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ABSTRACT

Saba senegalensis fruit is traditionally collected and sold on the Ivorian markets, although it is considered
as an underutilized species in favour of commercial fruits. The present study aimed at providing data on the
nutritional value of Saba senegalensis fruit in comparison with widely valued fruits. Saba senegalensis pulp as
well as dessert banana, papaya and pineapple pulp were used as study material. After an evaluation of the
biochemical parameters, a principal component analysis (PCA) was used to highlight the nutritional potential of
the different fruits. The results showed that the physicochemical parameters varied from one fruit to another. The
Saba senegalensis fruit stood out from the other three fruits by its high antioxidant activity (IC50 = 39.80 + 0.45
mg/ml), its high concentration of polyphenols (600.94 + 5.27 mg EgA. G / 100 g), flavonoids (245.09 + 19.10
mg EqA.G /100 g), vitamin A (1.96 = 0.03 mg/100 g), Ca (29.19 £ 0.17) and Fe (2.51 + 0.06 mg/100 g). These
nutritional constituents are far superior in Saba senegalensis pulp to those of banana, papaya and pineapple.
Thus, its nutritional potential could be a major asset for its consumption and valorisation
© 2021 International Formulae Group. All rights reserved.
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French, zaban in Malinké language, weda in
Mooré, Madd in Wolof and c6cbta in the urban
language of Cdte d'lvoire. The interest of Saba

INTRODUCTION
Saba senegalensis is an indigenous vine

belonging to the Apocynaceae family. It is
found in the wild in northern part of Cote
d'Ivoire and also in other countries such as
Burkina Faso, Gambia, Guinea, Mali, Niger,
Guinea-Bissau, Senegal, Tanzania and Ghana
(Arbonnier, 2002). As an indigenous fruits tree,
Saba senegalensis fruit is called by different
language dialects. This fruit is called Saba in

© 2021 International Formulae Group. All rights reserved.

DOl : https://dx.doi.org/10.4314/ijbcs.v15i5.8

senegalensis in feeding and treating hundreds
of diseases in rural Populations is widely
recognized (Gning et al., 2013). Indeed, it is
used for the treatment of certain diseases such
as dysentery, diarrhoea and cough (Koné et al.,
2012; Gning et al., 2014; Ballo et al., 2020;
Angaman et al., 2001). The fruit consists of a
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globular shell enclosing very soft and juicy
yellow pulp seeds (Kini et al., 2008).

In Senegal and Mali, Saba senegalensis
fruit is widely valued and consumed. It is
processed into juice and sold on these different
markets (Edmée and Sidia, 2020; Kouyaté et
al., 2021). In contrast to these countries, little
processing is carried out on the fruit in Cote
d'Ivoire. It is found in its raw state on the
national market between May and September
(Kini et al., 2008). The lack of exploitation of
this fruit in the country could not only lead to
economic losses for the rural world but also
dishearten those who consider its harvest as a
major activity such as agriculture, livestock
and fishing (Edmée and Sidia, 2020). The lack
of nutritional knowledge of this fruit and the
competition on the market with export fruits
that have already been established in the
population's eating habits could explain its
non-valuation.

Several studies have characterized this
fruit, but its overall nutritional positioning in
relation to mainstream fruits has never been
determined. The daily consumption in
sufficient amounts the fruits is known to
prevent diseases such as cardiovascular disease
and some cancers (WHO/FAQ, 2014). Thus,
the nutritional potential of the Saba
senegalensis fruit is essential to promote the
importance of its health benefits and generate
particular interest in its valuation.

The objective of this work was to
highlight the nutritional contribution of the
Saba senegalensis fruit in comparison with
widely valued fruits.

