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Abstract: Irvingia species are important fruit trees. Although the microbial postharvest quality of its fruits have
been studied, the potential relationship between postharvest disease and the proximate composition of its fruit
are yet unknown. Hence in this research, changes that occur in postharvest Irvingia fruit wastes on the 0" , 3™
and 6™ days after harvest (DAH) was assessed with respect to brownish-black rot disease and proximate
components. Results showed that brownish-black rot disease advanced significantly (P< 0.05) as DAH
increased. Mean weighted percentage brownish-black rot disease on 0", 3" and 6™ DAH were 2.37%, 22.24%
and 87.86% respectively. Mean percentage moisture was 82.99% followed by dry matter (16.91g),
Carbohydrate (15.00g), fibre (0.67g), protein (0.63g), ash (0.49g) and lipids (0.10g). Whilst differences in %
moisture, dry matter and lipid with respect to DAH were not significant (P=0.05), differences in protein, ash,
fibre, and carbohydrate contents were significant. Brownish-black rot disease was significantly, positively
related to carbohydrate (r2 = 0.69; Pearson correlation coefficient = 0.83) whilst being significantly,
negatively related to fibre (r2 = 0.92; Pearson correlation coefficient = -0.82), ash (r2 = 0.68; Pearson
correlation coefficient = -0.96) and protein (r2 = 0.73; Pearson correlation coefficient = -0.86), respectively.
Postharvest holding periods led to nutritive degradation of Irvingia fruits’ proximate composition. Fruits should
either be consumed soon after harvest or processed under infection-free conditions to lengthen their storage life
and preserve their proximate and nutritional quality.

Keywords: Irvingia gabonensis, Proximate composition, Brownish-black rot disease, Nutritional quality of
fruits.

I.  Introduction

Irvingia species are economically important fruit tree that grows in the wild forests of most West and
Central African countries (Harris, 1996; Lowe et al., 2000). Two species, |. gabonensis and I. wombolu are
predominant in Nigeria and are commonly called bush mango or African mango because of their mango-like
fruits (Matos et al., 2009; Ngodi et al., 2005). The fruits are ellipsoidal, 4-7cm long, green when unripe and
yellow when ripe with a fleshy mesocarp (Etebu, 2013). The proximate composition of food which has been
variously reported to include its content of protein, carbohydrates, fat and oil, moisture and dietary fibre
(Onimawo and Egbekun, 1998; lhekoronye and Ngoddy, 1985) have been mostly studied with respect to the
kernels of Irvingia fruits. The kernels of the fruits are considered to be the most valuable component for various
reasons. They are rich source of fat, oil and protein and are used widely as condiment in thickening of sauce
(Matos et al., 2009). The market for the products of Irvingia kernels is reportedly very robust, with Cameroun,
Nigeria and Cdte d’lvoire being major sources in local and international trade (Ayuk et al. 1999). In addition to
its nutritional and economic benefits, the kernel is highly valued for its health and medicinal benefits (Duguma
et al., 1990; Ndoye et al., 1997). In particular, studies have shown that extract from the kernel of I. gabonensis
caused a significant reduction in body weight among obese people in Cameroon (Ngondi et al., 2005).

These nutritional, economic and medicinal benefits explain why the kernels/nuts have attracted so
much attention to the exclusion of other parts of the fruit. The fleshy part which constitute over 80% of the fruit
are often discarded as waste, after the kernels are extracted, and left to rot in dumps, water bodies, pits or nearby
bushes (Etebu, 2012; Ladipo et al., 1996). However, some reports in literature indicate that the fleshy pulp of
Irvingia fruits have been used as feed for pigs, and in the production of fruit drinks, wine, jam and other syrups
(Ayuk, 1999; Leakey et al., 2003; Okafor, 1985; Shiembo et al., 1996). Also, some Workers have clearly shown
that the fleshy pulp of fresh Irvingia fruits, like the kernels; contain several nutritionally beneficial substances
such as carbohydrates, proteins, lipids, vitamins etc (Onimawo et al., 2003). As impressive as these findings are,
they do not indicate the fate of these substances as postharvest storage period increases. The major set-back
militating against the use of the fleshy component of postharvest Irvingia fruits is their short shelf life after
harvest; known to harbor several fungi and bacteria whilst in storage (Etebu, 2012, 2013; Etebu and Tungbulu,
2015; Joseph and Aworh, 1992).

Whilst the effect of storage days on Irvingia postharvest disease have been studied severally under the
different conditions (Etebu, 2012, 2013; Joseph and Aworh, 1992), the effect of storage period and postharvest
disease on the proximate composition of Irvingia fruit pulp are yet unknown. Hence in this research, the changes
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that occur in postharvest Irvingia fruit wastes after harvest was assessed with respect to brownish-black rot
disease and proximate composition. Findings from this work would avail us the prerequisite information to
further assess the systematic decay of Irvingia fruit wastes after harvest, and to know when food substances of
interest may be extracted or exploited for beneficial use.

Il.  Materials and Methods

Samples collection and Experimental design

Irvingia fruits were harvested from a natural forest situated in Amassoma town (Lat. 4°58'09"N Long.
6°06'34" E) of Bayelsa state, Nigeria. A total of 900 fresh and green fruits were randomly selected and split with
a machete to extract the kernel, and the pericarp which is usually considered waste by locals were thereafter
separated into three replicates (300 fruits per replicate). A quadrant measuring about 3m x 1m having three
equal compartments (representing three replicates) of 1m x 1m was constructed and fruits wastes from each
replicate were spread in the three equal compartments of the quadrant respectively. The quadrant was barricaded
at the sides with nets to exclude reptiles and the fruits were left to decay for 6 Days after harvest (DAH).

