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Abstract Uvaia (Eugenia pyriformis) frozen pulp pro-

cessing generates a solid byproduct that can potentially

contain important components of human nutrition. In this

study, the drying of uvaia byproduct was studied. Two

different drying treatments were tested: drying of wet

waste and drying of waste with prior removal of water by

centrifugation. Three drying temperatures were used: 40,

60, and 80 �C. Eight models were applied to fit the drying

curves: Page, Lewis, Modified Page, Logarithmic, Midilli,

Wang and Singh, Henderson and Pabis, and Weibull.

Midilli presented an excellent fit to the curves. The effec-

tive moisture diffusivity of the uvaia byproduct ranged

between 8.52 9 10-10 and 3.22 9 10-9 m2/s. The activa-

tion energy was 25.65 and 24.97 kJ/mol for non-cen-

trifuged and centrifuged assays, respectively. The dried

byproducts had a reduction of 3–21% of the total phenolic

content against the control. The assay performed at 40 �C
with centrifugation presented the lowest total color differ-

ence value.
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Introduction

The fruit processing industry generates a lot of solid waste

throughout its chain, comprising mostly peel, seeds, and

pulp. In several cases, residues are factored into the

operating costs for companies and are considered envi-

ronmental contamination sources and as a waste [1, 2].

Fruit residues may contain numerous interesting com-

pounds, such as nutrients (fibers, minerals, and carbohy-

drates) and bioactive compounds (polyphenolic compounds

and fibers), which are important for human physiological

functions. Therefore, it is desirable to reuse these residues

in the food industry in order to minimize losses and add

value to other products [3].

Many authors have studied ways to reuse the solid waste

generated by the fruit industry. Examples of this applica-

tion can be found in the ethanol, biogas, cosmetic and

pharmaceuticals, animal [1, 4], and food industries. Some

examples of food products that were formulated using fruit

byproducts are bread formulation using orange pomace [5];

sweet formulation using passion fruit peel [6]; flour using

apple pomace [7]; and cereal bars and biscuits using

orange, passion fruit and watermelon residues [8].

Fruit byproducts generally present high moisture con-

tent, which makes them perishable. One way to facilitate

their subsequent use is to dry them. In the drying process,

water is removed using heat, reducing the water activity of

the product and increasing its shelf life [9]. Attributes such

as color and phenolic compounds can sometimes be altered

after drying. Color is considered an important quality

attribute to the consumers, and due to the antioxidant

capacity of phenolic compounds present in fruits, they have

been associated with benefits to human nutrition [10, 11].

Brazilian fruit production is quite diverse but few species

are widely commercialized. There are many species still

unknown that have great potential for exploitation. Many

species have even aroused the domestic and foreign interest

[12, 13]. Uvaia (Eugenia pyriformis) is a native fruit from

the Myrtaceae family that has great potential to be exploited

economically and technologically and is currently found in
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Brazil from the state of São Paulo to Rio Grande do Sul. The

fruit is yellow or orange in color, 1.4–4 cm in length with a

diameter of approximately 3 cm, pH of approximately 2.8,

and acidity of 1.53–3.98% [11, 14].

No studies on the drying of uvaia solid waste have been

reported. Thus, the objective of this work was to study

mathematical modeling of the drying moisture data and

quality parameters of uvaia byproduct dried in a conven-

tional oven, under different conditions, for future applica-

tion in the food industry.

Materials and methods

Materials

Uvaia byproduct sample was obtained from a native fruit

producer, located in the city of Paraibuna (23� 27053.9400

South, 458 42031.8800 West), in the state of São Paulo, Brazil,

in October (2013). The byproduct was obtained after fresh

fruit pulp processing, which was conducted using a pulper

with nylon scraper blades (MS25 No. 56,032 model, Tor-

tugan, Atibaia, Brazil). The byproduct comprised peels,

bagasse, and seeds. The samples were stored at -18 �C until

used. This study did not involve any experimentation with

human or animal subjects performed by any of the authors.

Byproduct proximate composition

The proximate composition of uvaia byproduct was eval-

uated. AOAC methods [15] were used to determine nitro-

gen (method 920.152), ash (method 940.26), fiber (method

958.29), and moisture (method 920.151) contents. Protein

content was calculated as the quantity of nitrogen multi-

plied by the nitrogen conversion factor of 6.25. The lipid

content was determined according to the method described

by Bligh and Dyer [16]. Carbohydrate content was esti-

mated by difference.

