‘ Ilnternational

Scholars
Journals

African Journal of Agriculture ISSN 2375-1134 Vol. 11 (9), pp. 001-009, September, 2024. Available online at
https://internationalscholarsjournals.org/journal/ajaoas/table-of-contents © International Scholars Journals

Full Length Research Paper

Impact of Microclimatic Variations on the Nutritional
and Physicochemical Attributes of Syzygium cumini
(L.) Skeels in Kenya

Rose Chiteva®®, John Mmari Onyari®, Lydia Wanjiru Njenga' and Vincent Odongo Madadi*

1Department of Chemistry, University of Nairobi, Nairobi, Kenya.
2National Forest Products Research Program, Kenya Forestry Research Institute (KEFRI), Nairobi, Kenya.

Received 22 April 2024; Accepted 18 August 2024

Wild fruits contribute significantly to food security, thus becoming an important global discussion. This
study evaluated the physicochemical and nutritional properties of Syzygium cumini (L.) Skeels fruits
from two microclimates in Kenya as essential contributors to the human diet. Analysis was done using
standard methodologies including the use of inductively coupled plasma - optical emission
spectrometer for elemental analysis and high-pressure liquid chromatography for the determination of
Vitamin C. The T-test showed significant differences in the fruit breadth, pH, total ash, sodium, calcium,
manganese, copper, and zinc. The Pearson correlation matrix showed a small positive association
between total soluble solids and titratable acidity with altitude, a medium positive correlation with
rainfall, and a strong positive correlation between sunshine and skin colour intensity. Larger fruits
contained substantial amounts of protein and crude fiber with a significant increase in energy values in
fruits with high crude fat and carbohydrates, all correlating positively with the microclimate conditions;
altitude, and rainfall. This study exemplifies the potential of Syzygium cumini as an alternative feed
supplement to strengthen food security. It provides information on the variation of the physicochemical
and nutritional composition of the fruits with climatic conditions, for the industries to employ the best
strategies in obtaining marketable products.
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INTRODUCTION

Kenya is endowed with several underutilized wild fruits, depending on the climatic conditions. These wild fruits
among them is Syzygium cumini fruits (Figure 1) which are considered significant in food security and
not only have medicinal value but also nutritive properties nourishment (Sunderland et al., 2013). They are
(Ayyanar and Subash—-Babu, 2012). In Kenya, they widespread in India (Khan et al., 2019), Hawaii (Whistler
mature twice a year, January to April and June to August, and Elevitch, 2006), Australia (Lim, 2012), and the
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Figure 1. Syzigium cuminii fruits.
Source: Authors 2023

Philippines (Columna, 2019). S.cumini is oval-shaped,
big, or small juicy fruits depending on the environment.
They are dark purple when ripe (Ayyanar and Subash —
Babu, 2012) and light pink when raw. They are rich in
plant chemicals that can treat cancer and the heart (Neha
et al., 2020). The fruit also has a characteristic taste
(Kshirsagar et al., 2019; Srivastava, 2009). It is estimated
that globally, 13.5 million tonnes of these fruits are
produced annually with China leading in production and
India contributing 15.4% (Madani et al., 2005). All the
plant parts of these trees are used for medicinal purposes
(Kshirsagar et al., 2019). These fruits are nutritionally rich
containing carbohydrates, crude fiber (Gajera et al.,
2018), crude fats (Raza et al., 2015), high energy (Shilpa
et al, 2015) and vitamins (Gonzalez-Cebrino et al.,
2022). Syzigium fruits also contain proteins, with about 17
amino acids reported. Arginine and histidine were
dominant (0.62 mg/100g each) in the study by Sibiya et
al. (2021). With its high nutritional content, S. cumini fruit
can be used in processing and value addition of jams,
juices, jellies, and wine thus contributing to food security
by prolonging the shelf life of the fruit products. This study
provides data on the potential of Syzygium cumini fruits,
as low-cost alternatives to supplement normal and
emergency feeding programs to strengthen food security,
reduce malnutrition and mitigate chronic diseases in
Kenya. It also provides important information on the
quality of fruits to the industries, for them to employ the
best strategies and logistics in obtaining high-value
marketable products. Fruit quality parameters such as
colour (Ocholla et al., 2020) and vitamins for other
indigenous fruits like Baobab (Stadimayr et al., 2020;
Muthai et al., 2017; Ibrahima et al.,, 2013) have been
studied, but so far there is no documented work for
similar parameters on Syzygium species (Mzambarau —
Kiswabhili) from Kenya.

MATERIALS AND METHODS
Study sites

Syzygium cumini fruits were sampled from two different
microclimatic sites in Kenya; Bungoma County covering an area of
3,032 km2, located at latitude 00 45’ 00” N and longitude 34 35’ 00”
E (Ocholla et al., 2020). The altitude is 1385 to 1441 m above sea
level. Kwale County on the other hand is located on the Kenyan
south coast, at latitudes 4° 10' 0" S and longitudes 39° 27' 0" E an
altitude of between 382 and 408 m above sea level.

