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ABSTRACT

Background. Many underutilized wild fruits offer potential novel sources of macro- and micro-nutrients,
as well as health-promoting antioxidants and phytochemicals. However, these benefits are not fully harnessed
due to limited information on their composition. Dika fruit is one of such underutilized wild fruits. This study
was carried out to analyze juice samples processed from dika fruit for nutrient and non-nutrient contents,

as well as for their sensory attributes.

Materials and methods. Fruits harvested from rural communities in Nsukka, Enugu State, Nigeria were
washed and divided into two portions. The skin of one portion was peeled off and sliced into small pieces
(2 cm) (PDJ), while the other portion was sliced (2 cm) with the peel (UPDJ). Each portion was liquefied with
a high-speed Kenwood kitchen blender, filtered through a clean muslin cloth and evaluated for proximate,
mineral, vitamin, phytochemical and anti-nutrient contents. A 9-point hedonic scale was used to evaluate the
sensory properties of the juices. The data were analyzed using a Statistical Package for Social Science, ver-

sion 21 and significance was set at p < 0.05.

Results. The UPDIJ had significantly (p < 0.05) higher carbohydrate (15.75%), protein (4.72%), fat (2.65%)
and ash (0.47%) contents than PDJ. No significant difference existed in both vitamin and mineral contents of
the two samples except for zinc, which was significantly (p < 0.05) higher in the PDJ. Phytochemicals and
anti-nutrients were significantly (p < 0.05) more numerous in the UPDJ than PDJ. The PDJ was rated higher

than the UPDJ in all sensory attributes.

Conclusion. The juice samples contain appreciable amounts of carbohydrate, vitamin C, flavonoids, alka-
loids, and glycosides. The anti-nutrients were within acceptable levels. Dika fruit is locally available and
could be incorporated into meals to promote good health.

Keywords: African bush mango, micro-nutrient, phytochemical, proximate composition, organoleptic

properties

INTRODUCTION

Nutrition experts promote increased consumption of
fruits and vegetables to eradicate micronutrient defi-
ciency diseases and improve overall health. Micronu-
trient deficiency diseases are known to be prevalent in
populations that subsist largely on refined cereal grains
and/or starchy roots and tubers, with low consumption

of micronutrient-rich foods. The FAO (2013) estimat-
ed that more than 2 billion people globally are defi-
cient in vitamins and minerals, particularly vitamin A,
iodine, iron and zinc. Deficiency of micronutrients is
the main contributor to the global disease burden. Ac-
cording to the WHO (2011), dietary diversification is
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among the current recommended intervention strate-
gies for the prevention and treatment of micronutrient
deficiencies. Many underutilized wild fruits offer po-
tentially novel sources of macro- and micro-nutrients
as well as health-promoting antioxidants and phyto-
chemicals for rural populations (Adepoju, 2009; Cod-
jia et al., 2003; Kubola et al., 2011). Processing fruits
into various products such as juice will help to prevent
post-harvest wastage, make them available all year
round, improve economic power and reduce micro-
nutrient deficiencies. Hollis et al. (2009) defined fruit
juice as the liquid obtained from fruit or vegetable
tissue by mechanically squeezing or macerating their
flesh without the application of heat or solvents.

Irvingia gabonensis, also known as dika fruit, Afri-
can bush mango, wild mango and sweet bush mango,
belongs to the Irvingiaceae family. Dika fruits are usu-
ally collected from the wild trees in the forest of south-
eastern Nigeria, Cameroon, Gabon, Congo and some
other West African countries (Nwachukwu, 2017). The
two common varieties in Nigeria are [rvingia gabo-
nensis and Irvingia wombulu. The Irvingia gabonen-
sis variety has edible fleshy fruits, while the Irvingia
wombulu is bitter and not eaten. The dried seeds of the
two varieties are used in the preparation of an indig-
enous soup commonly known as ogborno soup among
the Igbo ethnic group in Nigeria. To extract the seed,
the pulp is allowed to decay and discarded. This leads
to wastage, as the pulp produced could not be eaten.
It becomes imperative to process the pulp into fruit
juice in order to minimize wastage. There is dearth of
information on the nutritional, phytochemical compo-
sition and consumer acceptability of fruit juice made
from the dika fruit. Filling this knowledge gap will in-
crease its utilization and reduce post-harvest wastage.
Dika fruit juice could also be canned to increase its
shelf-life and ensure availability. This study evaluated
the nutrient, non-nutrient composition and sensory at-
tributes of juices processed from peeled and unpeeled
dika fruit.

