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ABSTRACT
A total of ten (10) Vernonia amygdalina (bitter leaf) samples collected from the
University of Port Harcourt and its environs were studied for the effect of drying
temperatures on the proximate composition and fungal population using standard
procedures. Drying temperatures (oven and sun) caused significant reduction
(p<0.05) in moisture (62.73±0.15 to 25.10±0.09 %) and ash (3.78±0.11 to
3.09±0.05%) contents, while fibre (3.32±0.02 to 3.57±0.07 %); carbohydrate
(6.60±0.10 to 43.90±0.06 %) and protein (18.15±0.09 to 18.81±0.04 %) increased
with values higher in oven treatment. Lipid content was not affected by the drying
temperatures. Fungal population differed in all treatments with sun-dried samples
having the highest count (33.3±2.52 x 104  sfu g-1); while the oven-dried samples
had the least (2.0 ±1.32 × 104 sfu g-1). A total of nine (9) fungal isolates, belonging
to five (5) genera, were identified. Fungi isolated followed a trend; sundried
(55.5%) > fresh (33.33 %) > oven dried (11.1 %). Most abundant were Aspergillus
spp (33.3 %) occurring in fresh and sundried samples at varying frequencies and
Penicillium spp (33.3 %), in all samples. Others include Candida spp, (11.1 %)
occurring only in fresh sample; and Fusarium spp (11.1 %) and Mucor spp (11.1
%) only in sun-dried sample. This study proved that drying temperatures increased
the essential proximate content (fibre, carbohydrate and protein) of the bitter leaf
while moisture was reduced and lipid remained unchanged; these treatments can
be used to prolong its shelf life.  The presence of opportunistic fungi in V.
amygdalina in this study poses a public health challenge.
Keywords: Vernonia amygdalina, drying temperatures, proximate composition;
fungal population.
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INTRODUCTION
Vernonia amygdalina (bitter leaf) is the
most cultivated species in the genus
Vernonia (Mahmud, 2019). Vernonia
accommodates up to 1,000 shrub plants
of the family Asteraceae (Mahmud,
2019; Akani et al., 2017; Munaya,
2013). V. amygdalina cultivation is
usually by stem cutting (Mahmud, 2019)
and is named after William Vernon
(Ibrahim et al., 2010). Vernonia has
been planted successfully in various
climes due to its high adaptability
(Ibrahim et al., 2010). As the name
sounds, bitter leaf is bitter to taste but
quite delicious in meals (Mahmud,
2019; Abosi and Raseroka, 2003). The
plant has different names according to
various languages globally. In Tanzania
it is called Omjunso while in Nigeria, it
is Onugbo (Igbo),
V. amygdalina plant is a shrub of about
2.5m height and a petiolate leaf (figure
1) (Mahmud, 2019; Shokunbi et al.,
2011; Ijeh et al., 2008). This plant is
popular based on the numerous
nutritional and health benefits associated
with it (Akani et al., 2017; Agbogidi et
al., 2013; Kubola and Sirianornpun,
2008). Significant levels of lipids,
carbohydrates, proteins and fibre with
essential amino acids are present in V.
amygdalina (Shokunbi et al., 2011; Ejoh
et al., 2003).
Furthermore, the bitter leaves of V.

amygdalina have been successfully used
to alleviate the problems of
micronutrients and malnutrition in
tropical African countries including
Nigeria (Mahmud, 2019; Agbogidi et
al., 2013; Shokunbi et al., 2011; Kubola
and Sirianornpun 2008; Ejoh et al.,
2005). These cost-friendly leaves are
rich in Beta carotene, vitamin C,
ascorbic acid, folic acid as well other
essential minerals such as iron,
phosphorus, calcium and potassium
(Agbogidi et al., 2013; Musa et al.,
2011; Shokunbi et al., 2011; Abosi and
Raseroka, 2003).
V. amygdalina is a household vegetable
and spice in soup, mostly reputed for the
popular bitter leaf soup of the south
eastern Nigeria. Farmers in Northern
Nigeria use bitter leaf as a supplement
in horse feed (Farombi and Owoeye,
2011). Also, it has been used as hops in
beer brewing (Farombi and Owoeye,
2011; Getahun, 1976). Bitter leaf is
mostly processed before use to improve
taste (Shokunbi et al., 2011).
In medicine, V. amygdalina is effective
in the treatment of many pathology
including malaria, diabetes, infertility,
nausea, liver diseases, kidney diseases,
bacterial infections, parasitic
infestations as well as diseases of the
gastrointestinal tracts (GIT) (Akani et
al., 2017; Farombi and Owoeye, 2011;
Swee et al., 2010; Gbolade, 2009;
Adedapo et al., 2007; Moundipa et al.,
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2005; Huffman, 2003; Cos et al., 2002;
Kambizi and Afolayan, 2001; Anderson
et al., 2000; Masaba, 2000; Koshimizu
et al., 1994). The stem used as chewing
stick is known to enhance dental health
(Etkin, 2002). Water extract from the
plant is also useful in treating various
plant fungal diseases (Nduagu et al.,
2008). Further, the aqueous extracts of
V. amygdalina have been shown with
anti-cancer properties (Khalafalla et al.,
2009; Gresham et al., 2008; Howard et
al., 2006; Izievbigie et al., 2004). This
anti-cancer actions are linked to the
presence of contains substances such as
vernodalinol, vernomygdin, and
epivernodalol (Mahmud, 2019).
Food shortage remains global a
challenge, as 821 million people are still
hungry and malnourished (WHO, 2018).
Thus, there is need to prevent food
spoilage (Esper and Mühlbauer, 1998)
with the nutritional value retained (Salle,
2008). Vegetables are an integral part of
the diet of many Nigerian homes. These
are however, seasonal, thus the need to
preserve for improved shelf life with
nutrients kept intact (Salle, 2008).
Proper preservation method will ensure
availability and convenience (Shokunbi
et al., 2011). Drying is among the first
preservation method involving drying,
desiccation and dehydration of food
(Babu et al., 2018; Boyer and Huff,
2009; Brian, 2002). It has also been used

