Croat. J. Food Sci. Technol. (2023) 15 (1) 115-122

Croatian Journal of Food Science and Technology

journal homepage: www.ptfos.unios.hr/cjfst/

Original scientific paper

DOI: 10.17508/CJFST.2023.15.1.13

Drying parameters of wild lettuce (Lactuca taraxaxifolia L) affected by different drying

methods

Clement Adesoji Ogunlade®”, Simeon Olatayo Jekayinfa?, Olusola Janet Oyedele?, Ajekigbe Sola Olajire?,

Abigael Oluseye Oladipo®

1Department of Agricultural Engineering, Faculty of Engineering, Adeleke University, Ede, Osun State, Nigeria

2Department of Agricultural Engineering, Faculty of Engineering, Ladoke Akintola University of Technology, Ogbomoso,

Nigeria

Department of Food Engineering, Faculty of Engineering, Ladoke Akintola University of Technology, Ogbhomoso, Nigeria

ARTICLE INFO

ABSTRACT

Article history:
Received: September 3, 2021
Accepted: August 31, 2022

Keywords:

cabinet drying

solar drying

drying rate
vegetables
moisture diffusivity

This study focused on the effect of drying method on drying properties of
wild lettuce leaves. The fresh wild lettuce was washed thoroughly to
remove extraneous parts and subjected to pretreatments by dipping 200 g
of vegetable samples into the water (1.5w/v) solution with 0.3% sodium
metabisulphite held at room temperature. The pre-treated and untreated
leaves were weighed and loaded in stainless steel tray and subjected to
drying under cabinet dryer, open-sun drying and solar dryer. The wild
lettuce drying curve exhibits a gentle downward curve, i.e. a high moisture
loss at the early period of drying for all the drying methods used. The
effective moisture diffusivity and activation energy were determined. The
effective moisture diffusivity increased with the increase in temperature of
drying. This study showed that post harvest losses of wild letuce can be
minimized through drying, using mechnical devices or open sun drying,
which is one of the oldest preservation processes available to the mankind.

Introduction

The world’s population is expected to grow to almost
10 billion by 2050, boosting the demand for
agricultural products (FAO, 2017). Vegetables,
including vitamins, minerals, phytochemicals, dietary
fiber and antioxidants, are important part of the human
diet, because of their nutritional properties and
beneficial human health effects (Slavin and
Lloyd, 2012). Spoilage and post harvest losses of plant
products occurs all over the world due to various
factors leading to significant wastage. These losses
may be due to environmental factors such as pH,
temperature and oxygen, as well as other factors such
as some consumer attitudes (Alegbeleye et al., 2022).
Postharvest loss reduction is of high importance in
combatting hunger, raising income and improving
food security for vulnerable people and also in
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improving agricultural productivity and linkages
between farmers and markets (ACLF, 2022). The post
harvest losses of biomaterials can be minimized
through drying, which is one of the oldest preservation
processes available to the mankind. In today's food
market, dried foods play an important role in the food
supply chain by lowering the water content in order to
avoid or slow down food spoilage by microorganisms
(Naseer et al.,, 2013). The chances that microbial
spoilage agents will be established at any point along
these stages depend on certain factors, such as surface
morphology and topography, plant surface exudates,
developmental stage and post-harvest handling
(Kumar et al., 2018).

