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Abstract

This study investigated the influence of the intermittent drying conditions on
drying kinetics and on color and carotenoid retention of mangoes. The drying
conditions were 95°C (40 min) and 80°C (40 min) in the first stage combined
with 70°C and 60°C in the second stage, and continuous drying (70°C and
60°C) as control. Drying time was reduced by thermal intermittence and
carotenoid retention was more affected by temperature than drying time. The
results also highlighted the carotenoid sensitivity to 70°C temperature,
showing the importance of limiting the temperature of the mango to 60°C
during the two drying stages.
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Effects of thermal intermittence on fruit characteristics and drying time in convective drying of mango (Mangifera
indica L.)

1. Introduction

Convective drying process provides many advantages over the shelf life extension of the food
products. However, the drying of fruits in its most conventional way, can affect the nutritional
quality of the dried products, due to prolonged exposure to oxygen and high temperatures. A
possible way to reduce the negative effects of convective drying and still reduce energy
consumption is to apply it under conditions of thermal intermittence, in which the conditions
of time and temperature are modified during the same operation [1]. The drying of fruits with
application of the thermal intermittence is based on their high moisture content at the
beginning of the drying, whose surface temperature remains lower than the air because of
water evaporation. This allows a higher temperature to be initially used and, consequently,
reduces the drying time without causing significant damage to the product [2].

Regarding thermal intermittence, it is noted that this process is widely used in drying of grains
and seeds, where tempering periods are used to reduce moisture gradients and avoid cracks
[3,4]. However, there is a gap in the literature with regard to drying with thermal
intermittence applied to high moisture food products. Among the existing works, most of
them focus on the economy that the intermittence provides to the drying process, without
evaluating the quality of the product, which can be considered a problem with respect to the
nutritional aspects of food. Several authors have shown that intermittent drying conditions
can lead to significant reductions in drying time and energy demand. For example, Vaquiro
et al. (2009) [5] dehydrated mango slices applying intermittence and obtained increased
drying rates and reduced overall operating time, indicating a decrease in energy consumption.
However, as foods with high water content are susceptible to many changes due to chemical
and biochemical reactions, it is important to evaluate quality through parameters such as color
and nutrient retention [2,3].

The mango (Mangifera indica L.) is one of the most consumed fruits in the world, which is
associated with their sensory properties and its high nutritional value, especially because of
the antioxidant substances such as carotenoids, related to the prevention of several chronic-
degenerative diseases and responsible for the mango color [6,7]. However, it is known that
the mango is a seasonal fruit and presents considerable post-harvest losses, therefore, the use
of preservation techniques like of convective drying is very important for these fruit, aiming
to increase their shelf life.

The objective of this study was to evaluate the influence of the intermittent drying conditions
on drying kinetics of mangoes as well as on their color and retention of carotenoids during
process, aiming to reduce the time of operation and improve the sensory and nutritional
quality of the dry mango.
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2. Materials and Methods

2.1. Sample preparation

The mangoes (Mangifera indica L.) cv. Palmer with an average soluble solids content of 11.0
+ 1.4 °Brix and a moisture content between 81.8 and 86.0 % on wet basis (w.b.) were acquired
from nearby farms the region of Sdo José do Rio Preto - Sdo Paulo. In order to have a similar
degree of maturity in all drying trials, the fruits were selected visually and based on manual
contact. In each drying trial, nine mangoes (4.5 kg) randomly selected from a total of
approximately 100 fruits were used. The mangoes were sanitized, sliced (0.54 + 0.03 cm
thick) with an electrical slicer (ECO, Brazil) and then, cut in circles (3.5 cm diameter) with
a manual cutter.

2.2. Drying trials

The drying trials were performed using two identical fixed bed dryers with forced heated air
convection according to Filippin (2018) [2]. A hot wire anemometer (Delta OHM, Italy) was
used to determine the average velocity of the air in the drying chamber, which was
approximately 1 m-s2,

Six drying conditions were performed in duplicate, four of which were intermittent (1) in two
stages, with the first stage at 95 °C (H=higher temperature) or 80 °C (L=lower temperature),
held for 40 minutes, and the second stage at 60 °C (L) or 70 °C (H). The other two conditions
corresponded to continuous (C) dryings at 60 °C and 70 °C (controls) (Table 1). The time
range of the first stage was determined by monitoring the surface temperature of mango slices
at the beginning of drying, considering as stop criterion the period that corresponds,
approximately, to the time to reach the second stage temperature. All dryings were stopped
when the samples reached moisture of approximately 8.7 % (£ 1.1). To establish the total
drying time, the initial moisture of the samples was previously determined and the stopping
point was based on the weight of the trays with the samples, which was previously calculated
so that the samples reached the desired final moisture. The samples were weighed
successively during drying using a semi-analytical balance (Gehaka, BK 4000, Brazil). The
equilibrium moisture was determined in samples left in the dryer until reaching constant
weight. Temperature and time values of the drying stages, as well as abbreviations used in
the following tables of this work are shown in Table 1.
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Table 1. Temperature and time conditions for Intermittent and Continuous dryings

