The reaction mixtures for the estimation of the 
antioxidant capacity were prepared in 10 mL flasks each, 
by adding 0.4 mL of the extract and 5 mL of β-
carotene/linoleic acid solution. As the positive control, a 
mixture of 0.4 mL of Trolox solution and 5 mL of β-
carotene/linoleic acid solution was used. The negative 
control was a mixture of 5 mL of the test solution and 0.4 
mL of distilled water. The reduction in absorbance was 
assumed to be 100% in the absence of the antioxidant. 
Readings were performed at 450 ηm using distilled water 
as the blank. The initial reading was carried out after 2 min 
of mixing, followed by another at the end of 2 h. 

From [eq. (5)], the antioxidant capacity (%) of the 
extracts and the positive control were calculated: 

I (%) = 100- [(Red abs sample)*100) (Red abs system)]⁄    (5) 

Where: 

I (%) - inhibition of system oxidation; 

Red abs sample - difference between initial and 
final absorbance values of the sample or positive 
control, and 

Red abs system - difference between initial and 
final absorbance values of the negative control. 

 
 

Determination of total carotenoid content 

For determination of the carotenoid (μg g-1) and 
vitamin A (retinol activity equivalents (RAE) per 100 g of 
sample) content, the methodology described by Souza et 
al. (2012) was utilized. About 5 g of the sample from each 
treatment in triplicates was macerated with about 30 mL of 
cold acetone and 5 g of Hyflo Supercel for 2 min, followed 
by vacuum filtration. The extraction was repeated six 
times until the filtrate became as clear as possible. 

The filtrate was then transferred to a 250 mL 
separation funnel containing 50 mL of cold petroleum 
ether. Three consecutive washes were performed with 100 
mL of distilled water to remove acetone. The ether-
dissolved phase was transferred to an amber flask; then, 
the same volume of 10% (w/v) KOH methanolic solution 
was added, and the mixture was stored at room temperature 
for 24 h for saponification of lipids and chlorophyll. 

This mixture was then transferred to a separation 
funnel containing 50 mL of cold petroleum ether, followed 
by washing with 50 mL aliquots of distilled water until the 
pH of the ether phase was near neutral. About 3 g of 
anhydrous sodium sulfate was added, the mixture was 
filtered, and the ether extract was concentrated on a rotary 
evaporator (35 °C and 90 rpm). The concentrate was 
transferred to a 50 mL balloon and diluted to the desired 
volume with petroleum ether. 

Total carotenoid quantification was performed 
using the scanning method with readings from 300 to 700 
ηm on a UV/Vis spectrometer, using [eq. (6)]: 

CT = 
Abs*Vol*104

E *P1 cm
1%                                                      (6) 

Where: 

CT - total carotenoid (µg g-1); 

Abs - maximum absorbance; 

Vol - dilution volume (mL); 

E1 cm
1%   - molar extinction coefficient in petroleum 

ether (β-Carotene: 2592), and 

P - Sample weight (g). 
 

Using the data obtained from the total carotenoids 
in β-Carotene, vitamin A was calculated in units of μg 
RAE per 100 g of sample (Souza et al., 2012). 

The experimental design for the physicochemical 
analysis was completely randomized in four plots (drying 
temperatures). Evaluations were performed in triplicates. 
Results were subjected to ANOVA and the means were 
compared using an LSD test (p <0.05). Water loss is 
represented by a trend line in a graph plotting mass versus 
drying time. 
 
RESULTS AND DISCUSSION 

According to the ANOVA (Table 1), there was a 
significant difference (to the level of 1%) in all the 
analyzed variables across all types of foaming agents used 
(Emustab®, Neutral-Super-Binder® and commercially 
available albumin), subplots (concentrations), and their 
interactions (foaming agent x concentration). 
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TABLE 1. Summary of analysis of variance of cagaita pulp foams made with the addition of three foamer agents at different 
concentrations. Foam density - ρ (g cm-3), Foam expansion - Exp (%) and Stability - Stab (%). 

Factors and interactions DF 
Mean squares 

Ρ Exp Stab 

Foamer (F) 2 1.453** 10.56** 10101.86** 

Concentration (C) 4 0.017** 0.66** 9725.15** 

Interaction F*C 8 0.012** 0.55** 1940.58** 

CV(%)  4.09 13.87 7.23 

** Significant in an F test at the level of 1%. 
 

Table 2 presents the unfolding of the interactions between the different foaming agents and their concentration in the 
formulation of cagaita pulp foams. 

 
TABLE 2. Unfolding of density, expansion and stability of the cagaita pulp foam produced with different foaming agents and 
concentrations. Foam density – ρ(g cm-3), Foam expansion – Exp(%) and Stability - Stab(%). 

