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Abstract: An evaluation of nutraceutical potential of fruit pulp, peel and seeds from Annona Squamosa (L.) and Annona
Muricata (L.) was conducted. Ripe fresh fruits were collected from farms in Kilifi and Kwale Counties; Coast province of
Kenya. They were air dried, powdered and then subjected to extraction with solvents of increasing polarity (hexane, ethyl
acetate, methanol and water) for 48 hours, filtered and dried. Qualitative and quantitative phytochemical analysis and
Proximate and nutritional composition analysis was performed using methods of Association of Analytical Chemists (AOAC).
Experimental results were expressed as mean from parallel measurements analyzed using mean separation through Fischer
least significance difference by GenStat program. Comparisons were done by means of unpaired Student’s t-test and
significance difference established by ANOVA at 95% confidence level. Differences of P<(.05 were considered statistically
significant. The study revealed presence of alkaloids, flavonoids, phenols and saponins in hexane, ethyl acetate, Methanolic
and aqueous extracts. High amount of dry matter (97.59+0.15mg/100g), WWB moisture content (82.38+1.61mg/100g), DWB
moisture content (6.91+0.42mg/100g), crude fat (19.04+4.63mg/100g), crude proteins (44.01+6.93mg/100g), crude fibre
(50.03+1.81mg/100g), total carbohydrates (38.24+2.18mg/100g) and oil content (48.57+2.07mg/100g) were detected.
Appreciable values of reducing sugar (7.70+0.12mg/100g), TSS (19.67+1.47mg/100g), ascorbic acid (37.24+1.77mg/100g),
tocopherol (29.66+1.07mg/100g), TBA (0.78+0.05mg/100g) and ash content (8.93+0.69mg/100g) were observed. Reasonable
amounts of potassium (354.58+2.17mg/100g), sodium (843.38+16.25mg/100g), Calcium (857.16+6.39 mg/100g), Magnesium
(395.54+4.58mg/100g) and Phosphorous (146.30+4.02 mg/100g) were detected whereas trace amounts of Copper
(1.00+0.03mg/100g), Iron (3.58+0.12mg/100g), Zinc (0.46+0.04mg/100g) and Selenium (1.51+0.03mg/100g) were detected.
Fatty acid profile showed presence of saturated fatty acids (SFA); Caprylic (C8:0), Capric (C10:0) (C12:0), Myristic (C14:0),
Lauric Palmitic (C16:0) and Stearic (C18:0), monounsaturated fatty acids (MUFA); Oleic (C18:1) and polyunsaturated fatty
acids (PUFA); Linoleic (C18:2) and Linolenic (C18:3). The study concludes that the fruit pulp, peel and seeds from A.
Squamosa and A. Muricata has potential to be utilized in nutraceutical industries.
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(MDGs), Kenya and other developing countries needs a re-
orientation on the sustainable use of their natural resources,
particularly in this era of economic recession. This is to
harness the abundant rich flora and fauna for an improved
primary health care delivery and source raw materials for

1. Introduction

Since the beginning of human evolution, plants have been
important sources of nutrients and medicines. Thus to
achieve the vision 2030 and millennium development goals
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nutrition and medicine. Therefore, a growing request for
plant based medicines, health products, pharmaceuticals,
cosmetics, and food supplements have been of great interest
by researchers worldwide. Plants in the Annonaceae family
are tropical and subtropical trees, shrubs and lianas
comprising of about 130 genera and more than 2300 species
[1]. The Annonaceae family; A. squamosa; Linn (sugar apple)
and A. muricata; Linn (soursop) are fruit trees native to
Central America [2-5].

Different parts of Annonaceae family contain numerous
bioactive substances; polyketides, acetogenins, alkaloids,
terpenes, tannins and phenolic, flavonoids and oils
responsible for the observed insecticidal, cytotoxic, genetoxic,
antitumoral, antifeedant, antibacterial, antihelminthic,
immuno-suppressant, pesticidal, antidiabetics, antioxidant,
hepatoprotective, chemo-preventive and antiprotozoal
properties [6-14]. Traditionally, they have been used for the
treatment of illnesses ranging from diarrhea and dysentery,
cardiac problems, fainting, worm infections, constipation,
hemorrhage, dysuria, fever, thirst, malignant tumors and
tumor suppuration, ulcers and atonic dyspepsia as well as
abortifacient, anti-vermin, acaricidal, insecticidal and
larvicidal [15-20]. The soft and edible fruit pulp has been
used as food and nutrition supplements and in traditional
medicine and industrial products preparations in different
parts of the world [6-7], [21-24] with different parts of the
world having similar gastronomic habits [22-23], [25]. The
fruits are possible contributors of the vitamins, mineral salts,
fibres and bioactive compounds of diets and provided a
delicate balance of food security to the populations in regions
where they grow [7, 25].

The Kenyan population has used 4. muricata and A.
squamosa plants for long and are cultivated in several
parts of Kenyan [25]. Compared with the major fruit and
vegetables crops, the Kenyan varieties have been
neglected in terms of research to understand their
nutraceutical properties presumably because they are less
commonly known fruits. This makes the fruit of A.
muricata and A. squamosa good candidate in search for
nutraceutical agents. Therefore, the present investigation
was undertaken to study phytochemicals, proximate
composition analysis and nutritional attributes of sugar
apple and soursop fruits growing in the Coastal region of
Kenya. This may have the impact of improving nutrition
and health by strengthening complementary and
alternative medicine besides providing base line for
discovery of lead compounds in nutraceutical industries
for synthesis new drugs and food supplements.

