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Abstract: The objective of this study was to evaluate the behavior of active compounds concentration present 

in the industrial by-product of acerola during drying using convective dehydration at 40, 50 and 60 °C. For 

this, flavones and flavonols, total proanthocyanidins, vitamin C, total phenolic content and antioxidant 

capacity as function of drying time were determined. The drying data were adjusted using the models of 

Page, Lewis, Henderson & Pabis, Modified Page and Logarithmic. In relation to the applied models, Page 

model presented the best fit. Acerola by-products dried at 40 °C showed higher concentrations of active 

compounds and higher antioxidant capacity. Although the drying process provoked changes in concentration 

of the active compounds, in the studied temperature range, significant concentrations of those bioactive 

compounds were observed. Thus, acerola by-product may present potential for application in different foods. 

Keywords: Vitamin C; antioxidant capacity; drying; Page model; compounds actives. 

HIGHLIGHTS 
 

 The Page model can predict the moisture content of acerola by-product. 

 The convective drying does not present a great loss of the antioxidant capacity. 

 Increase of ascorbic acid and total vitamin C levels at the end of drying at 40 °C. 

 Proanthocyanidins did not show large variations during drying at all temperatures. 
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INTRODUCTION 

According to USDA [1] the acerola (Malpighia emarginata DC) is among the fruits with the highest content 

of vitamin C (1677.6 mg/100g), which is higher than other fruits, known to have high percentages of vitamin 

C, such as guava (228.3 mg/100g), orange (53.2 mg/100g) and lemon (53 mg/100g). In addition to vitamin 

C, acerola also contains other compounds with high antioxidant capacity, like carotenoids, flavonoids and 

anthocyanins [2]. Acerola is an acid fruit and highly perishable, so the consumption of the fruit is restricted 

and most of the production is destined to the processing of juice or pulp. From fruit processing and export of 

processed fruits, significant amounts of waste are generated annualy. The waste is not recycled on a large 

scale, rather it is used only as fertilizer or discarded. 

The acerola by-product is composed of peel, seeds and residual pulp and constitutes about 18% of the 

total weight of the fruit [3]. Several authors reported that the acerola by-product presents relevant 

concentrations of active compounds. Da Silva and coauthors [4] observed that the content of anthocyanins 

in the seed exceeded 70% the value found in the pulp (144.27 mg/100g) and flavonoids were detected in a 

concentration of 98.5 mg/100g of dry residue, while in the pulp these compounds were not detected. The 

previously dried acerola by-product is usually characterized in relation to the antioxidant properties [4-10] and 

some suggest applications in food ingredient [7] and/or food supplements [8], due to the high concentration 

of antioxidant compounds.  

Nobrega and coauthors [7] found that after the drying process at different temperatures (60, 70 and 

80 °C) and air velocity (4.5 and 6 m/s) the acerola by-product presented retention of total phenolics (26 to 

31%), carotenoids (50 to 61%), anthocyanins (23 to 36%), proanthocyanidins (21%), ascorbic acid (40 to 

70%) and antioxidant activity (20%). Silva and coauthors [9] studied acerola by-product dried in a rotary dryer 

under different conditions of temperature (70.6 - 159.3 °C) and air velocity (1.30-3.20 m/s) and observed 

retention of phenolic compounds and flavonoids, after the drying process, with concentrations higher than 

fresh sample. Duzzioni and coauthors [10] evaluated the process of drying acerola by-products by fixed-bed 

dryer and reported that drying conditions play an important role in the quality of the final product, especially 

in relation to antioxidant compounds. 

Studies evaluating the effect of temperature on the concentration of active compounds during the drying 

of acerola by-product are incipient. The rational exploitation of fruit by-products besides relieving disposal 

problems, would also provide raw material for the development of a new functional product. Therefore, in 

view of this technological challenge, the objective of this work was to evaluate the behavior of the 

concentration of active compounds present in the industrial by-product of acerola during the convective drying 

with hot air (40, 50 and 60 °C). 