 Ρ Exp Stab 

C  

Foamer 

Emustab® 
Neutral-
Super-

Binder® 
Albumin Emustab® 

Neutral-
Super-

Binder® 
Albumin Emustab® 

Neutral-
Super-

Binder® 
Albumin 

2 0.44cA 0.98aA 0.53bA 1.35aB 0.045cA 0.91bC 2.00bC 1.057bC 6.66aD 

4 0.40cA 0.93aA 0.56bA 1.52aB 0.104cA 0.82bC 3.33cC 6.66bB 50.00aB 

6 0.40cA 0.98aA 0.48bB 1.56aB 0.047cA 1.12bC 5.00bC 0.909cC 38.00aC 

8 0.40bA 0.95aA 0.29cC 1.58bB 0.078cA 2.54aA 10.00bB 100.0aA 100.0aA 

10 0.32bB 0.96aA 0.44cB 2.21aA 0.075cA 1.34bB 20.00bA 100.0aA 100.0aA 

C- Foamer concentration (%). Means followed by different lowercase letters in the same row, and different uppercase letters in the same 
column, indicate significant difference by the LSD test at 5% significance. 

 
The foam in the presence of albumin had a lower 

density and greater expansion in a 8% (w/v) concentration, 
and also showed greater stability in 8 and 10 % (w/v) 
concentrations. Emustab® had a lower density at 2, 4, and 
6% (w/v) concentrations, and displayed low stability at all 
concentrations. The Neutral-Super-Binder® foaming agent 
presented greater stability at 8 and 10 % (w/v) 
concentrations but did not display suitable density and 
expansion properties. 

The foam density, in the presence of foaming 
agents Emustab® and albumin, was in the range of 0.29 to 
0.56 g cm-3. Values less than 0.6 g cm-3 are considered 
satisfactory (Araújo et al., 2017). 

With the increase in additive concentration, the 
foam density of albumin reduced due to the increase in 
shear rate during the agitation process, which leads to 
bursting of bubbles. This results in greater incorporation of 
gas into the mixture and a decrease in foam density. A 
similar decrease in density has been reported by 
Thuwapanichayanan et al. (2012) when analyzing the 

specific mass of banana foam (values of 0.6, 0.3, and 0.27 
g cm-3 for 2, 5, and 10 % concentrations, respectively). 

Analysis of the obtained values show that 8% 
albumin resulted in greater expansion, compared to other 
concentrations and other foaming agents. According to 
Coelho et al. (2019), this is because this parameter is 
closely linked to density and indicates greater air 
incorporation and retention that provides greater expansion 
and reduces density. 

All foaming agents showed the opposite trend in all 
evaluated parameters at a 10% concentration. According to 
Bag et al. (2011), this can occur when using high 
concentrations of certain additives, making the pulp more 
viscous and preventing air retention. From these results, 
8% albumin was identified as the best foaming agent for 
the formulation of cagaita pulp foams that were then dried 
at different temperatures. 

The monitoring of sample water losses is depicted 
in Figure 1, which indicates trends in drying times required 
to attain a moisture equilibrated state.  
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FIGURE 1. Trend lines for the moisture content versus drying time of cagaita pulp at albumin 8%. Albumin pulp had an initial 
moisture content of 84.05±1.15% (w.b). After drying at 40, 50, 60 and 70 °C, the products reached, respectively, moisture 
content 14.04±0.74%, 12.79±0.58%, 9.47±0.80 and 7.75±0.38%. 

 
As observed in Figure 1, the equilibrium water 

content reached near constant values the fastest 
(approximately 4 h of drying) in the 60 and 70 °C 
treatments, whereas the time required was closer to 8 h for 
treatments at 40 and 50 °C. The circulating air at higher 
temperatures has lower humidity, facilitating the 
absorption of water from the food being processed, 
reducing drying time, and resulting in products with a 
lower water content. Such behavior has been previously 
reported by Araújo et al. (2017) while studying acerola 
drying in a foam layer. 

At all drying temperatures employed, the final 
product was observed to reach a water content lower than 

25%, which is recommended by the National Health 
Surveillance Agency (Brasil, 2005). Cagaita dust that was 
obtained after the drying process could be stored longer, 
since the reduced water content prevented the proliferation 
of microorganisms. 

In addition, it was necessary to evaluate the 
physicochemical characteristics and bioactive content of 
the formed product at different drying temperatures, as 
since most of these compounds are known to be 
susceptible to degradation at elevated temperatures. Table 
3 presents the physicochemical data, bioactive compounds, 
and antioxidant capacity of the dried products at different 
temperatures. 

 
TABLE 3. Results of physicochemical evaluations, vitamin C, vitamin A, carotenoids and antioxidant activity of dry cagaita 
powder at different temperatures. 

