
Hygroscopic behavior and stability of the mixed powder of fruts
Abstract 
Mixing of fruit pulps presents itself as an advantageous option, by providing a good range of vitamins, minerals and flavors. The objective of this work was to evaluate the hygroscopic behavior and the stability of the mixed powder of acerola and watermelon, through physicochemical analyzes. The mixed powder was obtained by foam-mat drying (temperature of 80 °C, layer thickness 1.5 cm). To study the hygroscopic behavior, the dynamic isotherm equilibrium method was used at temperatures of 25, 30 and 35 °C. The experimental data were fitted to the mathematical models of Peleg, Halsey, GAB and Oswin. For storage, the mixed powder was packed in laminated containers for 40 days under controlled conditions of temperature (30 and 40 °C) and relative humidity (( 83%). The moisture content, pH, acidity, color, water activity, solubility and total anthocyanins parameters were evaluated in intervals of 8 days. The results of the hygroscopic behavior of the mixed powder showed that Peleg was the model that best adjusted to estimate the moisture adsorption isotherms at the temperatures studied, considering that they presented R² ≥ 0.98 and P < 10%, and the isotherms were classified as Type II (sigmoidal form). The results showed that during storage, moisture content, water activity, pH and redness increased and solubility, total anthocyanins, lightness, yellowness, shade angle and chroma decreased, indicating moisture absorption and darkening of the powder.

Keywords: Mixed pulp. Foam-mat drying. Stability. Adsorption isotherm.

Introduction
Fruit growing is important for the development of the Brazilian agricultural sector, which helps the economy by creating several direct and indirect jobs. Acerola has been widely used for the production of frozen fruit pulp, jams, jellies, candies and powdered products, all of this can be good alternatives against the waste of fruits. Just like the watermelon production that has a great economic importance, promoting the creation of jobs and income along the productive chain. Acerola stands out among the others due to its high content of ascorbic acid, phenolic compounds, natural dyes, and antioxydant properties. Ascorbic acid is a water soluble vitamin of long-established nutritional importance for its role as a cofactor in many physiological processes and as an antioxidant. Human beings depend on daily intake of this micronutrient, whose main sources are fruits and vegetables.


Mixing the acerola pulp with watermelon can be an excellent option, since one will complement the other in terms of minerals and vitamins, besides being a nice combination of flavors. 
The foam-mat drying is one of the existing processes, which, like others, aims to increase the shelf-life of the product, it turns the liquid food into a stable foam, and then into a powder, with characteristics similar to other products originated by other drying processes. This process has as advantages the good quality of the outcome product, easy reconstitution, and can be added to food products with the purpose of flavoring or nutritionally enrichment, in addition to decreasing of costs with packaging, transportation, storage and conservation.


Powdered products however, have some characteristics that may make them susceptible to physicochemical transformations, one of these characteristics is hygroscopicity, being its study of extreme importance for the stability parameters, such as drying time, type of packaging, etc.


The objective of this work was to evaluate the hygroscopic behavior and the stability of the mixed powder of acerola with watermelon, in order to verify the efficiency of the foam-mat drying process and the quality of the outcome product.

Material and methods

This work was carried out at the Laboratory of Storage and Processing of Agricultural Products (LAPPA) of the Academic Unit of Agricultural Engineering (UAEA) of the Federal University of Campina Grande (UFCG) - PB, in the city of Campina Grande, Northeastern region of Brazil (07º 13 '50 "S lat., 35º 52' 52" W long. and elevation of 551m), totaling an area of 644.1 Km²

Ripen watermelons (Citrullus lanatus (Thunb) Mansf) cv. Crimson Sweet and acerolas (Malpighia emarginata D.C) were used as the raw materials, collected in the local market and transported in plastic boxes to the laboratory. The fruits were manually selected, the unripe fruits, with physical damage or excessively ripen were discarded. They were then washed in running water, sanitized in chlorinated water (50 ppm active chlorine) for 15 min and rinsed under running water. Afterwards, the acerolas were placed in a pulp sieve for obtaining of the whole pulp.

The watermelons were cut and the pulp with seeds was separated from the peel, manually, the pulp with seeds was placed directly in a pulp sieve for obtaining of the whole pulp. The pulps were separately packed in low density polyethylene packages of 500 g capacity, stored in a freezer at -22 ºC until evaluation of the experiments.


