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ABSTRACT

This study was conducted to compare proximate chemical composition, metals contents and some functional
properties in three parts of Grewia tenax (forssk) fiori fruits of the two Sudanese varieties of south Darfur and north
Kordofan regions. Results on moisture, total ash, crude fiber, crude protein, crude fat and carbohydrate contents
where in the range between 5.91-5.33, 1.67-4.41, 7.82-15.27, 3.71-7.85, 0.17-8.81, 58.12-77.88 ¢/100 ¢ DM,
respectively, some significant differences (p<0.05) were found between the two varieties in the fruits part as crude
fiber and protein contents, since the north Kordofan fruits variety had higher values of 13.61% and 7.85%
respectively, the pulps of the two varieties were significantly (p<0.05) differ on the content of the fiber and
carbohydrate, with the highest carbohydrate content value of 77.88% for the south Darfur variety pulps, the seeds of
the south Darfur variety had given lower content values for ash 4.03%, protein 7.04% and fat 8.53%, further there
were significant differences (p<0.05) in mineral contents as the south Darfur variety fruits had higher content values
of Ca 89.60, Mg 50.70, Fe 25.60, Zn 4.80, Cu 0.44 and Mn 0.71 (mg/100 g) while the north Kordofan variety fruit
had higher values of Na 19.50 (mg/100 g), but no significant difference (p>0.05) was observed between the two
varieties on the K contents of the fruit which had the highest contents of 810.40 and 812.70 (mg/100 g) for south
Darfur and north Kordofan varieties respectively, on comparison the pulps of the two varieties, the results showed
that south Darfur variety had significant (p<0.05) higher contents values of Ca 85, Mg 59.30, Na 49.60, Cu 0.38 and
Mn 0.41 (mg/100 g), likewise the results showed that south Darfur variety seeds had higher values of Ca 138.7, Mg
30.2, Na 30 and Fe 14.3 (mg/100 g) whilst north Kordofan variety had higher content of Mn value of 0.39 (mg/100
g), the obtained results of WAC and OAC showed that there were no significant difference between the two varieties
(p>0.05) in the WAC and OAC values, pulps of the two varieties had the highest WAC values 3.21 and 3.13 (ml/g)
for south Darfur and north Kordofan varieties respectively, whereas fruits of the two varieties had recorded the
highest OAC values 1.36 and 1.40 (ml/g) for south Darfur and north Kordofan varieties respectively, the study
indicated that there was significant differences between the two varieties on some proximate or mineral compositions
and each variety have an individual features to be used in certain food industries or as complementary diet with
theirs good functional properties and according to its proximate compositions and mineral contents.
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INTRODUCTION

Grewia tenax which is locally named Guddaim is one of the
valuable plant species in Sudan, it is known by utilization as
medicinal plant and furthermore it has been used in many
countries in popular medicine by various ways. Fruits are small
berries, round, orange sweetened and may be consumed fresh or
dried, it a rich source of carbohydrates, proteins, vitamins,
minerals and constituents which are important contributors to
improving the nutritional contents of rural and urban people in
Sudan. There is commercial potential in using the fruits in
beverages, yogurt, ice cream and baby food. Guddaim fruit has
been reported to contain a large amounts of iron and it has
been used for treatment of anemia and malaria and it has a
good taste makes it palatable for human and in traditional
treatment for irritations and skin infections in both human
beings and animal in Sudan, it consists of large amounts of
carbohydrates and calcium, mineral elements are considered to
be essential matters for the healthy functioning of an organism
[1]. Diet has long been considered as the major source of human
exposure to trace elements and consequently the levels in basic
foodstuffs, because a number of minerals essential to human
nutrition are accumulated in different parts of plants, hence the
knowledge of minerals and heavy metals content in edible and
medicinal plants is essential to evaluate quality. The reported
chemical composition indicated that Guddaim fruits contained
higher amounts of crude protein, crude fiber, carbohydrates and
minerals. Because the assessment of dietary and medicinal value
of Guddaim fruits parts from two regions in Sudan and to take
advantage of them in various nutritional applications so this
study was conducted to compare the macro and micro metals
contents, proximate chemical composition and functional
characteristics of seeds, pulp and fruits of two Guddaim crops
from two larger production areas in Sudan [2].

MATERIALS AND METHODS

Analytical reagent grade chemicals were employed in the
processing of all samples and reagents, also all plastic and
glassware’s were properly cleaned by soaking with 2M HNO;
and rinsed thoroughly with deionized water before use [3].

Samples collection

Two recently released Guddaim fruits crop were collected from
the zones that are broadly producing and utilizing the crop for
diets and medicinal purposes. Fruits sample one was obtained
from Nyala local market in southern Darfur state, sample two
was obtained from a big crops market in Elobied city of the
forest fruits crop production of north Kordofan state, the two
local varieties are the main landraces widely grown and used by
the specific community, according to the survey study of this
research article, the two landraces differed in their color
darkness due to soil properties of the two zones and the large
periods of times of steadily selective crop improvement practices
by the local communities. The fruits samples were sorted to
remove debris and residual twigs, then stored in clean sealed
plastic bags at room temperature and brought to laboratory [4].
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Samples preparation

The fruits were first thoroughly washed under running tap water
to remove dust and dirt, followed by distilled water to get rid of
any impurities or any foreign matter on their surface. Every
sample was divided into three parts, seeds pulp and whole fruits,
seeds were separated manually and carefully from the fruits
cores, pulps were scratched and clawed from the inner surface of
the cores, the three parts were firstly air dried for 4 days followed
by oven drying at 40°C for 24 h, after that they were grounded
into a powder using laboratory grinder and then passed through
a 60 mesh sieve to produce a fine powder, sealed in clean plastic
bags and stored in a refrigerator at 4°C until analysis [5].

