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Abstract

The influence of air temperature and air velocity on convection drying of pumpkin (Cucurbita moschata - UNAPAL Abanico 75) is studied
using drying kinetics and changes in the content of total phenolic and carotene compounds. The response surface methodology was used
to optimize the operating conditions for pumpkin pulp drying. The studied factors included drying temperature (45-65 °C) and air velocity
(4 and 7 m.s-1). The optimum pumpkin pulp drying conditions were 55 °C and 7m.s™! for the air temperature and velocity, respectively.
The drying time was approximately 390 min. The flour had 6.34 + 0.10% (db) for moisture, 141.5 + 1.32 mg carotene/100g sample for
total carotenoids and 72.9 + 2.2 mg GAE/100g sample for total phenols.

Keywords: Convective drying; cucurbita moschata-UNAPAL Abanico 75; total phenols; carotenoids; response surface methodology; air
temperature.

Secado convectivo de zapallo (Cucurbita moschata): Influencia de
la temperatura y velocidad de aire sobre la difusividad efectiva de
humedad, contenido de carotenoides y fenoles totales

Resumen

Se estudia la influencia de la temperatura y la velocidad del aire en el secado convectivo de zapallo (Cucurbita moschata- UNAPAL Abanico
75), por medio de la cinética de secado y los cambios en el contenido de compuestos fenolicos y carotenos totales. Se empled la metodologia
de superficie de respuesta para optimizar las condiciones de operacion en el secado de pulpa de zapallo. Los factores estudiados fueron,
temperatura de secado (45 — 65 °C) y velocidad de aire (4 y 7 m.s!). Las condiciones 6ptimas de secado de pulpa de zapallo fueron; 55 °C
y 7m. s}, para la temperatura y velocidad de aire respectivamente. El tiempo de secado fue 390 min aproximadamente. La harina obtenida
presento humedad 6.34 + 0.10 % (bh), carotenoides totales; 141.5 + 1.32 mg/100 g de muestra, fenoles totales; 72.9 + 2.2 mg /100 g de
muestra.

Palabras clave: Secado convectivo; cuctrbita moschata-UNAPAL Abanico 75; fenoles totales; carotenoides; metodologia superficie de
respuesta; temperatura del aire.

1. Introduction matter (between 16 and 25 %). This horticultural crop has a
high potential for agriculture because of its nutritional value

The pumpkin variety Unapal Abanico 75 is the result of and is used for fresh consumption and processed foods, such
different genetic crosses between populations of Cucurbita as flour, pulp and dehydrated products [1]. Significant
moschata made by the Universidad Nacional de Colombia, contents of the following have been identified in pumpkin:
Palmira. Its fruit is characterized by a high content of dry ascorbic acid (vitamin C), minerals (calcium, iron,
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phosphorus), amino acids (thiamine and niacin), phenolic
compounds (236 + 1.8 - 1113 + 4 mg GAE/100g of dry
sample) and pro-vitamin A in the form of total carotenoids
(490.1 - 1365.8 pg/g) [2,3,4].

This crop is perishable because of its high moisture content
(90%), causing it to deteriorate within a few weeks of harvest
[5]. Preserving pumpkin with its nutritional, functional, flavor
and color characteristics is a difficult task [6,7]; drying with hot
air is one of the more frequent techniques used to achieve this.
Currently, this technique is used in post-harvest processes of
agricultural products and grains, eliminating part of the water
through processes of transfer of mass and heat, simultaneously.
This decrease in moisture minimizes the phenomenon of
deterioration by microorganisms or enzymes in foods [8,9].
However, drying with hot air leads to a loss of product quality
in terms of taste, color, and nutritional and functional contents
in terms of bioactive compounds such as phenols and total
carotenoids [10].

Different studies have been presented on kinetics of hot
air pumpkin drying, either with the objective of determining
mass transfer, energy required to dehydrate or sample layer
thickness [7,11,12]. However, other drying techniques have
also been studied; Osmotic dehydration (OD), microwave,
hot air and combined microwave, vacuum drying, among
others [6,13,14]. Similarly, more complete studies are made
on slices of pumpkin, which have the influence of drying in
terms of color, sensory evaluation, total carotenoid content,
phenolic acids more abundant and beta-carotene degradation
[4,2,10]. However, the effect of drying with hot air on
carotenoids and phenols was not addressed with the
UNAPAL Abanico 75 pumpkin variety, which is
characterized by a promising vegetable for agroindustrial
purposes, due to its high content of dry matter [1].