The pulps of acerola and watermelon were mixed at a 1:1 ratio in a domestic blender at full speed for 1 min. The mixture was then placed in a domestic shaker, adding 2% Emustab®, 2% Liga Neutra® and 1% Citrus Pectin and subjected to the beating for 15 min for foam formation; afterwards, the foam was spread in stainless steel trays with a layer of 1.5 cm of thickness and placed in a oven drier with forced air circulation at a temperature of 80 °C. After drying, the dried samples were removed from the trays with a stainless-steel spatula and crushed in a household microprocessor for formation of powder.


For storage, the mixed pulp of acerola with watermelon was packed in aluminum foil packages of approximately 7.7 cm long x 10 cm thick, containing about 20 g of the powder, the packaging was composed of a layer of transparent PET/ metallization/low density polyethylene film, with a total weight of 120 g m-2, water vapor permeability < 5.38 g m-2 dia-1 (38 oC 90% RH) and permeability to oxygen < 60 cc m-2 dia-1 (dry measured). The packages were sealed in a sealed container and placed in hermetically sealed containers containing saturated solutions of potassium chloride (KCl), corresponding to relative humidity of approximately 83%. The pots were then placed in BOD chambers at temperatures of 30 and 40 °C, for 40 days, the analysis were performed in intervals of eight days. The physical and chemical analysis of the powder samples during storage were: moisture content, pH and titratable total acidity, using the methodologies proposed by the Instituto Adolfo Lutz (IAL, 2008); water activity in Aqualab 3TE hygrometer (Decagon Devices) at 25 ºC. The color parameters were determined by direct reading in HunterLab MiniScan XE Plus spectrophotometer, model 4500 L, determining the lightness (L*); redness (+a *); and yellowness (+ b*). For the chroma and hue angle calculations, the following equations were used, respectively:  
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.                                                            Solubility was determined according to Modasiya and Patel (2012) and total anthocyanins following methodology proposed by Francis (1982).


For statistical analysis, a completely randomized design was used, arranged in factorial scheme 6 (storage times - 0, 8, 16, 24, 32 and 40 days) x 2 (temperatures: 30 and 40 oC) with 3 replicates and the mean compared by the Tukey test at 5% probability using the software Assistat version 7.7 Beta.


For hygroscopic evaluation of the mixed powder, moisture adsorption isotherms were determined at temperatures of 25, 30 e 35 oC, according to the special static indirect method proposed by Crapiste and Rotstein (1982), used to measure the activity of the Aqualab model 3TE hygrometer (Decagon Devices).


The models of Halsey, Oswin, Peleg and GAB (Table 1) were adjusted to the moisture adsorption isotherms using non-linear regression by the Quasi-Newton method using the statistical software Statistica 7.0.


The criteria used to determine the best fit of the models to the experimental data were the coefficient of determination (R2) and the average percentage of deviation (P), calculated by the Equation. 
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  Where: P– Average percentage of deviation (%); 
Xexp – Experimentally obtained values; Xpre – Values predicted by the model;

n – Number of experimental data. 
Results and discussion 

Table 2 shows the mean values for the chemical and physical parameters during storage of the mixed powder of acerola with watermelon.


There was an increase tendency of the moisture content of the powder on both temperatures, proving that the packaging was not efficient in maintaining the moisture content due to the absorption of water by the samples. One hypothesis regarding the increase of the moisture content throughout the storage period may be due to the fact that the packaging was not vacuum sealed and at the time of sealing, it is possible that some of the environment air was retained, consequently the air has gone to the sample. The packaging may also not have been efficient, allowing permeability to water vapor, a behavior also reported by Muzaffar e Kumar (2016). The increase in moisture content corresponded to 17.97 and 18.88%, at temperatures of 30 and 40 °C, respectively. Comparing the moisture contents between the temperatures at each storage time, it was verified that there was only a difference (p ≤ 0.05) in the 24th day for this parameter, indicating in general that the increase of temperature did not significantly influence this parameter. In the storage of powdered pitanga obtained by foam-mat drying, packed in multi-coated flexible packaging (PET/PP), an increase of 14.26% was obtained between the initial and final moisture content at the end of the storage period (60 days) probably due to the multilayer package that was not totally impermeable, allowing the exchange of humidity with the atmosphere (Alexandre et al., 2014). In storage of powdered figs packaged in laminated containers, an increase of moisture content was also observed at temperatures of 25 and 40 °C and relative humidity of 55 and 83%, where the moisture content increased between 128 and 141% for the relative humidity of 55% and an increase between 128 and 135% was found in the relative humidity of 83%, at the end of the 100 days of the experiment (Lisbôa et al., 2012).