Analysis of proximate compositions

Determination of moisture content: Moisture content was
determined according to AOAC 2005, 930.04 method, firstly
the weight of the cleaned and dried aluminum dish was
measured and precisely 2 g of homogenized fruit parts sample
was transferred and weighed with its content, then the dish and
its contents were heated in an air oven at 98°C with partial
vacuum pressure for 5 h (LABQUIP, LEICESTER LE67% FT,
England). After drying the sample was cooled in a desiccator for
30 min and reweighed until a constant weight is achieved, the
moisture content was then calculated using the weight loss by

difference [6].

Determination total ash content: Total ash content was
determined based on the AOAC 2005, 930.05 method, whereas
2.0 g of the ground air-dried fruits sample was accurately weight
in a previously ignited and tarred porcelain crucible. The sample
was spread in an even layer and ignited by gradually heat
increasing to 55°C and ashing was continued for 6 hours until it
had a white appearance which indicating the absence of carbon,
then crucibles were cooled in desiccator to prevent moisture
absorption and reweight to produce the ash content [7].

Determination of crude fat content: The amount of crude fat
was determined using the Soxhlet extraction technique as
described in AOAC, method 930.09 where 2 g of each
represented sample was firstly purified from carbohydrate and
other water soluble components in small filter paper on a funnel
and cleaned up by adding five 20 ml portions of distilled water
prior to oven drying for fat ether extraction, then it was
transferred into a thimble and covered with fat free cotton and
then fitted into the Soxhlet extraction apparatus, a weight of
pre-cleaned and dried extraction flask was measured and
sufficient amount of petroleum ether was poured into the
extractor to start the siphon and then filled about half the
extractor flask to execute continuous extraction of the sample
crude fat, the distilling was proceed for 3 h, after that the
solvent was evaporated by reflex condenser, the flask contents
was dried at 100°C for 30 min in the oven, the combined weight
of the extraction flask and the extract was measured and crude
fat content was determined by using the percentage of weight
deference’s [8].

Determination of crude protein content: The crude protein
content was determined by using Kjeldhal technique following

AOAC 2005, method 2001.11, as 1 g of the dried grounded
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sample was digested in a Kjeldhal flask with 2 catalysts tablets
(0.4 g CuSOy4 and 3.5 g K3SOy4 per tablet) and 12 ml of H;SO4
98% then the mixtures were held overnight on the block
digester at 420°C and fume manifold was placed tightly on
digestion flasks and water aspirator was turned on completely,
after 10 min water aspirator was turned down until acid fumes
are just contained within exhaust hood and the condensation
zone was maintained within the flasks and continued digested
for 50 min, after cooling water was added to each flask to make
up volume of approximately 80 ml. For the mixture distillation
50 ml of NaOH 40% was dispensed in the tank of the
distillation unit, then the digestion tube containing diluted
digest was attached to the unit, then the condenser tube was
immersed in Erlenmeyer titration flask containing 30 ml
H3BOj3; 1% solution with indicator, steam was distilled until 180
ml total volume was collected, the receiving flask was removed
and its solution was titrated against standard 0.1 M HCI to
violet end point and the blank of water was used in replaced of
sample, the N content was determined, so protein content was
calculated by multiplying N% by 6.25 because most plant
tissues’ proteins contain 16% N [9,10].

Determination of crude fiber content: According to
AOAC 2005, method 930.10 crude fat was determined as
follow, 2 g of ground sample was firstly defatted by adding 50
ml anhydrous diethyl ether at 60°C in reflexing condensation
system, filtered and the air dried residue was transferred to 600
ml beaker, 200 ml boiling 1.25% H;SO4 was added,
placed in digestion apparatus and boiled for 30 min, the
beaker mixture was filtered through Buchner funnel attached
to vacuum flask, before adding the pouring the mixture the
vacuum was turned off and after adding it was applied in
order to let mixture suspend to settle, the beaker was rinsed
with 60 ml boiling deionized water and poured to wash through
Buchner and this step was repeated three times with 50 ml
portions water, the residue and mat were snapped with spatula
and placed quantitatively in a beaker, 200 ml boiling 1.25%
NaOH was added and boiled for 30 min, filtered through
Buchner and washed with 25 ml boiling 1.25% H;SO4 then
with three times 50 ml portions water followed by 25 ml
alcohol, the residue was transferred to ashing dish and dried
at 130°C in an hot air oven for 2 h, cooled in a desiccator
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and weighed, then ignited at 600°C for 1 h until all
carbonaceous matter was burned finally, cooled in a desiccator

and reweighed [11].

Determination of carbohydrates content: Carbohydrates as
Nitrogen Free Extract (NFE) were determined according to G.F.
Alemayehu et al, using Eq (1) (moisture, protein, fat, fiber and
ash proportions were added and subtracted from 100).

Carbohydrates content%=100-% of (Crude protein%+moisture
%+ash%+crude fat%+crude fiber%) (1)

Gross energy value: The gross energy value (caloric value) was
calculated according to Almuez Alsir et al. using Atwater’s
conversion factors of 4 kcal/g for protein, 9 kcal/g for fat, 4
kcal/g for carbohydrates and as in Eq (2).

Gross energy (Kcal/100 g)=(9 x crude fat% )+(4 x crude protein
%)+(4 x total carbohydrates%) (2)

Mineral analysis

Major and minor metals determination: Minerals were
extracted by the dry ashing method, one gram of each dried
grounded samples (fruits, pulps and seeds) were precisely
weighed in a porcelain crucible and placed in a muffle furnace,
the temperature was slowly increased to 500°C over 2 hs, then
ashing stage was go on at 500°C for 4 hs, cooled and dissolved
in 10 ml of IN HCI, after that the mixture was warmed to
dissolve the residues, filtered through an acid-washed filter paper
into a 50 ml volumetric flask. The filter paper was washed
several times with deionized water, the solution was made up to
volume and mixed well [12].