MATERIAL AND METHODS 

Material 

Acerola by-product from the processing of frozen pulp production was donated by Frutamil 

Comércio de Frutas e Sucos Ltda (Pratânia, SP, Brazil), after processing the by-product was frozen 

and transported under refrigeration to carry out the experiments. In the laboratory the by-product was 

stored at -22 °C. The solvents, reagents and standards used were: ethanol (Synth, Diadema, Brazil), 

ascorbic acid (Sigma-Aldrich, St Louis, MO, USA), sulfuric acid (H2SO4, Merck, Darmstadt, 

Germany), dithiothreitol (DTT, Sigma- USA), Folin-Ciocalteu (Sigma-Aldrich, St. Louis, MO, USA), 

sodium carbonate (Synth, Diadema, Brazil), gallic acid (Sigma-Aldrich, St Louis, MO, USA), 

fluorescein (Sigma-Aldrich (Sigma-Aldrich, St Louis, MO, USA), Trolox (Sigma-Aldrich, St. Louis, 

MO, USA), 2,20-azobis (2-methylpropionamidine) dihydrochloride (AAPH) (Synth, Diadema, Brazil), 

quercetin (Sigma-Aldrich, St Louis, MO, USA), ferrous sulfate heptahydrate (FeSO4.7H2O, Synth, 

Diadema, Brazil), n-butanol (Dynamic Chemical Contemporary, Diadema, Brazil ), hydrochloric acid 

(Synth, Diadema, Brazil), quebracho tannin (Unitan, Buenos Aires, Argentina). 

Kinetic drying  

Drying was conducted in a forced convection oven as proposed by Goula and coauthors [11] with 

changes in the drying parameters. An oven (MA 035/5, Marconi, Piracicaba, SP, Brazil) equipped 

with galvanized metal perforated trays (55 x 80 cm) and air flow parallel to the trays with a fixed speed 

of 1.6 m/s was used. Acerola by-product (250 g), previously defrosted (12h, room temperature) was 

spread in aluminum trays ( = 25 cm) keeping thickness constant at 6 mm, and dried at 40, 50 and 
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60 °C. Mass variation (tray + acerola by-product) during drying was determined using a semi-

analytical balance (Adventurer, Ohaus Corporation, Parsippany, NJ, USA) at 10 min intervals during 

the first hour and 20 min in the others until reach constant mass (three consecutive weighing where 

the absolute mass variation was less than 0.1%). In order to obtain the curves of the moisture ratio 

versus drying time (each point in the curve corresponds to the average of three values of moisture 

ratio) experiments were carried out in triplicate. Acerola by-product moisture content was determined 

at 105 °C, for a period of 24 hours [12] and the moisture calculated according to Equation 1. 

𝑀 =  
𝑤1−𝑤2 

𝑤2
  100      (1) 

Where: M = moisture at any time (g water/g dry matter); w1 = initial mass of the sample (g); w2 = final dry 

mass of the sample. 

Mathematical modeling  

The analysis of experimental data of drying was carried out as function of moisture ratio and 

drying time. The moisture ratio (MR) was determined using Equation 2. The moisture content (M) at 

any moment of drying (g water/g dry matter) was calculated according to Equation 3 [13].  

𝑀𝑅 =
𝑀− 𝑀𝑒

𝑀0−𝑀𝑒
       (2) 

𝑀 =
(𝑊0−𝑊𝑎𝑒)− 𝑊𝑠𝑎

𝑊𝑠𝑎
      (3) 

Where: MR = moisture ratio (dimensionless); Me= equilibrium moisture content (g water/g dry matter); M0= 

initial moisture content (g water/g dry mass); W0 = initial mass of sample (g); Wae= amount of evaporated water 

(g); Wsa = sample dry matter mass (g);  

 

Experimental data of convection drying were adjusted using the models described in Table 1 and 

a non-linear regression analysis tool in OriginPro 9. The adjustments of the models were evaluated, 

according to Ertekin and Yaldiz [14], using: coefficient of determination (R2), reduced X-square 

(Equation 4), root mean square error (Equation 5) and modeling efficiency (Equation 6). 