Instruments

pH meter (Horiba Advanced Techno Co. Ltd, Japan), Oven
(Memmert GmbH Co. Kg, Belgium), Muffle furnace (Yamato
Scientific Co. Ltd., Japan), Digital refractometer (ATAGO Co. Ltd,
Japan), HPLC (Shimadzu, Japan), Food processor (Von hot point,
Whirlpool, USA), ICP — OES (Agilent technologies, USA), Bomb
calorimeter (Parr Instrument Co., USA).

Chemicals

About 97.0% NaOH, Phenopthalein indicator, 30% H202, 37% HCI,

H2S0O4 (95 to 97%), and Metaphosphoric acid (33.5 - 36%) were
purchased from UNILAB (Nairobi, Kenya). All chemicals used in this
study were of analytical grade.

Fruit sampling

Three fresh and ripe fruits were purposively sampled from tree
canopies oriented towards the East, middle, and west of each tree.
The three were classified as large, medium, and small in size giving
a total of 120 fruits from the 40 trees that were sampled in each
County. The positions of the trees were recorded using a Global
positioning system (GPS) for future reference. The two sites
(Counties) were selected due to their varied geographical location.
The ripe fruits once picked were immediately transferred to the
laboratory, washed, and de-pulped to separate the seeds from the



edible portions. The fresh samples were used for analysis except
for moisture content where the samples were oven-dried.

Physicochemical properties
Fruit size and skin color

Fruit size was determined by measuring the lengths and breadth
using digital veneer calipers, as described by Jahanbakhshi et al.
(2019). The fruit's skin colour was measured using a handheld and
portable Konica Minolta, CR 410 Colorimeter that was calibrated
against a white background before taking measurement. The
measurements for fruit skin colour were taken at three different
points along the equatorial axis of each fruit. CIELab colour space

was used to record the colour coordinates L (lightness to

darkness), a (red to green), and b (yellow to blue) as described by
Ly et al. (2020).

Determination of fruit juice pH

Determining the pH of fruit samples was done by separating fruit
pulp from the seeds and juice extracted from 50 g of the edible
portion using a food blender. The pH of the juice was determined
using a LAQUA pH meter F-72, calibrated according to AOAC
method 942.15 (AOAC, 2000).

Determination of moisture content

Moisture content was determined by weighing 3 g of fresh
Syzygium fruits which were then placed in weighed crucibles and

oven dried at 105 C for three hours. The crucibles were cooled and
weighed. They were returned to the oven, heated, cooled, and
reweighed, a process that was repeated until a constant weight was
obtained. Equation 1 shows the calculation of moisture content of
fresh fruit samples as described by Bahadi et al. (2016).

% moisture = Weight of crucible + dried fruit sample — Weight empty crucible
x 100 Weight of crucible + fresh fruit — weight of empty crucible

@)

Determination of ash content

About 3 g of the oven-dried Syzygium fruits were ashed in a Muffle

furnace at 470°C for three hours followed by digestion in nitric acid
and hydrochloric acid in the ratio of 2:1. The residue was
evaporated and filtered using filter paper as reported by (Bukva et
al., 2019). The ash content was calculated as shown in Equation 2.

Ash content (%) = Weight of crucible (g) + ash — Weight of empty crucible(g) x 100
Weight of crucible (g) + sample — weight of empty crucible (g)

@

Determination of total soluble solids (‘Brix)

Total soluble solids were determined by direct reading from fruit

Juice using a digital refractometer ATAGO PR — 101a at 25° C.
Two drops of fruit juice per fruit were analyzed according to AOAC
method 932.12 (Scalisi, 2021).

Determination of % Titratable acidity (TA)

10 g of the fruit pulp was mixed with 200 mL of de-ionized water

and boiled for one hour. On cooling, the mixture was filtered,
transferred to a 250 mL volumetric flask, and made up to the mark.
The fruit juice was titrated with NaOH (0.1M) and 1%
phenolphthalein indicator then % TA was calculated considering
tartaric acid which is the dominant acid in Syzygium fruits, as shown
in Equation 3.

% TA =M x Va X EL x d. f x 100/Vs @)

Where; M» = Molarity of NaOH, V, = volume of NaOH, E1= milli-
equivalent weight of tartaric acid (0.075), Vs = volume of Syzygium
juice, d. f. = dilution factor.

Titratable Acidity was determined according to the method by
Tsegay (2020). The results were expressed as % tartaric acid/100 g
of fresh fruit.

Determination of mineral content

Fruit samples were prepared by first de-pulping and juicing using an
HP2050W (China) domestic food processor. Analysis was done for
heavy metals namely; cadmium, manganese, chromium, zinc, and
copper. Other minerals are; sodium, iron, magnesium, and calcium.
0.8 mL of Syzigium fruit juice was mixed with an equal amount of
nitric acid (ANALAR) in separate vials, and then the mixture was
allowed to pre-react for 30 mins in a fume chamber. 0.6 ml 30%

H>O, was then added and samples were placed in closed Teflon
receptacles for digestion using a microwave for 35 mins at a
temperature of 180°C and maintained at the same temperature for
20 mins. Samples were cooled and further diluted tenfold. 1 mL of
each sample was spiked by an internal standard to give 0.5 mg/L
yttrium, and 1 mL of 1% triton was then diluted to 10 ml by 0.075%
nitric acid. Blank samples were made using nitric acid to 500 pL and
diluted as in the multi-elemental standards. Analysis was done
using an Agilent 5110 Inductively Coupled Plasma - Optical
Emission Spectrometer (ICP - OES) with a detection limit of
between 0.01 to > 1 ppm, following the method described by Hong
et al. (2019).