2. Materials and Methods
2.1. Plant Material

The ripe fresh fruits of A. muricata and A. squamosa were
collected from farms in coast the province (Kilifi and Kwale
Counties) of Kenya. The harvested fruits were washed with
chlorinated water and then transported to the Centre for

Traditional Medicine and Drug Research (CTMDR) of
Kenya Medical Research Institute (KEMRI) laboratories,
Jomo Kenyatta University of Agriculture and Technology
(JKUAT) in the Department of Food Science Technology,
Food Biochemistry laboratories. In the laboratory, the fruits
were refrigerated to retard aging due to ripening, undesired
metabolic changes and respiration and spoilage due to
invasion by bacteria, fungi and yeast. The fruits pulp and
seeds were dried using a constant temperature and humidity
chamber (Tokyo Thermo Tech Co. Ltd, Japan) set at 25°C
and 95% relative humidity for easy grinding then grinded
into fine powder using a grinding machine (Mitamura Riken,
Kogyo Inc. Tokyo, Japan). The grinded fruits parts inform of
powder were weighed wusing a top-loading balance,
transferred into polythene bags and airtight container, sealed,
and stored at 4°C until extraction.

2.2. Plant Material and Extracts Preparation

Aqueous extraction was carried out for peel, seeds and
pulp as described [26], where 50 g of the sample was
macerated in 100 mL sterile distilled water in a Warring
blender for 10 minutes. The macerate was first be filtered
through double layered muslin cloth and then centrifuged at
4000g for 30 min. The supernatant was then filtered through
Whatman No.1 filter paper and sterilized at 120°C for 30
minutes. The extract was finally preserved aseptically in an
airtight bottle at 5°C for later use. In Organic solvent
extraction; the powdered plant materials were weighed and
sequentially subjected to extraction with solvents of
increasing polarity starting with n-hexane preceded by ethyl
acetate and finally Methanol (MeOH) for 48 hours each with
occasional swirling to ensure thorough extraction. The
extracts were decanted and filtered through Whatman filter
paper and the macerate steeped in solvent again for 48 hrs.
The extraction process was repeated twice and the filtrates
combined and concentrated on a rotary vacuum evaporator
(Bibby Sterilin Ltd, RE 100B, UK) under reduced pressure at
a temperature of 50°C and packed and stored in an airtight
bottles at 5°C for later use.

2.3. Phytochemical Analysis

The following phytochemicals were tested for their
presence in the plant; tannins (Ferric chloride test, Lead
acetate test and potassium dichromate test) [27], flavonoids
(NaOH test, Conc H,SO, test, NH,OH test and Shinado’s
test) [28], saponins (Haemolytic test and NaHCOs test) [29],
terpenoids (Salkowski’s test) [30], phenols (Ferric chloride
test and Lead acetate test) [28], glycosides (Fehling’s test,
Kidde’s test and Keller—Killain test) [30], anthraquinones
[31], alkaloids (Mayer’s test, Dragendroff’s test and
Wagner’s test) [28], anthocyanins (Ammonium test) [32],
steroids and cholesterol [32], coumarins [32], fixed oil and
fats (Spot test) [32]. Also the following phytochemicals
were quantified; phenolic compounds [33], Tannins [34],
flavanoids, alkaloids, terpenoids, steroids and glycosides
[28].
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2.4. Proximate and Nutritional Composition Analysis

Moisture content; Dry Weight Based (DWB) and Wet
Weight Based (WWB), titratable acidity (TBA), total solids
(dry matter), total soluble solids (TSS) ash content, crude fat,
crude protein, crude fibre, total carbohydrates, reducing sugar,
oil content, fatty acid composition, ascorbic acid content and
tocopherol content of the various parts of 4. squamosa and A.
muricata were determined using the methods of Association
of Official Analytical chemist’s (AOAC) [35] as described
[36].

2.5. Data Analysis

The experimental results derived in the study were
expressed as the mean from three parallel measurements
analyzed using mean separation by GenStat program [37].
Mean separation was done through Fischer least significance
difference. Comparisons between two treatments were done
by means of unpaired Student’s t-test and significance
established by ANOVA at 95% confidence level.

3. Results
3.1. Extraction of Phytochemicals from Plants

A total of twenty-four (24) extracts were obtained from
three different parts of the two plants (Pulp, peel and seeds).
The percentage yields calculated from each of the extracts is
presented in table Table 1. From the results it’s clear that the
methanolic extracts gave higher percentage yields followed

by aqueous (water) and ethyl acetate extracts whereas the
hexane extracts had the lowest percentage yields.

Figure 1. Methanol crude extracts of A. squamosa and A. muricata pulp,
peel and seeds packed in airtight containers.

The appearances of the different extracts of the two plants
from different parts of the fruit varied in consistency ranging
from oily (ethyl acetate and MeOH), caramelized (aqueous or
water), pelleted (hexane) as indicated in Table 1 and Figure 1.
The colour differed significantly ranging from deep colours
(seeds and peels) to lightly colours (pulps) (Table land
Figure 1). Further, in terms of consistency, the extracts were
found to be sticky in the non-polar to not so polar solvents
(Hexane and ethyl acetate) and non-sticky in the polar
solvents (water and MeOH).

Table 1. Percentage yield, colour and appearance of different crude extracts of A. squamosa and A. muricata pulp, peel and seeds.