MATERIALS AND METHODS
Study material

The plant material consisted of Saba
senegalensis fruits, dessert banana (Musa
triploid AAA, Cavendish, cv Grande Naine),
papaya (Carica papaya L.) and pineapple
(Ananas comosus). The fruits of Saba
senegalensis were collected at an advanced
stage of ripeness (orange) in the region of
Korhogo and those of the MD2 pineapple
variety at the ripe stage (green) came from
Bonoua. The sweet banana of the cultivar
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Grande naine and the ripe (green) solo papaya
were harvested in the Azaguié region. The
collected fruits were brought to the
Biochemistry —and  Tropical  Products
Technology Laboratory of the Université
Nangui Abrogoua in Abidjan, and stored in
crates at room temperature (27 £ 1 °C). The
commercial ripeness of dessert banana, papaya
and pineapple was observed subjectively by
following the colouration of the pericarp.
These three fruits reached the yellow-green,
yellowish-green and orange-yellow stage
respectively, taking into account the ripeness
stages described by the CEE-ONU standard
(2013).

Methods
Preparation of fruit pulps

The selected Saba senegalensis fruits
were washed to remove dirt and most of the
surface microorganisms. The globular shell
containing the seeds coated with yellow pulp
was broken with a stainless-steel knife. The
pulp was separated from the seeds by kneading
and straining. The peeled dessert banana,
papaya and pineapple pulps were mixed using
a ZBK220077-88LW74d blender. The
different pulp extracts obtained were used for
the different laboratory analyses.

Biochemical analysis
Proximal composition

The proximal composition  was
determined according to the method (AOAC,
1990). The moisture content was determined
by drying in an oven at 105 °C to a constant
weight. Ash was determined by weighing the
residue obtained by incineration at 550 °C for
8-12 hours. The total crude protein content was
determined by the Kjeldahl method. The total
lipid content of the samples was determined
gravimetrically after extraction with Soxhlet.
Fibre was determined after acid boiling under
reflux cooling.
Mineral composition

The contents of Ca, Mg, K, Na, Fe, Mn,
Cu and Zn were determined by atomic
absorption spectroscopy after wet
mineralisation (AOAC, 1990).
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Soluble sugars

To five (5) g of pulp, 50 ml of distilled
water was added. After five (5) min
homogenisation with a magnetic stirrer and 20
min centrifugation at 4000 G (GMA laboratory
centrifuge, D-37520, Germany), 50 ml of the
supernatant was pipetted into a 200 ml
volumetric flask and made up to the mark.
Reducing sugars were determined by the
method of Bernfeld (1955) using DNS
(dinitrosalicylic acid). The optical density
(OD) reading was taken at 540. As for the
determination of total sugars, the measurement
was performed according to the method
described by Dubois et al. In the presence of
phenol and sulphuric acid, the solution took on
a yellow-orange colour, the intensity of which
is proportional to the carbohydrate
concentration. The intensity of this coloration
was measured at 490 nm. A UV
spectrophotometer (AQUALYTIC ALS8O00,
Germany) was used throughout the above two
analyses. The amounts of total reducing and
soluble sugars were expressed in grams per 100
g fresh weight. Glucose was used as a reference
at 200 pg/ml.
f-carotene content

The determination of [B-carotene was
carried out by adaptation of the method of Aké
et al. (2001). A quantity of 10 g of sample was
weighed and ground in 40 ml of ethanol. The
ground material was poured into a separating
funnel to which 50 ml of hexane was added.
The supernatant was collected and 50 ml of
hexane was added again. The supernatant was
removed and evaporated in the oven at 45 °C
for 24 hours. A quantity of 4 ml of the sample
was taken and the optical density (OD) reading
was taken with a spectrophotometer at 450 nm.
Determination of total polyphenols

