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Abstract

Physalis angulata (L.) is an annual
herbaceous neglected underutilized species used as
vegetable and in herbal medicine for the treatment of
infectious diseases in Nigeria. This study evaluated
proximate, minerals and amino acids content of P. angulata
leaves and fruits using standard methods with the view to
understanding its nutritional potential. The leaves and fruits
had crude protein content of 27.80 and 10.97 % respectively.
The fruits had the highest sodium content of 689.48
mg/100g while, the leaves had the highest content of
manganese with 21.60 mg/100g. The result of amino acid
analysis indicates that the leaves had isoleucine, valine,
phenylalanine + Tyrosine contents of 3.04, 4.36 and 6.38
g/100g protein respectively, which are within WHO ideal
protein standard. These components are however low in
fruits except phenylalanine + Tyrosine and leucine with
5.22 and 5.16 g/100g protein respectively. Concentration of
phytate was 6.91 mg/100g in the leaves and 8.59 mg/100g
in the fruits. Similarly, oxalate content was 2.74 and 3.21
mg/100g in the leaves and fruits respectively. Prediction of
minerals bioavailability indicates that the concentration of
oxalate and phytate may interfere with bioavailability of
calcium, zinc and iron. The concentration of [Phytate] / [Zn]
in the leaves was comparatively low (5.32) which is an
indication for its potential into food-based strategy to
alleviate zinc malnutrition. The result of this study indicate
that leaves of P. angulata contain substantial amounts of
nutrient and suggest its potential as a source of nutrients
that could be useful in alleviating micronutrient deficiency.
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1. Introduction
The World Health Organization [1] reported that chronic
under nutrition affects over 200 million people or 42% of the
population in Sub – Saharan Africa. Malnutrition affects

millions people all over the world especially in developing
countries. Under nutrition for the poor people and over
nutrition for the rich segment of the population are two
parallel forms of malnutrition affecting these nations [2].
Over nutrition is associated with nutritional transition which
is due to urbanization as such the city dwellers consume
mostly refined and junk foods [3, 4, [5]. This transition leads
to increased risk of non – communicable diseases such as
diabetes, hypertension, obesity, cancer and cardiovascular
diseases which were previously known to be the diseases of
the developed nations. World Health Organisation (WHO)
projected that the percentage of the diabetes in developing
countries may increase to more than two fold from 115
million in 2000 to 284 million (about 250% increment) in
2030 [6]. To tackle the problem of malnutrition,
consumption of fruits and vegetables is a promising solution
[7].Literature has shown that there are about 115 edible wild
plants species found in Africa which are routinely used to
supply both the macro and micro nutrients [8]. Nutritional
composition of plant food is affected by environmental
conditions and genetic composition among other factors.
Investigation on the nutritional content of plant species
within a given locality is imperative so as to document its
nutritional and anti-nutritional contents with the aim of
utilizing the plant as sourceof nutrient that could be useful in
addressing mineral deficiencies.
Physalis angulata (L.) is an annual, herbaceous plant
which belongs to the family solanaceae which isa native to
tropical America and now widely distributed pan tropically
as weed. It is an effective stimulant for the immune system
and its juice is used in the treatment of earache, jaundice,
fever and bladder disease. The fruit and other aerial parts are
used in the treatment of boils, sores, cuts, constipation,
intestinal and digestive problems [9], and used as
antimutagenic, anticoagulant, antispasmodic, antileukemia
agents [10]. In vivo antitumor activity was demonstrated in
mice [11]. The plant is used as anti-inflammatory,
antispasmodic, and its fruit is used as food [10]. In tropical
Africa, the fruit is eaten as snack, and the leaves are eaten as
a salad [12]. In the study area,it grows widely andthe
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inhabitants use it as a source of vegetable without the proper
knowledge of its nutritional value. Such study could help in
the understanding of its potential as a source of nutrients
food for man and livestock. The aim of this research is to
evaluate the nutritional potential of P. angulata as a source
of nutrients that could be useful in alleviating nutrient
deficiency.