MATERIALS AND METHODS
Collection and identification of the sample
Thirty-five kilograms (35 kg) of ripe and ready-to-

eat [rvingia gabonensis variety of dika fruits were
harvested from nine trees in different locations in
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Fig. 1. Picture of dika fruits

Fig. 2. Longitudinal section of dika fruit
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Nsukka Local Government Area of Enugu State, Ni-
geria. The sample was identified at the Department of
Plant Science and Biotechnology, Faculty of Biologi-
cal Sciences, University of Nigeria, Nsukka.

Preparation of sample for analysis

Part of the harvested fruits (6 kg) was sorted, washed
under running water, air-dried and divided into two
equal portions of 20 fruits per portion. The skin of one
portion was peeled off and the pulp sliced (2 cm) with
a sharp knife and labeled PDJ. The second portion was
sliced into the same size with the peel intact and la-
beled UPDJ. Each portion was blended in two batches
to a liquid consistency using a high-speed Kenwood
kitchen blender (model, KB-3080) for 5 minutes and
filtered through a muslin cloth. The juice produced
from each portion was separately poured into steri-
lized bottles and stored at refrigerating temperature
(3°C) prior to analysis. The remaining dika fruits
were processed for sensory evaluation using the same
method.

Chemical analysis

The proximate, vitamin, mineral, anti-nutrient and
phytochemical compositions of the samples were de-
termined in triplicate.

Proximate analysis

Moisture, ash, protein, fat and crude fibre were de-
termined according to the Association of Official
Analytical Chemist (AOAC, 2010) methods. Moisture
content was determined using the hot air method. Ten
(10) ml of the sample was measured into a crucible
and allowed to dry overnight in an oven maintained
at 105°C. The crucible was transferred to the oven
again and weighed after 2 hours until constant weight
was obtained. Protein was determined using the Kjel-
dahl method using 6.25 as the conversion factor for
converting nitrogen to protein. Ash content was de-
termined by incineration in a muffle furnace. The dry
extraction method was used for fat analysis. Crude fat
was determined by extraction with petroleum ether us-
ing Soxhlet apparatus. Crude fibre determination was
done by exhaustive extraction of soluble substances
in a sample using a H,SO, and NaOH solution, after
which the residue was ashed and the loss in weight
recorded as crude fibre. Carbohydrate content was
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determined by the difference method and dietary fibre
by the AOAC (2010) enzymatic-gravimetric method.

Vitamin and mineral analysis

Thiamin, vitamin C and folate were determined using
the standard fluorimetric methods of AOAC (2010).
Pro-vitamin A content was determined by the method
adopted from IVACG (1992). Mineral composition
was determined by the procedure of AOAC (2010).
The ash of the samples was digested and the mineral
elements (calcium, zinc and iron) were determined by
an atomic absorption spectrophotometer (PYE Uni-
cam SP 2900, UK). Iodine content was determined as
described by Fisher et al. (1986).

Phytochemical and anti-nutrient analysis

Saponin and oxalate were determined by the AOAC
(2010) methods. Flavonoid was determined by the
double solvent extraction gravimetric procedure de-
scribed by Harborne (1973). The alkaline precipita-
tion gravimetric method (Harborne, 1973) was used
to determine alkaloids. Tannin determination was
performed using the Follin-Dennis spectophotomet-
ric method described by Pearson (1976). Phytic acid
content was determined by the method described by
Griffiths and Thomas (1981). Glycoside determination
was carried out using the alkaline titrimetric method
(AOAC, 2010), while haemagglutinin was determined
by the spectrometric method (Onwuka, 2005).