Nutritional properties
Determination of protein content

The crude protein was determined using the Kjeldahl method
(AOAC, 2006), method 984-13. 2 g of fresh Syzygium fruit pulp was
placed in a 100 mL Kjeldahl flask adding 1 g Kjeldahl catalyst
mixture of sodium and copper sulphate, followed by 15 mL of
concentrated sulphuric acid. The mixture was digested on a heater
to clear color, cooled, and made up to 50 mL using distilled water.
The resulting solution was ammonium sulphate which was then
titrated with 10 mL of sodium hydroxide, 4% boric acid, and three
drops of mixed indicator forming ammonium borate. The distillate
was titrated with 0.1 M hydrochloric acid and then mixed with the
indicator that was used to determine the endpoint (blue). Similarly,
a sample without fruits was subjected to the same treatment.
Nitrogen (N) content was calculated as seen in Equation 4.

% N = HCI (M) x blank titre x 0.014 x volume of blank
Weight of fruit sample x used volume of blank 4)

Equation 5 shows how the crude protein was calculated using
nitrogen content multiplied by a conversion factor of 6.25;

% crude protein = % Nitrogen x 6.25 (5)



Determination of crude fat

Crude fat was determined using the Soxhlet system. 3 g of fresh
fruit pulp was weighed into a clean thimble and the weight of both
was also noted. The top of the sample was covered using cotton
wool and a thimble was placed in the Soxhlet flask which was
placed in a heating mantle and connected to a reflux condenser.
0.15 L of petroleum ether was added to the thimble and extraction
was undertaken for 16 hours. The sample was then placed in an

oven at 100 OC, dried for one hour, cooled, and weighed.
Determination was done in triplicates and the average was used to
calculate crude fat content using Equation 6.

Crude fat (%) = Final weight of thimble and residue — Weight
of empty thimble Weight of fresh fruit pulp

(6)

Crude fat was extracted following the (AOAC, 2006) procedure,
method number 920-39.

Determination of crude fiber

The crude fiber was determined according to method No. 978-10
(AOAC, 2006) procedures.
2 g extract from crude fat was placed in a round-bottomed flask,

then 0.2 L hot 0.1 M H2SO,4 was added. This unit was attached to a
reflux condenser for 30 minutes, with the addition of distilled water
to maintain the volume. The extract was filtered using filter paper,
washed with hot water, and tested for acidity until litmus paper does
not turn pink. The washed extract was mixed with hot 0.3 M sodium
hydroxide and refluxed for 40 mins., filtered using filter paper,
washed with distilled water, and finally with 20 mL ethanol. The
sample was then placed in an oven at 105°C until a constant weight
was obtained. The resulting sample was ashed in a muffle furnace
at 470°C for three hours. The loss in weight was recorded as the
amount of crude fiber in the fruits following the procedure
(Ranganna, 2001).

Determination of energy content

One gram of fruit sample was wrapped in an ash-less paper,
fastened with a wire, and placed in a stainless steel sample holder
which also contained a platinum wire dipping in the sample and
held together by two electrodes. Excess oxygen was pumped into
the vessel containing the cap to a pressure of 25 atm. The tightly
closed container was immersed in an insulated water bath fitted
with a stirrer and thermometer noting the initial temperature of the
water. Incineration was done by completing the circuit allowing
electricity to go through the platinum wire thus combusting the
sample. The stirring of the water was continued, and the final
temperature after combustion was noted. This procedure followed
what was described by Nifiez-Regueira et al. (2001).

Calculation of energy content/calorific value of S. cumini fruits
was done as shown in Equations 7 and 8. Let:

‘X (g) = weight of fruit sample

M (g) = weight of water in the

calorimeter w (g) = Water equivalent

T1 and T2 (°C) = Initial and final water temperatures in the
calorimeter respectively

L (Cal/g) = High calorific value of fruits

Heat dissipated on combustion of fruits = XL

Absorbed heat during the combustion process = (M + w) (T2. T1)

Since the heat dissipated by the fruits is equal to what is absorbed
by the water, Equation 8 shows the combination.

XL=(M+w)(T2-T1) Q)
High Calorific Value, L(Cal/g) = (M + w) (T2 . T1)/X (8)

HCV is corrected due to errors introduced by fused wire that burns
increasing heat (CF), and cooling time for the water (CT), the cotton
thread used for fire is made of cellulose whose CV is 4140 Callg
(CT). Due to high temperatures and pressure during the ignition,
nitrogen, and sulphur present in the fruits reacted forming sulphuric
and nitric acids, (CA).

L benzoic acid = 6335 Callg
The corrected equation is as shown in Equation 9.

L(Cal/g) = (M + w) (To. T1 + CT) — (CF- CcF — CA)/X % 9)

Determination of carbohydrates

The amount of carbohydrates in the fruits were obtained by
subtracting the moisture content, crude proteins, ash, crude fat, and
fiber from 100, and recorded as a percentage (Serrem et al., 2011).