2. Materials and Methods
2.1. Collection and Preparation of Plant Materials
Fresh leaf and fruit of Physalis angulata (L) were
collected in the month of August, 2011 from the surrounding
of Zuru road, Wamako Local Government, and the areas of
Jumu’at Mosque of the Usmanu Danfodiyo University,
Sokoto, Nigeria. It was identified and authenticated in the
Herbarium of the Department of Biological Sciences
(Botany Unit), Usmanu Danfodiyo University, Sokoto,
where a voucher specimen was prepared and deposited. The
leaf and fruit were sun dried and separately pulverized into
powder and kept in the laboratory at room temperature for
the analysis. The following were determined in the
laboratory; proximate analysis of the leaves and fruits, amino
acids content, anti-nutrient and trace mineral elements.
2.2. Proximate and Mineral Analysis
The air dried samples were analyzed in triplicate for
proximate composition in accordance with the Official
Methods of the Association of Official Analytical Chemists
(AOAC) [13]. Ash was determined by incinerating two
grams (2g) at 550oC in lent on furnaces (England) over night.
Fibre was determined by drying two gram (2g) of grounded
dried over night at 1050C in the oven (Gallenhamp Oven BS)
and incinerated at 5500C for 90 minutes in lent on furnaces
(England). Moisture Content was determined by drying two
gram (2g) of powdered plant materials overnight at 1050C in
the oven (Gallenhamp Oven BS). Crude lipid was
determined using saturation method. Two grams (2g) of
ground dried materials were weighed into 50ml conical flask
and n-hexane was added and allowed to stand at room
temperature overnight. It was drained into an empty flask,
earlier weighed and designated W1. It was placed in an oven
to allow the n-hexane to evaporate in the oven (Gallenhamp
Oven BS). Protein (% N x 6.25) was determined by the
Micro-Kjeldahl Method and soluble carbohydrate was
determined as the difference between crude protein and the
sum of ash, protein, crude lipid and crude fibre.
2.3. Mineral and Antinutritional Analysis
Analysis of minerals was done in triplicate according to
methods as described in [14, 15]. The investigated minerals
include phosphorus, potassium, sodium, calcium, and

magnesium.
Phosphorus
was
determined
using
Spectrophotometer (JENWAY 6100) at 660 γ (wavelength),
Potassium and sodium was determined using flame
photometer (Corning 400 Essex. England), while that of
calcium and magnesium was done by ethylene diamine tetra
acetic acid (EDTA) titration method. Oxalate was
determined by the method of Krishna and Ranjhan [16,]
while, phytate and hydrocyanic acid were determined by the
AOAC [17] method and nitrate was determined by IITA
method [14]. Metal analysis (except sodium and potassium)
was done using Atomic Absorption Spectroscopy (AAS).
2.4. Amino Acid Analysis
The amino acid content was determined using methods
described by Spackman [15]. The samples were dried to
constant weight, defatted, hydrolysed and analysed using
sequential Multi-sample Amino Acid Analyzer (TSM). The
samples were defatted by weighing a known weight of the
dried sample into extraction thimble and the fat was
extracted with chloroform/methanol (2:1 mixture) using
soxhlet extraction apparatus and nitrogen was determined
using MicroKjedhal methods20. The samples were
hydrolyzed by weighing the defatted sample into glass
ampoule and seven millilitres (7 ml) of 6N HCl was added
and oxygen was expelled by passing nitrogen into the
ampoule. The glass ampoule was sealed with Bunsen burner
flame and put in an oven preset at 105 0C for 22 hours and the
content was filtered to remove the humins. The filtrate was
evaporated to dryness at 40 0C under vacuum in a rotary
evaporator and the residue was dissolved with 5ml of acetate
buffer (pH 2.0) and stored in plastic bottles and kept in
freezer. The hydrolysate was loaded into the TSM Analyzer
by loading 5 to 10 micro litres (5 for acidic/ neutral amino
acid and 10 for basic amino acids). This was dispensed into
the cartridge of the analyzer. The TSM analyzer is designed
to separate and analyze free acidic, neutral and basic amino
acids of the hydrolysate which lasted for 76 minutes. Data
obtained was statistically analysed using T-test method of
analysis, with SPSS version 16.0 and result reported as mean
± standard error of means of triplicate values in each case.