Therefore, this work aims to investigate the influence of
the variables (temperature and air velocity) in the drying
process on the characteristics of the final product, aiming to
investigate the effect of air temperature and drying rate on the
fresh squash pulp in terms of final moisture content (FMC),
carotenoids (TC) and total phenolic content (TPC).

2. Materials and method

Pumpkin fruits (UNAPAL- Abanico 75 variety) were
collected from the municipalities of Dagua and Yumbo
(Valle de Cauca - Colombia), 4.5 months old. The fruits were
washed, cut, and blanched at a boiling temperature for 9
minutes. The pulp was separated and cut (0.3x7x0.5 cm) in a
food processor (Javar, Colombia).

2.1. Determination of moisture and quantification of total
phenols and carotenoids

2.1.1.  Determination of moisture content (FMC)

The moisture percentage (%M) was determined with the

final and initial weights using a moisture balance (XM60
e=0.01 Precision, Swiss); see (Eq. 1).

Final weight

%Moisture = * 100

M

Initial weight

2.1.2. Quantification of total carotenoids (TC)

The carotenoids were quantified in triplicate [15,16]. 0.01
+ 0.001 g of the sample (bh) was taken and weighed in a test
tube; seven (7) mL of a 4:3 ecthanol-hexane solution were
added, protected from light in a cold bath (2 °C) and stirred
for 60 min on an orbital shaker (MRC TOS-4030F, USA) at
250 rpm. Subsequently, 1 mL of distilled water was added
and stirred for 15 min. The absorbance of the samples at 450
nm was read against a hexane blank (97.0% Sigma-Adrich,
Spain). A Spectrophotometer UV-Vis, Jenway 6320D, was
used. The total carotenoid content of the hexane extracts was
calculated with (Eq. 2).

TC (mg) _ A450x536.85 x 3
100 (g)db ~ 0,001 x 137.4

(2)

Where 536.85 g/mol is the molecular weight of (-
carotene, 3 is the volume (mL) of hexane, 0.01 g is the weight
of the added sample, and 137.4 m.M -' is the extinction
coefficient for f-carotene in hexane.

2.1.3.  Determination of the total phenolic content (TPC)

Pumpkin flour was extracted with 10 mL of 80%
methanol (GC) Sigma-Aldrich (Germany). The samples were
centrifuged at 3000 rpm for 10 min at 5 °C. The supernatant
was removed and passed through a Walman filter No. 42. The
TPC was determined according to [17]. One milliliter of
extract was placed in a 25 ml container; nine milliliters of
distilled water and one milliliter of Folin-Ciocalteu reagent
were added, stirred and left to stand for 5 min; then, 10 mL
of 7.5% Na,COs3 was added and brought to 25 ml with
distilled water; the reaction was stirred and allowed to stand
for 60 min at 40 °C in darkness. The absorbance at 760 nm
was recorded using a spectrophotometer (UV-VIS,
Shimadzu, model UV-1700 Pharmaspec). A calibration
curve of gallic acid (3,4,5-trihydroxybenzoic acid, Sigma
Chemical Co., St. Louis, MO, USA) was obtained in an 80%
methanol solution (HPLC grade methanol), relating the
absorbance (ABS) and concentration (ABS = 4.7787 x
concentration - 0.0003, (R?> = 0.999)). The results are
expressed as gallic acid equivalents (GAE) in mg/100 g of
raw material (db).