Determination of Vitamin C content

Vitamin C was determined by dissolving 30 g per sample of the
edible portions of fresh fruits in 80 mL of metaphosphoric acid and
washed before filtration using a vacuum pump. Analysis was done
using a Shimadzu LC20A HPLC system equipped with an SPD 20A
Ultra Violet detector at 254 nm, column length of 2 m, and the
concentration of vitamin C was determined according to the method
by Zanini et al. (2018).

Statistical analyses

Results were obtained in triplicates and presented as mean +
standard error of the mean. All the data were analyzed by R 4.1.1
software and the Turkeys test was used to determine significant
differences between the microclimate and S. cumini fruit
parameters in the two counties at p < .05. Pearson’s correlation
matrix was used to present the relationship between any two
variables.

RESULTS AND DISCUSSION
Climatic conditions

All the documented climatic parameters in this study
except sunshine significantly varied between the two
counties at p < .05 (Table 1). Table 2 shows variations in
the physicochemical and nutritional content of S. cumini
fruits at p < .05, within the two counties. Fruit sizes were
slightly different between the sites with fruit breadth
ranging between 15.62 + 1.04 and 16.24 + 0.67 mm. The
widest fruits were collected from Kwale County. These
values are higher than the 10.38 £0.94 mm reported by
Prasajith et al. (2019). The variation may be a result of
the difference in climatic conditions (de Wit et al., 2010).
There was no significant variation in Total Soluble Solids
between the two counties, TSS which is the sugar
content in fruits varies with their maturity, one of the



Table 1. Climatic conditions for Bungoma and Kwale counties, Kenya (2018 - 2021).

Site Mean rainfall Mean temperatures Relative humidity Sunshine
(mm) S (%) (%)
Bungoma 1700 21.89 59.82 63.47
Kwale 1032 25.72 72.57 66.29
R - score 0.8909 0.951 0.8638 0.6999
p - value 0.001 < 0.001 0.001 0.1127

Source: Authors 2023.

Table 2. Physicochemical and nutritional content of S. cumini fruits from Bungoma and Kwale Counties, Kenya.

County Significance

Parameter T value p -value

Bungoma Kwale (p <.05)
Fruit weight (g) 4.09 +0.8 4.56 + 0.69 -1.61 0.05 n.s
Fruit length (mm) 23.38+6.5 25.52 £ 1.27 -0.22 0.41 n.s
Fruit breadth (mm) 15.62 +£1.04 16.24 + 0.67 -1.70 0.04 *
Color
L* 33.63 +£0.01 32.84 +0.09 0.90 0.18 n.s
ax 78.88 £0.04 79.43 £0.06 -0.16 0.44 n.s
b* -31.51 +0.37 -30.9 +1.44 -0.19 0.42 n.s
C* 82.22£0.01 87.4 +0.02 -0.67 0.25 n.s
Moisture content (%) 86.12 +1.78 85.36 £ 0.35 1.52 0.06 n.s
Ash content (%) 1.61 +0.02 2.74+0.01 -7.47 <0.001 *
pH at 25°C 35 +£0.0 3.16 £0.01 11.27 <0.001 *
TSS (OBrix at 25°C) 14.27 £ 0.1 15.05+0.18 -1.07 0.14 n.s
Titratable acidity (%) 0.74 +0.01 0.78 £0 .02 -1.14 0.13 n.s
Vitamin C (mg/100 g) 246.81 +0.1 353.61+1.22 -1.57 -0.06 n.s
Crude fat (mg/100 g) 0.46 +0.14 0.49+0.24 -0.54 0.29 n.s
Crude fibre (mg/100 g) 0.96 £ 007 0.99 + 0.09 -0.19 0.43 n.s
CHO (mg/100 g) 19.46 +4.56 20.1+1.82 -0.47 0.32 n.s
Energy (Kcal/mol) 332.1+0.0 334.24 + 3.67 -0.24 0.40 n.s
Protein (mg/100 g) 1.38 £0.12 1.53+0.14 -0.94 0.17 n.s

n.s = no significant difference, * = significant difference, L" = dark to bright scale, "a=redand a= green, b= yellow and b = blue, C* =

Fruit skin colour intensity.
Source: Authors 2023.

physiological factors, affecting the fruit flavour as reported
by Ikegaya et al. (2019). The pH of fruits from Bungoma
was significantly higher (3.5 £ 0.0) than that of fruits from
Kwale (3.16 £ 0.01). In comparison, S.cumini pH values
of 3.77 and 3.87+0.01 (Akhila and Umadevi, 2018; Ghosh
et al.,, 2017), 3.60+1.9 for oranges, 2.34+1.8 for lemons,
and 3.60 to 4.30 for red plums (Irkin et al., 2015) have
been reported. Ozgen et al. (2008) attributed the variation
in pH values of pomegranate fruits to genotypic and site
factors. The correlation matrix shows positive correlations
between fruit total soluble solids and titratable acidity with
altitude (0.18, 0.25) and rainfall (0.33, 0.36) respectively
in the fruit samples from both counties. Long exposure to
sunshine also showed a

positive correlation (0.94) with fruit skin colour intensity
(C*) and vitamin C content (0.46). Larger fruits contained
significant amounts of protein (0.98) and crude fiber
(0.97), with a significant increase in energy values noted
in fruits with high crude fat and carbohydrates as shown
in Figure 2.