The  determination  of  total

polyphenols (in mg G.E / g fresh matter) was
carried out by adapting the method of Wood et
al. To five (5) g of pulp, 50 ml of distilled water
was added. After 5 min of homogenisation
using a magnetic stirrer, the solution was
filtered through cotton wool. Using a pipette, 1
ml of the filtrate is withdrawn and inverted into
a beaker. To this volume, 1 ml of the Folin-
ciocalteu reagent is added and homogenised by
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manual shaking. After 3 min, a volume of 1 ml
of an aqueous solution of sodium carbonate
(20%, wi/v) was added and the volume was
adjusted to 10 ml with distilled water. The tube
was then put in the dark for 30 min. The
absorbance was read with a UV
spectrophotometer (AQUALYTIC ALB800,
Germany) at 760 nm against the blank. Finally,
a calibration curve was performed using a
range of gallic acid concentrations from 0 to 1
mg/ml. The results were expressed as mg gallic
acid equivalent (GAE)/100 g fresh matter
(DM).
Determination of total flavonoids

The determination of total flavonoids
was performed according to the method
described by Marinova et al. To five (5) g of
pulp, 50 ml of distilled water was added. After
5 min of homogenisation using a magnetic
stirrer, the solution was filtered through cotton
wool. To a volume of 0.5 ml of the filtrate were
successively added 0.5 mL distilled water, 0.5
ml aluminium chloride (10% wi/v), 0.5 ml
sodium acetate (1 M) and 2 mL distilled water.
The contents were then left to stand for 20 min
in the dark and the absorbance was read with a
UV spectrophotometer (AQUALYTIC AL800,
Germany) at 415 nm against a blank. Finally, a
calibration curve was performed using a range
of quercetin concentrations from 0 to 0.1
mg/ml. The results were expressed as mg
quercetin equivalent (QE)/100 g fresh material.
Total antioxidant capacity

The determination of antioxidant
capacity was carried out by slightly modifying
the method of Muanda (2010) using 2,2-
diphenyl-1-picrylhydrazyl (DPPH). Various
amounts of the samples dissolved in methanol
were added to 5 ml of a 0.004% methanol
solution  of  DPPH (2,2-diphenyl-1-
picrylhybrid). DPPH (2,2-diphenyl-1-
picrylhydrazyl, free radical). After 30 minutes
of incubation at room temperature, the
absorbance was read against a blank at room
temperature. At room temperature, absorbance
was read against a blank at 517 nm (20).
Vitamin C was used as a positive control. The
percentage of DPPH free radical inhibition
(19%) was calculated according to the equation
below. The linear regression between the
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different  inhibition  percentages and
concentrations then allows the median
inhibitory  concentration (ICsg) to be
determined.

1% = (Absorbance control - Absorbance
sample /Absorbance control) x 100

Statistical analysis

The results of the analyses were
submitted to an analysis of variance (ANOVA)
at the 0.05 level of significance using XLSTAT
software (Version 19.6). The Tukey test was
used to determine significant differences
between the samples. After the ANOVA, a
principal component analysis (PCA) was
performed for the discrimination of the
different fruits.

RESULTS
Proximal composition

Table 1 presents the biochemical
characteristics of Saba senegalensis, dessert
banana, papaya and pineapple pulps. The
results revealed the existence of significant
difference (P < 0.05) at the 5% threshold on all
the parameters studied. All the fruits studied
had high water content, but with a
predominance in papaya (88.10 + 0.87%) and
pineapple (87.13 * 0.71%). The fibre
concentration was higher in papaya (0.67 %
0.00 g/100g MF) compared to other fruits. The
lowest concentrations were recorded in Saba
senegalensis and banana pulp. For lipids, the
highest content was observed in pineapple pulp
(0.88 + 0.01 ¢g/100 g MF), followed by Saba
senegalensis, banana and papaya. For protein,
sugars and ash content, banana had the highest
concentrations. With a concentration of 1.96 +
0.03 mg/100 g MF, Saba senegalensis pulp was
the richest in B-carotene.