The concentration of elements of interest was determined using
the conditions listed in Table 1, working elements standard
solutions were prepared by suitable dilution of the stock
standard solutions described under the standard conditions for
each element, sample solutions were diluted if necessary to
brought the concentration of the element of interest into a
suitable range for analysis. To avoid interference between
elements, a dilution with La;O3/HCL was performed to analyse
Ca and Mg and with CsCl to analyze Na and K [13].

Table 1: Instrumental conditions methods for the used atomic absorption spectrometer.

Element Slit (nm) Relative noise Characteristic Wavelength (nm)  Characteristic Linear range
concentration concentration (mg/L)
(mg/L) chuck (mg/L)

Ca 0.7 1 0.092 422.7 4 5

Cu 0.7 1 0.077 324.8 4 5

Fe 0.2 1 0.11 248.3 6 6

K 0.7 1 0.043 766.5 2 2

Mg 0.7 1 0.0078 2852 0.3 0.5

Mn 0.2 1 0.052 279.5 2.5 2
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Na 0.2 1 0.012 589 0.5 1
Zn 0.7 1 0.018 215.9 1 1
Analysis of functional properties
Water and oil absorption capacities determination: The WAC 80
and OAC were determined according to the method of 70
Almmuez Alsir et al. As 1 g of dried ground samples were 60
dispersed in 10 ml of distilled water in a pre-weighted centrifuge & 50
tubes, the dispersions were stirred occasionally, held for 5 min = 40 u fruits south darfur
and then subjected to centrifugation for 20 min at 500 rpm, w30 variety
supernatant of each sample was poured in graduated cylinder for 20 B Fruits North Kordofan
the determination of water absorption capacity and the same 10 variety
method was applied for the OAC [14]. 0 -
Y

Statistical analysis & ¥ & o

\!p chem'lcalconsﬁtuent o
The collected experimental results data were analyzed and ¢

tabulated statistically and expressed as mean scores, standard
deviations of means, critical differences and one way Analysis of
Variance (ANOVA) by using statistical Microsoft excel ToolPak
to indicate that statistically significant difference p < 0.05 values
were considered [15].

RESULTS AND DISCUSSION

Proximate composition

Table 2 shows the proximate compositions of the three fruit
parts of Guddaim two varieties studied, pulps had the highest
values of moisture contents 9.33% and 9.10% for north
Kordofan and south Darfur varieties respectively followed by
fruits values of 2.28% and 2.47% and lastly seeds values 3.31%
and 3.21% respectively, there were a significant differences
between the three fruits parts moisture contents in the same
variety (p<0.05) as illustrated in Figures 1-3 for proximate
composition diagrams, but no significant differences between the
two varieties corresponding fruits parts although the north
Kordofan sample variety had a slightly higher values.

The obtained values of this study is somewhat higher than the
values of Guddaim fruits 7.45% which reported by and
7.45% that reported by but lower than the values of 11.72%
reported by and 12.92% reported by, so these results were
accordance with the reported data [16].
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Figure 1: Proximate composition (g/100 g) of the fruits in
the two Guddaim varieties.
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Figure 2: Proximate composition (g/100 g) of the pulps in
the two Guddaim varieties.
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Figure 3: Proximate composition (g/100 g) of the seeds
in the two Guddaim varieties functional properties.
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Table 2: Proximate composition (g/100 g), DWB* and gross energy (kcal/100 g) for of the three fruit parts of Guddaim

samples.
Chemical South Darfur fruit’s variety North Kordofan fruit’s variety
composition
constituent’s

Fruits Pulps Seeds Fruits Pulps Seeds

Moisture 8.24 + 0.03¢d 9.10 + 0.02qb 5.91 + 0.04¢f 8.43 +0.03¢ 9.33 £ 0.042 6.11 +0.02¢
Total ash 4.41 +0.04° 1.67 £ 0.05¢f 4.03 +0.034 4.26 +£0.022 1.80 +0.05¢ 4.22 +0.04bc
Crude fiber 12.82 + 0.164 7.82 +0.15 14.95 + 0.1220 13.61 +0.15¢ 8.34 +0.13¢ 15.27 £ 0.14
Crude protein 7.46 £ 0.11b¢ 3.71 + 0.08¢f 7.04 +0.074 7.85 £ 0.102 3.84 +0.09¢ 7.47 £0.11°
Crude fat 0.42 £ 0.07d 0.17 + 0.02¢f 8.53 + 0.06P 0.52 +0.03¢ 0.23 £0.04¢ 8.81 + 0.05?
Carbohydrates 66.65 + 0.87b¢ 71.88 £ 1.20* 59.63 + 0.68¢ 65.29 +0.92<d 69.53 +0.81P 58.12 + 0.94¢f
Gross energy 300.22 + 1.59 32782 £1.3¢ 34332 £ 1.82 297.24 + 1.1¢ 295.55 + 2.1¢f 341.65 + 1.72b

Note: Values are means + SDs “on dry weight basis” of replicate determinations (n=3), means that do not share the same letter on its row differed

significantly (p < 0.05)

