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Abstract

Dehydrated products added with active components (AC) represent a healthy alternative for modern consumer.
The aim of this research was to evaluate the influence of drying process conditions of cape gooseberry (Physalis
peruviana L.) impregnated under vacuum with AC and dehydrated. A factorial design was performed with two
independent variables, 2 levels per variable (temperature: 50 and 60°C, air velocity: 2.0 and 3.0 m.s!) and three
replicates per drying condition. In fact, cape gooseberry fruits were previously impregnated under vacuum with
an emulsion containing calcium and vitamins B9, C, D3 and E, which were subjected to dehydration until a water
activity of approximately 0.6. In addition, drying rate curves presented in all cases two periods of decreasing
speed. An increase of drying temperature decreases the processing time, presenting a greater AC degradation,
while the air velocity offers a non-significant effect. The treatment which have allowed an AC better retention and
low processing times was 60° C and 2 m.s’!, reaching levels of 204.8 + 10.5 mg, 137.0 = 34.7 ug, 13.6 + 0.9 mg,
2.2+ 0.6 pg, 7.0£1.2 mg for calcium and vitamins B9, C, D3 and E, respectively per 50 g serving of dehydrated
cape gooseberry. An integration of the vacuum impregnation process with conventional air-drying, represents an
effective technological alternative, which confers a higher added value to cape gooseberry fruit.
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Resumen

Los productos deshidratados adicionados con componentes activos (CA) representan una alternativa saludable para
el consumidor moderno. El objetivo de la investigacion fue evaluar la influencia de las condiciones del proceso de
secado sobre la uchuva (Physalis peruviana L.) impregnada al vacio con CA y deshidratada. Se utiliz6 un disefio
factorial con dos variables independientes, 2 niveles por variable (temperatura: 50 y 60°C; velocidad del aire: 2.0
y 3.0 m.s!) y 3 réplicas por condicién de secado. Los frutos de uchuva fueron previamente impregnados al vacio
con una emulsién que contenia calcio y vitaminas B9 C, D3 y E, ademas se sometieron a una deshidratacion hasta
una actividad de agua aproximada de 0.6. En adicion a lo anterior, las curvas de velocidad de secado presentaron
en todos los casos dos periodos de velocidad decreciente. El aumento de la temperatura de secado disminuye
el tiempo de proceso, presentandose mayor degradacion de los CA, mientras que la velocidad del aire ofrece un
efecto no significativo. El tratamiento que permitié una mejor retencién de los CA y bajos tiempos de proceso fue
60°C y 2 m.s!, alcanzando niveles de 204.8+10.5 mg, 137.0+34.7 pg, 13.6+0.9 mg, 2.2+0.6 ug, 7.0=1.2 mg para
calcio y vitaminas B9 C, D3 y E, respectivamente por porcion de 50 g de uchuva deshidratada. La integracion del
proceso de impregnaéién al vacio y secado por aire convencional representa una alternativa tecnolégica efectiva
que confiere un mayor valor agregado al fruto de uchuva.

Palabras clave: Alimentos funcionales, calcio, impregnacion a vacio, productos deshidratados, vitaminas.
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Introduction

Cape gooseberry is an exotic fruit with very
positive effects for human health, highlighting
medicinal properties as antispasmodic, diuretic,
antiseptic, sedative, analgesic, in addition, it
helps to strengthen the optic nerve, relieves throat
problems and eliminates intestinal parasites and
amoebas (Puente, Pinto-Munoz, Castro, & Cortés,
2011). Currently, is cultivated in diverse tropical,
subtropical high hills and even temperate
countries, being Colombia the major producer.
The fruit contains B-carotene (provitamin A),
phosphorus, iron, potassium, zinc, calcium, fatty
acids (linoleic, oleic, palmitic and stearic acids),
vitamin C (ascorbic acid) and polyphenols, the
latter confer antioxidant activity (Ocampo, Caro,
Rivera & Franco, 2017; Puente, Pinto-Munoz,
Castro & Cortés, 2011).

In Colombia, the fruit is considered promissory
for export, reason why is looked for technological
alternatives which could generate an added
value. In this sense, during the last years, a
vacuum impregnation process had achieved an
application to incorporate active components
(AC) in porous foods (Castagnini, Betoret, Betoret
& Fito, 2015), which consists of gas exchange
and/or liquid occluded in a intercellular space
by an external solution, which is promoted by a
pressure gradient imposed by the process IV (de
Lima et al., 2016).