Drying experiment

Drying experiments were performed in a convective dryer

(MA035, Piracicaba, Marconi, Brazil) with dimensions of

80 cm 9 100 cm 9 61 cm located at the Department of

Food Technology, State University of Campinas. The air

velocity of 0.4 m/s was measured with an anemometer

(AM 4202, Lutron, Taiwan). The byproduct sample (1 kg)

at 25 �C was spread into a thin layer (approximately 1 cm)

on a perforated tray with dimensions of 51 cm 9 73 cm

and mesh size of 0.3 cm 9 0.3 cm. Three drying temper-

atures were tested: 40, 60, and 80 �C. Furthermore, two

pretreatments were performed: drying with or without

previous centrifugation of the sample. The assays without

previous centrifugation received the following nomencla-

ture: 40NC, 60NC, and 80NC (the number corresponds to

the drying temperature, in �C). The assays with prior

centrifugation received the following nomenclature: 40C,

60C, and 80C. For the 40C, 60C, and 80C assays, the

byproduct was centrifuged for 5 min at 10369g (Mueller

Eletrodomésticos S.A, Timbó, Brazil). The temperature of

the convective dryer was set 30 min before beginning each

drying procedure. This period was necessary to achieve

steady-state conditions. In order to obtain the drying

curves, the byproduct samples were weighed every 30 min

for the assays at 40 and 60 �C and every 15 min for the

assays at 80 �C, until constant sample weight was

achieved. The digital balance had a sensitivity of 0.01 g

and was positioned as close to the dryer as possible

(1.5 m). The assays were performed in triplicate and the

averages were used for the data analysis.

Mathematical modeling

The collected results were used to calculate the moisture

ratio (MR) and the curves were constructed with the data of

MR versus time.

MR was calculated according to Eq. (1).

MR ¼ Mt �Me

M0 �Me

ð1Þ

Mt, Me, and M0 correspond, respectively, to the moisture

contents at the time of weighing (t), at equilibrium, and at

the beginning of the assay.

The drying rate (DR) of the byproducts was calculated

according to Eq. (2) and expressed as kg water/(kg dry

matter�min):

DR ¼ Mt1 �Mt2

t2 � t1
ð2Þ

t2 and t1 are the drying times and Mt1 and Mt2 are the

moisture contents at the time of weighting.

The mathematical models used to quantify the drying

kinetics were Page [17]; Lewis [18]; Modified Page [19];

Logarithmic [20]; Midilli [21]; Wang and Singh [20];

Henderson and Pabis [22]; and Weibull [23]. The equations

are presented below.

Page:

MR ¼ expð�ktnÞ ð3Þ

Lewis:

MR ¼ expð�ktÞ ð4Þ

Modified Page:

MR ¼ a expð�ktÞn ð5Þ
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Logarithmic:

MR ¼ a expð�ktÞ þ c ð6Þ

Midilli:

MR ¼ a expð�ktnÞ þ bt ð7Þ

Wang and Singh:

MR ¼ 1 þ at þ bt2 ð8Þ

Henderson and Pabis:

MR ¼ a expð�ktÞ ð9Þ

Weibull:

MR ¼ exp � t

b

� �a� �
ð10Þ

In order to verify if the models had adjusted well to the

drying curves, the following parameters were used: R2

(coefficient of determination), root mean square error

(RMSE), and v2 (reduced Chi square). The higher the R2

values and the lower the RMSE and v2 values, the better

the quality of the curves [17]. RMSE and v2 formulas are

presented in Eqs. (11) and (12), respectively. MRexp is the

experimental value for the moisture ratio, MRpre is the

predicted value for the moisture ratio, N is the number of

observations, and z is the number of constants.

RMSE ¼ 1

N

XN
MRpre; i �MRexp; i

� �2

" #1=2

ð11Þ

v2 ¼
PN

i¼1 MRpre; i �MRexp; i

� �2

N � z
ð12Þ

Effective moisture diffusivity

Fick’s second diffusion law (Eq. 13) is commonly used to

calculate effective moisture diffusivity (Deff) [19].

oM

ot
¼ o

ox
Deff

oM

ox

� �
þ o

oy
Deff

oM

oy

� �
þ o

oz
Deff

oM

oz

� �

ð13Þ

Considering the thin layer of byproduct as an infinite

slab, just the z axis can be considered. The solution for

Eq. (13) is presented in the Eq. (14) [24]. For long drying

periods, the equation can be simplified (Eq. 15), i.e., L

being half the thickness (m) of the slab [25].