Thus accordingly to whom reported that the shelf life of
vegetable food which is negatively correlated to its moisture
content because it favors microbial growth and a decline trend
in moisture content in storage fruits is observed throughout the
storage period and based on small mass of guddaim fruits which
is about 0.2125 (g/1 fruit) according to here we can conclude
that the two variety had this favorable feature. The ash contents
in the two varieties samples were found to be range as fruits
value>seeds value>pulps value, south Darfur variety fruits had
higher value (p<0.05) of ash content 4.41% than the north
Kordofan fruit value 4.26%, however these values were
comparable to the value of 4.12% reported by and higher than
3.55% and 3.15% values that were found by respectively, but
there was no significant variation (p>0.05) between the pulps
ash contents of the two varieties which were 1.67% and 1.80%
for south Darfur and north Kordofan respectively which were
higher than the value 1.0%, the results of seeds ash contents
showed that there was significant difference (p<0.05) between
south Darfur variety content value 4.03% and north Kordofan
value 4.22%, these results were comparative to that obtained by
which was 4.0% and higher than value of 3.0%. According to
the literature the ash content is mainly indicates the mineral
content of a food sample and minerals are a group of essential
macro and micro nutrients, so the south Darfur variety fruits
can serve generally as minerals nutritional supplementary more
than north Kordofan variety and it can be used fresh or dried
directly or as industrial food for dietary supplementary.

The fat contents in the two varieties samples ranged as seeds
value>fruits value>pulps value (p<0.05) and this range is
comparable to that reported [17]. The results showed that the
two variety’s fruits fat contents had similar values (p>0.05)

which were 0.42% and 0.52% for south Darfur and north

Kordofan varieties respectively, these study results were
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accordance with the reported values of 0.48%, 0.46% and
0.40% that were obtained by respectively, but less than the
values of 1.30% and 1.70% which were found, there was a
significant difference between the seeds fat contents values of
south Darfur variety 8.53% and north Kordofan variety value
8.81% and these results were lower than the value of 10.70%
obtained, the comparative study showed that there were no
significant difference (p>0.05) between the pulps fat contents of
the two varieties which were 0.17% and 0.23% for south Darfur
and north Kordofan varieties respectively, as much as these
values were comparable with that obtained which was 0.20%
and as far as literature the low fat level are beneficial as it insure
longer shelf life for the fruits products because all fats and fat
containing food contain some saturated fatty acids and hence
are susceptible to oxidative rancidity, so the two varieties with its
low fat contents could be stored for long shelf life periods, then
marketed as fruit beads or powdered, in addition their fruits
pulps can contributes less to the health problems related with
excess fat intake and might be introduced to industrial food or
the diets of vascular or hard diseased [18].

The protein content of the two varieties samples ranged as fruits
value>seeds value>pulp value (p<0.05) and this comparable to
that reported values, protein content of the two varieties fruits
had different values (p<0.05) as south Darfur value was 7.46%
and north Kordofan variety value was 7.85%, this study values
were accordance with the reported values of 7.68% and 7.70%
that were obtained respectively and higher than the value of
6.70% which was found and lower than the value of 8.15 that
was found, also there was significant difference between the
seeds protein contents (p<0.05) values of south Darfur 7.04%
and value of north Kordofan 7.47%, furthermore protein value
of south Darfur variety is similar to the value of 7.20% which
was obtained and protein value of north Kordofan is similar to
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the value of 7.50% which was obtained, the experimental results
indicated that there was no significant variation between pulps
protein contents in the two studied varieties samples which were
3.71% and 3.84% for south Darfur and north Kordofan
varieties respectively and pulps had low protein contents level
and these values were accordance with the reported value of
3.58% which was found, thus the variety of north Kordofan
which had higher and considerable content of protein that
could be used as a potential source of protein and amino acids
or as porridge component or with the flour formulation
additives for baking or as complementary feed for cattle and
poultry specifically in the rural areas [19].

The crude fiber content of the two varieties samples ranged as
seeds value>fruits value>pulp value (p<0.05) and this study’s
findings are in line with what was reported, the fruits of the two
varieties had given significant difference between them as south
Darfur variety value of 12.82% and north Kordofan value of
13.61%, our result is slightly lower than the reported value of
14.22% which was obtained and higher than the value of 9.41%
that was reported, but there was no significant difference
between the seeds fiber contents values (p>0.05) of south Darfur
14.95% and north Kordofan 15.27%, furthermore the two
varieties results of seeds fiber content is in close agreement with
the value of 14.80% that was reported as long as the two results
values of this study are higher than the value of 13.40% that was
reported, while there was significant difference between the
pulps fiber contents values (p<0.05) of south Darfur variety
7.82% and north Kordofan variety 8.34%, thus the south
Darfur variety result value was lower than reported pulp fiber
content value of 8.13% which was reported, whereas the north
Kordofan value was comparable to it, hence and depending on
the reported data a high fiber diet may help to reduce the
occurrence of certain chronic non-communicable diseases like
coronary heart disease, diabetes, colon cancer, high blood
pressure, obesity and various gastrointestinal problems, this
study results recommend the use of the higher fruit fiber
content of north Kordofan further on the diets or as in future
industrial food and pharmaceutical formulations for the
protection from these health problems, also the seeds residues
and fruits with its considerable fiber and protein contents could
be used as cattle and sheep feeds component.

The carbohydrate content of the two varieties samples ranged as
pulps value>fruits value>seeds value (p<0.05) and this study
range is comparable with the results reported, there was no
significant difference between the fruits carbohydrates contents
in the two varieties (p>0.05) as south Darfur variety had a value
of 66.65% and north Kordofan variety had a value of 65.29%
and these values were in close agreement with reported values
66.59%, 66.57% and 66% that were obtained, but there was a
significant difference (p<0.05) between south Darfur variety
pulp carbohydrate content that was 77.85% and much
significantly higher than the north Kordofan variety content
which was 69.53% and the two values were lower than that of
87.09 which was obtained, but there was no significant
difference between the south Darfur variety seeds carbohydrate
content of 59.63% and north Kordofan variety content of
58.12%, furthermore the two obtained values of this study were
similar to that of 59.56% which was reported and higher than
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value of 66.50% that was reported, so and based on the
reported data of the carbohydrate of the fruit parts of the two
varieties in this study make up the largest major nutrient
proportion, the results indicated that the pulps and fruits and
particularly the pulps of the south Darfur variety with its highest
carbohydrate content could be a potential source of energy and
should be used in the foods industry like jams, jellies, flavored
juices, sweets [20].