3. Results
The result of proximate analysis of P. angulata is
presented in Table 1 witha protein content of 27.80 and
10.97% in fruit and leaf respectively. The crude fibre content
was high (10.97%) for the leaves and the fruits had (1.83%).
The lipids was 3.67% for the leaf and 2.33% for the fruit,
ash was 15.33% for the leaf and fruit had 8.33%, while
carbohydrate had 66.36% for the leaf and 59.70% for the
fruit respectively. Lipids, ash and carbohydrate are within
the range expected for dry leafy vegetables as shown in
Table 1. The results shows high significance difference (p <
0.05) in all parameters except in moisture content where
there is no significance difference between the moisture
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content in the leaves and that of the fruits as indicated in the
Table 1.Table 2 present the mineral concentrations in the
leaves and fruits of P. angulate with Cu content of 3.01 and
30.33 mg/kg in the leaf and fruit respectively. Mn had 21.60
mg/kg content in leaf and 19.53 mg/kg in fruit, Fe had the
mean concentration of 3.22 mg/kg in leaf and 2.03 mg/kg
content for the fruit, Pb had the mean values of 0.97 mg/kg in
leaves and 0.60 mg/kg for the fruits, Cr had the mean
concentration of 2.50 mg/kg content in leaf and 1.53 mg/kg
content in fruit, Zn had mean values of 0.20 mg/kg for the
leaf and 1.30 mg/kg for the fruit, while Cd had the mean
concentration of 0.13 mg/kg for the leaf and 0.07 mg/kg for
the fruit respectively. There is no significance difference (p <
0.05) in cadmium and potassium content between the leaf
and fruit.
Table 3 shows the result of anti-nutrient analysis, and
phytate had the highest proportion in leaf and fruit with 6.91
and 8.59 mg/100g respectively. Oxalate content in leaf and
fruit was (2.03 and 1.02 mg/100g), followed by the tannins
with 2.74 and 3.21 mg/100g in leaf and fruit respectively.
The result of the T – test, showed significance difference (p <
0.05) in the contents of the phytate, oxalate and tannins in
leaf and fruit. There is no significance difference in the
nitrate content between the leaf and fruit (Table 3).
Table 1. Proximate composition of the leaf and fruit of P. angulata
(g/100g, dry weight)
Parameters

Leaf

Fruit

(p < 0.05) level of
significance

Moisture (%)

3.83 ± 0.12

3.83 ± 0.01

0.76

8.33 ± 0.12

15.33 ± 0.01

0.00

2.33 ± 0.02

3.66 ± 0.01

0.00

1.83 ± 0.04

10.97 ± 0.01

0.00

27.80 ± 0.01

10.97 ± 0.01

0.00

59.70 ± 0.07

66.36 ± 0.01

0.00

Ash content
(%)
Lipids (fats)
(%)
Crude fibre
(%)
Crude protein
(%)
Carbohydrate
(%)

The data are mean ± values of SD for three replications.
Table 4 shows the amino acids content in leaf and fruit of
P. angulata. Seventeen amino acids were found in varying
proportions in leaf and fruit. All the essential amino acids
were present in leaf and fruit. Phenylalanine + tyrosine had
the highest value of 6.38 g/100g in leaf and 5.22 g/100g in
fruit, lysine content in leaf was 4.16 g/100g and 3.09 g/100g
in fruit, valine had 4.36 g/100g in leaf and 2.50 g/100g for
the fruit respectively. Isoleucine contents in leaf was 3.04
g/100g and 2.01 g/100g in fruit, threonine contents 3.25
g/100g in leaf and 2.50 g/100g in the fruit, histidine contents
in leaf was 2.29 g/100g and 1.60 g/100g in fruit, methionine
+ cysteine had 2.07 g/100g contents in leaf and 1.23 g/100g
contents for the fruit, while the limiting amino acids is the
leucine with 0.25 g/100g contents in leaf and 5.16 g/100g for
the fruit. The proportions of the essential amino acids in leaf
and fruit were compared with the WHO ideal protein
standard as shown in Table 2. For the non – essential amino
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acids glutamic acid had the highest proportion of 11.62
g/100g content in leaf and 6.26 g/100g content for the fruit,
aspartic acid came second with 7.73 g/100g content in leaf
and 4.36 g/100g for the fruit. Arginine content in leaf was
4.51 g/100g and 3.23 g/100g for the fruit, alanine had 4.09
g/100g contents in leaf and 2.90 g/100g contents in the fruit,
glycine contents in leaf was 3.45 g/100g and 3.23 g/100g for
the fruit. Serine had 2.29g/100g for the leaf and 3.10 g/100g
in fruit, while proline had 2.34 g/100g contents in leaf and
2.12 g/100g contents in fruit respectively.
Table 2. Mineral Concentrations of the leaf and fruit of P. angulata
(mg/kg DW)
Mineral element

Leaf

Fruit

(P<0.05)
Level of
Significance

Copper (Cu)

3.01 ± 0.03

30.33 ± 0.23

0.00

Iron (Fe)