For the acidity, it was observed that, although there was no statistical difference between the temperatures and the storage period, there was a tendency, in terms of absolute values, of a decrease of acidity as the storage period increased, evidencing an inverse tendency to the pH. In the storage of Buriti powder packed in laminated containers and stored at room temperature, it was verified that the acidity of the dried samples at temperatures of 60 and 70 °C remained statistically stable during the 90 days of storage (Loureiro et al., 2013).


Throughout the storage period the powders presented pH below 4.5, which places them as acid foods, a pH level that is inadequate for the development of molds and bacteria. Comparing the pH of the powders between the temperatures, in each storage period, very close values were observed, not showing a standard behavior with the increase of temperature. In contrast, Oliveira et al. (2015) evaluating stored pulp of mandacaru fruit powder in flexible laminated packages under controlled conditions of relative humidity (57.7%) and temperature (25 °C) verified that pH values varied throughout the storage period (50 days), not showing time-related effects.


For the water activity (Table 2), was observed an increasing tendency as the storage period increased. At 30 °C the increase of aw at the end of storage (40 days) in relation to the start of the storage period was of 14.47% and at 40° C it was 29.58%, with the highest percentage reached at the temperature of 40 °C indicating the influence of temperature on water activity. Similar results were verified in the storage (10 weeks) in laminated packaging and at different temperatures (5 and 25 °C) of guava powder, where was verified that the increase in temperature provided a greater gain of water activity and moisture content (Shishir et al., 2017).


Evaluating the water activity between the temperatures and for the same storage period, it was verified that in the first three storage period (0, 8 and 16 days) there was no difference (p > 0.05) between aw and for the last three periods of storage (24, 32 and 40 days) there was a significant increase of aw as the temperature increased. This was probably due water vapor passage from the environment through the packaging. In the storage of pulp of guava powder packed in low density polyethylene packaging (environment condition - RH of 75% and 25 °C, controlled condition - RH of 90% and 35 °C) during 90 days the water activity increased with the period of storage, where the higher increase was found in the controlled condition that had higher temperature and relative humidity (Breda et al., 2012).


It was verified that, during the storage period, the solubility of the powder presented a decrease tendency, in the two evaluated temperatures, with percentages of decrease of 5.34 and 6.19% at 30 and 40 °C, respectively.

Comparing the solubility between the two temperatures for the same storage period, it was verified that there were no significant differences except at the 16th day of storage, when the solubility of the powder at 40 °C was lower. Lower solubility values were found for cherry (Prunus cerasus), foam-mat dried with a solubility of 42.2-48.4, by Abbasi e Azizpour (2016) and also by Asokapandian et al. (2016) evaluating mat-foam dried melon pulp powder, with solubility values of 23-26% (Abbasi e Azizpour, 2016).


For the two temperatures, the total anthocyanins content presented a decrease tendency throughout the storage period, reaching a decrease of 67.80 and 73.71% at the end of the storage period in the temperatures of 30 and 40 °C, respectively. Similar behavior was verified by Dak et al. (2014) during accelerated storage (38 °C, 90% relative humidity) for dehydrated pomegranate pulp and laminated packaged (polyethylene with aluminum), where anthocyanins reduced during the storage period (3 months) 634.14 mg 100-1 g-1 to 486.98 mg 100-1 g-1 and for Chinese strawberry pulp powder (Myrica rubra Sieb.) where a decrease tendency was also found during the storage period (50 days) (Cheng et al., 2017). Comparing the anthocyanins content between the temperatures, at each storage period, it was verified that from the 8th to the 40th day the content at 40 °C were lower than the values found at 30 °C. Based on that, it could be observed that there was a strong influence of temperature on the reduction of anthocyanins, probably changing the color of the product.


Table 3 shows the mean values of lightness (L*), redness (+a*), yellowness (+b *), hue angle (oh) and chroma (C*) of the mixed powder of acerola and watermelon during storage.


The values of the powder lightness of the sample presented a decrease tendency throughout the storage, with greater percentage decreases in the temperature of 40 °C (24.01%) compared to that of 30 °C (19.71%), meaning that there was blackening of the powder throughout the storage period. At the temperature of 30 °C it is verified that the lightness decreased significantly until the 16th day of storage. At 40 °C the lightness had an accentuated decreased behavior, presenting statistical differences between the periods of 0, 8 and 16 days, remaining statistically at the same level between 16 and 24 days and between the periods of 32 and 40 days.