There was a significant difference between the fruits gross energy
contents in the two varieties (p<0.05) as south Darfur variety
had a value of 300.22 Kca/100 g and north Kordofan variety
had a value of 297.14 Kcal/100 g, the south Darfur variety fruits
energy had a similar value of 300.01 (Kcal/100 g) that was
obtained but the north Kordofan variety fruit had a lower value
than this reported value. Pulps gross energy differed significantly
between the two varieties as south Darfur variety have a value of
327.87 which is largely higher than the north Kordofan variety
value of 295.55 Kcal/100 g, but there was no significant
difference between the seeds gross energy between south Darfur
variety which was 343.32 and north Kordofan variety that was
341.65 Kcal/100 g, on comparing the protein, fat and
carbohydrate contents in the fruits, pulps and seeds it was found
that south Darfur variety fruits and pulps had higher amounts
of carbohydrate than the north Kordofan variety and that was
let to have higher gross energy, but the highest a amounts in the
fat contents of the seeds was lead to have the highest values of
gross energy, so and depending in the reported data of and
because the results showed that pulps and fruits parts specifically
pulps of south Darfur variety were contained higher levels of
carbohydrate and energy so it can be introduced in the foods
industry of a syrup and natural or soften juices. Whereas the
seeds though it had the highest gross energy in the two varieties
but it were contained high level of fat, fibers in addition to gross
energy so it can be used as only complementary diet or in feed
production.

Mineral composition

Table 3 shows the mineral compositions of the three fruit parts
of Guddaim two varieties studied, the results revealed that there
were a significant differences (p<0.05) in the contents of Ca,
Mg, Na, Fe, Zn, Cu and Mn which were 89.60 and 80.00, 50.70
and 29.80, 10.20 and 19.50, 25.60 and 13.50, 4.80 and 2.90,
0.44 and 0.25, lastly 0.71 and 0.53 (mg/100 g) for south Darfur
variety fruit sample and north Kordofan variety fruit sample
respectively those illustrated in Figures 4 and 5, the south
Darfur variety fruit sample had given higher values of Ca, Mg,
Fe, Zn, Cu and Mn than the north Kordofan variety sample, as
long as the Ca values of this study were higher than the reported
value of 40.0 mg/100 g which was obtained, the Mg values were
lower than the reported values of 135.625 mg/100 g which was
obtained, the Na value of north Kordofan is comparable to the
value of 22.13 mg/100 g which was reported, but south Darfur
variety had a lower value than it, the Fe value of south Darfur is
comparable to the value of 25 mg/100 g which was reported and
higher than the values of 20.80 mg/100 g which were reported
and the two varieties of this study Fe contents were higher than
the value of 8.0 mg/100 g that was reported, the Zn values of
this study were higher than the values of 2.10 and 1.90 (mg/100
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g) which were reported, but our obtained values for Cu were
lower than 0.78 and 1.50 mg/100 g those were reported and our
results values for Mn were lower than the value of 1.03 that was
reported. The Na result value of north Kordofan is similar to

the value of 22.13 mg/100 g that reported, but the south Darfur

variety value is lower than it.
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Table 3: Major and minor metals content (mg/100 g), DWB* of the three fruit parts of Guddaim samples.

Guddaim Fruits parts  Major Minor
varieties metals metals
content content
Ca Mg K Na Fe In Cu Mn
South Fruits 89.6 +4.08° 50.7 £3.15° 8104148 10.220.550 25.6+0.74% 4.8+0.031* 0.44 +0.007* 0.71+0.005
Darfur
fruit’s variety
DPulps 85+ 517« 593 +2578 2740 +2.65° 49.6+1.10° 154 +0.63> 2.8+0.047¢F 0.38+0.009> 0.41 +0.008¢
Seeds 130 £ 4.780 302 £2.880 390.0£1.95¢ 30.0+ 1.25> 14.3+0.67¢ 3.9 +0.050> 0.19 +0.006% 0.32 + 0.006°f
North fruits 80.0 +3.89% 29.8 +2.36% 812.7 + 1.76* 19.5 +0.85¢ 13.5+0.48% 2.9+0.038 0.25+0.01° 0.53 +0.008"
Kordofan
fruit’s variety
Pulps 60.3 +2.30F 45.2+1.82¢ 295.0+2.83% 30.8+1.06° 153+0.51b 3.3:0.057¢ 0.21 +0.008¢ 0.36 +0.005%
Seeds 138.7 +3.38 150+ 1.6 386.0+1.6244 153+0.94° 7.6+0.76"  4.0+0.026> 0.20 +0.009% 0.39 + 0.007%

Note: Values are means + SDs “on dry weight basis” of replicate determinations (n=3), means that do not share the same letter down the column

differ significantly (p < 0.05)

J Nutr Food Sci, Vol.13 Iss.3 No:1000025
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On the other hand no significant difference between the K
fruits content in the two studied varieties results values which
were 810.40 and 812.70 (mg/100 g) for south Darfur and north
Kordofan varieties samples respectively, these results values were
slightly lower than 817 (mg/100 g) which was reported and
much lower than the values of 856.25 and 1260 (mg/100 g) that
were reported hence and according to literature data of the two
varieties fruits can be considered as a rich source of K, also these
study results indicated that Guddaim fruits of south Darfur
variety is more rich than the north Kordofan variety fruits with
Ca, Mg, Fe, Zn, Cu and Mn and it remarkably contain high
amount of iron and this finding support the traditional use of
the fruits in the treatment of anemia.