The integration of process IV and hot air
drying (HAD) process, contributes to improve the
food composition and its stability due to water
activity (W ) reduction, where water evaporation
generally occurs by a forced convection (Chen
et al., 2015). In convective dryers, a required
heat is transferred into the food by a stream of
hot air, where is initially used for surface water
evaporation, keeping the temperature close to
wet bulb of the drying air. Subsequently, the
heat penetrates mainly by conduction towards
the interior of the food, while the moisture exits
through it, a temperature gradient becomes
contrary to the moisture gradient.

In the food dehydration processes, the
relationship between the process conditions and
the product properties is very complex, producing
physical, chemical, sensorial and nutritional
changes which influence the final product
quality as a consequence of thermal and water
stress from which a vegetable tissue is subjected
during the process. The aim of this research was
to evaluate the influence of the drying process
conditions on the cape gooseberry (Physalis
peruviana L.) quality attributes impregnated
under vacuum with AC and dehydrated.

The influence of drying on the physiological quality of cape gooseberry
(Physalis peruviana L.) fruits added with active components

Materials and methods

Source materials

Fresh cape gooseberry (FCG) (Colombian ecotype)
were used in commercial maturity stage, weighing
between 5 and 7g. The impregnation emulsion
(IE), used the AC, chloride and calcium fumarate,
vitamins B9 (folic acid), C (ascorbic acid), D3
(Colecalciferol) and E (DL-a-tocopherol acetate).
In addition, an isolation from soy (Glycine max (L.)
Merr.) protein, sucralose, Tween 80 & Span 60 ™.

Vacuum impregnation process

IE, was prepared using an Ultraturrax
homogenizer (UTL S0 INLINE Janke & Kunkel
IKA- Labortechnik™) to 10000 rpm during 10
min. In fact, FCG were subjected to process IV
by initially applying a vacuum pressure (4.1
kPa) during 5 min and then to local barometric
pressure (85.3 kPa) during 5 more min.

Hot air dehydration

For the production of impregnated cape gooseberry
fruits under vacuum and dried by hot air
(ICGDHA) process, a tunnel dryer (Centricol S.A.
™) was used, which was conformed as follows:
fan, a heating resistor system (1.6 x 102.m?3),
drying chamber with three trays in perforated
mesh (load volume of 6.5 x 10*. m™ per tray),
balance, anemometer, thermo hygrometers
and an integrated data acquisition system,
respectively.

The ICGDHA quality was evaluated with a Wa» 0.6,
in function of the process conditions: temperature
(50 and 60°C) and air velocity (AV) (2.0 and 3.0
m.s}).

Analytical determination of CAs

Samples of 7g, were homogenized in an Ultraturrax
(IKA® T25 digital) homogenizer to 10000 rpm
during 5 min. The extraction of vitamins B9
and C were carried out by the methodologies
proposed by Arcot & Shrestha (2005) and
Gutiérrez, Hoyos & Paez (2007), respectively.
Whereas, vitamins D3 and according to the
methodology described in: Cortés, Herrera & Gil
(2016). Vitamins quantification was performed
by a high performance of liquid chromatography
(Shimadzu, serie 204 Prominence QOA), detector
UV/VIS with diode array, column C18 RP-5 um
4.0 mm x 250 mm with a flow rate =1.0 mL.min"'.

The quantification of vitamins B9 and C, was
evaluated in the aqueous extract using a mobile
phase of ortho-phosphoric acid (85%, 0.02M,
pH=3.0), oven temperature 35°C, detection to
283 and 244 nm, respectively.
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In fact, for vitamins D3 and E in the oily extract
with a mobile phase of acetonitrile: methanol
(25:75), oven temperature 45°C and detection
to 264 and 285 nm, respectively. Calcium was
determined by flame atomic absorption.

Characterization of properties

The moisture content was determined by the
thermo-gravimetric method and Wa with a dew
point hygrometer at 25°C (AquaLAB Decagon
serie 3TE). The color was determined on a
spectrophotometer X-Rite SP64, illuminant D65,
10° observer and observation window of 4 mm;
obtaining the coordinates CIE-L*a*b* from the
spectra of reflection.