MR ¼ 8

p2

X1
i¼0

1

ð2iþ 1Þ2
exp

�ð2iþ 1Þ2
Deffp2t

4L2

" #
ð14Þ

MR ¼ 8

p2
exp

Deffp2t

4L2

� 	
ð15Þ

To calculate Deff for each assay, the slope of the plot of

lnMR versus time was calculated.

Activation energy

The relationship between the effective moisture diffusivity

and temperature can be represented by Arrhenius equation

[26, 27].

Deff ¼ Do exp � Ea

RT

� �
ð16Þ

Ea is the activation energy (kJ/mol), R is the gas constant

(8.314 J/molK), and Do is the Arrhenius factor (m2/s). Ea

and Do were obtained, respectively, from the slope and the

interception of the plot of ln Deff versus 1/T.

The activation energy was calculated separately for the

centrifuged assays (40C, 60C and 80C) and non-cen-

trifuged assays (40NC, 60NC and 80NC).

Total phenolic content

Total phenolic content was estimated following the method

of Singleton and Rossi (1965), described by Haminiuk

et al. [28] using the Folin–Ciocalteu reagent. The bypro-

duct samples were extracted with 40 mL of a 40% ethanol

solution for 1 h. After the extraction, they were centrifuged

at 15359g and the supernatant filtered with a Whatman n�1
filter paper. The extracts were pipetted (100 lL) into 5 mL

of distilled water and 500 lL of Folin–Ciocalteu reagent

was added to the mixture. Three minutes later, 1.5 mL of a

15% sodium carbonate solution was added and finally,

distilled water was added to complete a total volume of

10 mL. After a period of 2 h in the dark at room temper-

ature, the absorbance of the mixture was measured at

765 nm using a spectrophotometer (Beckman DU70, Ger-

many). Gallic acid was used as a standard. The results are

expressed as gallic acid equivalents.

Color evaluation

The color of the byproduct powders was evaluated using a

colorimeter (Mini Scan XE Hunter Associates Laboratory,

Inc, Reston, Virginia, USA), calibrated against white pat-

tern (x = 80.3; y = 85.1, z = 91.0). The color system

used in the analysis was the CIELab. L* value represents

the lightness/darkness of the sample, ranging from 0 to

100, being 0 for black and 100 for white. The ‘‘a*’’ value

represents greenness and redness, ranging from -60 to 60.

Finally, the ‘‘b*’’ value represents blueness and yellowness,

ranging from -60 to 60 [29]. To compare the samples, the

ratio of a*/b*, total color difference (DE), and chromaticity
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(C) were calculated, according to the following equations

[30]:

DE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L� � L�0
� �2þ a� � a�0

� �
þ b� � b�0
� �2

q
ð17Þ

C ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a�2 þ b�2

p
ð18Þ

L0
*, a0

*, and b0
* are the color values for the powder control

sample (lyophilized byproduct). In order to compare the

drying processes, a lyophilized control sample was

obtained (Control). The lyophilization process was con-

ducted in a lyophilizer (Alpha 2–4 LD plus model, Christ,

Osterode am Harz Germany). The samples were frozen in

trays and then lyophilized under the following conditions

(in dark): 44 h, 0.12 mbar, T = -40 �C (main drying) and

4 h, 2.5 mbar, T = -10 �C (final drying).

Statistical analysis

Nonlinear regression of the drying curves was performed

using the MATLAB R2016a software (The Mathworks,

Inc, Natick, MA, USA).

The parameters of color and total phenolic content were

analyzed by ANOVA test and Tukey’s test (p\ 0.05)

using the software XLSTAT (Addinsoft, New York, NY,

2016).

Results and discussion

Byproduct proximate composition

In order to characterize the raw material, the proximate

composition analysis of the byproduct was performed. The

results, in grams per 100 g (wet basis), were 89.20 ± 0.50

(moisture), 2.64 ± 0.03 (protein), 0.36 ± 0.02 (lipid),

0.25 ± 0.03 (ash), 4.72 ± 0.11 (fiber), and 2.8 ± 0.5

(carbohydrate).

Drying curves

The drying curves (MR vs. time) are shown in

Fig. 1(A) and the changes in the DR with MR during the

drying of uvaia byproduct at the different studied condi-

tions are shown in Fig. 1(B). As expected, the samples

dried at higher temperatures presented shorter drying times.