There were a significant differences (p<0.05) in the contents of
Ca, Mg, K, Na, Zn, Cu and Mn which were 85 and 60.30, 59.30
and 45.20, 274 and 295, 49.60 and 30.80, 2.80 and 3.3, 0.38
and 3.30 lastly 0.41 and 0.36 (mg/100 g) for south Darfur
variety pulp sample and north Kordofan variety pulp sample
respectively, the south Darfur variety pulp sample had given
higher values of Ca, Mg, Na, Cu and Mn than the north
Kordofan variety pulp sample, furthermore the Na result values
of this study is higher than the value of 11.57 mg/100 g which
was reported, for Cu the south Darfur variety pulp result value
is higher than the value of 0.27 mg/100 g, in contrast the north
Kordofan variety pulp sample value is slightly lower than it, for
Mn the two result values of this study were higher than the value
of 0.28 mg/100 g which was reported, but there are no reported
data on the contents of Ca, Mg and Zn to be compared to this
study pulps results values up to the date of this study, these
study results indicated that guddaim pulps of south Darfur
variety is more rich than the north Kordofan variety pulps with
Ca, Mg, Na, Cu and Mn and hence it could be used as
complementary nutrients for these metals diet lack. But the
north Kordofan variety pulps had higher contents of K and Zn
than south Darfur variety pulps so this feature could make it to
be used as a good source of K and Zn in diet or pharmaceuticals
formulations specifically for Zn because it had higher value than
its fruit part however it still lower than the value of the south
Darfur variety fruit Zn content of 4.80 mg/100 g which could be
a remarkably source of Zn, there was no significant difference
between the two varieties pulps Fe contents 15.4 and 15.3 values
for south Darfur and north Kordofan varieties respectively, the
Fe content in the south Darfur pulp is less than its fruits
content which was 25.60 (mg/100 g), although the Fe content in
the north Kordofan variety is higher than its fruit content that
was 13.50 (mg/100 g), but less than the fruit content of south
Darfur variety which is a most rich variety part with Fe and
should be used as a favorable source of Fe nutrition
supplementary.

There were a significant differences (p<0.05) in the contents of
Ca, Mg, Na, Fe and Mn which were 130 and 138, 30.20 and 15,
30.0 and 15.30, 14.3 and 7.60 and lastly 0.32 and 0.39 (mg/100

g) for south Darfur variety seeds sample and north Kordofan

J Nutr Food Sci, Vol.13 Iss.3 No:1000025
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variety seeds sample respectively, the south Darfur variety seeds
sample had given higher values of Mg, Na and Fe than the north
Kordofan variety seeds sample, as long as the Na and Fe result
values of this study is higher than the value of 5.82 and 3.65
(mg/100 g) respectively which was reported, the Mg contents in
the seeds were lower than the pulps and fruits contents and Na
contents in the seeds were lower than in the pulps and north
Kordofan fruit content, also the two studied varieties Fe
contents were lower than pulps and fruits contents, hence these
results indicated that the two varieties are poor source of those
metals in comparison with pulps although south Darfur variety
is relatively better. But for Ca and Mn the results showed that
north Kordofan variety had higher contents as illustrated above,
Ca content in the seeds was higher than fruits and pulps so
north Kordofan variety seeds should be a favorable source of Ca,
but for K its seeds contents was lower than the fruits. But Mn
seeds contents was lower than in fruits and pulps, in addition
there was no significant difference between K, Zn and Cu
contents in the seeds of the two varieties, although the K
contents were high in the two seeds varieties but it still lower
than the fruits contents, also the seeds Zn content was lower
than fruits in south Darfur variety sample, although north
Kordofan variety had higher contents of Zn than its fruits and
pulps the south Darfur variety fruits with their highest Zn
content could be the favorable source of Zn supplementary. The
Cu contents in the south Darfur variety is lower than its fruits
and pulps as in north Kordofan variety is lower than fruits and
similar to the pulps contents, so the two variety seeds should not
be considered as a rich part with Cu, however the fruits of south
Darfur variety is should be seen as the best favorable source of

Cu.

Functional properties

WAC and OAC: The obtained results of WAC and OAC that
were presented in Table 4 which indicate that there were no
significant difference between the two varieties (p>0.05) in the
WAC and OAC values, pulps of the two varieties had the
highest WAC values 3.21 ml/g and 3.13 ml/g for south Darfur
and north Kordofan varieties respectively followed by fruits 2.47
ml/g and 2.28 ml/g for the two varieties respectively, lastly by
seeds 1.18 and 1.15 ml/g respectively, so there was a significant
difference between the fruits, pulps and seeds of the same each
variety, these results values were comparable to the reported
values of 3.30 ml/g and 1.20 ml/g for pulps and seeds
respectively that were reported, hence, based on the reported
literature, this study deduce that the pulps of the two varieties
are so useful in the food manufacturing. The results showed that
the fruits of the two studied varieties had the highest OAC
values 1.36 ml/g and 1.40 ml/g for south Darfur and north
Kordofan varieties respectively, followed by seeds 1.12 ml/g and
1.17 ml/g for the two varieties respectively and lastly by pulps
0.34 ml/g and 0.41 ml/g for the two varieties respectively, so
there was a significant difference between the fruits, pulps and
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seeds of the same each variety, these results findings are in line

industry  because

OPEN 8 ACCESS Freely available online

values which

they had high OAC

with the reported values of 1.16 ml/g and 0.36 ml/g for seeds improve their emulsifying capacity and retaining the
and pulps respectively that were found, under the reported flavor of the food product.
literature data of these study results suggests that the fruits of
the two varieties would be used properly in the food formulation

Table 4: WAC and OAC (ml/g), DWB for of the three fruit parts of Guddaim samples varieties.