The ash content values varied significantly between the
two counties as seen in Figure 3. High mean ash
contents of 2.74 + 0.01 % were reported from Kwale fruit
samples, while 1.61 + 0.02 % was reported from
Bungoma fruit samples. Variation in total ash is an
indication of varying mineral compounds and determines
the fruit flavour, physical form, and rate of deterioration in
the sample (Rehman et al., 2014). The values obtained
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Table 3. Mineral composition of S. cumini fruits from Bungoma and Kwale Counties.

Parameter (mg/kg) County t - Value p -Value Significance
Bungoma Kwale (p < .05)
Na 112.56 + 0.07 348.63+ 0.05 7.76 <0.001 *
Mg 243.67+0.16 175.13+0.15 2.71 0.001 *
Mn 55.57+0.13  19.27 +£0.17 5.29 <0.001 *
Fe 58.58 + 0.06 26.33+1.1 -0.76 0.22 n.s
Cu 17.72 £ 0.08 7.76 £ 0.03 7.05 <0.001 *
Zn 6.95+0.28 43+0.37 2.79 0.001 *
Ca 1551+4.31 9.91 +0.39 -0.39 0.35 n.s
K 857.71+4.8 8416725 -0.44 0.33 n.s
P 21.22+1.08 22.29+1.02 -0.51 0.30 n.s

N = 40, results expressed as mean + Standard error. n.s = no significant difference at p < .05, * = significant
difference. Cr and Cd were not detected by the ICP OES, their limit of detection (LOD) were 0.003 and 0.001 ppm

respectively.
Source: Authors 2023.

are higher than 0.365 % and 0.32 - 0.45 % reported by
Akhila and Umadevi (2018) and Mayuri et al. (2019)
respectively. The obtained ash values were confirmed by
the average mineral content in the fruit samples as seen
in Table 3. Na, Mg, Mn,Cu, and Zn contents from
Bungoma and Kwale counties varied significantly (p <0
.05). There was no significant difference in fruit colour
between the sites. Fruit colour is one of the key external
factors that determine fruit quality, as the appearance of
the fruit greatly influences consumers' preferences
(Agrawal et al., 2017). Vitamin C content also did not vary
significantly between the study sites with 246.81 + 0.1
and 353.61 = 1.22 mg/100g fruit samples being reported
from Bungoma and Kwale counties respectively.
However, Akhila and Umadevi (2018) reported lower
values of 194 mg/kg, while 55.6 = 0.56 mg/kg was
reported by Khandaker et al. (2015). The large variability
is because vitamin C is labile and easily dissociates to
hydro-ascorbic acid (Tu et al., 2017). The vitamin content
of raw fruits was higher than that of ripe ones, and the
levels vary depending on the length of exposure to
sunlight and temperatures (Igwe, 2013). As an
antioxidant, vitamin C improves the human immune
system (Cerullo et al., 2020). Other parameters analyzed
in this study but did not significantly vary between the
sites include; Crude protein, carbohydrates, energy
values, crude fat and fiber, titratable acidity, moisture
content, fruit weights, and length.

The dominant mineral in fruit samples from both
counties was Mg (macro element) with a mean of 243.67
+ 0.16 mg/kg reported from Bungoma and 175.13 + 0.15
mg/kg from Kwale showing a large significant difference
between the two sites. (Adeyemi and Oladiji, 2009)
reported that Mg content is higher in immature fruits. As
shown in Table 3, the least dominant mineral was Zn with
S. cumini fruits from Bungoma varying greatly at (p <
.003) with those from Kwale. Zinc values of 0.4 + 0.00

(Mapunda and Mligo, 2019) and 13.6 + 0.01mg/kg (Bhat
et al., 2010) have been reported. Zinc is broadly involved
in catalysis, cell structure formation, and regulation of
body processes (Wang et al., 2021). Relative Dietary
Allowance (RDA) for Zn is 8 mg/day for women and 11
mg/day for men. 1 kg of Syzigium fruits contains more
than the required Zn per day. There was a significantly
large variation in the copper content of the fruits between
the counties (p<0.0001), with Kwale reporting a low of
7.76 £ 0.03 mg/kg. RDI for Cu is 3.9 pug/100 g hence
Syzygium fruits meet this requirement. Cu is used by the
body in the formation of red blood cells. Cadmium and
chromium were below detectable limits in both Counties,
indicating that the fruits are safe for human consumption.
However, Khamis et al. (2021) reported Cd levels of 3.39
to 8 mg/kg and Cr levels of 10.3 to 16.25 mg/kg in clove
spices from Zanzibar. Previous studies reported the
following mineral concentrations in S.cumini fruits; Na:
117.3+1.70, Mg: 271.3+3.43, Cu: 18+0.41, Mn: 20+0.007
and Cr 10.6+0.13 (Madani et al., 2005). 2.4, 11.3, 627.2,
96, 321, and 1.8 mg/kg for Cr, Cu, Mg, Mn, Na, and Ni
were reported by Ghosh et al. (2017). In this study,
Syzygium fruits from Bungoma were reported to have
higher Na and Mg content than exotic fruits namely;
Apples, Na; Mg (1.08; 50. 42), Peach (9;125), oranges (0;
9.8), pears (120; 4.9), and pineapples (1.69;118 mg/kg
respectively (Dehelean and Magdas, 2013). The variation
in quality parameters reported in other studies may be a
result of the difference in genetic, fruit maturity stage
(Bertin, 2018), and environmental factors (Ansari and
Ramjan, 2018).