Plant Part Extract/Fraction % Yield Colour Appearance
AS Seed Hexane 1.97+0.42 Blackish brown Oily

AS Pulp Hexane 1.544+0.16 Yellowish brown Oily

AS Peel Hexane 1.63+0.17 Greenish black Oily
AM Seed Hexane 1.57+0.10 Blackish brown Oily
AM Pulp Hexane 1.75+0.42 Yellowish brown Oily
AM Peel Hexane 2.13+0.75 Greenish black Oily

AS Seed Ethyl Acetate 2.55+0.49 Blackish brown Caramel
AS Pulp Ethyl Acetate 2.41+0.53 Brownish Caramel
AS Peel Ethyl Acetate 2.5140.11 Greenish-White Caramel
AM Seed Ethyl Acetate 2.56+0.36 Blackish brown Caramel
AM Pulp Ethyl Acetate 2.87+0.27 Yellowish brown Caramel
AM Peel Ethyl Acetate 2.23+0.39 Greenish Caramel
AS Seed MeOH 25.54+1.67 Brownish Caramel
AS Pulp MeOH 24.14+1.27 Brownish yellow Caramel
AS Peel MeOH 25.06+1.09 Greenish white Caramel
AM Seed MeOH 25.56+1.10 Brownish black Caramel
AM Pulp MeOH 28.69+1.48 Yellowish brown Caramel
AM Peel MeOH 22.33+1.29 Blackish green Caramel
AS Seed Aqueous 9.00+0.94 Blackish brown Pellets
AS Pulp Aqueous 14.00+1.04 Light brown Pellets
AS Peel Aqueous 6.00+0.87 Golden brown Pellets
AM Seed Aqueous 7.00£1.33 Blackish brown Pellets
AM Pulp Aqueous 7.00+1.05 Light brown Pellets
AM Peel Aqueous 19.00+1.57 Blackish brown Pellets

Mean values (n=3)+SEM. Abbreviations: (AS) 4. squamosa; (AM) A. muricata.

3.2. Qualitative Phytochemical Screening

The presence and/or absence of phytochemicals (Alkaloids,

Flavanoids, Glycosides, Anthocyanin, Saponins, Steroids,
Tannin, Coumarins, Terpenoids and Phenols) in hexane, ethyl
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acetate, MeOH and aqueous extracts from pulp, peel and
seeds of A. squamosa and A. muricata using different

screening tests is presented in Table 2 and Table 3.

Table 2. Qualitative phytochemical components of A. squamosa plant parts.

Phytochemical  Test performed Aqucous S H ol Hexane Ethyl acetate
v Pulp  Seeds Peel Pulp Seeds Peel Pulp Seeds Peel Pulp Seed Peel
General test + + + + + + + + + + + +
Tannic acid test - - - o + + + + a4 + + +
Alkaloids Meyer’s test - - 4 4 & & 4 + + + + +
Dragendroft’s test - - - 4 S S + + + + + +
Wagner’s test - - + + + + + + + + + +
NaOH test S S 1 1 = + + + + s s +
" H,SO, test + S S S + I 1 1 + + + +
Flavanoids . X
Shinado’s test + + + + + + + + a4 + + +
NH,OH test S S S S + I 1 1 + + + +
Fehling’s test - = = = + - o + - + + _
Glycosides ISEE Al 2 . ) ) ) u - L s - + + -
g Killer Killian test + i i i n - + 4 ; v+
Borntregar’s test 4 + + + + o + + - + + +
Ferric chloride test 1 1 + + + + + + + 4 & +
Phenols
Lead acetate test S S S S + + 1 1 I I + +
. NaHCO; test 4 - + + - + + = + + o +
Saponins .
Hemolytic test + + + + - + + + + + - i
Steroids Libermann-Burchard test + 4 - + + + + + o o + +
Fixed oils and
Spot test - - - + + + + + + + + +
Fats
Ferric chloride test + + - + + - + + - + + _
Tannin Lead acetate test 4 4 - 4 + - + = o + + -
Potassium dichromate + 1 - + + = + + + + + 5
Coumarins = = + = + + - - - - - 4
Terpenoids Salkowski’s test ¥ ¥ 4 - - + + + = + + +
Anthocyanin Ammonia test - + - - + - - + - - + _
Anthraquinones = - - - - - . _ _ _ _ _
Key: (+) = Present; (-) = Absent.
Table 3. Qualitative phytochemical components of A. muricata plant parts.
. Aqueous Methanolic Hexane Ethyl acetate
Phytochemical Test performed 9 X
Pulp  Seeds Peel Pulp Seeds Peel Pulp Seeds Peel Pulp Seed Peel
General Test - - + + + + + + - + L -
Tannic Acid - - S + + - + + - + + .
Alkaloids Meyer’s test - - & 4 4 + + = S + + -
Dragendroff’s test - - - + + + = = - - - -
Wagner’s test - - S 4 + + = = = = - -
NaOH test A + + + + + + + o + + -
. H,SO, test + + + + + + + + - + + -
Flavonoids . N
Shinado’s test + + + + + + + + - o + -
NH,OH A + + + + + + + o + + -
Fehling’s test - - S - + + + + + + + +
Glycosides @ttt B ) B ) g - v i - + + -
4 Killer Killian test + + - + + + + + . - 5 ]
Borntregar’s test 4+ 4 + + + + + + + + + +
. Ferric chloride test + + + + + + + + + L + +
Phenolic compounds
Lead acetate test + + + + + + + + + + + +
. NaHCOs test + + + + o + + + - + - -
Saponins .
Hemolytic test S + + + + 4 + + _ 4 + }
Steroids Salkowski’s test - - - = = = + + + s + +
Fixed oils and Fats Spot test - - = = = - 4 4 + + + +
Ferric chloride test + + + + + + + + + L + +
. Lead acetate test + + + + + + + - + + + +
Tannin .
Potassium
. + - + + = + - - b - _ +
dichromate
Coumarins S = o = = - - - - - - -
Terpenoids Salkowski’s test - + - - + - = + + - + +
Anthocyanin Ammonia test S 4 + = = = = + + - + o
Anthraquinones - = = = = = = = - - - -