Functional South Darfur fruit’s variety North  Kordofan

property fruit’s variety

Fruits Pulps Seeds Fruits Pulps Seeds
WAC 2.47 £0.04 3.21£0.05 1.18 £ 0.06¢ 2.28 £0.07¢¢ 3.13 +£0.05% 1.15 + 0.08¢f
OAC 1.36 + 0.06% 0.34 + 0.08¢f 1.12 + 0.07« 1.40 £ 0.06* 0.41 + 0.04¢ 1.17 + 0.06b®

Note: Values are means + SDs “on dry weight basis” of replicate determinations (n=3), means that do not share the same letter on its row differed

significantly (p < 0.05)

CONCLUSION

The proximate chemical, mineral and functional properties that
comparatively studied had showed some differences between the
south Darfur and north Kordofan Guddaim fruits varieties.
Fruits parts from north Kordofan were found richer on fiber
and protein contents and could be used further to enhance diet
protein and fiber contents and feeds production, its pulps
should be used as a good source of K. While the carbohydrate of
the fruit parts of the two varieties in this study make up the
largest major nutrient proportion, the results was shown that
the pulps and fruits particularly the pulps of the south Darfur
variety with its highest carbohydrate and gross energy content
could be a potential source of energy and should be used in the
foods industry. As well this variety is richer with Ca, Mg, Zn, Cu
and Mn and contain considerably amount of Fe. Besides the
higher OAC value for the fruits and WOA value for the pulps of
the two varieties make them to be future in used in the food
industries like jams, jellies and sweets or may be applied to the
based on the

pharmaceutical formulations characteristic

composition of each variety.

REFERENCES

1. Fruits F. Chemical compositions, nutritional properties and
volatile compounds of Guddaim (Grewia Tenax. Forssk). ] Food
Nutr Res. 2014;2(4):187-192.

2. Aboagarib EA, Yang R, Hua X. Physicochemical, nutritional and
functional characteristics of seeds, peel and pulp of Grewia tenax
(Forssk) Fiori fruits. Trop ] Pharm Res. 2015;14(12):2247-2254.

3. de Silva DM, Askwith CC, Kaplan J. Molecular mechanisms of iron
uptake in eukaryotes. Physiol Rev. 1996;76(1):31-47.

4. Richardson DR, Ponka P. The molecular mechanisms of the
metabolism and transport of iron in normal and neoplastic cells.
Biochim Biophys Acta. 1997;1331(1):1-40.

5. Suliman ZE, Zidan NS, Foudah SH. Chemical compositions,
antioxidant and nutritional properties of the food products of
Guddaim (Grewia tenax). Int ] Pharm Res Allied Sci. 2018;7(3):
172-182.

6. Dim LA, Funtua II, Oyewale AO, Grass F, Umar IM, Gwozdz R,

et al. Determination of some elements in Ageratum conyziodes, a tropical

J Nutr Food Sci, Vol.13 Iss.3 No:1000025

10.

11.

12.

13.

14.

15.

16.

17.

medicinal plant, using instrumental neutron activation analysis. ]
Radioanal Nucl Chem. 2004;261:225-228.

Subramanian R, Gayathri S, Rathnavel C, Raj V. Analysis of
mineral and heavy metals in some medicinal plants collected from

local market. Asian Pac ] Trop Biomed. 2012;2(1):74-78.

Bello MO, Ibrahim AO, Ogunwande 1A, Olawore NO. Heavy trace
metals and macronutrients status in herbal plants of Nigeria. Food
Chem. 2004;85(1):67-71.

Sati NM, Ahmed FA. Botanical
composition of some Grewia spp.“Gudeim plant” in Sudan. Open
Sci. 2018;3(1).

Perelonia KB, Benitez KC, Banicod R]J, Tadifa GC, Cambia FD,
Montojo UM. Validation of an analytical method for the
determination of cadmium, lead and mercury in fish and fishery

overview and chemical

resources by graphite furnace and cold vapor atomic absorption
spectrometry. Food Control. 2021;130:108363.

Garcia-Herrera P, Morales P, Camara M, Fernandez-Ruiz V, Tardio
J, SanchezzMata MC. Nutritional and phytochemical composition of
mediterranean wild vegetables after culinary treatment. Foods.
2020;9(12):1761.

Feldsine P, Abeyta C, Andrews WH. AOAC International
methods committee guidelines for validation of qualitative and
quantitative food microbiological official methods of analysis. ]
AOAC Int. 2002;85(5):1187-1200.

Alemayehu GF, Forsido SF, Tola YB, Teshager MA, Assegie AA,

Amare E. Proximate, mineral and anti-nutrient compositions of oat

rains (Avena sativa) cultivated in Ethiopia: Implications for nutritio

nd mineral bioavailability] Heliyon. 2021;7(8).
Sulieman ~AM, Mariod AA.

I_)hytochemical constituents, bioactiv&
Nutri Value Prod. 2019:165-173.

Gomez S, Kuruvila B, Maneesha PK, Joseph M. Variation in
physico-chemical, organoleptic and microbial qualities of intermediate

rewia tenax (Guddaim)

moisture pineapple (Ananas comosus (L.) Merr.) slices during storage.
Food Prod Process Nut. 2022;4(1):1-5.