to improve convenience (Garba and
Oviosa, 2019).
Although V. amygdalina remains
delicious after drying, it is uncertain if
the nutritional value is retained.
Processing has shown to reduce some
nutrients in V. amygdalina (Shokunbi et
al., 2011). Proximate analysis has been
successfully employed to determine the
nutritional content of food materials
(Okolie et al. 2008). It is also important
to ascertain the microbiological safety
of this important vegetable after drying.
The aim of this research was to evaluate
the effect of different drying
temperatures on the proximate
composition and fungal population of V.
Amygdalina.

MATERIALS AND METHODS
Sample Collection
Ten (10) Fresh Vernonia amygdalina
(bitter leaf) samples were collected from
the University of Port Harcourt and its
environs. Samples were labelled
according to treatments. One part was
sun-dried for four days, the second part
was oven-dried at 60 ̊C for 24 hours and
the third part was used as fresh sample
for the experiment.

Proximate Analysis
Samples were analyzed using the
standard assay methods of the
Association of Official Analytical
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Chemists (1995). Samples were studied
for moisture, ash (Muffle furnace), fat
(Soxhlet), protein (Kjeldal) and
carbohydrate (Englyst). Proximate
analysis was carried out at the
Microbiology Department, Faculty of
Science, Rivers State University, Port
Harcourt, Rivers State, Nigeria.

Microbiological Analysis
Isolation of fungal population in V.
amygdalina was carried out aseptically
using Sabouraud Dextrose Agar (SDA)
  and  normal saline as diluent.
One (1) gram of V. amygdalina sample
from the different treatments was
weighed, blended and homogenized in
9 ml of sterile normal saline to give a
1:10 dilution. Subsequent dilutions were
done up to 10-5. Then, a 0.1 ml aliquot
of appropriate dilutions (10-3 to 10-5) was
plated out on sterile SDA in triplicates,
using spread plate method
(Cheesbrough, 2006).  All  set up were
incubated at 37 oC for 7 days with
growth and number of spores recorded
at intervals. Pure cultures were obtained
by sub culturing on fresh plates and
incubating for 10 days. Pure cultures
were used to observe morphological
characteristics.
Identification of fungal colonies was
done by morphological features and
confirmed by wet mount (Cheesbrough,
2006). All identifications were made

with reference to Practical Mycology
Manual for Identification of Fungi .

Data Analysis
All data were analysed using Microsoft
excel 2007. Test of significance was
made using Analysis of Variance
(ANOVA) with reference to p≥0.05.

RESULTS
The effect of drying temperature on the
proximate composition of V.
amygdalina was studied. A comparison
of the fresh and temperature-treated (sun
and oven dried) samples was made.
Results showed that moisture and ash
showed significant reduction between
the fresh and dried samples. Moisture
was highest in fresh samples
(62.73±0.15 %) and least in oven dried
samples (25.10±0.09 %) (Table 1).
The effect of drying temperature on the
fungal population of the vegetable was
also studied (Fig.1). Fungal population
differed in all treatments with sun-dried
samples having the highest count
(33.3±2.52 x 104  sfu g-1); while the
oven-dried samples had the least (2.0
±1.32 × 104 sfu g-1).  A total of nine (9)
fungal isolates belonging to five (5)
genera were identified. Most of the fungi
was isolated from sundried (55.5 %),
followed by fresh (33.33 %) and oven
dried (11.1 %). The highest occurring
were Aspergillus spp (33.3%) occurring
in fresh and sun-dried samples at
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Fig. 2: Occurrence of Various Fungal Isolates during the study
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varying frequencies and Penicillium spp
(33.3 %), in all samples. Others include
Candida spp, (11.1 %) occurring only
in fresh samples; and Fusarium spp
(11.1 %) and Mucor spp (11.1 %) only
in sun-dried samples (Fig. 2).
Results of occurrence of fungal isolates
as shown Fig. 3 indicated  no
difference (p>0.05) in the drying
methods of samples studied.
Conversely, the oven-dried samples
showed a clear reduction in the fungi
species present with only Penicillium
spp. present at the end. The sun-dried
samples exhibited the highest fungi
infection.