Postharvest disease assessment

At the onset (representing day 0) of the experiment 10 fruits were randomly selected each from all
three replicates and their postharvest spoilage status were individually assessed based on brownish-black rot
disease symptom described by Etebu (2012), and the average disease score of 10 fruit wastes (representing one
replicate) was recorded as the score for each replicate. Assessment of postharvest spoilage status of the fruits
was repeated on the 3" and 6th days after harvest (DAH) respectively. Severity of postharvest spoilage was
determined visually by the proportion of fruit area affected by brownish-black rot disease and expressed in
percentage as according to Etebu et al. (2003, 2009).

Moisture content: Moisture content assessment was hinged on the principle of weight loss of Irvingia fruit pulp
due to the evaporation of water and was performed according to AOAC (2000). Briefly, 5g of Irvingia pulp was
weighed and placed in a crucible of constant weight, and dried at 105°C (60°C?) for 24 hours. After drying, the
sample was allowed to cool; the weight measured regularly until a constant weight was obtained. The loss in
weight represented the moisture content, and was calculated from the formula

A-B
C

% Moisture =

Where
A = weight of sample (Irvingia) before drying
B = weight of sample (lrvingia) after drying
C = weight of sample (Irvingia) after drying and cooled to constant weight

Ash content: Ash content in samples was considered as the inorganic residue of a sample after the organic
matter has been burnt up. Assessment of ash content of Irvingia fruit wastes was based on the procedure
described by AOAC (2000). Briefly, 2g of Irvingia pulp was measured into a crucible of known weight in a
muffle furnace and ignited at 550°C for 15hrs after which it was cooled to room temperature in a desicator, after
which the ash was re-weighed. Ash content was thereafter calculated from the formula

% Ash _ Weight of Ash x 100

Weight of Sample (Irvingia)

Crude fibre: This is the organic residue of a sample after being treated under standardized conditions with light
petroleum, boiling dilute H,SO4, boiling dilute NaOH solution, dilute HCI, alcohol and ether. Its assessment
was undertaken as described by AOAC (1986).

Procedure: Fifty millilitre of water and 1.25% of tetraoxosulphate (V1) acid (H,SO,) were added unto 2g of
defatted Irvingia fruit pulp in a well calibrated beaker. The volume was thereafter made up to 200ml with water
and heated to boiling for 30 minutes. After this, the mixture was filtered hot through Buchner funnel with the aid
of a suction pump. The residue was washed severally with hot water until it was acid free (became neutral to
litmus paper). The residue was then transferred into the 400ml beaker and 50ml of 1.25% NaOH was added and
the volume made up to 200ml with distilled water. The mixture was then brought to boiling for 30 minutes.
During this period, boiling water was repeatedly added from time to time to maintain the 200 ml level and
rewashed through Buchner funnel to collect the precipitate until it was free from NaOH. Finally, the residue was
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washed twice with 95% ethanol dried in an oven at 100°C to a constant weight and thereafter cooled in a
dessicator. The crude fibre content was calculated from the formula

% Crude _ Weight of fibre

Fibre x 100

Weight of defatted sample (Irvingia)

Protein content determination: Protein content was determined in the form of Total nitrogen using the
kjeldahl method adopting the procedure described by AOAC (1986). It comprised of three steps — Digestion,
distillation and titration.

Digestion: Half a gram of Irvingia fruit sample was gently heated for 1hr in a long-necked digestion flask
containing 5ml of concentrated tetraoxosulphate (V1) acid (H,SO,4) and Kjeldahl catalysts (1.5g CuSQy; 1.5
Na,SO, anti bumps chips). The heating was continued for about 4-5hrs until a clear bluish digest was obtained.
Thereafter, the digest was cooled and quantitatively transferred into a 50ml standard flask and made up to the
50ml mark with distilled water.

Distillation: Ten millilitre of this digested Irvingia fruit sample solution was treated with 10ml of 40% NaOH in
a Kjedahl distillation flask and was gently brought to boiling for 30 minutes. The resultant gas (ammonia) was
collected in a conical flask containing 10ml of 5% boric acid into which 2ml of the mixed indicator (methyl red
and methylene blue) was added. The boric acid mixed indicator solution turned green as ammonia was distilled
into it. Also, a blank control was set up wherein all the procedure was repeated with all analytes except the 0.5¢g
of Irvingia sample.

Titration: A 50ml burette was filled with 0.1M HCI solution and the distillate was titrated. The protein content
of Irvingia fruit wastes was thereafter obtained by multiplying percentage nitrogen by 6.25 being the
Gravimetric factor of protein conversion (Vincente et al., 2009)

(B — A) X Molarity of NaOH x 0.014
|14

% Nitrogen =

Where
B = titre value of blank
A = titre value of sample
W = weight of sample used
0% protein = % Nitrogen x conversion factor

Crude fat: Crude fat was assessed using the soxhlet extraction method as described by Osborne and Voogt
(1978) and AOAC (1986). Five gram of oven dried Irvingia fruit sample was weighed into a thimble, and about
200ml of petroleum ether was poured into a previously weighed round bottom flask containing weighed anti
bumping granules. The Soxhlet extractor and the thimble with its content was fitted into the flask and heated
slowly until the solvent in the extractor was decolourised. The thimble was removed and air dried, and the
extracted lipid in the flask was concentrated using rotary evaporator. This was further dried in a desicator and
then weighed. The amount of lipid extracted was obtained from difference between the weight of the flask
before and after the extraction. Percentage lipid content was calculated from

Weight of Extract
Weight of Sample (Irvingia)

x 100

% Lipid =

Carbohydrate content: The carbohydrate content of Irvingia fruit pulp was determined by subtracting the sum
of the other five proximate components (moisture, crude fibre, crude protein, ash, crude fat) from 100.