2.2. Drying process and data collection

The pumpkin pulp samples were dehydrated in a tray dryer
(FIQ, Colombia). The drying air velocity (VAS) was regulated
with a velocity controller on the axial flow ventilation unit. The
air was heated with an electric device with five 1000-W resistors
arranged in a unit separate from the drying chamber. The air
temperature (TAS) was controlled with a heater power control
unit. The pumpkin sample, with rectangular geometry, was
extended in the tray with a load density of 1.33 kg.m?.
Preliminary experiments with analysis of variance selected the
factors that affected the response variables and their ranges.
Experiments were carried out at the following intervals: TAS (45
°C to 65 °C), VAS (6 to 8 m.s") in the transverse direction and
process time (330 to 630 min). Measurements of temperature, air
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velocity, and relative humidity of the drying air were recorded in
the air inlet and outlet holes every 10 min. The dry and wet bulb
temperatures were recorded with thermocouples integrated into
the drying cabinet. A digital balance was used to record the
weight change of the sample over time. The relative humidity and
temperature were also measured with a digital thermo
hygrometer (Extech, VWR 35519, USA).

2.3. Diffusivity coefficient

The effective diffusivity was determined with the second
law of Fick (Eq. 3) [7,18]. The geometry of the pumpkin
samples was rectangular and negligible external contraction
and resistance and uniform initial moisture distribution were
assumed. (Eq. 4) represents the solution of Fick's law and was
used to determine the diffusivity constant of each experiment.

X LD, ¢
3t = Dy 57

3

Where X represents the global moisture content (%), x is
the length (m) and t is time (s)

—n? Deff.t
412

8

MR=F€

4

MR represents the moisture ratio, Degy, is the effective
diffusivity of the moisture (m? s™!), t is the drying time (s) and
L is half the thickness of the pumpkin cut into rectangles (m).
The coefficient of diffusivity was calculated from the linearized
slope in (Eq. 4). The MR value was calculated using (Eq. 5).

Xt_Xe

MR =
Xi_Xe

)

where X; is the initial moisture content (dry basis, X; is
the moisture content (dry basis) at time t based on the
recorded weight, and X, is the equilibrium moisture content.

2.4. Activation energy (Ea)

The activation energy was determined from the effective
diffusivity coefficient at a constant air velocity (6, 7 and 8
m.s!) at the different temperatures associated with the
experiments. (Eq. 6) of Arrhenius was used for the
determination:

Where Ea is the activation energy (KJ/mol), R is the
universal constant of the gasses (8.3143 x 103 kJ/mol K), T
is the air temperature (K), and Deff, is the diffusivity in
(m?.s™). The linearized slope based on (Eq. 6) is associated
with the activation energy.

Ea

Def = Degfg exp ( RT

(6)

2.5. Experiment design

The response surface methodology was used to
investigate the effects of TAS (°C) and VAS (m.s!) on the

final moisture content (FMC), TC and TPC during the drying
of the pumpkin pulp. The ranges of the process variables
were determined with a preliminary experiment.

A central composite rotary design (CCRD) was used,
including 12 experiments consisting of 4 replicates at the
central points and 4 axial points (o = + 1.68179) and 22
factorial points (Table 1). The experiment data were adjusted
to a second order polynomial model (Eq. 7) to predict the
behavior of FMC (db), TC concentration (mg/100 g of
sample) and TPC (mg GAE/100 g of sample).

2 2 2 2
@ =Po +Zﬁi/1i +Z.Bii/112 +ZZﬁij/1i/1j +e @
=1 =1

i=1 j=i

Where ¢ is the response variable, Py is a constant number,
Bi, Bii and Pij are the linear, quadratic and cross coefficients,
respectively. A;j and A; are the levels of the independent
variables and the error is represented by €. The adjustment to
the model is interpreted by the correlation between the factors
and the responses through the coefficient of determination
(R?). The more significant combinations of factors in the
model were identified using an ANOVA variance analysis
(p<0.005), using Minitab 17.0 statistical software (Minitab®
17.0, Minitab Inc., PA, USA).