Key: (+) = Present; (-) =

Absent.
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3.3. Quantitative Phytochemical Screening

The quantities of the identified phytochemicals obtained in
this study are presented in Table 4. There was no significant
difference (P>0.05) between the phytochemical contents of
the pulps and seeds in the two fruit species. However, the
phytochemical contents between pulps and seeds within a
species significantly differed (p<0.05). The pulps had
significantly higher content of phenols, flavonoids, tannins
and alkaloids than the seeds. Further, phenols, saponins,

flavonoids and tannins contents in the pulp of A. muricata
were significantly higher than in A. squamosa with the
opposite relationship observed in the seeds. However, the
seeds of A. squamosa had higher content of phenols
(118.23+2.38 mg/100g). Low content of glycosides,
terpenoids and steroids were observed in pulp and seeds.
However, the seeds of 4. squamosa had appreciable quantity
of terpenoids (19.04+0.05 mg/100g).

Table 4. Quantitative phytochemical analysis of different parts of different Annonaceae fruit species.

Phytochemical concentration in different plant part and species (DWB)

Phytochemical A. squamosa A. muricata
Pulp Peel Seed Pulp Peel Seeds

Alkaloids 14.69°+0.32 ND 7.69°£0.32 2.34%40.12 ND 23.43%0.60
Flavonoids 26.06™+0.60 ND 48.31°+1.07 178.70% +1.98 ND 80.69%1.78
Phenols 3.71°40.27 ND 118.23°42.38 111.82%1.75 ND 45.08%+1.16
Saponins 6.05%£0.24 ND 9.56"+0.31 0.61%£0.08 ND 4.77°+0.10
Tannins 30.5245.03 ND 16.86°+0.63 63.63"+1.86 ND 1.14*£0.03
Glycosides 0.58%£0.04 ND 0.48%£0.07 0.38%£0.10 ND 0.44™+0.11
Terpenoids 5.87°+0.04 ND 19.04°+0.05 4.87°+0.77 ND 6.57°1.24
Steroids 0.46*£0.03 ND 0.26°+0.03 0.49+0.67 ND 0.44*+0.08

Mean values (n=3) +£ SEM. Values appended by different small letters within a row are significantly different (P < 0.05). (ND) — Not done.

3.4. Preliminary Proximate Compositional Analysis

Preliminary proximate compositional analysis revealing
the percentages of dry mater, ash content, moisture content,
crude fiber, crude protein, crude fats and carbohydrates,
reducing sugars, TSS and TBA are presented in Table 5. The
dry matter, moisture content (WWB and DWB), ash content
and crude proteins in different parts of the two fruits did not
differ significantly (P>0.05) however, a significant
difference (P<0.05) was observed between different parts. 4.
squamosa peel (97.95+£0.15 mg/100g), A. squamosa pulp

(6.91£0.42 mg/100g) and A. squamosa pulp (8.93+0.96
mg/100g) A. muricata seeds (44.01+6.93 mg/100g)
respectively. The fiber content, crude fats, oil content,
carbohydrates, reducing sugars, TSS, TBA, ascorbic acid and
tocopherol differed significantly (P<0.05) between the two
fruits and also in the different parts of the fruits (Table 5).
Crude fats and oil contents significantly high in the seeds,
carbohydrates, reducing sugars, TBA, ascorbic acid and
tocopherol were significantly high in the pulps whereas TSS
was significantly high in in the pulps (Table 5).

Table 5. Proximate composition analysis of different Annonaceae fruits pulp, peel and seeds.

Proximate percentage composition (mg/100g)

Parameter A. squamosa A. muricata

Pulp Seeds Peel Pulp Seeds Peel
Dry matter (%) 94.51%:0.82 95.31°%+0.01 97.59°40.15 93.09%:0.42 94.94°+0.80 95.08°:0.23
Moisture (WWB) 82.38%+1.61 70.02%+0.17 42.38%+1.61 82.38%1. 61 81.09°+0.67 41.02°£0.70
Moisture (DWB) 5.49°+0.82 4.69°+0.01 2.41%40.15 6.91°40.42 5.06"+0.80 4.91°£0.22
Ash content 2.92°+0.31 3.02°+0.40 2.88%+1.75 8.93°+0.69 0.89°+1.57 2.96"+0.93
Crude Protein 26.25'+2.15 31.28%5.31 4.36£0.66 35.04°+3.18 44.01°+6.93 3.75%4+0.98
Fiber content 43.84°+4.12 38.69%13.83 52.20°1.10 72.95°:0.86 40.48%1.21 50.03"+1.81
Crude Fat 4.30*+0.39 19.04°+4.63 4.08+£0.33 1.89%+0.62 17.83%£9.49 4.99%42 .01
0il Content 26.13+1.05 39.1242.58 18.58+1.87 33.67+1.97 48.57+2.07 25.97+1.48
Carbohydrate 38.24%2.18 29.88%+1.63 36.62%1.43 2.42%40.88 30.68°+6.92 32.19+4.00
Reducing sugars 7.70°40.12 0.35%40.77 0.19°+0.12 3.13°41.01 0.17°+0.02 0.57°+0.05
Total soluble solids (TSS) 16.77°+0.09 19.67%1.47 28.16%2.47 7.21%1.67 17.58%1.08 26.57"+1.23
Titratable acidity 0.18%+0.01 0.05°+0.01 0.01°+0.00 0.78%0.05 0.21°+0.01 0.09°+0.01
Ascorbic acid 19.60%:2.77 13.7540.17 ND 37.24%+1.77 21.85%:0.04 ND
Tocopherol 17.42%£1.25 10.15°£0.13 ND 29.66"+1.07 16.55%0.19 ND

Mean values (n=3) + SEM. Means with different superscript letters within a row are significantly different (P < 0.05).