Data analysis: Brownish-black rot disease was arcsine transformed according to Gomez and Gomez (1984).
Also, Percentage moisture was square root transformed. The transformed data alongside other data were
subjected to ANOVA using Generalized Linear Model of SPSS version 16.0 Statistical software.
Correlation/regression analyses were performed between brownish-black rot disease of Irvingia fruits and the
different proximate components. Mean disease and proximate content data were further subjected to Tukey’s
mean separation test. Mean transformed set of data were thereafter de-transformed (weighted) and discussed
hereunder alongside other parameters. Comparison of disease and proximate composition was made with
respect to days after harvest, and the relationships between disease and proximate composition were discussed
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I1l.  Results and discussions
Brownish-black rot disease

Response of Irvingia fruit wastes left to rot in open field conditions after harvest was characterized by
brownish-black rot disease (Fig. 1). Irvingia fruits are climacteric; being able to ripen after harvest even when
they are detached from the parent tree. Ripening processes of fruits are influenced by physiological changes that
render the fruits susceptible to microbial attack (Prusky and Keen, 1993). Several microorganisms have been
shown to associate with diseased postharvest Irvingia fruits. In particular, fungal species such as Aspergillus,
Penicillium, Botrytis, Rhizopus, Mucor have been implicated with postharvest Irvingia fruits (Joseph and
Aworh, 1991; Etebu, 2012, 2013). Aworh and Joseph (1991) categorically showed, through Koch’s postulate,
that the primary causal agent of brownish-black rot disease of postharvest Irvingia fruits was the fungus Botrytis
species. A few bacterial species whose partial 16S rRNA gene sequences shared > 99% DNA sequence
similarity with Bacillus species, Enterobacter species, Oceanobacillus profundus, Enterobacter cloacae and
Staphylococcus cohnii have also been shown to be associated with decaying Irvingia fruit wastes (Etebu and
Tungbulu, 2015)

Severity of postharvest disease was observed to be dependent on the number of days after harvest
(DAH). DAH signifies the number of days the fruit wastes were left to decay in the open field after harvest.
Disease progressed significantly (P< 0.05) as DAH increased (Table 1). Mean weighted brownish-black rot
disease scores on 0", 3™ and 6" DAH were 2.37%, 22.24% and 87.86% respectively. Findings from this present
work was comparable to results of previous works, and postharvest disease symptoms more or less towed the
same pattern of occurrence previously observed in some earlier works (Joseph and Aworh 1991, 1992; Etebu,
2012). In a nutshell, fruit wastes of Irvingia gabonensis were observed to be completely green at harvest with
very few patchy specks of dark colourations without rot. However, the rate of disease development of Irvingia
fruits was clearly faster in this work than previous works reported. For example whilst Etebu (2012) showed that
mean weighted percentage brownish-black rot disease symptoms on Irvingia fruits left in an open field after
three days of harvest was only 0.63%, results in this work showed that as much as 22.24% surface area of fruit
wastes left under similar conditions and for the same number of days after harvest developed same degree of
disease symptoms. The difference in rate of development of the disease would have been occasioned by the
different ways in which the fruits were treated prior to storage in the open field. Whilst Etebu (2012) worked on
whole Irvingia fruits, this present work was carried out with split fruit that are usually considered as wastes after
the kernels are extracted. So whilst it took up to 12 days to record over 70% surface area of whole fruit tissues
turning into a brownish-black rot (Etebu 2012), fruit wastes examined in this work took only 6 days to record
same level of decay. The increase in rate and magnitude of disease symptoms in this work could be further
attributed to wounds inflicted on the fruit wastes in course of kernel extraction. Such wounded portions of the
fruit would have served as infection locus for disease and spoilage microorganisms to easily gain entry into the
fruit tissues to cause infection (Palou et al., 2013).

Percentage area of Irvingia fruit waste overtaken by brownish-black rot disease symptom increased
progressively and significantly (P < 0.05) from day 0 to the 3rd, and 6th days after harvest. Although this trend
is largely similar to results observed in previous works, it would be of note to mention that the brownish-black
rot postharvest disease symptoms of Irvingia fruits observed in this former work did not change significantly (P
< 0.05) between day 0 and 3 after harvest. This again further reiterates the enormous impact of wounds or
injury on postharvest fruits as they relate to postharvest infections.

Proximate composition

The nutritional content of Irvingia fruits varied between proximate parameters measured. Of the 100g
of Irvingia fruit wastes assessed in this work, weighted mean percentage moisture across all DAH was 82.99%
followed by dry matter (16.91g), Carbohydrate (15g), fibre (0.67g), protein (0.63g), ash (0.49g), and fats and
lipids (0.10g) (Table 1). Onimawo and associates (2003), in their pioneering work reported that Irvingia pulp
contained moisture (80%), protein (1.09%), fat (1.06%), ash (0.8%), fibre (0.4%) and carbohydrate (10.7%).
The water content of Irvingia fruit pulp obtained in this work is comparable to the results obtained by Onimawo
et al, 2003 for the same fruit. The water content of Irvingia fruits were also similar to that of mango (Mangifera
indica) which has been shown to be 80% (Mamiro et al. 2007). Mangoes are used in Nigeria for the production
of mango juice and with or without the peel for making jam (Achinewhu, 1983). Furthermore, the extraction
rate of juice from I. gabonensis fruit pulp has been reported to be 75% and the sugar concentration of its juice is
about the same with those of pineapple and orange (Akubor, 1996).