Ethical approval and informed consent. Ethical ap-
proval for this study was obtained from the Health Re-
search Ethical committee of Enugu State Ministry of
Heath, Nigeria. Written informed consent was obtained
from the participants (consumers) before commencing
the sensory evaluation.

Sensory evaluation

The thirty consumers who participated in the sensory
evaluation were randomly selected by balloting from
staff and final year-students of the Department of Nu-
trition and Dietetics, University of Nigeria, Nsukka.
The texture, colour, taste, flavor and general accept-
ability of the samples were evaluated on a 9-point he-
donic scale ranging from 1 (disliked extremely) to 9
(liked extremely). The sensory assessment was carried
out in the Diet Therapy Laboratory. The consumers
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were arranged in such a way as to be unable to see
each other’s grading sheets. The samples were coded
and presented in transparent cups. They were provided
with glasses of water to rinse their mouth after testing
each sample to avoid carry-over taste.

Statistical analysis

The data collected were statistically analysed using
the Statistical Package for Social Sciences (SPSS),
version 21, and expressed as means and standard de-
viations. The T-test was used to compare the means
and significance was accepted at p < 0.05.

RESULTS AND DISCUSSION

The proximate composition of juices processed from
peeled and unpeeled dika fruit was analysed in this
study (Table 1). No significant variation was recorded
in the crude fibre content of peeled and unpeeled juice.
This is an indication that the peeled juice contained an
insignificant amount of fibre. The crude fibre content
of the samples was high and approximately twice the
values reported for some Nigerian fruits (Ekpete et al.,
2013). The experimental juices contained high amounts
of dietary fibre, which is considered high for fruit juic-
es. Consumption of dietary fibre has been reported to
have an inverse relationship with risk of some chronic
diseases (Anderson et al., 2009). A greater amount of

Table 1. Proximate composition of the dika fruit juices, %

Variable Peeled dika fruit juice Un]_ae.eled dika fruit

(PDJ) juice (UPDJ)
Moisture 73.68 +£0.05° 70.11 £0.01*
Ash 0.41 +£0.01° 0.47 +£0.02°
Fat 0.39 +0.03¢ 2.65 +0.09°
Protein 4.04 £0.02° 4.72 £0.02°
Carbohydrate 15.32 +£0.03¢ 15.75 £0.05°
Crude fibre 6.16 £0.24° 6.30 £0.22¢
Dietary fibre 441 +0.15° 4.40 £0.31°

Values are mean +SD of triplicate determinations. Values with
different superscripts in the same row are significantly different
at p <0.05.
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moisture was observed per 100 g of the peeled dika
fruit juice compared to the unpeeled. This affirms the
report by Morais et al. (2017) that the pulps of dif-
ferent tropical fruits have been shown to have high
moisture content, which varied from 73.6 to 93.3 g per
100 g in a wet basis. The moisture content of the dika
fruit juices compared favourably with the high value
reported by Ekpete et al. (2013). The high moisture
content observed in the juices suggests that they are
prone to increased microbial activity. However, bot-
tling or canning dika fruit juice at a commercial level
will increase shelf life, reduce fruit pulp wastage and
ensure availability all year round.