3.5. Fatty Acid Composition

The fatty acid profile of A. squamosa and A. muricata fruit
pulp and seeds showed the presence of saturated fatty acids

(SFA), Caprylic (C8:0), Capric (C10:0) (C12:0), Myristic
(C14:0), Lauric Palmitic (C16:0) and Stearic (C18:0),
monounsaturated fatty acids (MUFA); Oleic (C18:1) and
polyunsaturated fatty acids (PUFA); Linoleic (C18:2) and
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Linolenic (C18:3) as presented in Table 6. Unsaturated fatty
acids (USFA) were significantly in higher amounts than the
SFA attributed to the presence of high contents of the three
USFA,; linoleic acid, linolenic acid and oleic acid. Linoleic
acid was the major PUFA whereas oleic acid was the major
MUFA with significantly higher values in seeds. The

predominant SFA was palmitic acid with 457.73+£30.16
mg/100g and 349.18+14.31 mg/100g in pulp and seeds
respectively. However, A. muricata seeds and A. muricata
pulp was composed of high amounts of total fatty acids,
whereas 4. squamosa seeds and A. squamosa pulp had
significantly lower (P < 0.05) amounts of the fatty acids.

Table 6. Fatty acid composition of the Annonaceae fruits pulp and seeds.

Plant sample Percentage fatty acid content (mg/100g DWB)

Fatty acid A. muricata A. squamosa

Pulp Seed Pulp Seeds
Caprylic (C8:0) 0.01%+0.00 21.46°+5.81 5.87°+0.24 0.27°40.07
Capric (C10:0) 8.21°+0.83 1.67°+0.14 0.84°£0.09 10.51%+1.76
Lauric (C12:0) 3.53"+1.46 5.13'+0.27 2.46"+0.32 0.89°40.46
Myristic (C14:0) 90.14"+8.01 211.47°43.65 34.94°+0.40 150.44+17.68
Palmitic (C16:0) 457.73£30.16 349.18°+14.31 208.01°+7.03 213.31°+2.08
Stearic (C18:0) 37.67°+5.93 34.27°+0.41 18.47°+0.08 59.15°+1.82
Linoleic (C18:2) 372.45°+24.34 500.16*:17.12 80.13%3.16 173.22°48.97
Linolenic (C18:3) 100.12°+2.39 196.67°+17.82 67.33°+10.03 129.99°+2 .86
Oleic (C18:1) 38.65°+£6.97 75.08°+7.83 1.07°+0.00 50.80°+0.10

Mean values (n=3) + SEM. Means with different small letters within a row are significantly different (P < 0.05).

3.6. Mineral Elements Composition

The pulp and seeds of 4. muricata and A. squamosa
revealed the presence of different minerals elements (Table 7
and Figure 2). The different parts of different species
analyzed revealed reasonable amounts of potassium, sodium,
Calcium, Magnesium and Phosphorous. Other mineral
elements were detected in trace amounts and included
Copper, Iron, Zinc and Selenium. The general trend was that
there were significant differences (p<0.05) in Sodium,
Potassium, Magnesium, Phosphorous, Copper, Iron, Zinc and

mASPU mASS

900.00
800.00
700.00
600.00
500.00

400.00

Concentration (mg/100g)

300.00

200.00

100.00

0.00

I. -l [ | le .._ NN\
K Na Ca Mg P

Selenium concentration between the analyzed species. The
concentration of Calcium differed significantly (p<0.05)
between the species analyzed. However, a variation in
mineral elements concentration was evident between the pulp
and the seeds (p<0.05). Significantly higher concentration of
most the identified mineral elements analyzed was recorded
in the seeds than in the pulp in 4. squamosa while the pulp of
A. muricata fruit had higher mineral element concentration
than the seeds.
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Figure 2. Mineral composition in the fruit palp and seeds of A. squamosa and A. muricata.



American Journal of BioScience 2019; 7(3): 58-70 64

Table 7. Mineral composition of different parts of A. squamosa and A. muricata fruits.

Mineral concentration (mg/100g DWB)

Mineral A squamosa A. muricata

Pulp Peel Seeds Pulp Peel Seeds
K 48.03%£0.60 ND 23.31°+0.73 322.25+13.11 ND 354.58"2.17
Na 10.41°+0.41 ND 31.39%0.56 843.38"+16.25 ND 20.99*+1.35
Ca 454.96%2.88 ND 648.52°+2.48 857.16"+6.39 ND 158.37°+2.89
Mg 395.54°4.58 ND 52.00%1.01 24.00%+0.77 ND 13.71%£0.34
P 28.71°+0.99 ND 22.20°%+0.81 32.50°40.94 ND 146.30%+4.02
Cu 0.10%:0.00 ND 0.03%£0.00 1.00°£0.03 ND 0.04°:0.00
Fe 1.65°+0.04 ND 2.07°40.02 1.05°+0.06 ND 3.58%+0.12
Zn 0.32%£0.02 ND 0.31%£0.02 0.40°+0.03 ND 0.46°+0.04
Se 0.87°£0.01 ND 1.46%+0.04 0.79°+0.07 ND 1.51%£0.03

Means values (3) + SEM. Means with different superscript letters within a row are significantly different (P < 0.05); ND - Not done.