𝑋2 =  
∑ (𝑀𝑅𝑒𝑥𝑝,𝑖 − 𝑀𝑅𝑝𝑟𝑒,𝑖)2𝑁

𝑖=1

𝑁−𝑛
        (4) 

𝑅𝑀𝑆𝐸 =  [
1

𝑁
 ∑ (𝑀𝑅𝑝𝑟𝑒,𝑖  −  𝑀𝑅𝑒𝑥𝑝,𝑖)

2𝑁
𝑖=1 ]

1/2
    (5) 

𝐸𝐹 =  
∑ (𝑀𝑅𝑒𝑥𝑝,𝑖 − 𝑀𝑅𝑒𝑥𝑝,𝑚𝑒𝑎𝑛)2− ∑ (𝑀𝑅𝑝𝑟𝑒,𝑖 − 𝑀𝑅𝑒𝑥𝑝,𝑖)2 𝑁

𝑖=1  𝑁
𝑖=1

∑ (𝑀𝑅𝑒𝑥𝑝,𝑖 − 𝑀𝑅𝑒𝑥𝑝𝑚𝑒𝑎𝑛)2 𝑁
𝑖=1

   (6) 

Where: MRexp,i = experimental moisture ratio; MRpre,i = predicted moisture ratio; N = number of 

observations; n = number of constants in drying model; MRexp,mean = mean value of experimental moisture 

ratio. 

Table 1. Models used to adjust the data of the drying curves of the acerola by-product. 

Model  Equation Reference 

Lewis 𝑀𝑅 = exp (−𝑘𝑡) Lewis [15] 
Henderson & Pabis  𝑀𝑅 =  𝑎 exp(−𝑘𝑡) Henderson and Pabis [16] 

Page 𝑀𝑅 =  exp(−𝑘𝑡𝑛) Page [17] 
Modified Page   𝑀𝑅 = exp [−(𝑘𝑡)𝑛] Overhults and coauthors [18] 

Logarithmic       𝑀𝑅 = 𝑎 exp(−𝑘𝑡) + 𝑏 Yağcıoğlu and coauthors [19] 

Characterization of acerola by-product  

Color parameters  

The color parameters (CIELab coordinates), Luminosity (L*), chroma a* (a*) and chroma b* (b*) 

were determined at two-hour intervals using a HunterLab colorimeter (Miniscan XE, HunterLab) with 

the operating conditions illuminant/observer equal to D65/10°.  
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Active compounds determination and antioxidant capacity 

The effect of temperature and drying time on the concentration of active compounds and 

antioxidant capacity were evaluated at two-hour intervals. The samples were ground in a domestic 

food processor (Oster, FPSTHB2610R-017, China). For the evaluation of active compounds, 

extractions were carried out using 70% ethanol as solvent, as proposed by Correia and coauthors 

[20]. Samples (1g) were dispersed in 40 ml of 70% ethanol (5 min, magnetic stirring at 750 rpm) in 

an ice bath, and filtered (Whatman filter paper No. 1) under reduced pressure. After the process 

extraction, the obtained extract was stored under refrigeration (-18.0 ± 0.5 °C) until analysis. 

Flavones and flavonols, total proanthocyanidins and vitamin C 

Flavones and flavonols concentration was determined according to Neves and coauthors [21]. 

Aliquots of extracts (3 mL) obtained from the extraction of acerola by-product were added to 2 mL of 

aluminum chloride (5%). The solutions were vortexed (Vortex, IKA, Staufen, Germany) and held at 

30 °C for 30 min. The absorbance of the solutions was determined using a spectrophotometer 

(Genesys 10S UV–vis, Thermo Scientific, SP, Brazil) at 441 nm. Blank was prepared for each sample 

(3 mL of extract and 2 mL of water without aluminum chloride). The calibration curve was obtained 

using quercetin as standard (0-22 μg/mL) and the concentrations of flavone and flavonol were 

expressed as mg quercetin/g dry sample. 

Determination of total proanthocyanidins was performed as proposed by Porter and coauthors 

[22]. Aliquots (250 μL) were added to 2.5 mL of Porter's reagent (154 mg of FeSO4.7H2O per liter of 

3:2 n-butanol:hydrochloric acid). The solution was homogenized and maintained at 95 °C (water bath 

MA127/GT60, Marconi, Piracicaba, SP, Brazil) for 30min. The standard curve was prepared using 

quebracho tannin varying the concentration from 0 to 2.4 mg/mL. After cooling, the absorbance was 

determined at 550 nm (spectrophotometer, Genesys 10S UV–vis, Thermo Scientific, SP, Brazil) and 

the results expressed as mg quebracho tannin equivalents (QTE)/ g dry sample.  