Where L*: luminosity, a*: green chromaticity (-)
to red (+) and b*: blue chromaticity (-) to yellow (+).
The texture was performed by penetration tests
on a texturometer TA.XT2 (Stable Micro Systems
™) determining the maximum force (F__) and the
slope (N.mm™!). In addition, was used a load cell of
50 kg, metal plunger diameter of 2 mm, velocity of 1
mm.s’!, penetration distance 70% of sample height.

Experimental design and data analysis

A factorial design was carried out with two
independent variables (temperature and air
velocity), two levels per variable and three
replicates per drying condition. The results were
analyzed using the least significant differences
method, with a confidence level of 95% (a=0.05).
The statistical package Statgraphics Plus®
version 5.1, was used.

Results

ICGDHA, reached the evaluated conditions with
Wa = 0.576x0.017, where there is a growth
inhibition of most microorganisms, improving
the safety conditions, which have allowed the
product to be classified as a low moisture
food. In addition, the solid phase has a greater
proportion with respect to the liquid phase, thus
limiting the water availability. In fact, drying
curves for ICGDHA to different temperature and
the analyzed AV conditions, showed a humidity
decreasing with time since 4.2+0.1 to 0.3+0.0
kgh,O.kgSS™ (Figure 1).
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Figure 1. Hot air drying curves for ICGDHA

In addition, for a same temperature curves, had
achieved a trend to approach with time, which
indicates that at low moisture contents, an
internal resistance to mass transfer is similar,
regardless of the AV used.

Table 1, shows drying times for the evaluated
conditions, which have allowed to observe a
significant effect (p <0.05) of drying time with
respect to the evaluated factors, a previously
reported stage by some authors (Nadian et al.,
2015; Wang et al., 2007).

Table 1. Drying times for ICGDHA

Condition Drying time (h)
50°C-2m.s’ 448 +1.17
50°C-3ms! 343+1.2°
60°C-2m.s! 21.0 £ 1.4
60°C-3m.s? 17.0+1.4¢

abed Values in the same column followed by different letters represent
significantly statistical differences (p < 0.05)

The drying rate curves (Figure 2) showed a period
of constant drying rate (CDR) very short and
mainly at AV=2 m.s™! (Figure 2).Therefore, at AV=3
m.s’!, the process starts with a decreasing drying
velocity (DDV).
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Figure 2. Hot air drying velocity curves for ICGDHA

Conversely, notice the presence of a first point at
2 m.s in 3.5£0.0 and 2.910.1 kgh,0.kgSS" for
50 and 60°C, respectively.

As the moisture content in ICGDHA continues
to decrease, the influence of external conditions
becomes less effective due to a greater internal
resistance for mass transfer through the peduncle
area. In fact, would increase a new critical
point or second DVC period of 0.7+0.0; 0.8+0.0;
0.5%0.0 and 0.6£0.0 kgh, 0.kgSS™ for 50°C-2 m.s’
1, 50°C-3 m.s!, 60°C-2 m.s! and 60°C-3 m.s™!,
respectively.

Levels reached by ACs in process IV were as
follows: 203.7+3.3 ug; 23.7+9.2 mg; 2.3+0.4 ug;
7.3%0.9 mg and 210.5%2.0 mg for vitamins B9,
C, D3, E and calcium, respectively in a portion
of 200 g UF.

Table 2, shows the mean values plus the standard
deviation of the AC loss percentages in ICGDHA
due to the employed drying treatments.

The influence of drying on the physiological qualiti/1 of cape gooseberry
(Physalis peruviana L.) fruits added with active components

Table 2. Effect of hot air drying on the AC loss in ICGDHA

Treatment B, Vitamin C Vitamin D,Vitamin  E Vitamin Ca
(%) (%) (%) (%) (%)

50°C-2m.s? 17.22+41 28.1*+46 1.1°+04 3.2°+30 +2183
50°C-3m.s!' 27.4°+4.0 37.6°+32 1.1°+04 3.32+44 3210
2.7 %

60°C-2m.s' 32.8°+41 429°+58 1.1°+0.3 3.4°£2.2 10
60°C -3 m.s? 40.0°+41 58.6°+6.0 136204 3.6°+4.4 318;

abc yalues in the same column followed by different letters represent
significant statistical differences (p < 0.05)

Therefore, ANOVA did not present significant
differences (p> 0.05) in the calcium and fat-
soluble contents, vitamins D3 and E. In fact, if
there were significant differences (p <0.05) with
respect to the soluble vitamins B9 and C, these
become more sensitive to the drying process due
to its thermo labile characteristics.