4. Discussion

4.1. Extraction, Qualitative and Quantitative Phytochemical
Screening

The yields in dry extracts ranged between 1.54+0.16% and
28.69+1.48, depending on the solvent used. However, the
percentage yield may vary depending on the species of the
fruit and the technique used for the extraction [38]. From this
study, it can be demonstrated from the results that the
methanol extracts gave the highest yields while the hexane
extracts had the lowest yields which is in line with past
works in which methanolic extracts are preferred due to their
high yield in extraction processes [39]. Water extraction
naturally sets some limitations to the amount of compounds
that can be extracted due to its polarity [40]. Observations of
the structure and forms showed that the methanol extracts
were in form of caramel as they were gluey because of the
sugar content extracted by methanol [39]. The hexane
extracts, which gave the least yield, were oily while the
aqueous extracts were dry and pelleted a result that is in
agreement with other studies [39]. Colours of the extracts
ranged from green, yellow to brown. Peel extracts had the
deepest colours followed by that of seeds while that of pulps
were light coloured. The phytochemicals tested included
tannins, flavonoids, saponins, terpenoids, phenols, glycosides,
alkaloids, anthocyanins, steroids and cholesterol, coumarins,
fixed oil and fats. However, anthraquinones were absent, a
finding that is in agreement with other studies [9], [41-44].
Due to the presence different phytochemicals at a relatively
higher amount as a result of their wild nature [25], 4.
muricata and A. squamosa have the potential to act as a
source of useful drugs.

Free radical scavenging (antioxidant), antimicrobial,
antiviral and anti-inflammatory anticarcinogenic,
immunostimulant properties of plant extracts have been
associated with the presence of tannins and saponins [32, 45].
Detection of tannins and saponins in harmony with other
studies [46-47] is an indication of the potential health
benefits of these fruits to cure a number of diseases. Saponins
and tannins impart astringent and bitter taste to plant-based
foods making them undesirable when present in very high
quantities in ready-to-eat foods such as fruit [46] while

identified types of saponins have been associated with
adverse effects on fishes and other aquatic lives [48].
However, the current study indicates that the content of
tannins and saponins of these fruits when ripe is just adequate
thereby eroding any cause for alarm in the consumption of
these fruits.

Glycosides were detected confirming reports by other
studies [47, 49]. The study also showed negative inferences
to various tests for alkaloids in the pulp, results that are in
accordance with other reports published elsewhere [49]. The
presence of glycosides indicates existence of compounds
with pharmacologically active genins and at least one
reducing sugar [32]. The absence of glycosides is desired due
to toxicity associated with their intake [49]. However,
reported minute amounts and their relaxant and calming
effects on the heart and muscles when consumed in small
doses [50] suggest use of these fruits in human diet. The
presence of glycosides in these fruits is much desired due to
their importance of some specific glycosides such as cardiac
glycosides in treating congestive heart failure [51]. Moreover,
the findings support reviewed literature and studies on the
potential of these fruits in the treatment of cardiac-related
ailments as used in folkloric medicine [51-52].

Flavonoids are acclaimed for antioxidant and antimicrobial
activities [52] while coumarins are anti-stress compounds
postulated to have antiviral and anticoagulant activities [32].
Positive and negative inferences for coumarins were obtained
in pulp, peel and seeds for A. muricata and A. squamosa
respectively. Their detection corroborates earlier findings in
species from other countries [47-48]. However, coumarins
are not usually assessed in the phytochemical analysis of
most fruits resulting in limited data [32]. Terpenoids are
responsible for wound healing properties leading to wound
contraction and epithelialization [53], a potential that makes
their presence in foods desirable. General test for terpenoids
gave negative inferences for the pulp of A. muricata.
Although terpenoids were detected in A. squamosa in this
study, the data in its detection is scarce [32]. Some samples,
which tested positive to terpenoids, had a negative inference
for the sterols, which confirms the hypothesis that all sterols
are terpenoids, but the vice-versa is untrue [32]. The
detection of terpenoids in the samples further indicates the
medicinal potential of the edible portions of the studied fruits.
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An inverse relationship exists between intake of plant
sterol and risk of some cancers [54]. The detection of this
plant chemical therefore, suggests the potential health
benefits associated with the consumption of these fruits.
Phenolic compounds are plant secondary metabolites, which
constitute one of the most common and widespread groups of
compounds in plants [55]. Plants need phenolic compounds
for pigmentation, growth, reproduction, resistance to diseases
and many other functions [55]. Fruits of different genotypes
of Annona species were studied for phenol content [47], [56-
58], [69]. Above result indicated that 4. muricata which
possessed significantly higher phenol content can be a
potential source of disease resistance and also for therapeutic
purpose in pharmaceuticals.

4.2. Proximate and Nutritional Composition Analysis

The nutrient concentration in plant material expressed on a
dry matter basis is a function of the speed rate of nutrient
uptake and dry mass accumulation [60]. There is an
increasing demand and scientific awareness on nutritional
and functional properties of oils and fats, proteins and amino
acids and minerals, carbohydrates and phytochemicals.
Therefore, proximate and nutrition compositional analysis of
edible fruits is a current focus of international research. One
of the targets of this study was to perform proximate and
nutrition composition analysis of pulp, peel and seeds from A.
squamosa and A. muricata fruits. Moisture content of foods
gives an indication of available dry matter and plays a major
role in determining the propensity of the food to spoil [61].
The high moisture content of fresh pulp peel and seeds was
contributed by the bulk tissue weight of fleshy and succulent
fruits. After oven drying, the moisture level reduced
significantly. The high moisture content of these fruits
provide a good source of raw materials for juice
manufacturing as a supplement to whole fruits. However, it
has been revealed that high moisture content tends in fruits
tend to promote microbial contamination and chemical
degradation [62]. Higher moisture content in fruits reduce
natural product stability and shelf life making the perishable
by providing a suitable medium for many reactions to occur.
Analogous moisture content values have been obtained in
other studies for all the samples [63-64] and heterologous
results in some studies [57, 65] where the moisture content of
A. muricata pulp was found to be significant high. Although
moisture deficiency is essential for good quality and quantity
of the yield, severe deficiency may lead to the death of plant
[66]. The relatively more moisture content can be more
beneficial as moisture content makes the fresh fruit juicier
and more palatable to the consumer [67]. The high moisture
content as observed in the Annona species pulp reflects
perishability and short shelf life of the fruits [68]. The
moisture content reduced significantly after drying indicating
an increase in shelf life.