Minerals

The mineral analysis of the 4 fruit
samples has been represented in Table 2. The
most prevalent minerals in all fruits were
Potassium (K), Magnesium (Mg) and Calcium
(Ca). The results showed that from one fruit to
another the mineral concentration varied
significantly (P < 0.05) at the 5% threshold.
Banana recorded the highest concentrations of
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K (426.94 + 0.73 mg/100 g MF) and Mg (38.41
+ 0.08 mg/100 g MF). Saba senegalensis pulp
had a high concentration of Ca (29.19 + 0.17
mg/100 g MF), as well as a high concentration
of Mg which is significantly the same as that of
banana. Papaya and pineapple recorded the
lowest concentrations of macroelements. With
regard to trace elements, Saba senegalensis
pulp isricher in Fe (2.51 + 0.06 mg/100 g MF).
On the other hand, this fruit recorded no
concentration of Manganese (Mn) and Copper
(Cu). Banana and pineapple recorded the
highest concentrations of Mn. For Cu the
highest concentration was observed in banana
pulp (0.07 + 0.00 mg/100 g MF). The
concentration of Zinc (Zn) is higher in
pineapple and lower in banana.

Antioxidant composition of pulps

The antioxidant activity and total
polyphenol and flavonoid components of the 4
fruit pulps are presented in Table 3. The
antioxidant activity as well as the total
polyphenol and flavonoid components vary (P
< 0.05) at the 5% threshold from one fruit to
another. Saba senegalensis pulp had the
highest antioxidant activity (39.80 *+ 0.45
mg/ml) as well as the highest concentrations of
total polyphenols (600.94 + 5.27 mg EqA.G
/100 g) and flavonoids (245.09 + 19.10 mg
Q.E/100 g). Pineapple had the lowest
concentrations of total polyphenols and
flavonoids. The lowest antioxidant activity was
observed with banana pulp.

Discrimination of different fruits

The biochemical variability of the fruits
wasdescribed using principal component
analysis (PCA). The principal component
analysis carried out with all the biochemical
variables measured made it possible to
distribute the fruits and position them
according to their nutritional potential in the
plane formed by the F1 and F2 axes as shown
in Figure 1. The main axes noted F1 and F2
have a contribution of 87.13% to the total
variability, i.e. an individual contribution of
47.75% for the Fl axis and 39.38% for the F2
axis. The wvariables protein, [-carotene,
phenolic compound, flavonoid, total sugars,
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by a high concentration of polyphenols,
flavonoids, B-carotene (vitamin A), Ca, Fe and
acids. Banana stands out from other fruits by its
high concentration of ash, protein, total sugars,
reducing sugars, K, Mg, Na, Mn and Cu.
Pineapple is distinguished by its high water and
Zn content. Papaya is richer in fibre.

reducing sugars, K, Ca, Fe and Cu contribute to
the formation of the FI axis. The F2 axis is
formed by the variables moisture (H), ash, Na,
Zn and Mg. The representation of the fruits in
the plane formed by the FI and F2 axes
highlights the biochemical variability of the 4
fruits. Saba senegalensis pulp is characterised

Table 1: Biochemical characteristics of different fruits.

Pulps

Parameter Saba Banana Papaya Pineapple

Moisture (g/100 g) 85.27+0.37°  79.67 +0.57° 88.10 + 0.87° 87.13+0.71°
Fibre (g/100 g) 0.18 £ 0.02° 0.29+0.16° 0.67 +0.002 0.53+0.11°
Ash (g/100 g) 0.58 + 0.01° 1.18 +0.072 0.47 +0.06° 0.30 +0.08°
Lipid (g/100 g) 0.81 +0.02" 0.65 + 0.01° 0.32 + 0.003¢ 0.88 +0.012
Protein (g/100 g) 0.32 +£0.01¢ 1.35+0.01° 0.68 +0.01° 0.55+0.01¢
T-sugars (g/100 g) 6.50 + 0.394 15.83+£0.78% 8.67 + 0.66° 10.66 + 0.03°
r-sugars (g/100 g) 2.64 +0.23¢ 5.38 £ 0.20% 410+0.13° 410+0.13°
p-carotene (mg/100 g) 1.96 + 0.032 0.93 +0.34° 0.64 = 0.54°¢ 0.53 £ 0.15°¢

Values in the same row with the same letter are not significantly different from each other according to Tukey's multiple
comparison test at the 5% level. Values are expressed as Mean + Standard Deviation (n = 3 trials). T-sugars: total sugars, r-
sugars: reducing sugars.