The times varied between 330 and 1110 min (80C and

40NC, respectively). Moreover, the samples that passed

through the previous centrifuging process had lower drying

times than that of the samples that were directly dried. The

centrifugation process assists in the prior removal of water

from the material, which leads to 30–44% reduction of the

initial mass. This prior removal of the water was conducted

in order to try and reduce the drying time and exposure of

the waste to high temperatures and to minimize the loss of

important bioactive compounds. When assays of same

temperature were compared, the drying time of the samples

with prior centrifugation was 24.5% lower for the condi-

tions at 40 �C, 16.7% for 60 �C, and 21.4% for 80 �C. For

example, samples 40NC and 40C had drying time of

1110 min and 840 min, respectively. Samples 60NC, 60C,

80NC, and 80C presented drying times (in minutes) of 540,

450, 420, and 330, respectively. The material that was prior

centrifuged displays interesting results. The drying time of

the residue at 60 �C with prior centrifugation was close to

that of the residue without prior centrifugation at 80 �C.

The fruit waste obtained from the mechanical pulping

process of fruits underwent total disintegration and there-

fore exhibits a great surface area available for mass

exchange, and consequently presents higher water loss

during drying.

It can be noted that the DR was not constant for any of

the conditions. The lower temperature assays presented a

lower variation between the initial and final DRs and pre-

sented a lower DR when compared to the higher

Fig. 1 Drying curves (A) and DR curves (B) of uvaia byproducts at

different conditions
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temperature assays. The high rate of moisture loss when

high temperatures were used was previously observed by

other authors when drying vegetable byproducts such as

pomegranate peels and lemon peels [17, 31]. In addition,

when comparing the same temperatures, the assay with

prior centrifugation presented lower DRs. The MR data

were used to calculate the mathematical drying models

(Table 1).

Mathematical modeling

Eight different models were tested. Table 1 shows the

constants, R2, RMSE, and v2 for all the models and assays.

The selection of the mathematical model that best fitted the

curves was based on a high R2 and low RMSE and v2

values. Almost all models, except for Wang and Singh,

presented excellent R2 values, above 0.99. Midilli was

considered the model that best fitted the majority of the

experimental drying curves (40NC, 60NC, 80NC, and

80C), and Logarithmic was considered the model that best

fitted 40C and 60C drying curves because of the high R2

values and low RMSE and v2 values. In addition, for the

40C and 60C assays, Midilli was the second best model and

R2, RMSE, and v2 parameters were close to the ones cal-

culated using the Logarithmic model. The plot of MR

values predicted by Midilli and experimental values for all

non-centrifuged and centrifuged assays are shown in

Fig. 2(A), (B), respectively.

Effective moisture diffusivity

The effective moisture diffusivity values were calculated

according to Eq. (13). Table 2 presents the results for both

non-centrifuged (40NC, 60NC, and 80NC) and centrifuged

(40C, 60C, and 80C) assays. As expected, higher temper-

atures resulted in higher effective moisture diffusivity. The

values obtained in this study are comparable to the values

obtained by other authors for other vegetable byproducts:

2.03 9 10-9 to 1.71 9 10-9 m2/s in the range of 50–90 �C
for olive cake waste [25] and 4.02 9 10-9 to 5.31 9 10-9

m2/s for pomegranate peels at 50–70 �C [17].

Activation energy

According to Eq. (14), the values of lnDeff versus 1/T were

plotted and the activation energy was calculated. For both

non-centrifuged and centrifuged assays, the plot showed a

linear tendency, with a R2 of 0.9817 and 0.9946, respec-

tively. The non-centrifuged and centrifuged assays activa-

tion energies are presented in Table 2. These values are

comparable to the activation energy obtained by other

authors for vegetable byproducts: 39.66 kJ/mol for

pomegranate byproducts [23]; 29.571 and 34.726 kJ/mol

for 2.0 and 3.5 m/s (air drying velocity) for passion fruit

peels [32].

Total phenolic content

The results for total phenolic content for the dried bypro-

duct in the different drying assays and for the lyophilized

byproduct are presented in Fig. 3. It can be noted that the

total phenolic content varied between the samples

(p\ 0.05). Lyophilization is a drying process that is rec-

ognized for maintaining and preserving the characteristics

of the raw product. Therefore, in this study, a lyophilized

product was used as a control sample for the drying pro-

cess. On comparing the results, it was observed that the

dried byproducts showed reductions of up to 21% (80NC)

compared to the lyophilized byproduct. 40C did not present

significant difference to the control (p[ 0.05). Zillo et al.