Lactuca taraxacifolia, also known as bitter, opium or
African lettuce, is native to many areas of the world,
including North America, Europe, Middle East and
West Africa. It is currently a neglected indigenous
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leafy vegetable in Nigeria (Busari et al., 2016). The
leaves can be eaten fresh as salad or cooked in soups
and sauces (Sakpere et al., 2011). They are reportedly
richer than many common vegetables in Nigeria like
Solanum aethiopicum, Talinum triangulare (Yekeen
et al., 2011) and contain more (almost double) beta
carotene than Telfairia occidentalis (Adewale et al.,
2013). The extracts of wild lettuce seeds, leaves and
sap are added to a number of natural products to
relieve a variety of health problems, such as pain,
anxiety, respiratory problems, menstrual cramps,
arthritis, cancer, insomnia, poor circulation,
restlessness and urinary infections (Kubala, 2018;
Bello et al., 2018). The composition of wild lettuce
leaves per 100 g edible portion is: water 84.3 g, energy
44 kcal, protein 3.2 g, fat 0.8 g, carbohydrate 8.3 g,
fibre 2.0 g, Ca 326 mg and P 58 mg (Eshemokha,
2019). The high content of crude fibre, protein,
calcium, iron, potassium in wild kettuce makes it a
potent nutritious food supplement which can improve
the health status of its consumers (Schippers, 2000).
Wild lettuce leaves contain high moisture content
which predisposes them to wilting and rapid spoilage
(Busari et al., 2016), hence the need for drying to
enlogate their shelf life. Major studies on wild lettuce
leaves have focused on its composition (Busari et al.,
2016) and antioxidant properties of its extract in food
application (Arawande et al., 2012; Arawande and
Ogunyemi, 2012), with a dearth of information on the
effect of drying methods on some drying parameters
of wild lettuce. Drying refers to the application of heat
and mass transfer process that involves vaporization of
water in the liquid state, mixing the vapour with the
drying air and removing the vapour naturally or
mechanically from biomaterials (Onifade and
Jekayinfa, 2015; Onifade et al., 2016). Drying is a
complex thermodynamic process involving heat and
mass transfers (Keneni et al., 2019) and providing
information on the properties of water and energy
required in enthalpy and entropy, which characterize
variations existing in the water-product system
(Wellytton et al., 2019). Drying has been widely
adopted as the best option to preserve wild lettuce
vegetable during abundant harvesting in rural areas. It
reduces product’s water activity, inhibits microbial
growth and degradation reactions and results in higher
stability and longetivity. It also results in substantial
volume reduction which facilitates transportation and
storage (Marques, 2009).

Drying process should be in such a way that would
apply minimum changes in products quantitative
indexes, including physical aspects (such as
dimensions and size, texture, shape, wrinkles and
stiffness) and chemical changes (such as browning
reactions, discoloration changes in vitamin, amino

116

acid and oxidation of substance) (Ogunlade and
Aremu, 2019; 2020). As a result of high moisture and
short shelf life of wild lettuce leaves, there is a need to
process and store them for longer periods to make
them available all year round ,which is possible
through adequate drying methods. Hence the need for
this study.

Materials and methods
Sample collection and preparation

Fresh Lactuca taraxacifolia variety was harvested
from a local farm at the Teaching and Research farm
of Ladoke Akintola University of Technology
(LAUTECH), Ogbomoso, Nigeria. It was washed
thoroughly to remove extraneous parts. Sodium
metabisulphite of analytical grade was obtained at
food chemistry laboratory. It was measured and
weighed using an electronic compact scale (SF 400A,
5000 g x 0.001 g). Cabinet and solar dryer were used
at the food processing laboratory. It was cleaned
properly before experimentation. Samples were
further subjected to two (2) pretreatments and
untreated wild lettuce leaves were used as control
samples. Treatment was carried out by dipping 200 g
of vegetable samples into water (1.5w/v) solution with
0.3% sodium metabisulphite held at room temperature
for two minutes (Kaur et al., 2006).

Selection of drying methods

The pre-treated and untreated leaves were weighed
and loaded in stainless steel tray and subjected to
different drying conditions (cabinet dryer, open-sun
and solar dryer). 200 g of the sample was used for all
drying methods.

i. Solar drying: The stalk of the freshly
harvested wild lettuce was removed and 200 g of the
vegetable was weighed. The sample was spread on a
stainless tray and dried using solar dryer. The reading
was taken at every one hour interval until constant
weight was obtained. Drying was carried out for at
least 4 hours a day. The sample was placed inside the
desiccator until the next day to prevent rehydration.
The dried vegetable was packed and sealed in high
density cellophane bag for further analyses.

ii. Cabinet drying: The samples were spread on
a stainless tray and dried using a 50 kg cabinet dryer
at 45, 50 and 55 °C. The sample was weighed every
hour until constant weight was obtained.

iii. Open-Sun drying: The sample was spread on
a tray and dried under the sun. They were weighed
every hour until constant weight was obtained at a
solar intensity of 4.95 kWh/m?/day.
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Drying parameters

The moisture content of the wild lettuce was
calculated using Equation 1 (AOAC, 2005) standard
method.