The determination of vitamin C was performed by high performance liquid chromatography using 

ascorbic acid as standard according to methodology proposed by Sánchez-Mata and coauthors [23], 

1.8 mM H2SO4 solution (pH 2.6) was used as the mobile phase at a flow rate of 0.9 mL/min. Extract 

samples were filtered at Millipore 0.45 mm before injection into the chromatographic system 

(Shimatzu - Promenience, LC 20 AD pump with automatic injector SIL20-HT). Detection was 

performed at 245 nm (UV-visible detector Thermo Separation Spectra UV100) and the column used 

was Prominence LC 20. To quantify the dehydroascorbic acid, samples were reduced with 

dithiothreitol (DTT) and injected into the chromatographic system. The reduction was performed by 

adding 0.2 ml of 20 mg DTT /ml solution to 1 mL of the filtrate and kept in the absence of light for 2 

h. The concentration of total ascorbic acid was expressed in mg of total ascorbic acid/g of dry sample. 

Total phenolic contents and ORAC assay 

The total phenolic contents by Folin-Ciocalteau was determined according to Singleton and 

coauthors [24]. Aliquots of previously diluted extracts (0.5 mL) were added to 2.5 mL of Folin-

Ciocalteu reagent (1:10; v/v). The solution was homogenized and kept at rest (5 minutes). Then to it 

was added 2.0 mL of sodium carbonate solution (7.5%). The solutions were homogenized (Vortex 1, 

IKA, Staufen, Germany) and kept for 2 hours in the absence of light. Absorbance reading was 

performed on a spectrophotometer (Genesys 10S UV–vis, Thermo Scientific, SP, Brazil) at 740 nm. 

Results were expressed as mg of gallic acid equivalent (GAE)/g dry sample using a standard curve 

of gallic acid (range of concentration between 0 and 64 μg/mL). 

The oxygen radical absorption capacity (ORAC) method was determined by decaying the 

fluorescence resulting from its oxidation according to Ou and coauthors [25] and Rodrigues and 

coauthors [26]. Aliquots of 25 μL (standard, control, or extract), 150 μL of fluorescein and 25 μL of 

AAPH were transferred to a black microplate (96 WELL, PP, F-BOTTOM, Greiner Bio-One GmbH, 

Kremsmunster, Austria). The solutions were diluted with 75 mM phosphate buffer (pH 7.4), also used 

as control. Samples were analyzed using Optima Fluostar fluorometer (BMG Labtech, Offenburg, 

Germany), using excitation length of 493 nm and emission of 515 nm at 37 °C. The fluorescence of 

the samples was determined (1min intervals) until their total decay. Trolox was used as standard (8-

96 μM) and the results were expressed as μmol Trolox Equivalents/g dry sample.  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Scanning electron microscopy 

Structural characteristics of the acerola residue (in natura and dried) were evaluated using 

scanning electron microscope model TM-3000 (Hitachi) at 15kV. For analysis, the in natura samples 

were freeze dried (Terroni, LC 1500, São Carlos, SP). The samples were ground and stored in 

desiccator with silica before analysis. 

RESULTS 

Kinetic drying  

The initial moisture content of the acerola by-product was approximately 80% (wet basis) and the 

obtained drying times until constant mass were 9h 40min, 11h and 14h at 60, 50 and 40 °C, 

respectively (Figure 1). In the drying curves, logarithmic reduction of the moisture ratio as function of 

time can be verified for all temperatures. The increase in temperature caused a reduction in drying 

time. According to Zhu and Shen [27] shorter drying times are obtained at higher temperatures due to the 

increase of drying rate, this occurs due to the increase in the heat transfer potential between the air and the 

samples, favoring the evaporation of water. 

 
Figure 1. Effect of the drying temperature on the moisture ratio of acerola by-product in a thickness of 6 mm during the 
drying. 