The juice processed with the peel intact had more
ash content than the peeled fruit juice; fruit peel has
been reported to contain significantly higher ash con-
tent compared to fruit pulp (Ani and Abel, 2018). The
ash content recorded in this study agrees with that re-
ported for African bush mango harvested from Oken-
ya, Idah in Kogi State, Nigeria (Onimawo et al., 2003).
Moreover, fat was significantly higher in the unpeeled
dika fruit juice than its peeled counterpart, suggesting
that dika fruit peel had a higher amount of fat. Fruit
peels have been reported to contain fatty acids such
as oleic acid, which has a beneficial effect on cardio-
vascular health (Morais et al., 2017). The fat content
of juice from the peeled dika fruit was comparable to
the value found in African bush mango juice (Ekpete
et al., 2013) but higher than that of sweet orange juice
(Chuku and Akani, 2015). The carbohydrate content
of the experimental samples also compared favour-
ably with 15.97% in African bush mango and 16.05%
in Annona muricata (Ekpete et al., 2013) but lower
(14.56%) than that in sweet orange juice (Chuku and
Akani, 2015). Comparatively, the unpeeled dika fruit
juice had a higher protein content than the peeled.
Though fruits are not considered as protein sources,
the dika fruit juices contained appreciable amount of
protein. Amino acid analysis of six fruit juice sam-
ples by Zeng et al. (2015) showed that aspartic acid,
glutamic acid, asparagine, serine and glutamine were
present in most of the samples. The protein contents of
the experimental samples were higher than that of Af-
rican bush mango juice (Ekpete et al., 2013) but lower
than that reported by Onimawo et al. (2003). Nutrient
contents of fruits could be influenced by climatic con-
ditions, soil type and the stage of maturity. These are
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possible reasons for the varied proximate composition
reported by various authors.

The UPDIJ had a higher vitamin C, thiamin, beta-
carotene and folate content than PDJ (Table 2). Fruits
are generally known for their high concentration of vi-
tamins (especially vitamins C and beta-carotene) and
minerals (especially electrolytes). The juice samples
contained a high amount of vitamin C, hence 100 g
of the dika fruit juice could provide the FAO/WHO
(1985) recommended daily dietary intake of vitamin C
for an adult male or female. Vitamin C has some thera-
peutic benefits, such as skin maintenance and protec-
tion, prevention of scurvy and antioxidant activities.
The vitamin C content recorded in these study samples
was higher than the 33.03-36.13 mg reported by Ok-
iei et al. (2009). Low calcium, zinc and iron contents
were recorded in this study (Table 2). Higher calcium,
zinc and iron contents were reported in juice processed
from Irvingia gabonensis sourced from Port Harcourt,
Nigeria (Ekpete et al., 2013). The differences in values
could be attributed to the stage of maturity and vari-
etal differences, which Appiah et al. (2011) observed
in mineral analysis of Keitt mango. lodine was not
detected in the juice samples, indicating depleted io-
dine content in the soil. The concentration of iodine in
plants reflects the iodine content of the soil in which it
is grown (Fuge, 2005).

Table 2. Vitamin and mineral composition (mean +SD) of
dika fruit juices per 100 g

Variable Pef:léd dika fruit Unpegled dika
juice (PDJ) fruit juice (UPDJ)

Vitamin C, mg 70.49 +44.03¢ 81.48 +45.94°
Thiamin, mg 0.36 +0.07° 0.41 £0.07°
Beta-carotene, pg RE 5.43 £0.76 7.27 £0.57*
Folate, pg 0.62 +0.03? 0.70 £0.03?
Calcium, mg 0.39 +£0.01° 0.14 +£0.02°
Zinc, mg 0.71 £0.04° 0.42 +£0.02*
Iron, mg 0.08 £0.01° 0.13 £0.02°
lodine not detected not detected

Table 3. Phytochemical composition (mean £SD) of dika
fruit juices

Variable  Peeled dika fruit juice  Unpeeled dika fruit

mg/100 g (PDJ) juice (UPDJ)
Flavonoids 380.83 +£9.02* 399.29 £11.96°
Saponins 0.26 £0.13* 0.50 £0.02°
Alkaloids 32.21 +4.20° 39.99 £1.67°
Glycosides 11.24 £0.16* 12.50 +£0.56°

Values with different superscripts in the same row are signifi-
cantly different at p < 0.05.