Conclusion

The results from this study show that S. cumini like other
indigenous fruits is a good source of fundamental



nutrients required for human health and wellness. There
was significant variation in the physicochemical; fruit
breadth, ash, pH, and essential minerals; Na, Mg, Mn,
Cu, and Zn, with the varying microclimatic environment.
There was also a positive correlation between
microclimatic conditions and fruit quality parameters. The
fruits have more than adequate minerals compared to
apples, peaches, pears, oranges, and pineapples. The
varying mineral compounds are an indication of the
difference in fruit flavour, physical form, and the rate of
deterioration among the samples in the two sites. The
Fruit pulp can be value-added to make juices, Jam, and
wine for small and medium enterprises and the fruit
product industries to improve livelihoods and address
food security.

CONFLICT OF INTERESTS

The author has not declared any conflict of interests.

ACKNOWLEDGMENTS

The authors appreciate KEFRI — Karura technologists;
Norman Wachira and Nathan Maitha for their assistance
in the use of High-Performance Liquid Chromatography
(HPLC) and the intern Maureen Wambui in the collection
of fruits from the field. They are also grateful for the
funding of this research by The Government of Kenya
through Kenya Forestry Research Institute (KEFRI),
2019/2020 and 2020/2021 financial year Work plans.

REFERENCES

Adeyemi OS, Oladiji AT (2009). Compositional changes in banana
(Musa ssp.) fruits during ripening. African Journal of Biotechnology
8(5).

Agrawal V, Rangare NR, Nair R (2017). Variability studies in different
accessions of Jamun (Syzygium cumini skeels) from Madhya
Pradesh. International Journal of Chemical Studies 5(3):07-11.

Akhila H, Umadevi SH (2018). Physico-Chemical Properties of Jamun
(Syzygium cumini L.) Fruits and It's Processed Products. International
Journal of Pure and Applied Biosciences 6(6):1317-1325.

Ansari MT, Ramjan MD (2018). Factors affecting quality of fruits and
vegetables. Journal of Medicinal Plants 6(6):16-18.

Association of Official Analytical Chemists (AOAC) (2000). Official
method 942.15 Acidity (Titrable) of fruit products (17th ed.). AOAC
International, Gaithersburg.

Association of Official Analytical Chemists (AOAC) (2006). Official
Methods of Analysis, 984-13 crude protein. AOAC, Arlington VA USA.

Ayyanar M, Subash-Babu P (2012). Syzigium cumini (L.) Skeels: A
review of its phytochemical constituents and traditional uses. Asian
Pacific Journal of Tropical Biomedicine 2(3):240-246.

Bahadi MA, Japir AW, Salih N, Salimon J (2016). Free fatty acids
separation from Malaysian high free fatty acid crude palm oil using
molecular distillation. Malaysian Journal Analytical Science
20(5):1042-1051. https://doi.org/10.1051/0cl/2017033.

Bertin N (2018). Fruit quality. CAB International 388 p.

Bhat R, Kiran K, Arun A (2010). Determination of mineral composition
and heavy metal content of some nutraceutically valued plant
products. Food Analytical Methods 3(3):181-187.

Bukva M, Kapo D, Huseinbas$i¢ N, Gojak-Salimovi¢, S, Huremovi¢ J
(2019). Iron Content in Fruits, Vegetables, Herbs and Spices
Samples Marketed in Sarajevo, Bosnia, and Herzegovina. Kemija u
Industriji 68(7-8):281-287. https://doi.org/10.15255/KUI.2019.001.

Cerullo G, Negro M, Parimbelli M, Pecoraro M, Perna S, Liguori G,
Rondanelli M, Cena H, D’Antona G (2020). The Long History of
Vitamin C: From Prevention of the Common Cold to Potential Aid in
the Treatment of COVID-19. Frontiers in Immunology 11:2636.
https://doi.org/10.3389/fimmu.2020.574029.

Columna NT (2019). “LUBEG” (Philippine Cherry), Syzygium lineatum
(Roxb.) (DC.) Merr & Perry: Its Taxonomic and Molecular
Identification. Indian Journal of Science and Technology 12(35):1-7.
https://doi.org/10.17485/ijst/2019/v12i35/146280.

de Wit M, Nel P, Osthoff G, Labuschagne MT (2010). The effect of
variety and location on cactus pear (Opuntia ficus-indica) fruit quality.
Plant Foods for Human Nutrition 65(2):136-145.
https://doi.org/10.1007/s11130-010-0163-7.

Dehelean A, Magdas D (2013). Analysis of mineral and heavy metal
content of some commercial fruit juices by inductively coupled plasma
mass spectrometry. The Scientific World Journal 2013.

Gajera HP, Gevariya SN, Patel SV, Golakiya BA (2018). Nutritional
profile and molecular fingerprints of indigenous black jamun
(Syzygium cumini L.) landraces. Journal of Food Science and
Technology 55(2):730-739. https://doi.org/10.1007/s13197-017-2984-
y.