The AC levels reached in ICGDHA were as
follows: 203.7+3.3ug; 23.7+9.2mg; 2.3+£0.4ug;
7.3£0.9mg and 210.5+2.0mg.200gUF"!, for
vitamins B9, C, D3, E and calcium, respectively,
which demonstrates the process IV effectiveness,
guaranteeing at the beginning of the drying
process, level higher than 20% CDR in the AC.

Nevertheless, a process condition was considered
at 60°C and 2 m.s™, which is the most appropriate
for the ICGDHA drying process. It was observed
that in a time of 21.0+1.4 h and levels in
vitamins B9, C, D3, E and calcium of 137.0+34.7
ug, 13.6+0.9 mg, 2.2+0.6 nug, 7.0£1.2 mg and
204.8+10.5 mg, respectively, it was reached in a
portion of 50 g of ICGDHA.

Table 3, presents the mean values plus the
standard deviation of the color parameters as a
function of the drying treatments.

Table 3. Optical characterization of ICGDHA

Treatment L* a* b*

50°C-2m.s’ 44.6°+1.3 31.92+£1.5 32.12+2.5
50°C -3 m.s’ 4422 +1.2 29.82+1.6 3392425
60°C -2 m.s”’ 4342 +1.7 24.2°+1.6 3532429
60°C -3 m.s”’ 42.7°+1.2 24.0°+ 1.4 36.12+34

& ® Values in the same column followed by different letters represent
significant statistical differences (p < 0.05).

The results identify a greater influence on the
color changes mainly due to the effect of the
process temperature, which provides a lower
stability of the pigments with their increase. In
fact, ANOVA analysis did not show significant
differences (p> 0.05) in the color parameters L
* and b * with respect to the treatment factor,
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although it can be shown that L * has a tendency
to decrease (darker and brown) and b * to increase
(More yellow-brown) for ICGDHA treated at
60°C and 3 m.s' speed. The chromaticity a*,
presented significant differences (p<0.05), which
hve allowed to conform two homogeneous groups,
one for each temperature, identifying a greater
decreasing of the red chromaticity (a * <<) in the
fruits subjected to 60°C.

Table 4, shows rupture F___ and the slope of
force- d1stance ICGDHA graphlc in function of the
process condition.

Table 4. Mechanical characterization of ICGDHA

F Slope
Treatment max P
(N) (N.mm™)
50°C - 2 m.s™! 86.8* £ 22.5 8.52+ 3.1
50°C - 3 m.s! 89.82 + 35.2 6.7° + 3.2
60°C - 2 m.s™ 52.0°+ 14.9 4.3+ 1.6
60°C - 3 m.s™ 56.2°+27.6 3.9¢+ 1.5

abed Values in the same column followed by different letters represent
significant statistical differences (p < 0.05).

ANOVA analysis presented significant differences
(p <0.095) in the texture parameters with respect
to the process conditions, allowing to show that
the firmness is affected to a greater extent by
the temperature, which requires less force for
its rupture and penetration in the treatments of
higher temperature with their minimum values
being 60°C.

Discussion

Drying process

The dehydration kinetics of the ICGDHA have
allowed an analysis of the moisture variation over
time, in which both the material characteristics
and the external conditions to which a subjected
food, was influenced. In fact, the moisture loss
did not present a constant or linear behavior with
time, indicating that not only the conditions of the
medium influence the process, but also its physical
and structural characteristics, being able to limit
the water output in the surface film of the cape
gooseberry fruits, and therefore, slow down the
process.

The results of drying times show a raising air
temperature, which had achieved a flow constant;
53.1 and 50.4% reduce the time for AV of 2 and
3 ms!, respectively, due to a direct relationship
between temperature and the water diffusivity
processes from the interior of the product (Onwude,
Hashim & Chen, 2016). Therefore, a decreasing
time with an increasing AV, can be observed
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maintaining a constant temperature (23.4 and
19.1% for 50 and 60°C, respectively).