3. Results and discussion
3.1. Drying kinetics

In drying, wet material is subjected to the action of a hot
and dry air stream, which evaporates the moisture and
increases the humidity of the air [17,19]. The process ends
by reaching moisture equilibrium, when the vapor pressure
of the solid's moisture equals the partial pressure of the gas
stream [20]. The drying time differed in each experiment

Table 1.
Experiment values and response variables for central composite rotable
design (CCRD)

Response variables

TAS VAS

N°  Code . 'FMC
C s-1 2 3
(W9 (m.s-1) %) TC TPC
1 S65°C-6 65(1) 6(1) 777022 1182+1.18 37.1£2.6
2 865°C-8  65(1)  8(1) 747+0.13  121.5+1.01  34.742.0
3 S45°C-6  45(-1)  6(1)  7.95+0.18 119.0+1.51  59.4+0.7
4 S45°C-8  45(-1) 8(1) 7.9940.41 12232040  29.0+£1.4
5 Z:f C s (0) 841 (c) 7.3140.05 141.240.59  49.442.0
6 S-55°C-6 55(0)  5.58(-a) 7.27+0.04 132.140.63  40.7+l.1
S- 69.14
.82+0. 7£0. 01,
T eoq4°C.T (+0) 7(0) 7.82+£0.06 120.7+0.85  41.0+1.2
S- 41.14
.82+0. .6£0. NES N
8 41 140C 0 7(0) 7.8240.10 115.6+0.85  27.7£1.0
9  8-55°C-7  55(0)  7(0) 6.1542.36  140.12+125 71.3+3.4
10 8-55°C-7 55(0)  7(0) 6.34+0.10 141.5+1.32  72.9+2.2
11 8-55°C-7 55(0)  7(0) 6.06+0.14 141.8+0.81  71.5+7.7
12 8-55°C-7  55(0)  7(0) 6.10£0.04 140.6+0.67  74.6£2.9

'FMC, Final moisture content (%), *TC, total carotenoids (g/100g of
Sample). *TPC, total phenols (mg GAE/100 g of sample).
Source: The Authors
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Figure 1 Moisture as a function of drying time
Source: The Authors

since the process was stopped when there was no change in
the weight of the sample, for example, a pumpkin sample
with initial moisture of 86.68 £ 0.67% was subjected to
drying at 55 °C and an air velocity of 7 m.s”!', with a time to
reach moisture equilibrium of about 390 min; while, at a
temperature of 69 °C and air velocity of 7 m.s™!, the time was
330 min, achieving a FMC of 6.10 + 0.04 and 7.82 £ 0.06%,
respectively, evidencing that an increase of 14 °C in the
drying air temperature represented a change of about two
percentage points in the moisture and 60 min less in the
drying time. These results are comparable with those reported
by [11] who dried pumpkin at 50, 55 and 60 °C with initial
moisture of 92.02 °C (db) to a final moisture of 10.03% (db)
in a time of 750, 390 and 270 min, respectively.

Fig. 1 shows the moisture ratio (MR) changes with
respect to the drying time at different temperatures, curves
that are comparable with studies carried out on commercial
pumpkin [11, 5], typical behaviors of the drying curves. As
for the decrease of the moisture ratio (MR), this is
proportional to the change in the weight of the sample.
Therefore, low MR values indicate small changes in the
recorded weight of the sample in relation to time. The
moisture ratio decreases as the drying time passes, however,
for a same point in time, the MR can be different because of
a change in temperature or change in air velocity, evidencing
more relevant changes from the effect of temperature.

3.2. Effective diffusivity and activation energy

In Fig. 2, Ln values (MR) versus drying time are
presented for three TAS conditions, grouped by VAS factor
(7m.s™"). A linear trend was observed at the beginning of the
drying as a result of the pumpkin drying during the period of
constant drying, indicating that the phenomenon is controlled
by diffusion [7].

It is also possible to establish the dependence of Ln (MR) on
TAS by observing the slope of the curves since it increased with
the increase in the TAS (Fig. 2-4), where slopes of the curves
decreased with the decrease in temperature, independent of VAS;
this difference is reflected in the increase of moisture diffusivity
in the pumpkin samples.