Table 2 shows the statistical constants and values (coefficient of determination, reduced X-

square, mean square error and modeling efficiency) of the data adjustments to the mathematical 

models studied. It was verified that all the models evaluated fitted the experimental data and the 

coefficients of determination presented good values (R2>0.988). As explained by Ertekin and Yaldiz 

[14], the lower the values of the reduced X-square and mean square error (closer zero), the better 

the goodness of the fit, while to predict the ability of the model, EF is evaluated, 1 being the highest 

value. 

For the temperature of 60 °C, Page model presented the best values of the statistical parameters 

R2, X2, RMSE and EF. Modified Page also presented the same values of statistical parameters but 

with difference in the value of the constant k. For the temperature of 50 °C, the Page model also 

presented the best results of the statistical parameters with R2, X2, RMSE and EF. At the drying 

temperature of 40 °C, although the logarithmic model presented better R2, the values of X2, RMSE 

and EF were better for the Page model. Therefore, Page model is the most adequate to provide a 

prediction of the effect of temperature on the moisture ratio of the acerola by-product. 
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Table 2. Statistical results (coefficient of determination, R2, reduced chi-square, X2, Root-mean-square 
deviation, RMSE and modeling efficiency, EF) of the Lewis, Handerson & Pabis, Page, modified Page and 
logarithmic models and their constants and coefficients in different drying conditions (40, 50 and 60 °C) of 
acerola by-product. 

Model Constant R2 X2 RMSE EF 

40 °C 

Lewis k 0.1741 0.9959 0.0012 0.0338 0.9862 

Henderson & 
Pabis 

k 0.1737 
0.9959 0.0012 0.0341 0.9881 

a 0.9983 

Page 
k 0.1315 

0.9988 0.0002 0.0142 0.9980 
n 1.1625 

Logarithmic 

k 0.1353 

0.9991 0.0003 0.0157 0.9975 a 1.1254 

b -0.1312 

Modified Page 
k 0.1746 

0.9988 0.0002 0.0141 0.9980 
n 1.1633 

50 °C 

Lewis k 0.2638 0.9885 0.0015 0.0378 0.9839 

Henderson & 
Pabis 

k 0.2638 
0.9901 0.0011 0.0325 0.9901 

a 1.0357 

Page 
k 0.1721 

0.9983 0.0002 0.0146 0.9980 
n 1.2506 

Logarithmic 

k 0.1993 

0.9971 0.0005 0.0206 0.9960 a 1.1705 

b -0.1547 

Modified Page 
k 0.2449 

0.9983 0.0002 0.0146 0.9980 
n 1.2515 

60 °C 

Lewis k 0.2946 0.9919 0.0028 0.0523 0.9697 

Henderson & 
Pabis 

k 0.3142 
0.9945 0.0019 0.0419 0.9843 

a 1.0122 

Page 
k 0.2702 

0.9996 0.0003 0.0158 0.9978 
n 1.1775 

Logarithmic 

k 0.2485 

0.9973 0.0013 0.0350 0.9890 a 1.1164 

b -0.1090 

Modified Page 
k 0.3291 

0.9996 0.0003 0.0158 0.9978 
n 1.1776 

 

As reported by Araya-Farias and coauthors [28], the constant rate (k), or drying constant in Page 

model is temperature dependent and it is related with the moisture diffusion coefficient. Thus, as the 

temperature increases, k increases. The drying constant (k) at 60 °C was approximately twice the 

drying constant at 40 °C (Table 2), so it can be said that the temperature affects the process duration 

as well as the final moisture content of the samples. The final moisture content of dried acerola by-

products at 40, 50 and 60 °C was 14.59 ± 1.93, 11.59 ± 1.65, 8.58 ± 0.57 %. Duzzioni and coauthors 

[10] evaluated the process of drying by fixed-bed dryer and reported final moisture < 8%, < 8.5% and 

< 4% for acerola by-products dried at 40, 50 and 60 °C, regardless of the air velocity used. The 

differences could be explained by differences in acerola by-products used in the different studies, as well as, 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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dryer specifications, as air velocity, surface area (which can enhance more or less radiation to samples), 

between others. 

Other authors have obtained similar results. Goula and coauthors [11] studying drying of grape 

pomace at 60 °C obtained a good coefficient of determination for the studied models: Lewis, Page; 

Modified Page, Handerson & Pabis and Logarithmic. Zhu and Shen [27] evaluated different 

parameters in the drying process (temperature, air velocity and peach slice thickness) in convective 

dryer, and verified that the Page model presented better adaptation to the experimental data. 