The organic matter content of a plant seed material is the
measure of the total lipids, proteins and carbohydrates [69].
The results from this study indicate that the pulp and seeds of
the three Annonaceae plants can be described as having high

nutritional value. In the pulp, protein content was in the range
26.25+£2.15 mg/100g (4. squamosa) to 35.04+3.18 mg/100g
(A. muricata), results that are in agreement with other studies
[58, 66]. In the seeds, the protein content was in the ranges of
31.28+5.31% (4. muricata) to 44.01+£6.93 mg/100g (4.
squamosa). Generally, the fruits had protein contents
comparatively higher than literature values for some common
fruits [70]. Lower values have been reported [58] which
could be again due to environmental factors. Since proteins
are the building block of the body and are important
components of various enzymes and nucleic acid good
amount of proteins are required in our daily diet [71]. The
results of this study suggest that the fruits of 4. squamosa
and A. muricata can be good source of proteins in
consumer’s diet.

Carbohydrates serve organisms as energy sources and as
essential structural component of nucleic acid that stores
genetic information. The pulp of A. squamosa recorded
significantly higher amount of total carbohydrates
(38.2442.18 mg/100g) compared to significantly lower
amount of total carbohydrates recorded for 4. muricata pulp
(2.42+0.88 mg/100g). These values of carbohydrates are
fairly good and may be considered of nutritional significance.
The experimental results from this study therefore reveal that
the pulp of 4. squamosa is a potential source of energy and
can be included in the diet. The reducing sugars measured in
A. squamosa and A. muricata fruits pulp, peel and seeds were
found to be in the range of 0.17+0.02 mg/100g (4. muricata
seeds) to 7.70+0.12 mg/100g (4. squamosa pulp). Maximum
reducing sugars were recorded in A. squamosa, whereas
minimum contents were recorded for 4. muricata. From the
results of this study, it can be concluded that 4. squamosa
contain significantly amount of reducing sugar used as a
source of resistance against biotic stresses to the plant [66]
besides being utilized by humans [71].

Further, the amount of sugars present in a plant play and
important role in osmotic adjustment and in providing
protection against various types of stresses [66]. This
component of sugar is the TSS whose measured content in
the fruit pulp, peel and seeds of 4. squamosa and A. muricata
was found in the range of 7.214+1.67 mg/100g (4. muricata
pulp) to 28.16+2.47 mg/100g (4. muricata peel). The content
of TSS in the pulp was found to be lower at 7.21+1.67
mg/100g (4. muricata) and 16.77+£0.09 mg/100g (4.
squamosa) compared to the seeds and peel. Titratable acidity
content was estimated from A. squamosa and A. muricata
fruit pulp, peel and seeds were in the range of 0.01 mg/100g
(4. squamosa peel) to 0.78+0.05 mg/100g (4. muricata pulp).
The maximum value of titratable acidity was found to be
0.78+0.05 mg/100g (A. muricata) followed by 0.21+0.01
mg/100g (4. muricata seeds) and 0.18+0.01 mg/100g (4.
squamosa pulp). In contrast to other studies obtained slightly
higher titratable acidity values of 0.79 mg/100g (seeds) and
3.43 mg/100g (pulp) [57] and 0.10-1.25 mg/100g in freshly
matured fruit of 4. muricata [56]. Titratable acidity in fruits
plays an important role in taste, color, and indicator of the
quality and microbial stability of the fruit juice and
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determines maturity [57]. Due to appreciable levels of
titratable acidity, 4. squamosa and A. muricata fruits can
have better acceptability for the consumers.

Crude fibre content of foods gives an indication of its
dietary fibres [72]. Dietary fibers have a number of beneficial
effects related to its indigestibility in the small intestine [72-
73]. As an important component of the diet, it enhances
faecal bulk, prevents constipation, stimulating peristalsis and
decreasing the risk of many disorders such as constipation,
diabetes, cardiovascular diseases and obesity [73]. Fibre
content measured in different parts of 4. squamosa and A.
muricata fruits were found to be in the range of 38.69+£1383
mg/100g (4. squamosa seeds) to 72.95+0.86 mg/100g (4.
muricata pulp). These results were comparable with most
other fruits seeds and pulps of their respective family [73].
From the results of present study, it can be concluded that 4.
squamosa and A. muricata contain relatively more fibres.
Thus their inclusion in the diet can provide good roughage in
the diet which can be more helpful for maintaining the health
of the gastro-intestinal tract, weight regulation and thus
decreasing the risk of many disorders. Considering the health
benefits of dietary fibre as elaborated in other studies [72-73],
the relatively high crude fibre content observed in the studied
fruits is much desired.