Although the results of this present work were largely similar to results obtained by Onimawo et al
(2003), there are some obvious differences. For example whilst the protein and fat contents obtained in this
work were 0.63g and 0.10g per 100g of Irvingia fruit pulp, respectively, Onimawo et al (2003), for the same
mass of fruit recorded 1.09g and 1.06g as protein and fats contents respectively. These differences could have
arisen from differences in the health status of the fruits as at the time of investigation, the storage period of the

DOI: 10.9790/2402-10112636 www.iosrjournals.org 29 | Page



Effect of postharvest period on disease progression and proximate composition of Irvingia species...

fruits or conditions under which they were stored prior to assessment. Findings of this present work show that
number of storage days after harvest has significant impact on both the health status and proximate composition
of fruits. Whilst differences in % moisture, dry matter and lipid with respect to DAH was not significant at the
5% probability level, nutritional parameters such as protein, ash, dietary fibre and carbohydrate were
significantly (P< 0.05) influenced by the number of days the fruit wastes were left to decay in the open after
harvest (Table 1).

Protein for example was observed to decrease from 0.75g/100g of Irvingia fruit (0.75%) at DAH (0) to
0.619/100g of fruit (0.61%) at DAH (3) and 0.53g/100g of fruit (0.53%) at DAH (6) (Table 1). The difference in
protein content on DAH (0) was significantly higher in comparison to its content on the 3rd and 6th DAH but
the difference in protein content between the 3™ and 6™ DAH was not significant. These results clearly show
that Irvingia fruit pulp has low protein content irrespective of the storage days after harvest. This was expected
because fruits are generally low in protein; accounts for less than 1% of the fresh weight of fleshy fruits (Kader
and Barret, 2005; Nixwell et al., 2013), but findings reported by Onimawo et al (2003) from a work done over a
decade ago indicated that the protein content of Irvingia fruits were as much as 1.09%. The nutritional value of
any given food is said to be defined by its protein content and protein energy (Gopalan et al., 2000). This
difference in protein contents of Irvingia fruits between these works could be attributed to variety of factors,
some of which would include, difference in Irvingia species, growth conditions of fruit trees, soil conditions,
storage conditions prior to assessment etc. Variability in biochemical composition has been reported to limit the
industrial use of crops (Guéguen, 1991). Although variability in crops is known to be influenced by genotypic
and phenotypic factors (Turner et al., 1990), it would be interesting to assess the protein content of postharvest
Irvingia fruits across different geographical locations with a view to studying the potential effect of
environmental and climatic conditions on its nutritional value.

Similar to protein, the ash content of postharvest Irvingia fruit wastes assessed in this work decreased
from 0.56g per 100g of fruit waste on DAH (0) to 0.53g and 0.39g fruit on the 3™ and 6™ DAH respectively.
Whilst ash content of the fruit on DAH (0) was significantly higher than it was on the 6™ DAH, difference in ash
content of the fruits between DAH (0) and DAH (3) was not significant at 5% probability level.

Ash is the inorganic residue left in a food material after water and organic matter are removed through
heat application. The organic matter is therefore a measure of the total amount of minerals in a food. As such the
ash content of a food material is an index of the quality of the food. High total ash content in a food material
indicates the presence of impurities and by extension a low quality food (Mbogo et al., 2010). Results on ash
content of Irvingia fruit pulp obtained from this work was slightly lower than figures reported by Onimawo et al
(2003). The variation in ash content of Irvingia fruits assessed in this work and earlier studies may have been
occasioned by differences in growing conditions of the fruit tree, postharvest handling and storage conditions
prior to determination of its nutritional quality.

The fibre content was assessed as part of the nutritional quality indices measured in this work. Results
showed that fibre content per 100g of Irvingia fruit pulp decreased from 0.71g on DAH (0) to 0.69g and 0.60g
on the 3" and 6" DAH respectively. Measure of Tukey’s Honestly Significant Differences (HSD) in fibre
content with respect to DAH followed exactly same pattern similar to Ash (Table 1). Whilst fibre content of
Irvingia fruit on DAH (0) was significantly higher than it was on the 6" DAH, difference in fibre content of
fruits between DAH (0) and DAH (3) was not significant at 5% probability level. Dietary fibres are the sum
total of plant polysaccharides indigestible by mammalian endogenous digestive enzymes (Theander et al.,
1994). Though indigestible by humans and other mammals they play very important role in the general
wellbeing of an individual’s physiological processes. In particular, fibre relieves constipation by enhancing the
water holding functionality of faeces, and its consumption has often been linked to a decreased incidence of
heart related disease and colon cancer (Kader and Barrett, 2005). Irvingia fruits are known to have a laxative
effect among consumers, and this has been attributed to its fibre content (Ngodi et al., 2005). Findings of a
recent work has also muted the possibility of bacteria as being partly responsible for the free bowel movement
amongst consumers of raw Irvingia fruits (Etebu and Tungbulu, 2015). The fibre content of Irvingia fruits
observed in this study is within the reported range of 0.5 to 1.5% (fresh weight) known amongst fruits (Kader
and Barrett, 2005). The results, irrespective of the storage period was, however, higher than the value reported
by Onimawo et al (2003) who worked on the same fruit. The difference in fibre content between this present
work and the earlier work by Onimawo and Associates done in 2003 could be attributed to species differences
of the fruits analysed.