20 80 140 200 260 320 380 440
0 T T T T T T
'”,Qg‘ ‘ Aa, R
-1 F x "ng - A N
x [ ] A
x L) a 4a
- 2 F x - A
-9 x [
=3 | - !
S * x b A
-4 F * "
x
5k -
-6
Time (min)

Figure 2 Ln (MR) as a function of drying time (min) of the pumpkin at an
air velocity of 7 m.s-1, (A) 41 °C, (o) 55 °C, (x) 69 °C
Source: The Authors
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Figure 3 Ln (MR) as a function of drying time (min) of the pumpkin at an
air velocity of 6 m.s-1, (A) 65° C, (0) 45°C, (x) - 55°C
Source: The Authors
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Figure 4 Time (min) Ln (MR) as a
function of drying time (min) at an air velocity of 8 m.s™! (4) 55°C, (o) 65°C,
(x) 45°C

Source: The Authors

The behavior was similar when the experiments were
grouped by air velocity (Table 2). This behavior coincides
with studies performed by [21,22], for drying pumpkin with
different geometries. As for the result of the curves obtained
when plotting Ln (MR), these results did not present a typical
behavior of straight lines during the period, possibly affected
by the pretreatment (blanching) since this behavior is
comparable to the one presented by [7], who studied different
pretreatments before drying pumpkin at temperatures of 40,
60 and 80 °C.
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Table 2.
Calculated effective diffusivity values
D, (at6m.s™)

TCC) 55 45 65
Dyr(m? s-') 3.82E-10 2.69E-10 4.35E-010
Dy (at Tm.s™)
T(CC) 55 41 69
Dyr(m? s-1) 2.81E-10 2.48E-10 2.97E-10
D (at8m.s™)
TCC) 55 45 65
Doy (m?s-") 3.54E-10 1.97E-10 1.66E-10

Source: The Authors

The calculated effective diffusivity values (Deff) are in
Table 2. Results that are similar in magnitude to those
reported by [11], for drying var. Cucurbita pepo L. in slices,
with diffusivity values of 3.88 x 10 1% m 2 .s'! at 50 °C, and
lower than those given by [12] for Cucurbita moschata and
[14] for Cucurbita maxima, with the following values: (Deff)
1.07 x 10-8 m? .stat30°C, 4.75 x 10 *m2.s! at 70 °C and
1.13x 102 at 50 °C, 5.70 x 10 ° m? . s1 70 °C, respectively.

The activation energy (Ea) was calculated with equation 5,
taking the slope of the curve, In (Deff), at 1 / (T + 273.15), for
each drying air velocity: 21.61 kJ/mol, 5.83 kJ/mol and 33.55
kJ/mol, for 6, 7 and 8 m.s’, respectively (Table 3). The Ea values
obtained in the same plant matrix are lower than those reported
by [12] and [11] with results of 32.262 kJ/mol, 86.254 kJ/mol and
78.93 kJ/mol, possibly because of the inclusion of the blanching
operation in the process. An operation that favors the movement
of water to the surface of the material for its evaporation and,
consequently, increases the effective diffusivity coefficient and
decreases the activation energy value, as stated by [7], for
different pulp pretreatments (blanching, steam and oil / water),
with results of 24.878 kJ/mol, 28.672 kJ/mol, 21.44 kJ/mol and
[23], in blanching and non blanching nopals, obtaining an
activation energy of 35.85 kJ/mol and 28.21 kJ/mol, respectively.

3.3. Response surface

The results of the series of drying experiments are shown in
Table 1. The multiple linear regression analysis of the experiment
data produced second-order polynomial models for the
prediction of moisture, TPC and TC. An analysis of variance
(ANOVA) was carried out to determine the significant effects of
process variables for each response and the adaptation of second
order polynomial models to the experiment data.

Regression coefficients were obtained for the equations
of the proposed models and the level of statistical
significance of all the main effects calculated for each
response (Table 4). In addition, the ANOVA showed that the
lack of fit was not significant at the 95% confidence level for

Table 3.
Activation energy values

Activation energy

(ZAS) Ea (kJ/mol) R pearson R?
6 21.61 -0.97 0.94
7 5.83 -0.98 0.96
8 33.55 -0.95 0.90

Source: The Authors
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Figure 3 Response surface and contour for the final moisture (FMC) (a, b),
total carotenoids (TC) (c, d) and total phenols (TPC) (e, f), as a function of
air drying temperature and velocity.

Source: The Authors

the predictive models of moisture, TC and TPC established
for the response surface.