DISCUSSION
This study demonstrated V. amygdalina
as rich in proteins, carbohydrates and
fibre as well as healthy lipids. Similarly,
the moisture and ash occur in the right
proportion. This is supported by
previous studies by (Garba and Oviosa,
2019; Anyasor et al. 2010). Bitter leaf
is a good recipe for weight reduction
based on its fibre content (Mahmud,
2019; Anyasor et al. 2010). Oven-dried
treatments recorded highest increase for
protein, carbohydrate and fibre while
recording the highest reduction in
percentage moisture and ash. This could
be explained by the fact that the
procedure was with less external
influence. This is also in agreement with
the findings of previous studies by

Akani et al. (2017). Previous studies
have shown that the mineral
composition is also intact after
temperature treatment (Garba and
Oviosa, 2019; Akani  et al.,  2017;
Asaolu et al., 2012; Akpanyung, 2005).
There was slight decrease in the
percentage nutrients recorded in the
sun-dried samples when compared with
the oven-dried. This may be due to the
longer drying period in the f o r m e r .
While the oven treatment lasted for 24
h, the sun treatment was for 5 days.
Also, there were more fungal population
recorded in the sun dried sample. These
among other spoilage organisms, not
considered in the present study, may
have continued to degrade available
nutrients.
Reduction in moisture content in per-
ishables, like V. amygdalina, is aimed at
for improved shelf life (Mahmud,
2019). The increase in the percentage
nutrients  assessed could be attrib-
uted to loss in moisture content. Thus,
there will be a reduction is solvent to
solute ratio in dry as compared to fresh
samples. Reduction in moisture content
has been successfully used to increase
nutrient content in V. amygdalina (Gar-
ba and Oviosa, 2019). The use of the
plant  to manage diabetics (Farombi
and Owoeye, 2011; Swee et al., 2010)
has been attributed to the high fibre
content. Similarly, the rich in fibre con-
tent has been found to reduce blood
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glucose (Manachi et al., 2004; Oli et al.,
1982).

The five fungal species reported in this
study have been previously isolated
from previous study by Efuntoye (1996).
The high occurrence of these
opportunistic fungi in sun-dried samples
could be because of environmental
contamination. Fungi and other spoilage
organisms are known to require moisture
and other  conditions for proliferation
(Garba and Oviosa, 2019; Tsado et al.,
2013). Moisture allows for miscibility
of nutrients, thus improving
bioavailability of these nutrients (Garba
and Oviosa, 2019). Reduction in
moisture may explain the least fungal
load recorded in oven dried samples.
The oven offers more aseptic conditions
while shutting out contamination
sources. The samples in the oven
treatment were exposed to 60 0C for 24
h, a temperature not so suitable for
fungal growth (Aldars-García et al.,
2018; Abbasi and Samaei, 2018).
Aspergillus spp are normal flora of bitter
leaf (Farombi, 2003). Fusarium and
Mucor are saprophytes and may be
opportunistic pathogens (Willey et al.,
2004). The presence of these organisms
in the sun-dried samples pose a public
health risk (Brooks et al., 2002).
Sun drying takes longer and as such
more prone to contamination. The
presence of species like Mucor, suggest

the presence of favourable moisture
content over a long time (Tsado et al.,
  2013). Similarly, the temperature
was not regulated and may sometimes
fall around the optimum for fungal
proliferation. This could be responsible
for the high fungal population in sun
compared to oven-dried and fresh
samples. The fresh samples may have
more moisture than what is required for
optimal growth but the sun-dried will
gradually reduce in moisture, as such
offering the right growth conditions to
more fungal species. This is not same
for oven-dried because it is under a
given, regulated temperature.

CONCLUSION
The present study supports drying as an
effective way to improve the shelf life
of V. amygdalina while preserving the
essential nutrients and minerals. Drying
reduces the moisture content and thus
limits microbial spoilage activities. This
reduction in moisture content also
harnesses the available nutrients,
thereby improving the nutritional value
of this important vegetable. Further, this
study demonstrates that reduction in
moisture content reduced bioavailability
of the nutrients to spoilage organisms.
Thus, fungal load is significantly
reduced by drying. Although certain
pathogenic fungi were noted, the public
health risk is low because of traditional
preparation methods.
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