[33] compared the fresh fruit and the frozen pulp. They

obtained 4.89 and 6.07 mg gallic acid per 100 g for the

fruit and pulp, respectively, in wet basis. In this study, the

values for the dried byproducts varied between 30.5 and

38.5 mg of gallic acid per g (dry basis). Considering the

quantity of water of the wet byproduct (moisture of

89.2%), the quantity of total phenolic content of the wet

byproduct was calculated, resulting in a maximum of

404 mg per 100 g.

Haminiuk et al. [28] evaluated uvaia pulp and obtained

24.09 mg of gallic acid per gram (dry basis). In this study,

the byproduct dried in hot air dryer showed a value

23–55% higher than that of the pulp evaluated by Hami-

niuk et al. [28]. Ramirez et al. [34] evaluated different

uvaia genotypes, obtaining 373–652 mg per 100 g of lyo-

philized fruit. A record in literature for the phenolic com-

pound evaluation of any uvaia byproduct was not found;

only results for both pulp and entire fruit were found.

Spoladore et al. [35] evaluated passion fruit peel drying

and obtained 5.3–6.8 mg GAE/g (dry basis) for assays

between 60 and 90 �C and the dry by-product lost from 67

to 75% of total phenolic content compared to the control.

Considering the results obtained for total phenolic content

of the uvaia byproduct, it was possible to observe that even

after hot air drying, the byproducts retained their phenolic

compounds. Therefore, there is a great potential to develop

food products containing dried uvaia byproduct as a

healthier ingredient.

Color evaluation

The values of L*, a*, and b* of the dried fruit residues were

measured (Table 3). The lyophilized byproduct was used

as the control. Significant variation (p\ 0.05) in the color

Mathematical modeling of uvaia byproduct 647
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Table 1 Parameters of the mathematical models

Model Condition Constants R2 RMSE v2

A k

Henderson and Pabis 40NC 1.0440 0.2042 0.9947 0.02154 0.000461

40C 1.0130 0.2926 0.9987 0.01054 0.000078

60NC 1.0310 0.4509 0.9954 0.02123 0.000450

60C 1.0090 0.5860 0.9988 0.01082 0.000117

80NC 1.0350 0.6332 0.9952 0.02054 0.000422

80C 1.0060 0.9238 0.9997 0.00506 0.000026

k

Lewis 40NC 0.1959 0.9928 0.02482 0.000613

40C 0.2888 0.9985 0.01104 0.000088

60NC 0.4382 0.9944 0.02279 0.000520

60C 0.5809 0.9987 0.01086 0.000118

80NC 0.6132 0.9941 0.02246 0.000504

80C 0.9186 0.9997 0.00519 0.000027

a K C

Logarithmic 40NC 1.0740 0.1743 -0.0566 0.9994 0.00717 0.000047

40C 1.0250 0.2709 -0.0247 1.0000 0.00150 0.000002

60NC 1.0560 0.3997 -0.0423 0.9988 0.01124 0.000126

60C 1.0210 0.5506 -0.0203 0.9998 0.00441 0.000019

80NC 1.0530 0.5675 -0.0365 0.9985 0.01183 0.000140

80C 1.0090 0.9002 -0.0077 0.9999 0.00273 0.000007

A k B n

Midilli 40NC 0.9938 0.1537 -0.0016 1.1020 0.9998 0.00429 0.000002

40C 0.9997 0.2751 -0.0016 1.0100 1.0000 0.00162 0.000003

60NC 0.9924 0.3732 -0.0019 1.1200 0.9996 0.00706 0.000050

60C 0.9982 0.5559 -0.0021 1.0230 0.9998 0.00476 0.000023

80NC 0.9858 0.5358 -0.0021 1.1360 0.9994 0.00754 0.000057

80C 0.9990 0.9052 -0.0012 1.0150 0.9999 0.00258 0.000007

A K N

Modified page 40NC 1.0440 2.2770 0.0896 0.9947 0.02184 0.000474

40C 1.0130 0.1886 1.5510 0.9987 0.01074 0.000064

60NC 1.0310 0.5857 0.7700 0.9954 0.02188 0.000261

60C 1.0090 0.7650 0.7660 0.9988 0.01123 0.000092

80NC 1.0350 0.8071 0.7845 0.9952 0.02093 0.000288

80C 1.0060 0.9945 0.9289 0.9997 0.00519 0.000016

k n

Page 40NC 0.1480 1.1520 0.9987 0.01083 0.000091

40C 0.2669 1.0530 0.9993 0.00775 0.000019

60NC 0.3761 1.1460 0.9990 0.00984 0.000023

60C 0.5565 1.0550 0.9994 0.00778 0.000013

80NC 0.5521 1.1450 0.9988 0.01037 0.000042

80C 0.9107 1.0270 0.9998 0.00374 0.000007

a B

Wang and Singh 40NC -0.1357 0.0046 0.9885 0.03178 0.000926

40C -0.1909 0.0090 0.9666 0.05285 0.002748

60NC -0.2932 0.0211 0.9827 0.04132 0.001708

60C -0.3689 0.0330 0.9616 0.06115 0.003739

80NC -0.3973 0.0382 0.9752 0.04670 0.002181
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of the final product according to the different drying con-