Iwe MO, Onyeukwu U, Agiriga AN. Proximate, functional and
pasting properties of FARO 44 rice, African yam bean and brown
cowpea seeds composite flour. Cogent Food Agric. 2016;2(1):
1142409.

Kumar S, Singh B, Bajpai V. Traditional uses, phytochemistry,
quality control and biological activities of genus Grewia. Phytomed

Plus. 2022;2(3):100290.


https://www.cabdirect.org/cabdirect/abstract/20163143590
https://www.cabdirect.org/cabdirect/abstract/20163143590
https://www.cabdirect.org/cabdirect/abstract/20163143590
https://journals.physiology.org/doi/abs/10.1152/physrev.1996.76.1.31
https://journals.physiology.org/doi/abs/10.1152/physrev.1996.76.1.31
https://www.sciencedirect.com/science/article/abs/pii/S0304415796000147?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304415796000147?via%3Dihub
https://ijpras.com/storage/models/article/2XNLHX7KpdSbVnPKBgQOydKQTiuMUs1Bb3EyjD64hWU8bWfecaCzHp9ecsC7/chemical-compositions-antioxidant-and-nutritional-properties-of-the-food-products-of-guddaim-grewi.pdf
https://ijpras.com/storage/models/article/2XNLHX7KpdSbVnPKBgQOydKQTiuMUs1Bb3EyjD64hWU8bWfecaCzHp9ecsC7/chemical-compositions-antioxidant-and-nutritional-properties-of-the-food-products-of-guddaim-grewi.pdf
https://ijpras.com/storage/models/article/2XNLHX7KpdSbVnPKBgQOydKQTiuMUs1Bb3EyjD64hWU8bWfecaCzHp9ecsC7/chemical-compositions-antioxidant-and-nutritional-properties-of-the-food-products-of-guddaim-grewi.pdf
https://link.springer.com/article/10.1023/B:JRNC.0000030962.86191.07
https://www.sciencedirect.com/science/article/abs/pii/S2221169112601336
https://www.sciencedirect.com/science/article/abs/pii/S2221169112601336
https://www.sciencedirect.com/science/article/abs/pii/S2221169112601336
https://www.sciencedirect.com/science/article/abs/pii/S0308814603003340
https://www.sciencedirect.com/science/article/abs/pii/S0308814603003340
https://www.sciencedirect.com/science/article/abs/pii/S0956713521005016
https://www.sciencedirect.com/science/article/abs/pii/S0956713521005016
https://www.sciencedirect.com/science/article/abs/pii/S0956713521005016
https://www.sciencedirect.com/science/article/abs/pii/S0956713521005016
https://www.mdpi.com/2304-8158/9/12/1761
https://www.mdpi.com/2304-8158/9/12/1761
https://www.cell.com/heliyon/fulltext/S2405-8440(21)01825-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844021018259%3Fshowall%3Dtrue
https://www.cell.com/heliyon/fulltext/S2405-8440(21)01825-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844021018259%3Fshowall%3Dtrue
https://link.springer.com/article/10.1186/s43014-022-00084-2
https://link.springer.com/article/10.1186/s43014-022-00084-2
https://link.springer.com/article/10.1186/s43014-022-00084-2
https://www.tandfonline.com/doi/full/10.1080/23311932.2016.1142409
https://www.tandfonline.com/doi/full/10.1080/23311932.2016.1142409
https://www.tandfonline.com/doi/full/10.1080/23311932.2016.1142409
https://www.sciencedirect.com/science/article/pii/S2667031322000732
https://www.sciencedirect.com/science/article/pii/S2667031322000732
https://www.cell.com/heliyon/fulltext/S2405-8440(21)01825-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844021018259%3Fshowall%3Dtrue
https://www.cell.com/heliyon/fulltext/S2405-8440(21)01825-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844021018259%3Fshowall%3Dtrue
https://link.springer.com/chapter/10.1007/978-3-030-31885-7_14
https://link.springer.com/chapter/10.1007/978-3-030-31885-7_14
https://link.springer.com/chapter/10.1007/978-3-030-31885-7_14

Mohammed MO, et al.

18.

19.

Lewu MN, Adebola PO, Afolayan AJ. Comparative assessment of
the nutritional value of commercially available cocoyam and potato
tubers in south Africa. ] Food Qual. 2010;33(4):461-476.

Gupta E, Purwar S, Jaiswal P, Chaturvedi R, Rai GK. Sensory
evaluation and nutritional composition of developed papaya-

gooseberry jam. Food Sci Nutr. 2016;7(7):600-608.

J Nutr Food Sci, Vol.13 Iss.3 No:1000025 (QI)

OPEN 8 ACCESS Freely available online

20. Jamil A, Razzaq K, Rajwana IA, Naz A, Akhtar G, Ullah S, et al.

Characterization of indigenous phalsa (Grewia subinequalis)
genotypes using morphological traits and ISSR markers. ] King Saud
Univ Sci. 2022;34(7):102237.

10


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4557.2010.00325.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4557.2010.00325.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4557.2010.00325.x
https://www.sciencedirect.com/science/article/pii/S1018364722004189
https://www.sciencedirect.com/science/article/pii/S1018364722004189

	Contents
	Comparative Study of Proximate Composition, Mineral and Functional Properties of Two Sudanese Varieties of Guddaim (Grewia tenax Forossk) Fiori Fruits Parts
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Samples collection
	Samples preparation
	Analysis of proximate compositions
	Mineral analysis
	Analysis of functional properties
	Statistical analysis

	RESULTS AND DISCUSSION
	Proximate composition
	Mineral composition
	Functional properties

	CONCLUSION
	REFERENCES