Temperature (°C) Time (min)
Trial . 1th ond 1th ,
Abbreviation Stage Stage Stage 2"%Stage

Intermittent drying

Intermittent (80 °C / 60 °C) I-LL 80 60 40 230
Intermittent (95 °C / 60 °C) I-HL 95 60 40 200
Intermittent (80 °C / 70 °C) I-LH 80 70 40 200
Intermittent (95 °C /70 °C) I-HH 95 70 40 170
Continuous drying

Continuous (60 °C) C-L 60 360
Continuous (70 °C) C-H 70 300

2.3. Drying kinetics

The effective diffusion coefficients of water were determined according to the Fick’s second
law, applied to an infinite flat plate. The analytical solution of the diffusion equation in its
modified form, in terms of the mass fractions (dry basis, d.b.) and integrated on distance, is
presented by Eq. (1) [

M-X4 g & o 2Dt
X:W— Tl ~(2n-12 e (1)

where X is the residual moisture content, dimensionless; X, represents the mean mass

fraction of the water on a dry weight basis (kg - kg) at the drying time t (s); va and vaq
represents the water mass fraction on a dry weight basis (kg - kg?) at the initial moment (t =
0) and at equilibrium (eq); D¢ represents the effective diffusion coefficient (m?.s%); e is
the thickness of the samples (m); n is the number of terms in the series.

The shrinkage of the sample was considered by applying a simplified procedure that
incorporates the volumetric contraction in an approximate way in Eq. (1) through the
characteristic dimension (€ ) as a function of the water content. From the fruit volume
variation during drying, the final thicknesses of the samples were estimated considering that
shrinkage occurred in the same proportion, in each dimension of the solid [9], as follows:

13
e_:[i] -
& Vo

where € (m) is the thickness at time t (s) and V (m?®) is the volume at time t (s); sub index 0
represents initial time (t = 0).
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The volumes were calculated based on the thickness and diameter measurements performed
on the mango samples, before and after each drying experiment. The thickness was then
described as a linear function of the water content, on a dry basis, and incorporated into the
Eq (1), to fit the model to the experimental results.

Water diffusion coefficients were determined according to Eq. (1), for each stage, separately,
as described by Filippin (2018) [2]. The fitting method used in the estimation of the nonlinear
parameters was based on the Levenberg—Marquardt algorithm [10].

2.4. Analytical methods

Thickness, total solids, total carotenoid, and color parameters were analyzed before and after
drying, besides diameter after drying. The thickness was measured using a digital micrometer
(MDC-25SB, Mitutoyo, Japan) and the diameter using a pachymeter (Stainless Hardened,
806178, USA), both used to calculate the volumetric variation of the samples during drying.
Total solids content was determined gravimetrically, in a vacuum oven (TE-395, Tecnal,
Brazil) at 60 °C until constant weight. Total carotenoid content was determined by
spectrophotometric reading (Thermo Scientific, GENESYS 10S UV-VIS, EUA) (absorbance
at 450 nm) as B-carotene, according to Rodriguez-Amaya and Kimura (2004) [11] and its
retention during drying was analyzed as Eq. (3):

(ug carotenoid/kg dried mango)xkg dried mango after drying 3)

Ret(%) =100 - -
(ug carotenoid/kg raw mango)xkg raw mango before drying

Color parameters based on the CIELAB system (L*, a*, b*) were obtained using a Colorflex
spectrophotometer (HunterLab, Resto, USA). All color parameters (P*) measured after
drying (t) were evaluated in relation to their corresponding values before drying (t=0). The
process conditions that presented the ratios P*(t)/P*(t=0) tending to unity were considered
effective in reducing the color changes.

2.5. Statistical methods

The fitting efficiency of the diffusion coefficient was evaluated by the correlation coefficient
R? and the mean relative error (P %), according to Eq. (4):

exp ca

100y Y
POA=" L @
1

where y© represents the water content on a dry basis, y*® is the experimental value, and n is
the number of observations or residuals.
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3. Results and discussion

3.1. Drying kinetics

Table 2 shows the values for diffusivity (Derr) and the determination coefficients (R?) and
relative errors (P(%)) for the drying trials. In relation to the diffusion coefficients, in general,
the higher temperatures lead to higher diffusion coefficients.

Evaluating the fit of the model, high P (%) values were observed for the second stage of
intermittent drying and for continuous drying (above 10%), as the error measurement makes
the relative deviations very high when the water content is very small. However, the
coefficients of variation (R?) were all higher than 0.986, indicating satisfactory fit.

From the determination of the diffusivity, the moisture (dry basis) graphs were plotted as a
function of time (Fig. 1) of the predicted values, which were compared with the experimental
data. From the graphs, it can be observed that the predicted values are close to those observed
for both intermittent drying stages and for continuous drying (Fig. 1).