Comparing the lightness between the temperatures in the same storage period, it was observed that in the first three periods there were no significant differences between the means of the two temperatures and in the last three storage periods the means were significantly different, with the lower values found in the temperature of 40 °C. Thus, it is confirmed that the darkening was higher in the powder at 40 °C, that was probably caused by the Maillard reaction (Muzaffar e Kumar, 2016). Lightness is an indicator of darkening during storage that can be caused by both oxidative reactions and increased concentration of pigments (Kader, 2010).


For the red intensity of the samples in the two temperatures, there was an increase tendency throughout the storage period. At the temperature of 30 ºC the increase of +a* was 9.46% at the end of the storage period; and in the temperature of 40 °C, the increase was higher than 11.80%, indicating that in the higher temperature there was a tendency of a greater darkening. Similar behavior was observed in the study of the storage of powdered figs in which they verified that the red intensity of the stored samples increased over time, being affected mainly by the temperature of storage, reaching 79,31% of increase in the temperature of 40 °C and 23.63% at the temperature of 25 °C, both at the same relative humidity of 83% (Lisbôa et al., 2012).


Comparing +a* between the temperatures at each storage period, it was verified that there was no significant difference between the means, except for the period of 32 days, when at the temperature of 40 °C the highest value for +a* was obtained. An increase in the redness was noticed, which could be associated to the reduction of the lightness, indicating the darkening process of the sample.


It was observed a decrease tendency of the yellowness throughout the storage period in the two evaluated temperatures, reaching a decrease percentage of 13.52% in the temperature of 30 °C and of 17.22% in the temperature of 40 °C. Chauhan e Patil (2013) observed a decrease of +b* during storage (8 months) at 30 °C of milk powder packed in different packages (high density polystyrene, tin, metallized polyester and laminated packaging - polyethylene, aluminum, polyethylene and paper); similar behavior was also observed by Muzaffar e Kumar (2016) for the tamarind powder packed in different packages (low density polyethylene and polyethylene laminated packaging with aluminum) and stored (25 °C and RH = 45%) for six months.


At the temperature of 30 °C there was a more intense +b* decrease between the period zero and 24 days, between 24 and 40 days the yellow intensity remained stable; at 40 °C, the yellow intensity gradually decreased throughout the storage period.


Comparing the yellow intensity between the temperatures for each storage period, it was verified that the lowest values of +b* from 16 days to 40 days of storage were found at the temperature of 40 °C. The decrease of yellowness during storage was probably due to the degradation of β-carotene and/or anthocyanins, which has yellow and red-orange pigment.


The hue values (o) can range from 0o (pure red), 90o (pure yellow), 180o (pure green) to 270o (pure blue) and 360o (black). It could be observed that the hue values presented a decrease tendency during the storage period in the temperatures of 30 and 40 °C, which is correlated with the degradation of the anthocyanins. It was observed a significant difference in the two temperatures from the 16th day of storage, with the lowest values found at the temperature of 40 oC, indicating that they were less yellowish and darker. It can be seen that the stored powder presented oh between the region of red (0 o) and yellow (90º), with the values closer to yellow, and as there was a decrease of that hue over time the values were moving away, where the background color went toward red. Similar behavior, but with superior results, were identified during the storage of powdered umbu-cajá, obtained through the lyophilization process, where a decrease tendency of oh during 180 days was found, with values ranging from 77.93 to 74.16o for G10 formulation and 78.22 to 78.17o for G20 formulation, indicating a tendency to yellow (Santos et al., 2016).


Chroma is the relation between the values of a* and b*, where the real color of the evaluated product is obtained, it is equal to zero (impure color) in the center of the color axis and increases as it distances from the center (C* = 60, pure color, intense). The value of the chroma (C *), at both temperatures, significantly reduced until the 16th day, remaining stable until the end of the storage period (40 days). The C* values were close to 50 throughout all storage period indicating that the powder despite of its darkening tendency, remained with an attractive coloration.


The parameters of the Halsey, Oswin, GAB and Peleg models are presented in Table 4, adjusted to the moisture adsorption isotherms of the powder at the temperatures of 25, 30 and 35 °C, with their respective determination coefficients (R2) and the deviations average percentages (P).