The data obtained from the central composite rotational
design (CCDR) were fit to second order polynomial
equations. The second order models responded to (Eq. 8-10),
estimating the final moisture content and the concentration of
total carotenoids and phenols as a function of temperature
and air velocity interaction in the convective drying. The
second-order models for moisture and total carotenoids and
phenols had an adjusted correlation coefficient R? adjusted of
0.9376, 0.9431 and 0.9711, respectively. Thus, it is possible
to state that 93.7, 94.3 and 97.1% of the variation can be
explained by the models.

CHF = 74.58 + 0.01(TAS)? + 0,90(VAS)? (8)

TC = —629.0 + 107.3(VAS) — 0.12(TAS)? — 7,48(VAS)? (9)
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Table 4.
Analysis of variance for the final moisture prediction model
Source FMC CT TPC
GL SS P SS P SS P
Model 4 645951 0 125056 0 2105601 O
Linear 2 0.07015 0.442 4434 0.098 42764 0.076
TAS(°C) 1 006222 0.242 3.88 0472 42333 0.029
VAS(m/s) 1 0.00793 0.662 40.46 0.044 431 0.79
Quadratic 2 6.38936 0 120622 0 2062837 0
TAS (°C)
XTAS (°C) 1 395652 0 1030.88 0 1214301 0
VAS (m/s)
x VAS 1 243284 0 167.69 0.002 830116 0
(m/s)
Error 7 0.26698 46.94 39393
Lack of fit 0.22091 0.161 45.05 0.060 36916 0.068
Pure Error 3 0.04607 1.89 2478
Total 11 6.7265 1297.5 2144995

SS: sum of squares
Source: The Authors

TPC = —37459 + 484,4(TAS) — 4,337(TAS)?
— 526,0(VAS)? (10)

To visualize the combined effects of two factors on the
response variables, the response surfaces and the contours
were generated for each of the adjusted models that predicted
the behavior of each response variable as a function of two
independent variables. The effects of drying air temperature
and air velocity on FMC, TC and TPC were seen for the
evaluation of these diagrams.

The effect of TAS and VAS on FMC in the dehydrated
pumpkin was significant and ranged from 6.06 to 7.99%,
evidencing a synergy between temperature and air velocitye.
On the other hand, the analysis of variance of the proposed
model for final moisture prediction had a probability value of
0.00, less than o = 0.05 (Table 4), indicating that the model
is highly significant and could be used for the determination
of final moisture in dehydrated pumpkin and the lack of fit
was not significant (p> 0.05). For the above, the model is
represented in the known design, which is appreciable in Fig.
5-b, where, at temperatures near to 45 °C and 65 °C and air
velocity of 6 and 8 m.s™!, the moisture was higher compared
to the area of the surface around 55 °C and 7 ms™'. This is
because the high temperatures during the drying did not
achieve a greater reduction of moisture, which is explained
as a function of the model coefficients.

3.4. Total Carotenoid Content (TC)

For the carotenoid model, the probability value was
highly significant (p <0.05) (Table 4), ranging from 115.6 +
0.85 to 141.8 £ 0.81 mg/100 g of sample. The model is
represented in the response surfaces Figs. 5-c and 5-d for the
total carotenoid content; in addition, the drying rate favored
the retention of carotenoids. These results are comparable
with studies by [10] on the reduction of the beta-carotene
content in samples subjected to heat treatment at low (60 °C)
and high (70, 80, 90 and 100 °C) temperatures for 2 h, with
results of 14.0531 mg/g and 8.15, 7.25, 4.86 and 4.19 mg/g,

respectively.

However, temperatures above 50 °C led to an increase in
the total carotenoid content, as compared to the temperature
45 °C, perhaps because of a higher availability of these
compounds since the heat treatment inactivates the oxidative
enzymatic activity, also causing breakage of some structure
types and leading to a higher concentration of beta-carotene
[11,10]. Additionally, the loss of moisture means that soluble
solids are more concentrated in the sample.