_ wi-wd

MC

x 100% (1)

where: MC is the moisture content (%wb), Wi is the
initial mass of the sample before drying (g) and Wy is
the mass of the sample at drying time t (min).

The moisture ratio during drying experiment was
obtained by using Equation 2:

M-Me

MR = —
Mi—Me

)

where: MR is the dimensionless moisture ratio, M, Me
and M is the moisture content (% wb) at any time t,
equilibrium moisture content and initial moisture
content, respectively.

However, the moisture ratio (MR) was simplified to
M/M; instead of (M-M.)/(Mi-M.) because of the
relative humidity of the drying air, which continuously
fluctuated during solar drying processes (Menges and
Ertekin, 2006). Hence, moisture ratio was calculated
as:

M
MR = @)
where: M is the moisture content (% whb), at any time
t and M; ;s initial moisture content (%wb),
respectively.

Drying rate (DR) of the sample during drying
experiment was calculated using the Equation 4:

DR = ==t (4)

All parameters remain as defined.
Effective moisture diffusivity and activation energy

Effective moisture diffusivity (Desf) was calculated by
using Fick’s second equation of diffusion, as reported
by Usub et al. (2010) and Aremu et al. (2013),
considering a constant moisture diffusivity, infinite
slab geometry, and a uniform initial moisture
distribution as presented in Equation 5:

2
MR =iexp[—wt] (%)

T2 412

where: MR is the moisture ratio, Derr (M?s?) is the
effective moisture diffusivity, L (m) is the sample
thickness and t is the drying time (s).

Equation 5, which involved a series of exponents, can
be simplified to Equation 6:

%D
MR = |22 ¢| + [25] (6)
The effective diffusivity (Desr) at each temperature was
obtained from the slope of the plot of In (MR) against
time for corresponding temperature data.

Activation energy was calculated by using an
Arrhenius equation (Aghbashlo, 2008), given in
Equation 7:

Ea

DEff — Doe_Rg(T+273.15) (7

where: D, is the maximum diffusion co-efficient, Ea is
the activation energy (kJmol™?), T is temperature (°C)
and Rg is the gas constant (8.3145 J/mol/K).

1
In Dggr = [— —Rg(T+273.15)] E, + InD, (8)

In the same manner, the activation energy was
obtained as the slope of the InDes against half-life by
using rate constant (k) as presented in Equation 9:

A S S
Halflife = [ Rg(T+273.15) ©)

Results

Drying rate curve for wild lettuce

The drying curve was obtained as the plot of moisture
content with respect to time (Figure 1), while the
drying rate curve was obtained as the plot of drying
rate with respect to average moisture content (Figure
2). Wild lettuce leaves took an average of 6 hrs to dry
up in solar dryer, and an average of 8, 7 and 6 hrs in
cabinet dryer at 45, 50 and 55 °C, respectively, while
they took 8 hrs to dry up under the sun at an average
temperature of 39 °C and average solar intensity of
4.95 kWh/m?/day. The final moisture content for
sample was obtained to be 27.8, 25.1, 24.6, 23 and
28.3 g water /g material for solar dryer, 45, 50 and 55
°C cabinet dryer and sun drying, respectively. The
moisture diffusivity values, under different drying
methods, are presented in Figure 3, while the Des
values for the drying of wild lettuce are shown in
Table 1.