All the models tested showed R² ≥ 0.98 and P < 10%, being indicated to estimate the powder adsorption isotherms at the temperatures of 25, 30 and 35 °C. However, the Peleg model was the one that best adjusted to the experimental data, showing the highest R2 and the lowest P at the temperatures of 25 and 35 °C. Then the best adjustments were found with the model of Halsey, GAB and finally Oswin. The adsorption isotherms performed for the umbu-cajá powder, Peleg's model was also the model that best adjusted for the experimental data, presenting R2 > 0.90 and P < 12% (Silva et al., 2015).

It is verified that there was an increase of Xm as the temperature increased, being these values similar to the moisture adsorption isotherms of the powder of the lyophilized mango pulp between 25, 30 and 35 ºC, which is not common for all foods (Moreira et al., 2013).

By analyzing the C and K constants of the GAB model, it can be seen that at all temperatures K < 1 and C > 2, which according to Blahovec (2004) classify these isotherms as Type II, sigmoidal form. Type II isotherms were classified by Mosquera et al. (2012) for strawberry powder obtained by lyophilization with and without maltodextrin and gum arabic; and by Melo et al. (2011) for the moisture adsorption isotherms at 25 °C of the peel flour, pulp and fibrous content of buriti.

The moisture adsorption isotherms of the powder at temperatures of 25, 30 and 35 °C, with adjustments by the Peleg model are presented in Figure 1. The value of Xe increased as the aw increased. The increase in temperature influenced aw (from 0.3), indicating an increase in water activity and consequently an increase of Xe. The curves at 25 and 35 °C were very close and the curve at 30 °C was placed slightly away from the others.

The aw in which the powder studied may have chemical and microbiological stability should be less than 0.6. According to the adsorption isotherms in order to obtain aw > 0.6 the powder should have moisture contents higher than 43.23; 30.33 and 40.56% b.s. at the temperatures of 25, 30 and 35 °C, respectively. It can be noticed that at aw > 0.6 the moisture content of equilibrium increases rapidly, it is recommended for the storage of the powder in environments with high relative humidity the use of impermeable or low water vapor permeability packages (Melo et al., 2011).

Conclusions
During the storage of powder of acerola mixed with watermelon, at the temperatures of 30 and 40 °C, was verified an increase of moisture content, water activity, pH and redness and a decrease of solubility, total anthocyanins, lightness, yellowness, chroma and hue angle, indicating that there was moisture absorption and darkening of the powder, suggesting oxidative reactions and that the packaging was not effective in protecting the product. For the hygroscopic behavior, among the tested models, the Peleg was the one that best adjusted to estimate the moisture adsorption isotherms of the mixed powder and the isotherms were classified as Type II.
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Table 1. Mathematical models adjusted to the moisture adsorption isotherms.data
	Model
	Equation
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Where: Xe – moisture content of equilibrium (% b.s.); aw – water activity; Xm – moisture content in the molecular monolayer (% b.s.); C and K – parameters that depend on the temperature and origin of the product; a, b, K1, K2, n1 e n2 – model constants.
Table 2. Mean values of the chemical and physical parameters of the mixed powder of acerola and watermelon, thoroughout storage.
	Parameters
	Temp. (°C)
	Period of storage (days)

	
	
	0
	8
	16
	24
	32
	40

	Moisture content (%)
	30
	13.19 aD
	13.64 aCD
	14.23 aC
	14.37 aBC
	15.34 aAB
	15.56 aA

	
	40
	13.19 aC
	14.01 aBC
	14.90 aAB
	15.10 aA
	15.47 aA
	15.68 aA

	Titratable total acidity (% citric ac.)
	30
	4.77 aA
	4.56 aA
	4.50 aA
	4.32 aA
	4.30 aA
	4.21 aA

	
	40
	4.77 aA
	4.75 aA
	4.72 aA
	4.62 aA
	4.59 aA
	4.41 aA

	pH
	30
	3.78
	3.80
	3.82
	3.94
	4.07
	4.13

	
	40
	3.78
	3.81
	3.87
	3.88
	3.95
	4.06

	Water activity (aw)
	30
	0.311 aB
	0.314 aB
	0.321 aAB
	0.329 bAB
	0.345 bAB
	0.356 bA

	
	40
	0.311 aB
	0.333 aB
	0.339 aB
	0.387 aA
	0.398 aA
	0.403 aA

	Solubility (%)
	30
	60.88 aA
	60.71 aAB
	59.49 aBC
	58.45 aCD
	58.35 aCD
	57.63 aD