3.5. Total Phenolic Content (TPC)

Table 1 shows the content of total phenols present in the
dehydrated pumpkin, which varied from 27.7 + 1 to 79.9 +
22 mg GAE/100 g of sample. [2] found that a higher
concentration of phenolic compounds was observed at 55 °C
and 7 m.s !, but the results obtained were 74.6 £ 2.9 mg
GAE/100 g of db, with 236 + 1.8 and 283 + 8 mg GAE/100
g of dry sample in samples of pumpkin pulp (Cucurbita
moschata Duch.). Possibly this difference was due to the
influence of post-harvest processing and storage since
phenolic compounds can be formed during processing from
the availability of precursors of phenolic molecules or by
non-enzymatic interconversions between them [2,8]. Also,
immersion in water at temperatures above 90 °C, as done
during blanching, can be attributed to losses of some phenolic
compounds by leaching [24].

In this experiment, at temperatures higher than 55 °C, the
total phenolic content decreased, with concentrations of 37.1
+2.6 and 41.0 £ 1.2 mg GAE/100 g of sample obtained at 65
and 69 °C, respectively, changes that indicate the influence
of temperature on the phenolic content. Similar results were
obtained by [5] (27.7 = 1.0 mg GAE/100 g of sample) in
Cucurbita pepo with 33.5 mg GAE/100g of dry sample, as
quantified in flour obtained at 70 °C, in contrast to
temperatures close to 40 °C, probably because of the low
release of phenolic compounds bound to cellular structures
with that level of thermal energy, provided by the drying
treatments [24].

4. Optimal drying conditions

In the search of optimum conditions, the minimum and
maximum response method for total carotenoids and phenols
was used, based on predictive models obtained in a
composite central design. The following conditions were
obtained: 6.2% for moisture at 55 °C and 7 m.s™!; carotenoid
concentration (141.89 mg/100g sample) at 55 °C and 7 m. s
I; total phenol concentration (74.6 mg GAE/100 g sample) at
55.7 °C and 6.9 m.s". Thus, the optimum drying points for
the pumpkin pulp were 55 °C and 7m.s™!, conditions in which
the drying time would be approximately 5.5 to 6 hours, with
minimum moisture between 6 and 7%, suitable for obtaining
a commercial flour and subsequent products based on
pumpkin pulp such as pasta, biscuits, baked goods, and fiber
supplements, among others, with moisture at 10.54 + 1.2%,
12.64 £ 0.001, and 10.3 £ 0.16% [2, 25-27].

4.1. Drying efficiency (n)
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The drying efficiency (1)) was calculated using (Eq. 11);
the energy efficiency was calculated in the range of 90.09 to
92.93% for the drying of the pumpkin pulp in the dryer tray.

w— W

= — %100
=W

an

The maximum efficiency percentage was 92.93%, which
corresponded to the optimum drying conditions (55 °C and 7
m.s™!), while the efficiency was lower compared to the other
experiments under drying conditions at 65 °C and 6m/s with
an efficiency of 90.09%. In general, the efficiency did not
pkresent significant differences since, in all of the
experiments, the value exceeded 90% water removal.
Moderate temperatures, slightly high air velocities, and
average processing times are needed to increase 1. In this
study, a higher temperature significantly affected the heat
losses because of the insufficient insulation and hermetics of
the dryer tray. The effect of the air velocity on the heat losses
was less than the effect of the temperature; in addition, the
increase in the air velocity caused an increase in the 1.

Conclusions

The optimum conditions for air drying pumpkin based on
the variables TAS (°C) and VAS (m.s™") to reach were 55.7
°C and 7.0 m.s™!' respectively. These conditions also led to a
higher concentration of total carotenoids, phenols and
moisture lower than 6% in squash flour, which can be used
to make various products such as pasta, biscuits, candies, and
baked goods.

The calculated effective diffusivity values varied between
5.01 x 10-10 and 1.75 x 10 -10 m 2. s.-! in the ranges of the
TAS and VAS. Increases in the effective diffusivity and
decreases in the activation energy resulted from the
temperature increases, and the dependence of temperature on
the diffusivity coefficients was described by an Arrhenius
type relationship. These types of properties, including
diffusion of moisture and activation energy, should be
studied for each crop because there is not much information
available for their determination.
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