Table 2: Mineral concentration (mg/100 g) of fruit pulps.

Minerals Pulps

Saba Banana Papaya Pineapple
Potassium (K) 148.31 + 0.62° 426.94 £0.732 210.81 +0.54° 121.04 £ 0.12°¢
Calcium (Ca) 29.19+0.172 5.62 +0.13° 8.23+0.24° 3.96 + 0.07°
Sodium (Na) 3.99 + 0.02° 5.18 £ 0.08? 1.51+0.01° 1.45+0.01°
Magnésium (Mg) 37.58 £ 0.63? 38.41 + 0.08? 6.69 + 0.02° 3.65+0.01°
Iron (Fe) 2.51 +0.062 0.27 +0.01° 0.26 + 0.00° 0.32 +0.00°
Manganese (Mn) nd 0.31+0.012 0.01£0° 0.28 + 0.00?
copper (Cu) nd 0.07 + 0.00? 0.01 +0.00° nd
Zinc (Zn) 0.08 + 0.01° 0.03 £ 0.00° 0.09 £ 0.00° 0.11 +0.00?

Values in the same row with the same letter are not significantly different from each other according to Tukey's multiple
comparison test at the 5% level. Values are expressed as Mean + Standard Deviation (n = 3 trials). nd: not detected.

1795



Y. E. KOUAKOUA et al. / Int. J. Biol. Chem. Sci. 15(5): 1791-1799, 2021

Table 3: 1Csp and Concentration of total polyphenols and flavonoids.

Parameters Pulps

Saba Banana Papaya Pineapple
1Cs0 (mg/ml) 39.80 + 0.45¢ 349.99 + 52.522 77.02 £ 8.05° 109.65 + 4.66°
Total polyphenols 600.94 + 5.272 149.66 + 0.53° 142.83 +1.35° 145.26 + 0.85°
(mg EqA.G/100 g)
Flavonoid (mg 245.09 + 19.10° 81.55 + 12.57° 20.13 + 3.824 41.57 + 5.59¢
EgA.G/100 g)

Values in the same row with the same letter are not significantly different from each other according to Tukey's multiple
comparison test at the 5% level. Values are expressed as Mean + Standard Deviation (n = 3 trials).

(axes Fl et F2 : 87,13 %)
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Figure 1: Two-dimensional representation of biochemical variables and fruits (individuals).

P = protein, St = total sugars, Sr = reducing sugar, Pl = polyphenol, H = moisture, C = ash, 3-C = B-carotene, Fl = flavonoid,
L = lipid, F = fibre, Ca = calcium, K = potassium, Na = sodium, Mg = magnesium, Mn = manganese, Fe = iron, Cu = copper,
Zn = zinc.
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DISCUSSION
The present study highlighted the
nutritional  differences  between  Saba

senegalensis pulp and the other three (3) fruits
(banana, papaya and pineapple).