	
	40
	60.88 aA
	60.88 aA
	58.24 bB
	57.93 aB
	57.56 aB
	57.11 aB

	Total anthocyanins
(mg 100-1 g-1)
	30
	19.13 aA
	14.67 aB
	11.90 aC
	10.88 aD
	8.58 aE
	6.16 aF

	
	40
	19.13 aA
	12.42 bB
	9.33 bC
	9.56 bC
	6.13 bD
	5.03 bE


The means followed by the same lowercase letter in the columns and upper case in the rows do not differ statistically by the Tukey test, at 5% probability.
Table 3. Mean values of lightness (L*), redness (+a*), yellowness (+b*), hue angle (oh) and chroma (C*), of the mixed powder of acerola and watermelon during storage under controlled temperature conditions (30 and 40 °C) and average relative humidity (83%).
	Parameter
	Temp. (°C)
	Storage (days)

	
	
	0
	8
	16
	24
	32
	40

	Lightness (L*)
	30
	47.14 aA
	46.31 aB
	38.56 aC
	38.33 aC
	37.95 aC
	37.85 aC

	
	40
	47.14 aA
	46.12 aB
	38.05 aC
	37.37 bC
	36.47 bD
	35.82 bD

	Redness (+a*)
	30
	19.24 aB
	19.60 aB
	19.68 aB
	19.78 aB
	20.08 bB
	21.06 aA

	
	40
	19.24 aD
	19.84 aCD
	19.99 aBCD
	20.16 aBC
	20.74 aAB
	21.51 aA

	Yellowness (+b*)
	30
	39.42 aA
	36.25 bB
	35.13 aC
	34.18 aD
	34.11 aD
	34.09 aD

	
	40
	39.42 aA
	37.36 aB
	34.04 bC
	33.39 bCD
	32.70 bDE
	32.63 bE

	Hue angle (o)
	30
	63.99 aA
	61.59 aB
	60.74 aBC
	59.94 aCD
	59.51 aD
	59.29 aE

	
	40
	63.99 aA
	62.02 aB
	59.56 bC
	58.87 bC
	57.61 bD
	56.61 bD

	Chroma (C*)
	30
	43.87 aA
	41.21 bB
	40.26 aC
	39.49 aC
	39.58 aC
	40.07 aC

	
	40
	43.87 aA
	42.30 aB
	39.47 bC
	39.01 aC
	38.72 bC
	39.09 bC


The means followed by the same lowercase letter in the columns and upper case in the lines do not differ statistically by the Tukey test, at 5% probability.
Table 4. Parameters of the Halsey, Oswin, GAB and Peleg models adjusted to the adsorption isotherms of mixed powder of acerola and watermelon at the temperatures of 25, 30 and 35 °C.
	Models
	Temp. (°C)
	Parameters
	R²
	P (%)

	
	
	a
	b
	
	

	Halsey
	25
	263.5418
	1.6553
	0.9968
	2.29

	
	30
	87.3361
	1.4889
	0.9941
	2.78

	
	35
	305.8412
	1.6724
	0.9954
	3.57

	Oswin
	Temp. (°C)
	a
	b
	R²
	P (%)

	
	25
	35.1796
	0.5249
	0.9909
	4.16

	
	30
	25.1832
	0.5785
	0.9900
	4.56

	
	35
	36.8305
	0.5269
	0.9859
	6.35

	GAB
	Temp. (°C)
	Xm
	C
	K
	R²
	P (%)

	
	25
	18.9668
	867693.2
	0.9229
	0.9943
	3.19

	
	30
	13.6985
	73.9491
	0.9435
	0.9958
	2.43

	
	35
	19.4293
	101697
	0.9298
	0.9913
	4.80

	Peleg
	Temp. (°C)
	k1
	n1
	k2
	n2
	R²
	P (%)

	
	25
	164.3458
	10.4042
	63.6352
	0.7357
	0.9991
	0.99

	
	30
	112.1218
	6.0438
	30.9797
	0.4065
	0.9961
	3.29

	
	35
	65.2046
	0.6472
	183.733
	10.8339
	0.9987
	1.63


Figure 1. Moisture adsorption isotherms of mixed powder of acerola and watermelon at the temperatures of 25, 30 and 35 °C adjusted by the Peleg model.
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