ditions was observed. It was possible to verify that previous

centrifugation influenced the color of the dried product. It

has been previously reported that dried products should

exhibit high L* and low a*/b* values [10]. Samples with

prior centrifugation showed statistical different (p\ 0.05)

and higher L* and lower a*/b* values than samples without

prior centrifugation. As an example, the L* and a*/b* values

for the 60NC treatment were 59.04 and 0.32 and for 60C,

62.25 and 0.28. The other temperature assays showed

similar tendencies. Compared to the control sample, for all

assays, a decrease in the luminosity value (L*) and yellow

color (b*) and an increase in the red color (a*) were

observed (p\ 0.05).

According to ANOVA test, the DE values differed sig-

nificantly (p\ 0.05) between the different assays. For DE,

there was no significant difference (p[ 0.05) between the

40NC, 60NC, and 80NC assays. Among drying assays, 40C

assay presented the lowest DE (p\ 0.05), followed by 60C

and 80C. In terms of color of the final product, the best

treatment was 40C, showing low DE. Zillo et al. [33]

obtained the following L* values for the fresh fruit and

Table 1 continued

Model Condition Constants R2 RMSE v2

A k

80C - 0.5402 0.0692 0.9245 0.07890 0.006225

a b

Weibull 40NC 1.1520 5.2520 0.9987 0.01083 0.000080

40C 1.0530 3.5030 0.9993 0.00775 0.000019

60NC 1.1460 2.3480 0.9990 0.00984 0.000023

60C 1.0550 1.7430 0.9994 0.00778 0.000013

80NC 1.1450 1.6800 0.9988 0.01037 0.006243

80C 1.0270 1.0950 0.9998 0.00374 0.002542

Fig. 2 Experimental MR and predicted MR by Midilli model versus

time. (A)—non-centrifuged assays. (B)—centrifuged assays

Table 2 Effective moisture diffusivity and activation energy for

uvaia byproduct drying

Drying condition Deff (m2/s) Activation energy (kJ/mol)

40NC 8.52 9 10-10 25.65

60NC 1.75 9 10-9

80NC 2.59 9 10-9

40C 1.09 9 10-9 24.97

60C 2.07 9 10-9

80C 3.22 9 10-9

Fig. 3 Total phenolic content of uvaia control byproduct and uvaia

dried under different conditions. Results with same letters indicate no

significant statistical difference (p B 0.05)
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frozen pulp: 47.657 and 53.337. No records of uvaia

byproduct color were found. While the DE values in this

study ranged between 11 and 20, for passion fruit bypro-

duct drying, the DE values for the external part of the peel

ranged between 15 and 25 [35].

To summarize, uvaia byproduct was dried in a convec-

tive laboratory dryer, and except for the Wang and Singh

model, all the studied models exhibited an excellent fit to

the drying data. Instrumental color and phenolic content

were used as quality parameters of the dried byproduct.

Considering both color and total phenolic content, 40C was

the assay that better preserved the characteristics of the

byproduct compared to the control. The dried fruit bypro-

duct is a stable (low moisture) ingredient that could be of

great interest to be added to other products formulations

such as bakery and confectionery products. Studies on the

application of dried byproducts in confectionery products

are being conducted.
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30. De Azevêdo JCS, Fujita A, de Oliveira EL, Genovese MI, Correia

RTP. Dried camu-camu (Myrciaria dubia H.B.K. McVaugh)

industrial residue: a bioactive-rich amazonian powder with

functional attributes. Food Res. Int. 62: 934–940 (2014)

31. Romdhane NG, Bonazzi C, Kechaou N, Mihoubi NB. Effect of

air-drying temperature on kinetics of quality attributes of lemon

(Citrus limon cv. lunari) peels. Dry. Technol. 33: 1581–1589

(2015)

32. Bezerra CV, Meller da Silva LH, Corrêa DF, Rodrigues AMC. A
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Demczuk B. Modelagem matemática da secagem de casca de
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