117



Croat. J. Food Sci. Technol. (2023) 15 (1) 115-122

e Cabinet 45C e==lll== Cabinet 50C e==t==Cabinet 55C e==i===Sun drying === Solar drying

Moisture content (g water/g material)

10
Time (hr)

Figure 1. Drying curve for wild lettuce
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Figure 2. Drying rate curve for drying wild lettuce using different drying methods
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Figure 3. Estimation of moisture diffusivity for wild lettuce using different drying methods

Table 1. Effective moisture diffusivity (m?/s) of the different drying processes of wild lettuce

Samples Effective moisture diffusivity (m?/s)
45 °C 3.19x10%
50 °C 2.77 x10°10
55°C 3.89x10°%0
Sun drying 1.69x10%0
Solar drying 1.62x10°10

Discussion
Drying rate curve for wild lettuce

A gradual decrease in moisture content as drying time
increases was observed as presented in Figure 1. The
wild lettuce drying curve exhibits a gentle downward
curve; a high moisture loss at the early period of
drying for all the drying methods used (solar, cabinet
and open-sun) was also observed. This is in line with
similar leaves of Piper aduncum (Wellytton et al.,
2019), blackberry (Elton et al., 2018), and drumstick
(Premi et al., 2010). This may be due to the free water
that tends to evaporate from the wild lettuce sample
under the first approach of intense heat. The reduction

in moisture content slowed down in the later drying
periods, which implies that the free water evaporated
leaving the bound water. This result is in harmony
with the findings of Olajire (2018) for okra, Kabiru et
al. (2013) for mango slices, and Islam et al. (2012) for
green banana. Wild lettuce samples dried up at a faster
rate under cabinet dryer than other drying methods
used. This is because the drying temperatures for
cabinet drying was higher than for other drying
methods. This is similar to the drying of okra under
cabinet, solar and open sun drying (Bhosale and Arya,
2004). The drying rate curves (Figure 2) shows that the
drying rate was higher at the beginning of drying,
when the moisture content of wild lettuce was the
highest, while it decreased as drying progressed. This
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is due to the fact that free water evaporates,as drying
progresses, while the remaining bound water is
difficult to evaporate, which reduces the rate at which
water evaporates from the surface of the wild lettuce.
The drying rate also increased with the increase in
drying air temperature, which is in agreement with
cocoa beans (Jekayinfa, 2000; Ndukwu, 2009). This
may, however, be due to the fact that higher air
temperatures result in moisture migration, which
increases the rate at which water is evaporated from
the surface of the wild lettuce samples.

Effective moisture diffusivity (De) and activation
energy for wild lettuce

Diffusivity is used to indicate the flow of moisture in
materials during drying. The falling rate period of
drying moisture transfer is mainly by molecular
diffusion (Rahman and Lamb, 1991; Madamba et al.,
1996; Usub et al., 2010). The effective diffusivity
(Det) of wild lettuce estimated by using the simplified
mathematical Fick’s second law of diffusion was
developed for particles in a finite circular cylinder
geometry, with the assumption of moisture migration
being by diffusion and constant diffusion coefficients.
Moisture diffusivity is a complex and system specific
function. The effective moisture diffusivity of a food
material characterizes its intrinsic mass transport
properties of moisture, which include molecular
diffusions of liquid and vapor, hydrodynamic flow and
other  possible mass transport mechanisms
(Karathanos et al., 1990; El-Beltagy et al., 2007; Dhali
and Datta, 2018). The effective moisture diffusivity of
the wild lettuce under solar, cabinet drying (at at 45,
50 and 55 °C) and open sun drying were 1.62 x 101
(3.19 x 10 m?s, 2.77 x 10 m%/s and 3.89 x 101°
m2/s) and 1.69 x 10°%° m?/s, respectively, as presented
in Table 1. These values fell within the normally
expected range of Deff (107! to 10°° m#s) for food
materials (Babalis and Belessiotis, 2004; Madamba et
al.,, 1996; McMinn and Magee, 1999). The Deff
depended on the drying air temperature (Babalis and
Belessiotis, 2004). It was observed that D increased
with an increase in temperature. This may be attributed
to the fact that water diffusion, which is mainly due to
mass transport mechanism from the first phase of
drying, increases with an increase in drying
temperature. This result is in line with Ojediran and
Raji (2011), in the thin-layer drying characteristic of
castor (Ricinus Communis) seed.

Conclusions

Advances in dehydration techniques and development
of novel drying methods have in recent years enabled
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the preparation of a wide range of dehydrated products
and convenience foods from fruits and vegetables,
meeting the quality, stability and functional
requirements, with economy.
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