According to the  biochemical
parameters and the distribution of variables
carried out by PCA, Saba senegalensis pulp is
distinguished from the other fruits by its
composition in polyphenols, flavonoids, B-
carotene (vitamin A), Ca and Fe. Also, the fruit
has a very high antioxidant activity. This fruit
alone contained 48, 57 and 63% [-carotene,
polyphenols and flavonoids respectively
compared to the other 3 fruits studied. The high
concentration of these compounds has been
highlighted by several authors (Kini et al.,
2012; Sarr et al., 2018; Diabagaté et al., 2019).
According to the studies by Diabagaté et al.
(2019) and Sarr et al. (2018), the polyphenol
concentration of Saba senegalensis pulp varied
between 264.76 and 945.83 mg EqA.G/100 g.
Flavonoids and B-carotene were in the range of
53.44 and 1.55 mg EqA.G/100 g (Kini et al.,
2012; Diabagaté et al., 2019). The variation in
flavonoid concentration observed in the study
could be explained by the variety and maturity
status of the fruit. Together, these compounds
provide strong antioxidant activity to Saba
senegalensis fruit. As the results of this study
show, the ICso of Saba senegalensis pulp is
39.80 mg/ml which is 2, 3 and 9 times higher
than that of papaya, pineapple and banana
respectively. In the literature, no study has been
conducted on the antioxidant activity of Saba
pulp, but studies conducted on the leaves have
revealed the high antioxidant activity of the
plant (Sarr et al., 2015; Yougbaré-Ziébrou et
al., 2015). Yougbaré-Ziébrou et al (2015)
obtained an 1C50 of 18, pg/ml from the freeze-
dried aqueous extract of the Saba senegalensis
leaf stem. At the mineral level, Saba
senegalensis pulp is distinguished by its high
Ca and Fe concentration. The Saba
senegalensis fruit expresses 61% and 74%
respectively of these two minerals that could be
provided by all four fruits. With samples
collected in the region of Korhogo, Diabagaté
et al (2019) recorded concentrations of 36.61
and 1.04 mg/100g. In Burkina Faso,
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Tiendrebeogo et al (2020) recorded
concentrations of 130.2 and 2.54 mg/100g.
This difference could be justified by
differences in soil, climate and fruit maturity
level. As the daily requirements of these
minerals are 1200 and 8.1 mg/day, the
consumption of 100 g of this pulp could cover
2.4% and 30% of the requirements. All this
nutritional richness could be very beneficial for
the health of the consumer. Indeed, in addition
to having a strong antioxidant activity, the fruit
could contribute to improve the vision. The Ca
and iron they contain play an important role in
our bodies. Calcium is essential for muscle
contraction, oocyte activation, bone and tooth
formation, blood clotting, nerve impulses,
transmission and regulation of heart rhythm
(Piste et al., 2013). Iron is a component of
haemoglobin and plays a fundamental role in
gas exchange, particularly in oxygen transport
in red blood cells (Abbaspour et al., 2014).

In addition to its potential, Saba
senegalensis pulp in comparison to pineapple
and papaya was less rich in fibre. The low fibre
concentration obtained in the study could be
justified by the pulp extraction method. In the
literature, this concentration varied between
1.3 and 13.52 mg/ 100 g (Sarr et al., 2018).
Saba senegalensis pulp would also differ from
banana in its concentration of sugars, protein
and K. Saba senegalensis pulp is half as rich in
sugars as banana. This difference in
concentration has allowed the Saba
senegalensis fruit to be positioned as a low-
sugar fruit. In the literature, Diabagaté et al
(2019) reported a concentration of 6 g/ 100 ¢
for total sugars and 2 g/ 100 g for reducing
sugars in Saba senegalensis pulp. These results
are very close to the one obtained in this study.
Like sugars, proteins are 2 times less
concentrated in Saba senegalensis pulp than in
banana. The low concentration of protein in
Saba senegalensis pulp has already been
highlighted by Boamponsem et al (2013). In
terms of minerals, apart from the absence of
Mn and Cu, Saba pulp is twice as low in K as
banana. According to Diabagaté et al (2019),
Saba senegalensis has a concentration of
116.96 mg/100 g. This concentration is similar
to those obtained in this study.
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Conclusion

At the end of this study, it should be
noted that Saba senegalensis pulp has a
nutritional potential that differentiates it from
banana, papaya and pineapple. This fruit has a
strong antioxidant activity and is very rich in
polyphenols, flavonoids, B-carotene (vitamin
A), Ca and Fe. This study is of particular
interest to both consumers and industry. It will
also be used to enhance the value of Saba
Senegalensis fruit in Cote d'lvoire.
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