Studies (Ani and Abel, 2018; Ibeanu et al., 2014)
have shown that fruit peel and seeds contain bioactive
compounds which provide desirable health benefits.
Dika fruit juices are good sources of flavonoids and
alkaloids. These phytochemicals were significantly
higher in the unpeeled dika fruit juice (Table 3). Fla-
vonoids have anti-microbial, anti-oxidant, anti-inflam-
matory and anti-allergic effects, while alkaloids play
an important role in the defense system and possess
anti-microbial, anti-HIV and anti-parasitic proper-
ties (Bouayad et al., 2012). Oxalate, phytate, tannins
and haemagglutinin (anti-nutrients) were significantly
(p < 0.05) higher in UPDJ than PDJ (Table 4). It is
likely that these natural compounds which interfere
with absorption of nutrients were more concentrated
on the fruit peel. The function of anti-nutrients in the
body depends on the quantity. Tannins are known to act
as phytochemicals at low levels with anticarcinogenic

Table 4. Anti-nutrients composition (mean £SD) of dika
fruit juices per 100 g

Peeled dika  Unpeeled dika
Variable fruit juice fruit juice
(PDJ) (UPDJ)
Oxalate, mg/100 g 30.60 £3.12*  39.60 +£3.12°
Phytate, ng/100 g 3.38 £0.31° 4.35£0.10°
Tannin, mg/100 g 40.58 £1.33*  50.16 £0.55°
Haemagglutinin, mg/100 g 14.19 £0.01° 14.30 £0.01°

Values with different superscripts in the same row are signifi-
cantly different at p < 0.05.
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Values with different superscripts in the same row are signifi-
cantly different at p <0.05.
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and antimutagenic potential (Chung et al., 1998). The
tannin and phytate contents of the samples were be-
low the safe level reported by Schiavone et al. (2008).
Phytate are known to bind iron, zinc and vitamin D
making them unavailable for absorption. The tolerable
limit of oxalate (105 mg/100 g) reported by WHO
(2003) was higher than the value in the study samples.
Haemagglutinins are sugar-binding proteins which are
known to bind and agglutinate red blood cells. How-
ever, the toxic level of haemagglutinin (25 mg/100 g)
as reported by Munro and Basir (1973) was higher
than the value found in the study samples.

Table 5. Mean scores assigned to dika fruit juice in the
9-point hedonic scale

Variable Pe@léd dika fruit Uppgeled dika
juice (PDJ) fruit juice (UPDJ)
Texture 7.4 +1.8* 7.1 +1.8*
Colour 8.0+1.1° 7.5+£1.5°
Taste 5.7 4£2.1° 5.1+1.9
Flavour 6.1£2.0° 524212
General acceptability 5.9 £2.2° 444210

Values with different superscripts in the same row are signifi-
cantly different at p < 0.05.

Hedonic scale: 1 — disliked extremely, 2 — disliked very much,
3 — disliked, 4 — disliked mildly, 5 — neither liked nor disliked,
6 — liked mildly, 7 — liked, 8 — liked very much, 9 — liked
extremely.

The sensory attributes (colour, texture, flavour,
and taste) of the PDJ and the UPDJ were rated above
average (Table 5). The PDJ was rated significantly
(p < 0.05) higher than the UPDJ in sensory attributes,
except for texture, which showed no significant dif-
ference. This was expected, as the two samples had
similar particle size. The significant lower colour rat-
ing of the UPDJ compared with the PDJ could be as-
sociated with the undesirable colour introduced by the
peel. Employing a more refined processing method
could give rise to a clearer high-quality juice. Taste
had the lowest rating among the attributes, although
this could be improved by adding a sweetener.
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CONCLUSION

This study showed that dika fruit juice has appreci-
able amounts of carbohydrate, protein, fibre, vitamin
C, flavonoid, alkaloid, and glycoside. The unpeeled
dika fruit juice was significantly higher in ash, fat, pro-
tein, carbohydrate, vitamin C, phytochemical and anti-
nutrient contents, However, the peeled dika fruit juice
was rated higher in sensory attributes. The amount
of anti-nutrients in the juice samples were below the
toxic levels. Considering the acceptance rating and
the beneficial nutritive constituents, utilization of dika
fruit should be promoted.
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