T-drying temperature (ºC); pH- hydrogen potential; ATT-  Total titratable acidity (%); vit C -  vitamin C (mg 100g-1); AAT -  Total 
antioxidant activity (%); CT – Total carotenoids (μg g-1) and vit A -  vitamin A (μg RAE 100g-1); CV – Coefficient of variation (%). 
Means±DS followed by the same lower case letters in the same column do not differ from each other by the LSD test (p<0.05). 

 
The pH and acidity values remained the same at 40, 

50, and 60 °C, but was different for the product dried at 70 
°C. These physicochemical attributes could be associated 
with the sensory quality of the product as well as 
protection against proliferation of microorganisms. 
Although there is no optimal pH range for foam dried 
products, there is a normative instruction from the 
Ministry of Agriculture, Livestock and Food Supply 
(Brasil, 2018) for pulps and juices, with pH values ranging 
approximately from 1.0 to 6.0. At all drying temperatures, 
the cagaita pulp foam had a pH below 5. 

Vitamin C content was higher at drying 
temperatures of 50 and 60 °C, with values of 166 and 129 
mg 100g-1, respectively. The lowest concentration was 50 
mg/100 g, observed in the product dried at 70 °C. This 
reduction was most likely caused by the thermal 
degradation of ascorbic acid. According to Resolution No 
54 dated November 12, 2012 of the National Health 
Surveillance Agency, a food that is considered a source of 
vitamin C must have at least 15% of the recommended 
daily intake (IDR) in a portion of 100 g, and for adults, the 
IDR for vitamin C is 60 mg (Brasil, 2012).  
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T pH ATT Vit C AAT (%) CT Vit A 

40 4.88±0.01a 1.86±0.04b 114.49±1.13c 56.38±1.03ª 11.20±0.22b 93.36±5.40b 

50 4.93±0.03a 1.97±0.004b 166.14±3.15a 57.06±0.19ª 8.58±1.80c 71.52±0.68c 

60 4.77±0.03a 2.12±0.002b 129.24±0.94b 60.44±1.39ª 11.26±0.07b 93.82±6.82b 

70 4.05±0.01b 3.60±0.01a 50.21±1.90d 31.46±1.03b 19.77±0.15a 164.80±0.33a 

CV 0.60 0.90 2.27 4.02 5.49 5.49 
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In all samples, regardless of drying, the product 
maintained enough vitamin C levels to conform to the 
above guidelines, as established by the legislation. 
Moreover, these samples showed higher values of vitamin 
C than those reported by Morais et al. (2017) in araticum 
pulp (5.27 and 5.75 mg 100g-1 in fresh and pasteurized 
pulp, respectively), and Moreira-Araújo et al. (2019) in 
murici pulp (58 mg 100g-1) and carnauba (78.1 mg 100g-1). 

Antioxidant activities were highest in samples dried 
between temperatures of 40 and 60 °C, and had a direct 
relationship with vitamin C levels. This was expected, 
since vitamin C is a major antioxidant present in several 
fruits (Morais et al., 2017; Araújo et al., 2017; Moreira-
Araújo et al., 2019). These results, except for samples 
dried at 70 °C, are in overall agreement to those reported 
in natura cagaita extracts by Rocha et al. (2013). This 
shows that the foam created in the drying process at 
temperatures up to 60 °C maintain a high amount of 
vitamin C and high antioxidant activity. 

The total carotenoid content in β-carotene as well 
as vitamin A was higher in the sample dried at 70 °C. 
Tang (2010) has also verified that increased vitamin A 
bioaccessibility is associated with increasing 
temperature, signifying that higher temperatures and 
associated lipid reactions may increase the concentration 
of these compounds.  

The chemical structure of β-carotene is capable of 
facilitating its interaction with several types of compounds, 
including proteins, lipids, and reactive oxygen species 
(Mesquita et al., 2017). This might justify the higher levels 
of β-carotene found in cagaita powder dried at different 
temperatures, as compared to reports on fresh cagaita pulp 
by Rocha et al. (2013). The addition of albumin during the 
preparation of foam leads to the interaction of the former 
with β-carotene, maintaining a more stable agglomerate 
and preventing its loss during the heating process.  
 
CONCLUSIONS 

The 8% proportion of albumin in cagaita pulp was 
found to promote optimal density, expansion, and stability 
of the foam generated during the processing. The 
physicochemical analysis indicate that the process of 
drying cagaita pulp with albumin at 40, 50, 60, and 70 °C 
yields a product that could be stored with a reduced risk of 
microbial proliferation. The vitamin C content remained 
within the established limits at all drying temperatures 
employed. However, drying at 50 °C led to a product that 
would fulfill 200% of the IDR. Higher concentrations of β-
carotene and vitamin A were also associated with higher 
drying temperatures. Based on analysis of desirable 
properties in the final product, such as bioactive compound 
content, and the production time, temperatures of 60 and 
70 °C was determined to be optimal for producing 
cagaita powder.                              
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