Characterization of acerola by-product  

Color parameters  

The color parameters of acerola by-product (Figure 2) underwent changes during the drying and 

were temperature dependent. The luminosity parameter (L*) was reduced for all evaluated 

temperatures. For higher temperatures, this drop was more pronounced, but in the end of the drying, 

all showed close value. The color parameters a* and b* gradually decreased throughout the drying 

process in all evaluated temperature (40, 50, 60 ºC) tending a dark red-yellow color, possibly due to 

non-enzymatic darkening. According to Sinha and coauthors [29] caramelization, Maillard reaction, 

oxidation of ascorbic acid and oxidative condensation of tannic compounds are possible non-

enzymatic darkening mechanism. 

 
Figure 2. Effect of the drying temperature (40, 50 and 60 °C) on color parameters of acerola by-product during the 
drying. 

Flavones and flavonols, total proanthocyanidins and vitamin C 

The results of flavones and flavonols are presented in Figure 3a. In contrast, at 50 °C there was 

a gradual loss during drying, flavones and flavonols content of acerola by-product after drying at 40 

and 60 °C were higher than those obtained for the fresh residue, with values in the range of 350 to 

800 mg quercetin / 100 g extract, being the highest concentration observed at 60 °C after 8 h of 

drying. The increase in the concentration of flavones and flavonols may be related to several factors, 

such as rate of degradation, structure of these compounds, among others. 

Silva and coauthors [9] drying acerola residue by rotary dryer also observed higher concentration 

of flavonoids in dried residue, presenting a percentage increase of 249% in relation to the fresh 

residue.  

Proanthocyanidins did not show large variations during drying at all temperatures demonstrating 

that this class of antioxidant compounds is more thermally stable (Figure 3b). Chamorro and 

coauthors [30] also observed the thermal stability of these compounds. The authors investigated the 

effect of heat treatment on polyphenolic content in grape pomace and grape seed extract (aqueous 

extraction and spray drying) in a furnace and autoclave (100 °C for 15, 30 and 60 min) and found 

that the treatment did not affect the procyanidin content.  
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                               (a)                                                                    (b) 
 
Figure 3. Active compounds concentration during drying time at different drying (40, 50, 60 °C): (a) Flavones and 
Flavonols; (b) Total proanthocyanidins. Different letters indicate significant differences (p <0.05), according to Duncan's 
test, at different times during drying. 

In the quantification of vitamin C (Figure 4), it was not possible to quantify this compound at             

60 °C, probably due to its thermosensitivity. Vitamin C is sensitive to high temperatures and long 

drying times, mainly due to its high exposure to oxygen [31]. Duzzioni and coauthors [10] evaluated 

the process of drying acerola by-product in a fixed-bed dryer, analyzing the effect of air velocity (0.5, 

1.0 e 1.5 m/s) and temperature (40, 50 e 60 °C) variables and reported that the ascorbic acid content 

was higher under the drying condition at 1.0 m/s and 60 °C (126 mg/100 g), indicating that the 

variations had a significant effect on vitamin C content. 

 
Figure 4. Concentration of Ascorbic Acid (AA) and total vitamin C (AA and dehydroascorbic acid /g dry weight) of acerola 
by-product during drying at 50 and 40 °C. Where: Ascorbic acid (40 and 50 °C) on the left side and Vitamin C (40 and 
50 °C) on the right side. 

At 50 °C, the sample initially had 0.84 mg of vitamin C mg/g of sample, of which 0.69 mg/g of 

sample was dehydroascorbic acid. At 40 °C, initially the by-product presented 1.84 mg of vitamin C 

/g of sample, of which 1.59 mg/g was dehydroascorbic acid, indicating that 80% of the vitamin C was 

already oxidized due to fruit manipulation and transportation. At 50 °C the ascorbic acid content 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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dropped by 54% of the total and the total content of vitamin C (ascorbic acid and dehydroascorbic 

acid) dropped by 35%, which shows that much of the degradation ascorbic acid at that temperature 

was in the form of dehydroascorbic acid. At 40 °C, at the end of drying, an increase in ascorbic acid 

and total vitamin C levels was observed, this increase may be related to the efficiency of extraction 

of this compound from the sample at this stage of drying and to the high heterogeneity of the industrial 

by-product used (different percentages of peel, seed and residual pulp). Dehydroascorbic acid 

exhibits a biological activity equivalent to L-ascorbic acid [32], therefore there is no inconvenience of 

the presence of this compound in foods since they are also used by human metabolism. 