Irvingia species predominant in Nigeria are of two species, 1. gabonensis (sweet and edible) and 1.
wombolu (bitter and inedible). Prior to 1975, Irvingia gabonensis and Irvingia wombolu were clumped together
as one species, Irvingia gabonensis (Aubry-Lecomte ex O’Rorke). However, Okafor (1975) noted the existence
of two forms (sweet and bitter varieties). He named the one having a sweet and edible pulp as I. gabonensis var.
gabonensis whilst the other form which has a bitter and inedible pulp was named I. gabonensis var. excelsa.
Following this recognition and distinction by Okafor in 1975, Harris (1996) revised the taxonomy of the
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Irvingiaceae, splitting I. gabonensis var excelsa, from . gabonensis var gabonensis, to create Irvingia wombolu
Vermoesen. The sweet species is now simply named Irvingia gabonensis while the bitter one is Irvingia
wombolu. However, studies on Irvingia have often failed to identify species along this taxonomic line, and as a
result figures for I. wombolu are sometimes erroneously recorded for I. gabonensis (Atangana et al., 2001). It
would be worthwhile to assess the nutritional qualities of I. gabonensis and I. wombolu to compare their
differences where they exist. A relatively recent comparative study on these two species of Irvingia with respect
to fruit size, weight and brownish-black rot disease revealed statistically significant (P<0.05) differences (Etebu,
2013). Also, the fungal population and relative amounts of various phytochemicals were also varied between the
two species.

Carbohydrate content was dependent on DAH. Its content on the day of harvest was 14.45¢g per 100g of
fresh fruit pulp. This value increased to 15.12 and 15.42 on 3™ and 6™ DAH, respectively. Whilst the
carbohydrate content of Irvingia fruit waste on 0™ DAH was significantly (P<0.05) different from those assessed
on 3 and 6™ DAH, the difference in carbohydrate content between the latter two DAHs was not significant.
Carbohydrates are the most abundant and widely distributed proximate component derived from plants;
responsible for the structural framework, texture, taste, and food value of a fresh fruit. Carbohydrate content
typically range between 10 to 25% of fresh fruit weight, but changes in carbohydrate contents are common
phenomenon amongst fruits, particularly climacteric fruits, during ripening (Kader and Barrett, 2005). Ripening
brings about a decrease in starch and an increase in sugar content amongst most fruits (Doreyappy-Gowda and
Huddar, 2001). Starch which occur in relatively high amounts in unripe fruits are hydrolyzed during ripening to
sugars such as fructose, glucose and sucrose (Kudachikar et al., 2001). As with other organic matter,
carbohydrate content was expected to decrease with increase in DAH. It is common knowledge that as
postharvest period increases fruits would naturally deteriorate as a result of several inherent biological processes
such as respiration (Kader and Barrett, 2005). During respiration, complex carbohydrates are broken down to
simpler forms and expectedly, stored food reserves of fruits would get depleted in the process.

IV.  Relationship between Brownish-black rot disease and proximate composition

Findings of this present work revealed a relationship between brownish-black rot disease and different
proximate components. Correlation-regression analyses between disease and moisture and lipids were not
significant (Data not shown). However, significant relationship between disease and the rest proximate
components (protein, ash, fibre and carbohydrate) were obtained (Figures 2-5), indicating that the amount of
these fruit constituents is dependent on the disease /health status of the fruit prior to assessment.

In particular, results showed that postharvest disease is inversely, significantly (P<0.01) related to
protein content of Irvingia fruits (> = 0.73, Pearson correlation coefficient = -0.86) (Fig. 2). This means
conditions that facilitate progression of disease of Irvingia fruits after harvest would also lead to reduction of
protein content of its fruits. In corroboration of this finding, Adeniyi et al (2014) working with healthy and
diseased Irvingia seeds (kernels) had observed that protein contents were significantly higher amongst healthy
seeds than diseased ones. This present work showed that protein content of Irvingia fruits decreased as storage
days (DAH) increased (Table 1). Close analysis of results from this work and others seem to suggest that storage
period in itself alone may not significantly influenced the amount of protein in postharvest fruits. For example,
Oyewole (2014) whilst working with microorganisms associated with deterioration of stored banana observed
that the protein content was higher in fruits stored for longer periods. In the same article, the Researcher further
reiterated that postharvest diseases of fruits cause losses in terms of quantity and quality. Also, Nweke and
Ibiam (2012) had earlier on showed that fruits with soft rot disease have correspondingly low protein content in
their pulp when compared to healthy fruits. From the ongoing, it would suffice to say that postharvest Irvingia
fruit wastes must be stored under conditions that would reduce postharvest disease if the overall nutritional
quality of its fruit is to be maintained.

Also similar to protein, results from this present work further showed that brownish-black rot disease
of Irvingia fruit wastes was observed to be inversely correlated to ash content of the fruit (r*> = 0.68; Pearson
correlation coefficient = -0.96) (Fig. 3). This means that an increase in severity of brownish-black rot disease
results to a significantly, corresponding reduction in ash content of the Irvingia fruit pulp. Several Workers who
simply compared the ash content of healthy and diseased fruits showed that diseased fruits, in contrast to
findings of this present work, had higher ash content than healthy fruits (Nweke and Ibiam 2012; Esiegbuya et al
2013). These variations in result patterns further confirms that changes in postharvest fruits are governed by a
suite of factors, some of which includes plant type, plant growing conditions, prevalent diseases, postharvest
handling and storage etc .