3.22 ± 0.01

2.03 ± 0.01

0.00

Manganese (Mn)

21.60 ± 0.10

19.53 ± 0.01

0.01

Cadmium (Cd)

0.13 ± 0.15

0.07 ± 0.02

0.52

Lead (Pb)

0.97 ± 0.01

0.60 ± 0.10

0.00

Chromium (Cr)

2.50 ± 0.10

1.53 ± 0.01

0.00

Sodium (Na)

186.67 ±
6.29

689.48 ±
34.72

0.00

Potassium (K)

3.01 ± 0.03

30.33 ± 0.23

0.42

Calcium (Ca)

0.42 ± 0.03

0.47 ± 0.03

0.10

Magnesium (Mg)

1.37 ± 0.06

2.08 ± 0.12

0.00

Phosphorus (P)

3.01 ± 0.03

30.33 ± 0.23

0.00

Zinc (Zn)

1.30 ± 0.10

0.20 ± 0.10

0.00

The data are mean value ± standard error of three
replicates. DW = dry weight
Table 3. Antinutritional contents of the leaf and fruit of P. angulata
(mg/100g)
Antinutrient
Phytic acid
Tannins
Oxalates
Nitrate

Leaf
6.91 ±
0.65
2.03 ±
0.04
2.74 ±
0.47
0.05 ±
0.06

Fruit

(P < 0.05) level of
significance

8.59 ± 0.64

0.03

1.04 ± 0.02

0.00

3.21 ± 0.34

0.00

0.11 ±
0.00

0.19

The data are mean ± SD of three replicates.
Table 5. Anti-nutrients to Nutrients Molar Ratio
Anti-nutrients to Nutrients
Ratio

Leaves

Fruits

Critical
level*

[Oxalate] / [Ca]

6.52

6.82

2.5

[Oxalate] / [Ca + Mg]

1.53

0.79

2.5

[Ca] [Phytate] / [Zn]

2.33

20.19

0.5

[Phytate] / [Ca]

16.45

18.28

0.2

[Phytate] / [Fe]

2.15

4.23

0.4

[Phytate] / [Zn]

5.32

42.95
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Table 4. Amino acid content of leaf and fruit of P. angulata compared to
the WHO “ideal protein” standard (g /100g protein).
Amino acid

Leaf

Fruit

WHO Ideal
Protein

Lysine

4.16 (1.07)

3.09

5.8

Leucine

0.25 (-4.91)

5.16

6.6

Isoleucine

3.04 (1.03)

2.01

2.8

Threonine

3.25 (1.00)

2.25

3.4

Valine

4.36 (1.86)

2.50

3.5

2.07 (0.84)

1.23

2.5

6.38 (1.16)

5.22

6.3

Histidine

2.29 (0.69)

1.60

-

Arginine

4.51 (1.28)

3.23

-

Methionine +
cysteine
Phenylalanine +
Tyrosine

Aspartic acid

7.73 (3.37)

4.36

-

Serine

2.29 (-0.81)

3.10

-

Glutamic acid

11.62 (5.36)

6.26

-

Proline

2.34 (0.22)

2.12

-

Glycine

3.45 (0.41)

3.04

-

Alanine

4.09 (1.19)

2.90

-

4. Discussion
The moisture content in the samples analysed like other
leafy vegetables was low with 8.33 ± 0.12% in leaf and 3.83
± 0.01% for the fruit. These values were low when compared
with that of sweet potato (Ipomea batatas) leaf with 83.7% 87.1% [16], [17]. Both the fruit and the leaf generally had
high ash content 15.33 ± 0.01% fruit), (8.33 ± 0.12% leaf).
The crude protein in the entire samples was relatively high,
ranging from (27.80 ± 0.01% leaf) and (10.97 ± 0.01 fruit).
The values are among the highest reported in leafy
vegetables when compared to the reported values for some
wild leafy vegetables such as Momordica balsamina
(11.29±0.07%), Moringa oleifera (20.72%), Lesianthera
africana (13.10 – 14.90%) and Leptadenia hastata (19.10%),
[18], [19], [20], [21]. The protein recommended dietary
allowance (RDA) for both Men and Women is 0.80g of good
quality protein/kg body weight/d [22]. The crude lipids were
(2.33 ± 0.02% in leaf), (3.66 ± 0.01% for fruit), these values
are within the range as reported for some wild green leafy
vegetables in Nigeria and Republic of Niger [19]. Low lipid
content is probably the factor considered for recommending
leafy vegetables in controlling overweight. The analyses
leafy vegetables have crude fibre contents in the following
order (10.97 ± 0.01% fruit) and (1.83 ± 0.04% leaf), the
values are high when compared with 3.7% found in Ipomea
batatas leaf [16]. The carbohydrate was 59.70% for the leaf
and 66.36% for the fruit), these value is within the range
expected for dry leafy vegetables as reported for some wild
leafy vegetables [24].
Seventeen amino acids were found in varying proportions;
all the essential amino acids were present with few