Ghosh P, Pradhan RC, Mishra S, Patel AS, Kar A (2017).
Physicochemical and Nutritional Characterization of Jamun
(Syzygium Cuminii). Current Research in Nutrition and Food Science
5(1):23-25.

Gonzalez-Cebrino F, Ayuso-Yuste MC, Lozano-Ruiz M, Fernandez-
Le6n AM, Bernalte-Garcia MJ (2022). Influence of Ripening Stage on
Quality Parameters of Five Traditional Tomato Varieties Grown under
Organic  Conditions.  Horticulturae  8(4):313.  https://doi.org/
10.3390/horticulturae8040313.

Hong YS, Choi JY, Nho EY, Hwang IM, Khan N, Jamila N, Kim KS
(2019). Determination of macro, micro and trace elements in citrus
fruits by inductively coupled plasma-optical emission spectrometry
(ICP-OES), ICP-mass spectrometry and direct mercury analyzer.
Journal of the Science of Food and Agriculture 99(4):1870-1879.
https://doi.org/10.1002/jsfa.9382.

Ibrahima C, Didier M, Max R, Pascal D, Benjamin Y, Renaud B (2013).
Biochemical and nutritional properties of baobab pulp from endemic
species of Madagascar and the African mainland. African Journal of
Agricultural Research 8(47):6046-6054.

Igwe OU (2013). Quantitative Estimation of Ascorbic Acid Levels in
Citrus Fruits at Variable Temperatures and Physicochemical
Properties. International Journal of Chemical and Biochemical
Sciences 5:67-71.

Ikegaya A, Toyoizumi T, Ohba S, Nakajima T, Kawata T, lto S, Arai E
(2019). Effects of distribution of sugars and organic acids on the taste
of strawberries. Food Science and Nutrition 7(7):2419-2426.
https://doi.org/10.1002/fsn3.1109.

Irkin R, Dogan S, Degirmenioglu N, Diken ME, Gulda M (2015).
Phenolic content, antioxidant activities, and stimulatory roles of citrus
fruits on some lactic acid bacteria. Archives of Biological Sciences
Belgrade 67(4):1313-1321.

Jahanbakhshi A, Rasooli SV, Heidarbeigi K, Kaveh M, Taghinezhad E
(2019). Evaluation of engineering properties for waste control of
tomato during harvesting and post-harvesting. Food Science &
Nutrition 7(4):1473-1481. https://doi.org/10.1002/fsn3.986.

Khamis FO, Suleiman SA, Sheikh M, Ali AO (2021). Heavy Metals
Content in Cloves Spices (Syzygium aromaticum) Cultivated in
Zanzibar. Open Access Library Journal 8(6):1-8.
https://doi.org/10.4236/0alib.1107502.

Khan MS, Qais FA, Ahmad | (2019). Chapter 8 - Indian Berries and
Their Active Compounds: Therapeutic Potential in Cancer Prevention.
In Ahmad Khan MS, Ahmad I, Chattopadhyay D (Eds.), New Look to
Phytomedicine , Academic Press (pp. 179-201).
https://doi.org/10.1016/B978-0-12-814619-4.00008-2.

Khandaker MM, Jahan SM, Nashriyah M, Boyce AN (2015). Bioactive
constituents, antioxidant and antimicrobial activities of three cultivars
of wax apple (Syzygium samarangense L.) fruits. Research Journal



of Biotechnology 10(1): 7-16.

Kshirsagar RB, Desai GB, Sawate AR (2019). Physico-chemical and
nutritional properties of jamun (Syzygium cumini) seed. Journal of
Pharmacognosy and Phytochemistry 8(2):211-213.

Lim TK (2012). Syzygium luehmannii. In: Lim TK (Ed.), Edible Medicinal
and Non-Medicinal Plants. Fruits (3): 767-768). Springer,
Netherlands. https://doi.org/10.1007/978-94-007-2534-8_102.

Ly B, Dyer E, Feig J, Chien A, Bino S (2020). Research Techniques
Made Simple: Cutaneous Colorimetry: A Reliable Technique for
Objective Skin Color Measurement. The Journal of Investigative
Dermatology 140(1):3-12. https://doi.org/10.1016/j.jid.2019.11.003.

Madani B, Mirshekari A, Yahia E, Golding JB, Hajivand S, Dastjerdy AM
(2005). Jamun (Syzygium cumini L. Skeels): A Promising Fruit for the
Future. In: Warrington | (Ed.), Editorial Board 1% edn Wiley pp. 275-
306. https://doi.org/10.1002/9781119750802.ch5

Mapunda EP, Mligo C (2019). Nutritional content and antioxidant
properties of edible indigenous wild fruits from miombo woodlands in
Tanzania. International journal of Biologica and Chemical Sciences
13(2):849-860.

Mayuri AP, Nibha DB, Dipalini DW (2019). Role of Syzygium cumini
(jamun) in cosmetic. International Journal of Science and Engineering
Development Research 4(6):193-201.

Muthai KU, Karori MS, Muchugi A, Indieka AS, Dembele C, Mng’'omba
S, Jamnadass R (2017). Nutritional variation in baobab (Adansonia
digitata L.) fruit pulp and seeds based on Africa geographical regions.
Food Science and Nutrition 5(6):1116-1129.
https://doi.org/10.1002/fsn3.502.