Brownish-black rot disease of postharvest Irvingia fruit wastes, was observed to be significantly
(P<0.01), inversely related to its fibre content (r* = 0.92; Pearson correlation coefficient = -0.82**) (Fig. 4). This
also means that the fibre content of postharvest Irvingia fruits would decrease as brownish-black rot disease
increases and vice versa. Nweke and Ibiam (2012) whilst working with Annona muricata (commonly called
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soursop) showed that fruits plagued by soft rot disease had relatively reduced amounts of fibre content in their
fruit pulp, amongst other nutritionally valued indices, compared to the their healthy counterparts. Fungi found to
be associated with soft rot disease of this plant were reported to include Rhizopus stolonifera, Aspergillus niger
and Colletotrichum gloeosporoids. Similarly, fungal species found to be associated with brownish-black rot
disease of postharvest disease of Irvingia fruits include Aspergillus, Penicillum, Rhizopus, Mucor, Botrytis etc
(Etebu, 2012, 2013; Joseph and Aworh, 1991, 1992). Dietary fibres are derived from fruit cell walls made of
cellulose, hemicellulose, pectin and lignin substances (Kader and Barrett, 2005), and fungi associated with
postharvest disease of Irvingia are likely to have degraded the fibre content of the fruits. This assumption is
predicated on two reasons based on findings of some previous works. Firstly, several fungal species are known
to degrade plant polysaccharides that make up the dietary fibre content of plant fruits (Kader and Barrett, 2005;
Van den Brink and de Vries, 2011). Secondly, some recent works have shown that increase in brownish-black
rot disease of Irvingia fruits is positively related to fungal population associated with the disease (Etebu, 2013).
It therefore follows that the decrease in fibre content may have been occasioned by an increase in fungal
population which whilst facilitating the degradation of the fruits dietary fibre also led to increase in brownish-
black rot disease severity. This possibly explains the significant (P<0.01) inverse relationship between
brownish-black rot disease and fibre content of Irvingia fruit waste obtained in this present work.

It is interesting to note that of all proximate component indices assessed in this work, only
carbohydrate had a significantly (P<0.05) positive relationship with brownish-black rot disease which in itself
increased with increase in days after harvest (Fig. 5, Table 1). This simply means that an increase in brownish-
black rot disease of postharvest Irvingia leads to an increase in carbohydrate content of its fruits. This is the first
work, to the best of our knowledge, where correlation-regression analysis between brownish-black rot disease of
postharvest Irvingia and its carbohydrate content has been done. Earlier works wherein the apparent effect of
postharvest diseases on proximate composition of fruits are studied, the focus have more or less been
comparison between healthy and diseased fruits. Comparative studies between healthy and diseased fruits of
different plant have always shown that the former fruits contain significantly higher amounts of carbohydrates
than the latter (Nweke and Ibiam, 2012; Ekundayo and Okigbo, 1991). In particular, Nweke and Ibiam (2012)
showed that healthy fruits of Annona muricata contained a higher amount of carbohydrate content than those
plagued with soft rot disease. In their submission, they opined that the biochemical activities of pathogens
causing disease of fruits would result to digestion, degradation and dissolution of the fruit tissue into a mush
(watery rot), this in turn, would result to a relative reduction in the protein, fat, fibre and carbohydrate contents
of the infected fruits (Nweke and Ibiam, 2012).

From the ongoing, brownish-black rot disease of postharvest Irvingia fruit was expected to be
negatively related to its carbohydrate content as it was with other proximate components (Fig. 1). This
expectation, notwithstanding, the corresponding increase in total carbohydrate with increase in disease severity
of postharvest Irvingia fruits may be explained as follows. The severity of brownish-black rot disease of
postharvest Irvingia fruits has been previously linked to an increase in fungal population (Etebu, 2013). That
being the case, it could be that reducing sugars also got increasingly accumulated during pathogenesis as DAH
increased which could have led to an increasing amount of total carbohydrate content of the fruits. A recent
work on the effect of storage period on the chemical composition of Abelmoschus esculentus (okra) tacitly gave
credence to this possibility (Faghohun and Faleye 2012). Although the Workers did not assess the postharvest
disease of okra fruits in their studies, they observed that the fungal population, as well as carbohydrate content
increased as storage period progressed.

V.  Conclusion

This present work further establishes the nutritional benefits of Irvingia fruit consumption as has been
observed by previous Workers. In addition, it reveals the effect of postharvest disease of Irvingia fruit on its
proximate composition. Whilst the composition is not affected, the quantities of the components are
significantly depleted by disease. We recommend that fleshy Irvingia fruits intended for consumption may have
to be thoroughly washed and consumed soon after kernels are extracted owing to its short life span.
Alternatively, the fleshy edible pericarp often treated as waste may have to be processed into consumable forms
to both lengthen its storage life and preserve the nutritional quality of the fruit waste.

References

[1]. Achinewhu SC (1983). Ascorbic acid content of some Nigerian local fruits and vegetables. Qualitas plantarum-plant foods for
human nutrition 33: 261-266.

[2]. Adeniyi SAA, Adedotun, AA and Akinniyi O (2014). The effects of post harvest mycodeterioration on the proximate composition
of Irvingia gabonensis seeds. Int. J. Phytopathol. 03(01): 41-48

[3]. Akubor Pl (1996). The suitability of African bush mango juice for wine production. Plant Foods and Human Nutrition. 49: 213—
219.

[4]. Association of Official Analytical Chemists, (1986). Official methods of analysis, 16th ed., Washington DC, U.S.A.

DOI: 10.9790/2402-10112636 www.iosrjournals.org 32 | Page



Effect of postharvest period on disease progression and proximate composition of Irvingia species...

[51
[6].

7]
8.
[°1.

[10].
[11].
[12].
[13].
[14].

[15].
[16].

[17.
[18].
[19].
[20].

[21].
[22].

[23].
[24].

[25].

[26].
[271.

[28].

[29].
[30].
[31].
[32].

[33].

[34].
[35].
[36].
[37].
[38].
[39].

[40].
[41].

Association of Official Analytical Chemists, (2000). Official methods of analysis, 17th ed., Gaithersburg, MD, USA, Official
Method. 999. 11.