During the drying of some biological materials,
the induction or latency zone as well as the CDR
period do not appear (Ratti, 2009). It should be taken
into account that in CDR period, water is in free
state, the wet surface and the surface temperature
in equilibrium with vapor concentration (Arcot &
Shrestha, 2005; Yiotis, Tsimpanogiannis, Stubos
& Yortsos, 2006; Castells, 2011)1.00, 1.50, 2.00,
2.50 and 2.75 ms-1. For instance, AV=2 m.s’!,
water evaporation rate in the ICGDHA is constant
and controlled by external variables, which in the
case of pure convection are AV, temperature and
relative humidity of drying air process. On the other
hand, time depends on the heat and mass transfer
coefficients, the surface area, sample geometry
and temperature and humidity difference between
the air and the wet surface of the solid phase. In
addition, any decrease in the circulating airflow
decreases the evaporation rate due to a decreasing
of the convective effects in the velocity of heat and
mass transfer.

The first critical point represents a condition,
where water cannot serve as a solvent for biochemical
reactions, which implies a conformational change of
cellular polymers and under which, requires more
energy to be eliminated, reason why the velocity
of drying process diminishes in a significant way.

This provides more accurate and reliable
estimates of ICGDHA surface area, which has
a semipermeable surface waxy film (»95%) and
negatively influences the mass transfer during
the process of obtaining ICGDHA. As a result, it
has long been thought that these removals of the
evaporated water occurs mainly through the porous
space constituted in the ICGDHA by a peduncle
area (» 5% of total surface areas).

Due to short periods of CDR (AV=2 m.s!) or non-
existence (AV=3 m.s!), a higher water evaporation
is experienced by ICGDHA during the first period of
DDV. In fact, higher temperature profiles inside the
cape gooseberry fruits, carries out the evaporation
front at the interface greater due to a greater vapor
or liquid diffusion from the center of the solid phase
throughout the interface, which is also increased
when the flow is greater (Fito, Andrés, Barat &
Albor, 2001).

On the other hand, dry areas appear on the
material surface, which make it difficult to remove
water due to shrinkage and surface hardening as
a result of the evaporation front throughout the
center of the product, which reduces the liquid
or steam migration rate, and therefore, the vapor
pressure on the material surface. This situation
generates a small amount of water, which is
eliminated or evaporated in longer periods of time,
due to a fraction of the thermal energy of drying air,



which is used for evaporation and had achieved a
lower energy efficiency and a higher specific energy
consumption (Ratti, 2009).

Given these concerns, in the second period of
VSD, is considered that physically occurs a greater
material contraction, where the energy is used for
the removal of bound water in capillaries, while the
product temperature approaches the dried bulb of
the air decreasing. A possible explanation for this
is the impeller thermal force while drying process
takes place. In this way, the moisture content
tends to asymptotically reach an equilibrium
corresponding to a relative air humidity on the
adsorption isotherm of the material (Ratti, 2009).

In general, is observed that the slope of the
ICGDHA drying rate curves increases with an
increasing temperature, which indicates at higher
temperature and a higher kinetic energy of the
water molecules. Likewise, a greater inclination
can be observed for the second period of decreasing
velocity, which indicates the process at this stage
is performed more rapidly. These results are
comparable in variability to the report by Wang et
al. (2007), during apple drying process.

Effect of drying processes on the cape
gooseberry quality

Process IV demonstrated its effectiveness at the
beginning of drying process, levels higher than 20%
of VDR in AC. However, it was observed that cape
gooseberry fruits can be overcome a post-process
IV relaxation, which produces a minimal way out of
impregnating liquid containing the ACs of interest.

The drying process plays an important role in the
stability of the ACs present or added in the matrix
of cape gooseberry fruits. Conversely, this losses
are enhanced when operating at high temperature
and air velocity. In fact, fat-soluble vitamins due
to their hydrophobic character and chemical
forms used, presented low losses due to the drying
process, considering there is a protection of the
collapsed matrix, which encapsulates the AC inside.
Calcium is maintained in the structure, enhancing
its fixation to the matrix throughout interactions
with a pectic content of fruit cell walls (Gras, Vidal,
Betoret, Chiralt & Fito, 2003).