Neha Y, Ajay P, Sonam S, Nagesh C. (2020). Antioxidant Activity
Profiling of Acetonic Extract of Jamun (Syzygium cumini L.) Seeds in
Different In-Vitro Models. The Open Food Science Journal 12(1).
12(1):3-8. https://doi.org/10.2174/1874256402012010003.

NUfiez-Regueira L, Rodriguez-Afién J, Proupin-Castifieiras J, Romero-
Garcia A (2001). Energetic Evaluation of Biomass Originating from
Forest Waste by Bomb Calorimetry. Journal of Thermal Analysis and
Calorimetry 66(1):281-292.
https://doi.org/10.1023/A:1012416521652.

Ocholla 1A, Agutu NO, Ouma PO, Gatungu D, Makokha FO, Gitaka J
(2020). Geographical accessibility in assessing bypassing behaviour
for inpatient neonatal care, Bungoma County-Kenya. BMC Pregnancy
and Childbirth 20(1):1-16. https://doi.org/10.1186/s12884-020-02977-
X.

Ozgen M, Durgag C, Serce S, Kaya C (2008). Chemical and antioxidant
properties of pomegranate cultivars grown in the Mediterranean
region of Turkey. Food chemistry 111(3):703-706.

Prasajith D, Wekumbura C, Wijeratne A, Wijesundara D, Katipearachchi
K (2019). Diversity study of fruit morphology characters and fruit taste
of naturally available Syzigium cumini trees in Batticaloa region of Sri
Lanka. International Journal of Agriculture, Forestry and Plantation
8:1-8.

Ranganna S (2001). Hand book of Analysis and Quality Control for
Fruits and Vegetable Products 7™ edn. Tata McGraw Hill Book Co.
pp. 594-625.

Raza A, Ali M, Nisar T, Qaisrani, S, Hussain R, Sharif M. (2015).
Proximate Composition of Jamun (Syzygium cumini) Fruit and Seed.
American-Eurasian Journal of Agriculture and Environmental Science
15(7):1221-1223. ttps://doi.org/10.5829/idosi.aejaes.2015.15.7.12700

Scalisi A. (2021). Relationships between Soluble Solids and Dry Matter
in the Flesh of Stone Fruit at Harvest. Analytica 2(1):14-24.

Serrem CA, de Kock HL, Taylor J (2011). Nutritional quality, sensory
quality, and consumer acceptability of sorghum and bread wheat
biscuits fortified with defatted soy flour. International Journal of Food
Science and Technology 46(1):74-83.

Shilpa KJ, Krishnakumar G, Yildiz F (2015). Nutritional, fermentation,
and pharmacological studies of Syzygium caryophyllatum (L.) Alston
and Syzygium zeylanicum (L.) DC fruits. Cogent Food and
Agriculture 1(1):1018694.
https://doi.org/10.1080/23311932.2015.1018694

Sibiya N, Kayitesu E, Moteetee AN (2021). Proximate Analyses and
Amino Acid Composition of Selected Wild Indigenous Fruits of
Southern Africa and. Plants 10(4):721. https://doi.org/10.3390/
plants1004072.

Srivastava AK (2009). Integrated nutrient management: Concept and
application in citrus. In: Tennant P, Beakebhia (eds.). Citrus Il. Tree
and Forestry Science and Biotechnology 3:32-58.

Stadimayr B, Wanangwe J, Waruhiu CG, Jamnadass RH, Kehlenbeck K
(2020). Nutritional composition of baobab (Adansonia digitata L.) fruit
pulp sampled at different geographical locations in Kenya. Journal of
Food Composition and Analysis 94:103617.
https://doi.org/10.1016/j.jfca.2020.103617.

Sunderland T, Powell B, Ickowitz A, Foli S, Pinedo-Vasquez M, Nasi R,
Padoch C (2013). Food security and nutrition. Discussion Paper 20.
Tsegay ZT (2020). Total titratable acidity and organic acids of wines
produced from cactus pear (Opuntia-ficus-indica) fruit and Lantana
Camara (L. Camara) fruit blended fermentation process employed
response surface optimization. Food Science and Nutrition 8(8):4449-

4462. https://doi.org/10.1002/fsn3.1745.

Tu H, Wang Y, Li H, Brinster LR, Levine M (2017). Chemical Transport
Knockout for Oxidized Vitamin C, Dehydroascorbic Acid, Reveals lts
Functions in vivo. EBioMedicine 23:125-135.
https://doi.org/10.1016/j.ebiom.2017.08.017.

Wang S, Cheng J, Niu Y, Li P, Zhang X, Lin J (2021). Strategies for Zinc
Uptake in Pseudomonas aeruginosa at the Host—Pathogen
Interface. Frontiers in Microbiology
https://doi.org/10.3389/fmicb.2021.741873.

Whistler WA, Elevitch CR (2006). Syzygium malaccense (Malay apple).
Traditional Tree Species-Species Profiles for Pacific Island.
Agroforestry 2(1):13.

Zanini DJ, Silva MH, Aguiar-O E, Mazali MR, Kamimura ES,
Maldonado RR (2018). Spectrophotometric analysis of vitamin C in
different matrices utilizing potassium permanganate. European
International Journal of Science and Technology 7(1):70-84.

12:2661.