Fats are important part of the diet because they are vital to
the development of various organs and systems [74]. As a
concentrated source of calories, especially in infants, fat
helps to resolve the potential problems of high calorie needs
and small stomach capacity [71, 75]. However, the pulp of
the Annonaceae fruits studied had low content of crude fat
whereas seeds had a higher crude fat content. The study
showed a considerable fat content in the studied varieties of
Annonaceae fruits supporting studies on essential oils
extraction from fresh fruits of 4. muricata with potential for
human health [53]. Therefore, the seeds of the three
Annonaceae species analyzed can be a good source of lipids.
Significantly higher oil content was obtained for A. muricata
compared to A. squamosa. The result was not comparable
with 26.8 mg/100g oil content in the seeds of A. squamosa
[76] and 22.2 mg/100g in the seed kernels of A. squamosa
[77]. The values of oil content 26.13+1.05 mg/100g (A.
squamosa) and 33.67+1.97 mg/100g (4. muricata) in the
pulp are sufficient enough to cater for the needs in the diet.
Therefore, Annona species could be very useful as a source
of oil for both domestic and industrial uses because of the
relatively high oil content. Instead of discarding them as
waste they can be better utilized in oil industries and can also
be used as cooking oil if it is deodorized.

The fatty acid profile shows both short and medium carbon
chain SFA; Caprylic acid (C8:0), Capric acid (C10:0), Lauric
acid (C12:0), Myristic (C14:0), Palmitic (C16:0) and Stearic
(C18:0), MUFA; Oleic (C18:1) and PUFA; Linoleic (C18:2)
and Linolenic (C18:3). Amongst the SFA, Palmitic acid was
predominant, followed by Myristic, Stearic acid, Capric acid,
Lauric acid and finally Caprylic acid in that order. This result
is consistent with the fact that palmitic acid is the most
abundant SFA in vegetable fats; Stearic acid being the least

common while the others (Caprylic acid, Capric acid, Lauric
acid, Myristic) exists as intermediates during fatty acids
biosynthesis. Linoleic acid was the abundant PUFA
compared to linolenic acid whereas oleic acid was the
abundant MUFA [78-79]. The pulp and seeds of plants show
significant amounts of essential fatty acid. However, the
proportions of linoleic acid to linolenic acid may be different.
The greater the amount of linoleic acid compared to linolenic
may not desirable since linolenic acid is more susceptible to
oxidation [78-79].

The ash content present in any food is generally
recognized as a measure of quality for assessment of
functional properties of foods [80]. The levels of total ash in
A. squamosa and A. muricata were up to 8.93+0.69 mg/100g
(A. muricata pulp) in the dried parts of the plant. The levels
of ash composition were higher than some of the common
fruits such as avocado [81], papaya [82] and banana [83].
The ash content gives an approximate measure of total
mineral elements composition of foods not withstanding
contaminations, which may lead to higher than factual values
[81]. Iron, copper, zinc, calcium, magnesium, phosphorous,
sodium and potassium were detected in the pulp and seeds of
the fruits. The study observed high content of calcium
(857.16£6.39 mg/100g in A. muricata pulp), sodium
(843.38+16.25 mg/100g in A. muricata pulp) and potassium
(322.25+13.11 mg/100g in A. muricata pulp), magnesium
(395.54+4.58 mg/100g in A. squamosa pulp) and
phosphorous (146.30+4.02 mg/100g in A muricata seeds)
whereas iron, copper, zinc and selenium were detected in
trace amounts. While sodium and potassium are important in
the body fluid, calcium plays an essential role in bone
formation and magnesium is involved in enhancement of
activities of metabolic enzymes, zinc is critical to the normal
functioning of the immune system [84]. Low Na/K ratio is
evident due to high content of potassium compared to sodium.
Diets with low Na/K ratio are of nutritional important since it
is associated with lower incidence of hypertension [84].
Since calcium was found to be among the most abundant
mineral element present, Annonaceae fruits can be
considered an appropriate dietary source of calcium to
maintain the biological role of nerve transmission, muscle
contraction, glandular secretion as well as mediating vascular
contraction and vasodilation [85]. It is significant that due to
notable mineral elements content, the pulps and seeds of 4.
squamosa and A. muricata fruits can satisfy a substantial
portion of the mineral elements requirement. The values of
mineral elements obtained in this study were different from
earlier studies performed in other regions of the world [47],
[56-59]. The difference could be due to varietal differences,
impact of type and composition of soil of fruit origin and
time of the experiment [58, 86].

The study also indicates that Annonaceae species are
appreciable source of tocopherol and ascorbic acid. The
recommended daily intake (RDI) of ascorbic acid is about 30
mg/day for adults and 17 mg/day for children [87, 83].
Ascorbic acid content was found in the range of 19.60
mg/100g to 39.24 mg/100g. Maximum content of ascorbic
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acid was recorded for A. muricata (39.24 mg/100g) whereas
minimum ascorbic acid content was recorded for A.
squamosa (19.60 mg/100g). The high values of ascorbic acid
signify the potential use of the fruit as a good source of
ascorbic acid. Studies conducted on sugar apple (sweetsop)
and soursop fruits [47], [56-59], [65, 88] claimed almost the
same value of ascorbic acid with the current study. Therefore,
these fruits could be considered as good sources of ascorbic
acid for purposes of human nutrition.

5. Conclusions and Recommendations

The present study on preliminary physicochemical and
phytochemical screening of Annona squamosa could be used
as the diagnostic tool for the standardization of medicinal
plant. The constituents of fruit pulp, peel and seeds of 4.
squamosa and A. muricata may have several medicinal
properties and can be utilized for the treatment of various
diseases. The different parts (pulp, peel and seeds) of A.
squamosa and A. muricata had appreciable amount of
mineral content, crude fat, crude protein, crude fibre, total
carbohydrates, reducing sugar, oil content, fatty acid,
ascorbic acid and tocopherol. Further research on this species
may help in the isolation of therapeutically potent
compounds which can be finally be subjected to
pharmacological activities, thus leading to opening up new
avenues in the use of natural products for nutritional and
therapeutic purposes.
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