Vitamin D3 is quite stable and unaffected by
air exposure, although slight losses may occur
from light exposure and even from heat treatment.
Vitamin E can present losses due to its degradation
by effects of light, heating, pH, presence of metals
and free radicals. Vitamins B9 and C reported the
highest percentages of loss due to their water-
soluble condition, since the degradation is directly
influenced by the process temperature and the
product moisture. Accordingly, the collected data
among the added ACs, vitamin C proves to be
the most thermosensitive compound under the

The influence of drying on the physiological quality of cape gooseberry
(Physalis peruviana L.) fruits added with active components

evaluated conditions to which cape gooseberry
fruits were dehydrated, thus reporting higher
losses by process (Mendoza-Corvis, Hernandez &
Ruiz, 2015).

The loss of vitamin B9 may result from the
combination of thermal degradation (predominant)
and the liquid impregnation liquid during its
relaxation, previously discussed.

The losses level of other vitamins may be
influenced by environmental factors, the duration
of thermal processes and the water ratio in the
product, while the presence of reducing agents may
increase their retention (LeSkova et al., 2006)e.g.,
temperature, presence of oxygen, light, moisture,
pH, and, of course, duration of heat treatment. The
most labile vitamins during culinary processes are
retinol (vegetable boiling, 33% retention. Vitamin
C is a quality indicator in cape gooseberry fruits,
since is the most sensitive nutrients to the heat
applied treatment, its retention ensures that other
components remain unaltered during the process.
It is important to note that loss can be explained
mainly by enzymatic degradation due to a long
exposure time of the fruit to high moisture contents,
as well as a reduction in oxide reactions, which
convert it to dehydroascorbic acid (Sanchez-Chavez,
Cortez-Arredondo, Solano-Cornejo & Vidaurre-
Ruiz, 2015). The obtained ICGDHA at 60°C and
AV=2 m.s! have allowed and identification of
ICGDHA with the following descriptor: “Excellent
source of vitamins B9, C, D3, E and calcium” in a
portion of 50 g of ICGDHA by containing 34.2+2.6;
22.6+2.9; 22.3+2.09; 23.4+3.8 and 20.5+0.4% VDR,
respectively.

The ICGDHA color parameters compared with the
impregnated cape gooseberry fruits (L*=46.1£3.1,
a*=15.5%+2.1 and b*=39.2+4.9), showed significant
statistical differences (p <0.05) in the chromaticity
a * with respect to the type of process. Therefore,
these differences are predominantly attributed to
the carotenoid pigments degradation, which are
mostly sensitive to heat induction. The variation
of b * is mainly observed at low temperatures and
may be caused by the development of some brown
pigments related to non-enzymatic reactions
activated during the drying process (Vega-Galvez
et al., 2008), while changes in L * parameters,
are observed mainly at low temperatures and
air velocities, which had achieved an enzymatic
browning of the food matrix.

Nevertheless, mechanical behavior of the
ICGDHA shows a decrease in the F___at higher
temperature, which could be attributed to several
factors as follows: a possible fracturability of
the waxy film, the collapse of the structure and
cellular compaction (from the outside to the inside
of the sample), which generates drier external
layers that fix the volume, a crisp, vitreous bark is
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present, which does not plasticize by the moisture
flow throughout and within a gummy structure.

Conclusions

The integration of vacuum impregnation and
conventional hot air drying process, represent
an effective technological alternatives, which
contribute to an added value generation in
cape gooseberry fruits, giving to the dehydrated
product levels of AC higher than 20% of the VDR
(34.2+2.6; 22.6+2.9; 22.3+2.1; 23.4+3.8 and
20.5+0.4% VDR of vitamins B9, C, D3, E and
calcium.50gICGDHA™!, respectively).

Given these concerns, during the drying process,
temperature was the independent variable, which
had achieved the most notable effects on the
response or dependent variables, being 60°C and
airflow velocity of 2 ms!, the process conditions,
which have allowed obtaining an acceptable
color product, gummy texture and with greater
retention of AC. In addition, this product can
be labeled according to Colombian regulations
with the following descriptor: “Excellent source
of calcium and vitamins B9, C, D3 and E in a
portion of 50 g ICGDHA”.
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