Atangana AR, Tchoundjeu Z, Fondoun JM, Asaah E, Ndoumbe M and Leakey RRB (2001). Domestication of Irvingia gabonensis:
1. Phenotypic variation in fruits and kernels in two populations from Cameroon. Agroforest. Sys, 53: 55-64.
http://dx.doi.org/10.1023/A:1012293700774

Ayuk ET, Duguma B, Franzel S, Kengue J, Mollet SM, Tiki-Manga T and Zenkekeng P (1999). Uses, management and economic
potentials Irvingia gabonensis in the humid lowlands of Cameroon. For. Ecol. Manage. 113: 1-9

Doreyappy-Gowda IND and Huddar AG (2001). Effect of studies on ripening changes in mango (Mangifera indica L.) fruits. J.
Food Sci. Technol. Mysore 38: 135-137

Duguma B, Tonye T and Depommier D (1990). Diagnostic survey on local multipurposes trees/shrubs. Fallow systems and
livestock in Southern Cameroon. CRAF Working paper, No. 60.

Ekundayo CA and Okigbo RN (1991). The effect of pathogenic fungi on the nutritional value of the black plum (Vitex doniana).
Nig. J. Bot. 4: 61- 68.

Esiegbuya OD, Okungbowa FI, Oruade-Dimaro EA and Airede CE (2013). Dry rot of Raphia hookeri and its effect on proximate
composition of the fruits. Nig. J. Biotech. 26: 26-32

Etebu E (2012). Postharvest pathology and phytochemicals of Irvingia gabonensis (Aubry- Lecomte ex O’Rorke) fruits and wastes.
Agric.Sci.Res.J, 2(6): 285-294

Etebu E (2013). Differences in Fruit size, Post harvest pathology and phytochemicals between Irvingia gabonensis and Irvingia
wombolu. Sust. Agric. Res. 2 (1): 52-61

Etebu E, Akani, N. P, Young-Harry, W and Ogagbe, G. (2009) The effect of drying temperatures on postharvest fungal colonization
and populaton, and antibacterial activity of selected chewing sticks. Nigerian Journal of Plant Protection, 23: 33-43

Etebu E, Tasie AA and Daniel-Kalio LA (2003). Post-harvest fungal quality of selected chewing sticks. Oral dis. 9 (2): 95-98

Etebu E and Tungbulu G. (2015). Bacterial quality of postharvest Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) fruit wastes.
Int. J. Appl. Microbiol. Biotechnol. Res. 3: 96-103

Fagbohun ED and Faleye OS (2012). Effect of storage on chemical composition and mycoflora of okra (Abelmoschus esculentus).
Int. J. Biosci. 2(7): 83-89

Gomez KA and Gomez AA (1984). Statistical procedures for agricultural research 2nd edition. John Wiley and Sons, N.Y. 680pp.
Gopalan C, Ramasastri BV, Balasubramanian SC (2000). Proximate principles: Common foods. In: Nutritive value of Indian foods
(Revised and Updated Edition). Narasinga Rao BS, Pant KC, Deosthale YG, (Eds.), National Institute of Nutrition, ICMR,
Hyderabad, India. pp: 53-55.

Guéguen, J. 1991. Pea and fababean proteins. In: Hudson, B. J. F. (ed.) Development of food proteins. Elsevier Applied Sciences,
London and New York. Vol. 7: 35-78

Harris DJ (1996). A revision of the Irvingiacea in Africa. Bulletin du Jardin Botanique National de Belgique 65: 143-196.
lhekoronye Al, Ngoddy PO (1985). Integrated food science and technology for the Tropics. Macmillan Publishers Ltd. London. pp.
283-294.

Joseph K and Aworh OC (1991). Composition, sensory quality and respiration during ripening and storage of edible wild mango
(Irvingia gabonensis). Int. J. Food Sci. Technol. 26: 337-342.

Joseph K and Aworh OC (1992). Post-harvest treatment of wild mango (Irvingia gabonensis) for improved shelf life. Food Chem.
44: 45-48.

Kader AA and Barrett DM (2005). Classification, composition of fruits and postharvest maintenance of quality. In: Barrett, DM.,
Somogyi L and Ramaswamy H (eds.) Processing Fruits: Second Edition: Science and Technology . CRC Press, Boca Raton, FL. P.
3-22

Koh, E.; Wimalasiri, K. M. S.; Chassy, A. W.; Mitchell, A. E. 2009. Content of ascorbic acid, quercetin, kaempferol and total
phenolics in commercial broccoli. J. Food Compos. Anal. 22: 637—643.

Kudachikar VB, Kulkarni SG, Prakash MNK, Vasantha MS, Prasad BA and Ramana KVR (2001). Physico-chemical changes
during maturity of mango (Mangifera indica L.) variety "Neelum". J. Food Sci. Technol. Mysore 38: 540-542.

Ladipo DO, Fondoun JM and Gana N (1996). Domestication of the bush mango (Irvingia spp) :Some exploitable intra-specific
variation in West and Central Africa. In: Domestication and Commercialization of Non-Timber Forest Products for Agroforestry
(eds.) Leakey, R.R.B., Temu, A.B., Melnyk, M. and Vantomme, P. Non-Timber Forest Products Paper 9, FAO Rome. Pp 193-206.
Leakey R, Schrecheriberg K and Tchoundjev Z (2003). The participatory domestication of West African indigenous fruits. Int. For.
Rev., 5: 338-347

Lowe AJA, Gillies CM, Wilson J and Dawson IK (2000). Conservation genetics of bush mango from central/west Africa:
Implications from random amplified polymorphic DNA analysis. Mol. Ecol. 9: 831-841.

Mamiro P, Fweja L, Chove B, Kinabo J, George V and Mtebe K (2007). Physical and chemical characteristics of off vine ripened
mango (Mangifera indica L.) fruit (Dodo), Afri. J. Biotech. 6(21): 2477-2483.