exceptions. The proportions of the amino acids present were
compared with WHO ideal protein standard. Phenylalanine +
Tyrosine rank 100% in comparison to the WHO standard.
Valine and Lysine also had high scores of 95% and 97%
respectively. Threonine, Leucine, Tyrosine and Methionine
+ Cysteine in both leaf and fruit rank below 50%. These
results also support the claim that the protein in leafy
vegetables although low, is of a very high grade [25].
Tannins decrease protein quality by reducing digestibility
and palatability; it also causes damage to the intestinal tract,
interference with the absorption of iron and a possible
carcinogenic effect [26]. Generally, high phytate and oxalate
content in vegetables indicate that consumption of these
leaves could decrease the bioavailability of minerals,
especially, Mg, Ca, and Zn [27]. The amount of phytate,
oxalate, tannin and nitrate in the leaf and fruit reported herein
is well below the range that would adversely affect
nutritional values or cause any toxic effects associated with
anti nutrients. Protein and starch solubility, digestion and
absorption were found to be affected by phytate [28].
The mineral profile of the leafy vegetables analyzed
indicated that potassium content had (30.33 mg/100g DW).
These values were low when compared with that reported for
Ipomea batatas leaf (750 – 4,953.49 mg/100g dry weight)
[17], [29], [30]. The values were low compared to Celosia
argentea (5,200 mg/100g), Solanum aethiopicum (5,000
mg/100g) and Talinum triangulare (8,000 mg/100g) [31].
Sodium content in fruit (689.48mg/100g) was high when
compared with the values reported in Talinum triangulare
(248.8 – 280 mg/100g [32], [31]. Calcium and phosphorus
were associated with each other for development and proper
functioning of bones, teeth and muscles [33], [34]. The
respective calcium and phosphorus contents (mg/100g DW)
in the vegetables was (0.47 mg/100g in leaf) and (30.33
mg/100g in fruit). The calcium content in the leaf was
generally low compared with 226.4 – 11.775.3 mg/100g
reported in some wild leafy vegetables of south eastern Niger
Republic [35] and Ipomea batatas leaf (9,300 – 19,300; 170
– 220 mg/100g) reported by [32]. The phosphorus content
was lower than that found in Indian Solanum tubirosam leaf
(237 mg/100g) and Solanum americanum (130.46 mg/100g)
[36]. The leaf and fruit contained potentially useful
quantities of many essential minerals and trace elements
including cadmium (Cd) 0.05mg/kg, zinc (Zn) 0.20mg/kg,
copper (Cu) 3.01mg/kg, lead (Pb) 0.97mg/kg, chromium (Cr)
2.50mg/kg and manganese (Mn) 21.60mg/kg. Cadmium is
the non – essential element in foods and natural water and it
accumulates principally in the kidneys and liver [37].
According to FAO / WHO [38], the safe limit for cadmium
consumption in vegetables is 0.2 mg/kg. The content of both
cadmium and zinc reported in this study is generally lower
than the permissible levels by FAO / WHO in vegetables.
Among all heavy metals, zinc is the least toxic and is an
essential element in human diet as it required for maintaining
the functioning of the immune system [39]. Zinc deficiency
in the diet may be highly detrimental to human diet. Lead is a
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serious cumulative body poison which enters into the body
system through air, water and food and cannot be remove by
washing fruits and vegetables [40].
Many people in urban areas consider wild foods as poor
man’s food or famine food, especially the youth, who
consider junk food as superior. The result presented herein
indicated that the edible wild leafy vegetable analysed have a
great potential as a source of food particularly considering it
is protein and amino acid profile, which can be used in
narrowing the amino acid and other nutrients supply deficits
that are prevalent in many developing countries. In addition,
considering the ash contents, this indicates that it is good
source of important mineral needed by the body. The mineral
content of P. angulata, indicate that it is rich in most mineral
elements required by the body for normal growth and
development.
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