Total phenolic contents and ORAC assay 

The total phenolic contents is shown in Figure 5a. At the end of drying for each temperature 

values of 24.11 ± 4.41, 18.50 ± 3.77 and 28.57 ± 4.04 mg GAE/g dry sample were observed for 40, 

50 and 60 °C, respectively. These values represented loss of 11.9% at 60 °C, reduction of 31.5% for 

50 °C and a significant increase of 26.3% for 40 °C from the initial values. Horuz and coauthors [31] 

reported that high temperatures and high drying times can lead to loss of phenolic compounds, as 

observed in this work, where higher temperature degradation occurred at 60 °C. López and coauthors 

[33] observed that long drying time associated with low temperatures (50, 60 and 70 °C) would 

probably contribute to decreasing the protective effect against oxidative damage in blueberries. 

 
(a) 

 
(b) 

Figure 5. Antioxidant capacity as a function of drying time at different drying temperatures: (a) total phenolic 
contents; (b) Oxygen radical absorbance. Different letters indicate significant differences (p <0.05), according 
to Duncan's test, at different times during drying. 

Oxygen radical absorbance capacity assay results are presented in Figure 5b. In general, 

compared to initial values, an increase of 43% and 13% in ORAC results was observed, for drying at 

40 °C (123.73 μmoles TE/100 g dry matter) and 60 °C (154.16 μmoles TE/100 g dry matter), 

respectively. According to Capecka and coauthors [34], ambiguous connections may exist between 

the content of certain antioxidants and antioxidant activity, being difficult to explain only on the basis 

of quantitative analysis. In addition to the antioxidant level, other factors such as synergy and the 

constituents of the fruit can influence the antioxidant capacity [34]. 

Rodrıguez and coauthors [35] evaluated antioxidant capacity of myrtle berries and found that 

drying at 80 °C showed higher concentration of antioxidant capacity, phenolic compounds and 

flavonoids. In addition, the lowest values of antioxidant compounds were observed for drying at 40 

°C, attributing this fact to the longer drying time. For the acerola by-product, despite the heterogeneity 

of the material, it was possible to observe that drying did not cause great loss of the antioxidant 

capacity in the by-product. Therefore, in addition to facilitating transportation and increasing 

durability, drying also maintains antioxidant properties. 

Scanning electron microscopy  

Analyzing the micrographs (Figure 6) of the acerola by-product, no ruptures were observed in 

the cell wall of the dry material (Figures 6a, b, c). Probably, the temperature range used (40-60 °C) 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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was not sufficient to cause changes in the material that could facilitate the process of extraction of 

the dried residue with respect to the fresh one. As the waste used comes from industrial processing, 

the different sizes observed are related to the material's heterogeneity. 

Drosou and coauthors [36] studying grape pomace dehydration in an experimental air dryer 

reported that aqueous extracts produced from the dry residue showed higher yield relative to the 

extracts produced using the wet residue. Probably, the rupture and destruction of the cells caused 

by the drying, results in the formation of large cavities and intercellular spaces that facilitate the 

extraction of cellular substances [37]. 
 

  
(a) (b) 

 
(c) 

Figure 6. Scanning electron micrograph of acerola by-product at (a) 40 °C, (b) 50 °C and (c) 60 °C. 

CONCLUSION 

Page model can predict the moisture content of acerola by-product at any point in the convection drying 

process at temperatures of 40, 50 and 60 °C and the behavior of the bioactive compounds during forced air 

convection drying in hot air was dependent on the drying temperature. From the proposed models, it was not 

possible to make a prediction based on vitamin C, possibly due to the complexity of the residue used. 

However, the results of this study can collaborate to the development of new products developed from dry 

by-product, valuing industrial waste. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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