Matos L, Nzikou JM, Matouba E, Pandzou-Yembe VN, Mapepoulou TG, Linder M and Desobry S (2009). Studies of Irvingia
gabonensis seeds kernels: Oil technological applications. Pak. J, Nutr. 8: 151-157

Mbogo, G.P., Mubofu, E.B. and Othman, O.C. (2010). Post harvest changes in physicochemical properties and levels of some
inorganic elements in off vine ripened orange (Citrus sinensis) fruits cv (Navel and Valencia) of Tanzania. Afr. J. Biotechnol. 9:
1809-1815

Ndoye O, Pérez MR and Eyebe A (1997). The markets of non-timber forest products in the humid zone of Cameroon. Network No,
22 Rural Development Forest Network, Overseas Development Institute, London

Ngondi JL, Oben JE and Minka SR (2005). The effect of Irvingia gabonensis seeds on body weight and blood lipids of obese
subjects in Cameroon. Lipids in health and Disease. 4: 12-15

Nixwell MF, Johanna MP and Ngezimana W (2013). Proximate, chemical compositions and sulphur concentrations on quality of
selected dried mango (Mangifera indica L.). Afr. J. Biotechnol. 12(19): 2678-2684. DOI: 10.5897/AJB2013.12256.

Nweke CN and Ibiam OFA (2012). Pre and post harvest fungi associated with the soft rot of the fruit of Annona muricata, and their
effects on the nutrient content of the pulp. Am. J. food Nutri. 2(4): 78-85

Okafor JC (1975). Varietal delimination in Irvingia gabonensis (Irvingiaceae). Bulletin du Jardin Botanique Nationale de Belgique
45(1-2): 211-221.

Okafor JC (1985). Selection and improvement of indigenous tropical fruit tree: problems and prospects. J. Forest Res., 1: 87-95
Onimawo IA, Egbekun MK (1998). Comprehensive food science and nutrition. Revised edition. Ambik Publishers, Benin City.
Onimawo IA, Oteno F, Orokpo G and Akubor PI (2003). Physicochemical and nutrient evaluation of African bush mango (Irvingia
gabonensis) seeds and pulp. Plant foods for Hum. Nutri. 58: 1-6

DOI: 10.9790/2402-10112636 www.iosrjournals.org 33| Page



Effect of postharvest period on disease progression and proximate composition of Irvingia species...

[42].
[43].

[44].
[45].
[46].

[47].
[48].

[49].

[50].

Osborn DR and VVoogt P (1987): The Analysis of Nutrients in food. Academic Press, London. pp 130-238.

Oyewole OA (2012). Microorganisms associated with deterioration of stored banana fruits. Frontiers in Science. 2(5): 86-91. DOI:
10.5923/j.f5.20120205.01

Palou L, Taberner V, Guardado A, Del rio MA and Montesinosherrero C (2013). Incidence and etiology of postharvest fungal
diseases of pomegranate (Punica granatum cv. Mollar de Elche) in Spain, Phytopathologia Mediterranea 52 (3): 478—489

Prusky D and Keen NT (1993). Involvement of preformed antifungal compounds in the resistance of subtropical fruits to fungal
decay. Plant Dis. 77: 114 - 119

Shiembo PN, Newton AC and Leakey RRB (1996). Vegetative propagation of Irvingia gabonensis, a West African fruit tree. For.
Ecol. Manage. 87: 185-192

Theander O, Aman P, Westerlund E and Graham H (1994). Enzymatic/chemical analysis of DF. J. AOAC Int. 77: 703-709.

Turner SR, Barrat DHP and Casey R (1990). The effect of different alleles at the r locus on the synthesis of seed storage proteins in
Pisum sativum. Plant Mol. Biol. 14: 793-803

Van den Brink, J., and de Vries, RP (2011). Fungal enzyme sets for plant polysaccharide degradation. Applied Microbiology and
Biotechnology, 91(6): 1477-1492. http://doi.org/10.1007/s00253-011-3473-2

Vincente, AA, Manganaris GA, Sozzi GO and Crisosto CH (2009). Nutritional quality of fruits and vegetables. In: (Eds. Florkowski
WJ, Shewfelt RL, Brueckner B and Prussia SE). Postharvest handling: A systems approach, 2™ edition, Elsevier Inc. Academic
Press.

Fig. 1: Postharvest Irvingia fruit waste

From Left - Right: Fresh fruits ready for kernel extraction; Fresh fruits; Fleshy pulp of fruit;
and fruits showing Brownish-black rot symptoms

Table 1: The fate of brownish-black rot disease and proximate composition of Irvingia fruit wastes after

harvest

Mean Brownish- Mean Proximate components measured per 100g of Irvingia fruit wastes

black rot disease % Moisture
DAH  ArcSine Weighted SQRT Weighted Dry matter (g) Protein (g) Lipid (g) Ash(g) Fibre (g) Carbohydrate (g)
0 8.85° 237 9.13° 8336 16.57° 0.75° 0.12° 056" 0.71° 14.45°
3 28.14° 2224 9.10° 8281 17.03° 0.61° 009° 053" 069 15.12°
6 69.61° 87.86 9.10° 8281 17.13° 053"  0.09° 039" 0.60° 15.42°
Grand
mean 35,53 3749 9.11  82.99 16.91 0.63 0.10 0.49 0.67 15.00
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Fig. 2: Relationship between brownish-black rot disease and protein content of postharvest Irvingia
fruit
** Indicates significant negative relationship at P < 0.01
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Fig. 3: Relationship between brownish-black rot disease and ash content of postharvest Irvingia fruit
** Indicates significant negative relationship at P < 0.01
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Fig. 4: Relationship between brownish-black rot disease and fibre content of postharvest Irvingia fruit
** Indicates significant negative relationship at P <0.01
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Fig. 5: Relationship between brownish-black rot disease and carbohydrate content of postharvest Irvingia
fruit
** Indicates significant positive relationship at P < 0.01
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