Table 2. Effective diffusion coefficients (Defr x 10'° (m?-s%)) for the Intermittent (1" and 2"
Stage) and Continuous dryings, number of repetitions (Rep), total drying time, R?and P(%b)

1™ Stage 2" Stage
. Total
Trial . 2 P 2 P
Rep tlme Dest R (%) Mean Dgr Des R (%) Mean D
(min)
Intermittent drying
1 408 0997 1.0 235 0.992 14.0
I-LL > 270 369 0997 12 3.88+0.27 184 0998 140 2.10%0.36
1 454 0997 1.7 242 0992 129
I-HL > 240 528 0999 08 4,91+0.52 233 0987 134 2.38%0.06
1 391 099 14 293 0.991 16.9
I-LH > 240 365 0997 09 3.78+0.19 278 0992 257 2.86+0.11
|- 1 561 0998 1.2 3.28 0.986 29.2
HH 2 210 475 ggo7 12 216%0.63 569 o 231 2994042

Continuous drying

1 - 236 0998 17.8

cL ; 30 1] - A3 0008 1LY 2171028
1 - 289 0998 143

CH 5 80 . J 276 0097 133 >83t0.09
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el ® C-L (Exp.) Cont (60 °C) - 1 \ ® C-H (Exp.) Cont (T0°C) - 1
ﬂ ﬁ C-L (Calc.) Cont {60 °C) - 1 " C-H (Cale.) Cont (T0°C) - 1
T it C-L (Exp.) Cont (60 °C) - 2 4 C-H (Exp.) Cont (70°C) - 2
Tn(- | 4 C-L(Calc.) Cont (60 °C) -2 ‘-! C-H (Calc.) Cont (T0°C) - 2
- 4 l\\. ® I-LL (Exp.) Int (80 °C /60 °C) - 1 = [-LH (Exp.) Int (80:°C / 70 °C) - |
;(_ -‘l. < I-LL (Cale.) Int (80 °C /60 °C) - 1 i \ I-LH (Calc.y Int (80 °C /70 °C) - |
=< 3 i, @ 2 J-LL (Exp.) Int (80 °C /60 °C) - 2 dr., 2 I-LH (Exp.) Int (80°C /70 °C) - 2
= 1‘ I-LL (Calc.) Int (80 °C / 60 °C) - 2 A I-LH (Calc..) Int (80 °C /70 °C) - 2
E 2 'o‘\_‘ & I-HL (Exp.) Int (95 °C / 60 °C) - 1 q‘- 4 I-HH (Exp.) Int (95 °C / 70 °C) - 1
S e I-HL (Cale.) Int (95 °C /60 °C) - 1 \giio I-HH (Calc.) Int (95 °C / 70 °C) - 1
= 3. I-HL (Exp.) Int (95 °C / 60 °C) - 2 RN I-HH (Exp.) Int (95 °C / 70 °C) -
= . W “I-HL (Cal) Int (95 °C / 60 °C) - 2 \HE ) I-HH (Cale.) Int (95 °C / 70 °C) - 2
= o Ih‘l'-'""¢'=l+ml---l L — ) -ii""l-l P :

o 50 100 150 200 250 300 350 400 450 500 O S0 100 1500 2000 250 300 350 400 450 500

Time (min) Time (min)

Fig. 1 Experimental (Exp.) and predicted (Calc.) values for the water content (d.b.) as a function
of drying time, for intermittent (I-) and continuous (C-) trials.

3.2 Color and carotenoid retention

The carotenoid retention and normalized color parameter values of the dried mango are
presented in Table 3. Drying at 95 °C/60 °C (I-HL) was the condition that provided the best
preservation of carotenoid, followed by 80 °C/60 °C (I-LL), and also the continuous drying
at 60 °C (C-L), which highlighted the carotenoid sensitivity to 70°C.

The color parameters did not show relevant changes in the different operating conditions.
However, it was possible to verify that the greatest variations in the normalized a* parameters
were related to the continuous dryings (C-L and C-H), and also with those intermittent
dryings in which the second stage temperature was 70 °C (I-LH and I-HH). This suggests
therefore, that long drying times and 70°C temperature could affect them more intensively.

Table 3. Carotenoid retention Ret (%) and normalized color parameters P*(t)/P*(t=0) for each
repetition (Rep) of intermittent (I-) and continuous (C-) trials.

Ret Mean Ret

Trial L *dried/ L *fresh a™ dried/ @* fresh b* dried/ b* fresh

py)
@
©

(%) (%0)
L 3 1927 67.86:340 0951003 121033 0.91+0.06
FHL 5 o098 6822+161  103:003 1134001 1.020.00
FLH 5 ob0 5859:212 0955004  155+0.48 0.98+0.03
FHH 5 orge 5473011  096:006 154064 0.93+0.05
CL 3 oFlT e4d2s4s 0926011 170:0.32 0.95+0.10
CH 5 2520 60774178  0.93:005  190+104 1.0540.25
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4. Conclusions

Despite the drying conditions causing only small changes in the color parameters, they
seemed to be more affected by the long drying times. More noticeably, the total drying time
was reduced by thermal intermittence, by the increase of the first stage temperature of all
intermittent dryings, and also when the second stage was 70 °C. Temperature affected
carotenoid retention more than drying time, and their sensitivity to 70 °C confirmed the
importance of limiting the sample temperature to 60 °C during the two drying stages.
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